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FOREWORD

The OECD study Towards Sustainable Fisheries is composed of 3 volumes. The
publication on sale Towards Sustainable Fisheries: Economic Aspects of the Management of Living
Marine Resources provides a comprehensive assessment of the economic performance of
management regimes based on the analysis of over 100 fisheries in the OECD countries. The general
diffusion document Towards Sustainable Fisheries: Country Reports describe national fishery
management policies in Member countries. Finally, the Issue Papers which are contained in this
volume contain thematic contributions which were prepared for the project by individual countries
based on their experiences.
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AUSTRALIA: POLICY OPTIONS FOR FISHERIES BYCATCH

Prepared by Kerry Truelove
with contributions from the Bureau of Resource Sciences
and the Fisheries and Aquaculture Branch
Department of Primary Industries and Energy
GPO Box 858
Canberra, ACT 2601, Australia
Bycatch can be defined as catch taken which has not been targeted (which may or may not be
discarded), plus targeted catch which is discarded. It is not automatically “bad” or “good”. However,
different sectors of the community view bycatch differently and place different values on conservation
and management considerations, which has led to some misconceptions.
Bycatch is influenced by a complex mix of factors. These include the way we catch fish, such as
the selectivity of gears, time of day and season, area, fishing capacity, the management regime (some
management practices may encourage bycatch and discarding), economic viability of the industry, and
the economic and social fabric in which we work. Other major factors influencing bycatch include the
way different species are found together and fish habitats.
There is relatively little information on bycatch in Australian fisheries, but that which we have
indicates that the nature, quantity and ratio of fisheries bycatch is extremely variable between
fisheries. At the same time, although most Australian fisheries take some form of bycatch, not all are
of concern. The bycatch in most fisheries is of fish and it is likely that fish form the bulk of
Australian bycatch, although in some fisheries marine wildlife (e.g. turtles) may be taken.
However, there is a limited amount of data available on bycatch in Australian fisheries and it
should be a priority to improve these databases. As Australian fisheries cannot automatically be
compared with overseas fisheries, it would be inadvisable to assume the issues and policies adopted
overseas will be suitable.
Fisheries management and nature conservation legislation influences how bycatch can be
managed. Although the former type of legislation provides the basis for bycatch management, nature
conservation considerations may affect its implementation.
Arrangements between the
Commonwealth and States under the Offshore Constitutional Settlement also may have an impact on
bycatch management. In addition, Australia also is under international obligations to manage
bycatch, and bycatch may influence trade.
A single national prescription would not be able to accommodate the marked differences between
regions, fisheries, bycatch species, etc., as each fishery is a unique combination of gears, seasons,
species, fishers and bycatch issues. Each fishery should be treated as a unique case and strategies
tailored to it.
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The purpose of this paper is to stimulate discussion on the factors influencing bycatch in
Australian fisheries. Comments can be sent to Mr David Cox, Director, Policy Development,
Fisheries and Aquaculture Branch, Department of Primary Industries and Energy, Canberra, Australia
fax 616 272 4215 (E-Mail: david.cox@dpie.gov.au).
Bycatch terminologies
"accidental catch"

a reference to non-target species captured during their attempts to take bait
or other species already taken by fishing gear, or taken simply through being
in proximity to the gear.

"bycatch"

"That part of the gross catch which is captured incidentally to the species
toward which there is directed effort. Some, all or none of the bycatch may
become the discard catch." (Saila, 1983).
"Catches of a species in a fishery which is directed primarily at another
species. These are sometimes discarded." (Cooke, 1984).
"Species taken in a fishery targeting on other species or on a different size
range of the same species. That part of the bycatch which has no
commercial value is discarded and returned to the sea, usually dead or
dying." (Commonwealth of Australia, 1991).
"Species taken during the course of fishing operations that are of no value
(commercial or recreational) or that are prohibited from being taken under
legislation or the management plan for that fishery" (QCFO, 1994).

"discards"

"Discards or discard catch refers to part of the gross catch not used in any
way but is thrown back into the waters as whole fish or whole organisms (in
the case of invertebrates, amphibians, reptiles or mammals). This phrase is
not to be confused with offal from the retained catch., which also might be
thrown overboard." (Saila, 1983).

"high grading"

discard of commercial, saleable fish in favour of better quality or more
valuable fish of the same species.

"incidental catch"

usually is a reference to non-fish wildlife species (e.g. marine mammals,
marine reptiles or seabirds) which are taken incidentally to the main fishery
as a consequence of the gear or operations used.
"can be used to include non-target species that increase the value of the
fishery, but make up a small proportion of the total catch" (QCFO, 1994).

"principal species"

species important to the viability of the fishery, both target and non-target
(QCFO, 1994).

"non-target species"

species for which the gear is not specifically set, although they may have
immediate commercial value and be a desirable component of the catch.

"target species"

species for which the gear is specifically set.
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Introduction
The purpose of this paper is to stimulate discussion on the factors influencing bycatch in
Australian fisheries. It was produced as part of the consultation process.
Interest in and concern at fisheries bycatch has increased over the past years, both domestically
and internationally.
On the international front, the following developments took place which suggest that bycatch has
the potential to be a major fisheries issue in the coming years:
− bycatch was raised in sessions of the United Nations Intergovernmental Conference on
Straddling Fish Stocks and Highly Migratory Fish Stocks and is an integral part of 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, developed at that Conference.
− the 1994 session of the UN General Assembly adopted a United States sponsored a resolution
on bycatch.
− FAO produced a major technical document titled By-catch discards in world fisheries:
quantities, impacts and the philosophic bases for their management.
− bycatch issues are an integral part of the draft Code of Conduct for Responsible Fisheries
concluded in November 1995.
On the domestic front, there have been a number of reports in the media concerning bycatch.
Many of these focus on measures being developed to reduce bycatch. Conservation groups are
becoming increasingly concerned that fishing activities are having unacceptable impacts on bycatch
species, particularly marine wildlife species such as turtles.
This paper has been divided into separate sections dealing with definitions of bycatch, the
consequences of taking bycatch, and a brief assessment of bycatch in Australian fisheries. Other
sections explore factors such as our attitudes, the legislative framework within which bycatch may be
managed, our international obligations, the interactions between trade and actions to address bycatch,
and our fisheries management arrangements. Each of these can have a profound influence on how we
view bycatch and our options for addressing it.
1
In reading the paper a distinction should be drawn between fish bycatch, and marine wildlife
bycatch (marine mammals, marine reptiles, seabirds). Although they are not treated separately in the
paper, there are some issues and bycatch measures which are specific to marine wildlife bycatch,
rather than all types of bycatch.

The paper also explores various options for dealing with bycatch in those fisheries where it
should be addressed. A number of options which could be applicable to certain Australian fisheries
1

'Fish' is used throughout the paper to include finfish, crustaceans and molluscs, and “marine wildlife”
to refer to non-target, non-fish species such as marine mammals, marine reptiles and seabirds
“Fisher” is used to indicate one who harvests fish
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are identified, as are some options which may be effective elsewhere but are unlikely to work in
Australia.
Fundamental to the management of bycatch is the co-operation of the fishing industry. Industry,
as the expert in catching fish, is in a prime position to offer valuable expertise on the extent of bycatch
issues and means of addressing them. As a major factor affecting bycatch is the activity and
incentives of fishers, the paper also looks in some detail at the costs and benefits to them in taking or
avoiding bycatch.
For ease of reference, at the end of each section there is a brief summary.
1. What is bycatch?
1.1 What exactly is bycatch?
Bycatch can be several things. In its most generalised form, it is anything that the fishers takes
that they do not specifically set their gear to take, plus anything they specifically set gear to take but
discard (e.g. "high grading"). Within this broad definition there are many categories, and a complex
array of terminologies has developed throughout the world to deal with them. These are outlined at
the start of this document.
However, the variety of definitions is confusing, so for the purposes of this paper and on the
basis that bycatch can be regarded as a byproduct of the fishing operation, we have elected to view
bycatch in the following categories:
a)

The catch of target species which may be discarded. Reasons for discarding (or dumping)
include:
− “high grading” (discard of saleable fish in favour of fish of higher value)
− in a quota fishery, the fisher may wish to save quota for larger, more valuable individuals which
may be taken at a later date
− it would not fetch a reasonable price, because it is damaged, is of lower grade than others taken
by the same boat, in poor condition, or the price has been reduced due to high or oversupply of
that species
− specific management arrangements force the fisher to discard, for instance it may take the
fisher's catch beyond his quota, may be under-sized or be taken
− at a protected stage in its life cycle
− there is no prospect of sale, because current market conditions will not accept more of that
species.
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b)

Catch of non-target fish species which have commercial value. These may have a market and
be retained. They also may be discarded because:
− they are of too low value
− the market will not accept more
− the fisher is not licensed or entitled to take these species.

c)

Catch of non-target fish species which currently do not have real or potential market value,
or that may be protected.

d)

Catch of non-target non fish species (marine wildlife) such as seabirds, cetaceans and marine
reptiles that have no market value or are protected.

Each category presents a different suite of issues to be considered. No one category is
automatically "bad" or "good". In addition, a species could shuttle between two or more categories as
markets fluctuate, total allowable catches are reached, closures come into effect, or festive seasons
come or go. Furthermore, yesterday's discarded bycatch may be tomorrow's delicacy as markets
develop.
Genuine multi-species fisheries, where fishers target several species with the one gear (and
potentially in the one operation), present a special challenge. It is a fine line between taking one
species through deliberate targeting, and taking it as a bycatch while targeting another species.
Bycatch also may include non-living material, such as coral, seashells2, rocks and dead seaweed.
While these generally are a nuisance in the gear, they are not discussed in any detail in this paper.
What influences bycatch?
There are many factors which influence bycatch. These can be categorised into two groups, the
way we go about taking fish, and the way different species can be found in the same area and the same
time.
1.2.1

The way we go about taking fish

The choice of fishing gear and method influences bycatch. Some gears, such as demersal
trawling, are by nature unselective (although this may vary markedly between trawl types and how the
gear is used) and take the greatest quantity of bycatch. At the same time they are seen as the most
useful or cost-effective means of harvesting the target species they are designed to catch. Other
methods of harvesting are more selective. This is particularly the case in the hand collection fisheries
like the tropical rock lobster, pearl and abalone fisheries. Bycatch in these fisheries is negligible,
although mortality subsequent to release may be significant as may be mortality of bycatch species
released during recreational fishing.
The time, lunar cycle, season and area of fishing operations also will affect bycatch. Some
bycatch might be reduced if there was no fishing at a particular time of day or year, or in a particular
2

While corals and seashells are initially inhabited by living organisms (and therefore would be a part
of the living bycatch), they also may be caught when not inhabited.
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area such as the migratory path, a known spawning ground, or nursery grounds (although generally
the spawning fish are target species).
The total fishing capacity in a fishery also influences bycatch. A fishery where fishing capacity
(boats and gear) is at an appropriate level to sustainably harvest target species may be capable of
harvesting bycatch species at an unsustainable level.
Linked with this, the mobility of the fleet will affect bycatch, for instance in multi-species
fisheries the fleet may move along the coast switching target species, and consequently the bycatch
mix may change.
At the same time management measures, market fluctuations, international obligations, our
attitudes to fishing, public perceptions, etc., all of which form a background to the way we go about
taking fish, exert their own subtle influence.
1.2.2

The way different species can be found together

Potentially, all of the factors relating to the way we catch fish can be manipulated to change
bycatch. However, short of selectively fishing out one species in favour of the other, we have little
influence over the way different species can be found in the same area at the same time.
The nature of the target species can affect bycatch, for instance orange roughy aggregations may
not include many other species, and catches are consequently relatively "clean" or “species-specific”.
Because the actual catching process occurs underwater, fishers may be operating more or less "in
the dark" when it comes to selecting bodies of fish to target. In addition, different species may react
differently to gears. It is possible that these behavioural characteristics may be exploited to improve
gear selectivity.
SUMMARY:
Bycatch can be defined as catch taken which has not been targeted (which may or may not be
discarded), plus targeted catch which is discarded. There are various categories of bycatch
within this definition:
there is a discrete set of issues to each category
some issues are common to several categories
no category is automatically “bad” or “good”.
Factors influencing bycatch are:
the way we catch fish, including the selectivity of gears we use, time of day and season,
area, fishing capacity, the management regime, and the economic and social fabric in
which we work
the way different species are found together.
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2. Does bycatch matter?
A certain amount of bycatch can be viewed as an inevitable outcome of fishing. All fishing
activities are likely to take some form of bycatch. Essentially it is part of the costs and benefits to the
community for having seafood on the menu.
Bycatch is not automatically a problem. In some fisheries it is all right; for instance in some
fisheries of developing countries bycatch is the main protein source for the crew. Bycatch also may
be retained for processing and sale. In some fisheries the bycatch is an essential part of the economics
of the fishery and may account for a substantial proportion of the market for that particular species.
In others, even though a massive amount may be taken as bycatch, the biomass of the bycatch
species may be so great that the impact on bycatch is negligible (Kennelly, 1994). In fact, bycatch
may even make the fishery more productive, as it may remove the older, no longer reproductively
viable individuals.
This also may be to the detriment of some other species in the ecosystem, if there is competition
for food, habitat, etc. Nor is bycatch automatically a problem if it is discarded.
In general, the community perception of bycatch as a problem has not taken into account the fact
that while industry certainly needs to do better in some places, the bycatch taken in others may be
neither environmentally damaging nor a waste of protein.
In some cases it makes economic sense to fishers to take bycatch, but there is potential for that
bycatch to undermine management efforts directed at ensuring sustainable use of the resource.
However, some fishing activities take a much higher (and proportionally more significant)
bycatch than others, take juveniles of commercial species, or take a bycatch that has conservation
significance. In these cases the community may no longer be willing to accept the ecological and
biodiversity ramifications of this bycatch, and increasingly is turning to fisheries managers and the
fishing industry to reduce bycatch. This is particularly the case where high-profile marine wildlife
species, such as marine turtles, marine mammals and seabirds, or recreational fish are affected. In
these fisheries the bycatch needs to be fully assessed and addressed where necessary.
In still other fisheries, we don't have enough information on which to judge whether the bycatch
levels are or are not a problem. Many Australian fisheries are in this category, as we do not know
enough about the levels of bycatch of individual species and the overall impact on those species, food
chains and the ecosystem. Accordingly, as a general rule of thumb it would be prudent to take steps
to reduce bycatch.
Many of the issues are common to several of the categories of bycatch outlined in Section 1.1.
This is particularly true for the issues associated with discarding (or dumping), which are worthy of
separate discussion. However, the degree to which bycatch matters is different for each category and
for each fishery. General concerns about bycatch are summarised in Table 1.
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Table 1. Summary of bycatch concerns
Discards
of target
species

biological and ecological
impacts:
1. high mortality of discards
-may affect species ability to
survive
2. species abundance
3. eutrophication and habitat
contamination
4. may be attracted by
fishing operations and placed
at additional risk
impacts on management:
1. subverts controlled
harvests
2. disguises amount of that
species taken
wastage:
1. waste of protein
2. waste of potential profits

negative community
perceptions

international obligations

Retained
non-target,
commercial
species

√

Discards of
non-target,
commercial
species
which are
marketable

Discards of
non-target,
species
which are
not
marketable

Discards of
non-fish
species

√

√

√

√

√

√

√

√

√

√

√

√

√
√

√

√

√

√

√

√

√

√
√

√
√

√ (visible
waste in
floating
discards)
√

√ (visible
waste in
floating
discards)
√
(surplus
stocks
should be
made
available to
other
nations)

√
√ (if
markets
develop)
√ (visible
waste in
floating
discards)
√
(surplus
stocks
should be
made
available to
other
nations)
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√

√

√

2.1 What are the general consequences of discarding (throwing bycatch back into the ocean?)
Alverson et al 1994 suggest that the consequences of discarding catch can be separated into:
− biological waste
− ecosystem modification
− overfishing of stocks
− economic loss imposed on target fisheries
− impacts on depleted or otherwise endangered species.
Discarding rates may vary among species, operations, gears and in response to market
conditions, expected prices, and from year to year (Saila, 1983).
The following general issues associated with discarding apply to most discards, whether the
species has commercial value or not. The discussions in other sections of this chapter should be read
in conjunction with this section.
2.1.1

Is discarding really a waste of protein?

In some developing countries the bycatch is retained as an important source of protein.
Accordingly, they view the discard of edible bycatch as a significant waste; this also is the view taken
by international organisations such as the Food and Agriculture Organisation (FAO).
In Australia the abundant sources of protein mean we can "afford" to discard unwanted fish. The
apparent waste of protein arises because people in developing countries might find our discards to be
a useful protein source. However, the economic penalties of retaining on board, processing and
exporting low-value catch to these countries need to be considered.
Although the protein contained in discards from Australian fisheries is not used by humans, it
will be used by other species, possibly juveniles of the target species, and other organisms in the
water. In some areas where fishing practices have been conducted for long periods, the discarding of
bycatch forms part of the food chain for some species, e.g. pelagic sharks in tropical waters.
2.1.2

Do discards modify the ecosystem?

Discarding may have ecological impacts, although the exact nature of these impacts is poorly
understood. Alverson et al (1994) suggest that there is some evidence that discards cause significant
biological losses and ecological shifts. Discards themselves may be predators, competitors, or species
upon which the target species preys.
The ratio of discarded catch to retained catch may have little to do with the observed impacts of
discards. Low discard rates still may have serious impacts on particular bycatch species, while for
other species large discard rates may show no appreciable impact (Terry, 1994; Alverson et al, 1994).
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Generally, discarding can impact on recreational fisheries as well as commercial fisheries,
particularly where the discarded species is important in a recreational fishery (either as target,
predator, competitor or prey), or where the discards alter the ecology.
2.1.3

Don't discards return nutrient to the ecosystem?

The fate of bycatch discards and their impact on populations of other species also is open to
debate. Intuitively, discards should return nutrients to the sea and benefit the ecosystem. The
combination of fishing and discarding means that large quantities of food may be found at various
levels in the water column.
This affects the foraging behaviours (and ultimately the abundance) of some predators and
scavengers. For instance, Sainsbury (1991), experimenting with discards from prawn trawlers in the
North West Shelf area, found that nearly half the discarded fish floated and were consumed by birds,
sharks and dolphins. He noted that dolphins and seabirds appeared to have learned to follow boats in
the hope of scavenging discards. Saila (1983) suggests sharks also may learn to follow boats, and that
discarding appears to attract certain fish species, particularly the larger predators.
Sainsbury's study showed that the other half of fish discards, and the crustacean bycatch, sank to
the bottom to be consumed by bottom scavengers. Similarly, Wassenberg and Hill (1987) suggested
that the discard of trawl bycatch in Moreton Bay supported a high population of sand crabs, which
form the basis for a viable fishery.
Whether changes in abundance and distribution are necessarily of benefit or harm to the
ecosystem, or to fisheries, is open to debate. Where discarded species are predators of target species,
then discards would appear to favour the productivity of the target fishery. This may not be the case
if the target species population is restricted by a combination of predator and competitor, or where the
removal of one predator enables another to expand to fill the niche, or where the level of predation is
not the main cause of population control. However, the proportion of discards consumed directly by
predators in some fisheries probably is relatively low, as evidenced by the small total standing stocks
of some larger predators (Saila, 1983).
The nutrient return from discards, at least in the Gulf of Mexico shrimp fishery, does not seem to
be great enough to stimulate the growth of target species by increasing food supply (Browder, 1981,
quoted in Saila, 1983). Whether this is the case in Australian prawn fisheries has yet to be
determined.
Hill and Wassenberg (1990), examining the fate of discards from Torres Strait prawn trawlers,
found that most discards sink to the bottom. There is potential for discards which sink to the bottom
to cause oxygen depletion as they decompose. Furthermore, if there is a body of decaying discarded
material on the seabed this potentially could lead to contamination of catches. In its worst case this
could set up a vicious cycle of discards contaminating catch, which then is discarded and results in the
fisher having to waste otherwise marketable catch.
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2.1.4

What about discard mortality?

The rate of discard mortality varies between type (e.g. finfish, crustacean or mollusc) and
species, but also is influenced by the speed with which they are sorted, the differential pressure
between the depth of fishing and hauling on board, selective sorting of saleable catch, and removal of
dangerous species (e.g. sea snakes, rays). Large species more easily picked out of the catch are
returned to the water more rapidly than smaller species, and therefore may have a better chance of
survival.
One significant area of concern is that reasons for discarding catch include that the fish are
undersized juveniles or at a stage of their life cycle when their retention is illegal, such as some
crustaceans just prior to spawning. As most finfish discards are dead when they are returned to the
water or die shortly thereafter (although this can depend on fishing method, for example poled fish
can be returned to the water alive and survive), they cannot grow to a marketable size for future
fishing operations, nor can they spawn.
Alverson et al (1994) noted that much of the world's discarded fish are juveniles of commercial
species which, if left to mature, would produce significantly higher weight yields. Kennelly (1994)
suggests that for some species the juvenile mortality might be so high that whether the fish were
caught and discarded, or not caught, might have little impact on the stock itself. Either could be the
case in an individual fishery, depending on the characteristics of that fishery.
Even where discards can be regarded as a component of ordinary juvenile mortality, they may
have an impact on the distribution and abundance of natural predators. This is because the discharge
of a high volume of dead fish in a plume of waste behind the vessel would be an unusual
concentration of easily-harvested food, and would be expected to attract a high population of
predators. Logic and considerable anecdotal evidence suggest large-scale dumping on fishing grounds
can affect future catches, at least in the short term.
2.2 What are the problems with discarding target species?
For a fishery manager, discarding target species may have serious consequences for species.
This is particularly the case when the target species is finfish, as these are more likely to die when
discarded than crustaceans or molluscs. Fishers are unlikely to record discarded catch on logsheets,
and data obtained from fish receivers obviously can only relate to landed fish. This means that the
total fishing mortality of that species is likely to be under-estimated.
Where the management of a species is strictly controlled for biological reasons, the discrepancy
between apparent (recorded) fishing mortality and real fishing mortality is of concern. This is
particularly the case for species that are subject to total allowable catches (TACs), such as the quota
species of the South East Fishery (SEF).
To set accurate TACs, managers need both accurate information on the amount of fish being
removed from the fishery and accurate stock assessments. Once the TACs are set, their success
depends on accurate monitoring of what is caught (Klaer and Tilzey, 1994). Obviously, if a species
controlled by TAC is discarded without record, this management arrangement is compromised. In
this sense discarding may cause over-fishing, although a lower recorded catch can lead to an
underestimation of stock size.
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In addition, discarding can have an impact on the ability of a species to maintain sufficient
biomass and reproductive capacity, especially where large quantities of juveniles are discarded dead.
Consequently, the discard of target species can have a profound effect on the accuracy and
efficacy of stock assessments, and the management decisions taken based on those assessments.
Furthermore, discards of target species for which there is a ready market appears wasteful. While
some of the discards may not be fit for human consumption, others will be and their discard could be
viewed as wasting both protein and money. However, landing otherwise discarded target commercial
fish may mean that the market becomes depressed, because there is too much or lower quality product
available.
2.3 Is there an issue in catching non-target, commercial fish
2.3.1

Which have a market and are retained?

One significant aspect of bycatch is that fishers may take and retain fish upon which other
fisheries are based. These species may be subject of separate management arrangements. Unlike
discards of target species, the fish in this category are retained for sale and should be recorded by
fisher and fish receiver. Provided the management arrangements for the different fisheries are
sufficiently flexible and their data collection methods compatible, the catch of non-target commercial
species does not appear to be a management issue.
However, problems may arise if fishers are over-reporting to create a significant fishing history
for that species. This may be done in the expectation that management arrangements will be
introduced limiting the TAC of that species. Problems also may arise if the fishery monitoring
system does not provide for accurate reporting of bycatch by species and weight.
It can be difficult to accurately differentiate between targeted and non-targeted catch, particularly
in multi-species fisheries. Fishers may not have a specific fish or group of fish in mind when they set
their gear.
Klaer and Tilzey (1994) apply a "66% rule" to determine whether an SEF quota species is
3
targeted or not (they explain the rule as follows: "if 66% or more of the total catch in a 'site week' is
a single species, then all shots in that 'site week' targeted that species"). They note the figure of 66%
is arbitrary, although skippers in the SEF with whom they spoke thought it reasonably accurate.
Different fisheries, with different characteristics, might not reflect this rule.
Adding to the difficulty, fishers may deliberately target a quota species, using gears and
operating in areas where they would be expected to catch that particular species. However, they may
retain it for sale and call it a bycatch (McLauchlan, 1994). This clearly would subvert the intention of
quotas to provide fishers with a limited but fair and economic share of the TAC. It also potentially
provides one "dishonest" fisher with an advantage over others who are more bound by their quotas.
Non-target commercial fish also may be retained for sale on the black market, for instance if they
are undersized, in excess of quota holdings or the fisher is not licensed to retain it. In addition, it
could be processed or sold under a different name, for instance southern bluefin tuna caught outside
quota may be marketed as “tuna”.
3

A week’s fishing at a particular site.
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2.3.2

Which have a market but are discarded?

Fishers may target one species, but take another such as redfish as a bycatch. Although there is a
market for redfish, it is not as lucrative as the market for the target species, and the fishers discard the
redfish because they want to maximise the hold space available for more valuable fish. These
discards are unlikely to be recorded by the fisher, and of course will not be shown on fish receivers’
records. Consequently, as with discard of target species, the total quantity being caught is obscured
and there is strong potential for management arrangements to be undermined.
For some bycatch species the market is limited by consumer preferences, such as size and colour.
For others, although there is a market for the species caught as a target (e.g. jack mackerel), the price
is so low that fishers targeting other species will not retain it as bycatch, unless some form of valueadding becomes feasible.
2.3.3

Which don't have a market at present and are discarded?

This category and the previous two are closely related, and a species may move from one to the
other in response to changes in the market. For instance, there may be a small market for a species,
say redfish. The market can accept a certain quantity per week, so redfish caught as a bycatch which
do not meet the market requirements are discarded (category 2.3.2) while those that are acceptable are
retained (category 2.3.1). But gradually supplies of redfish build up until there is a glut (or oversupply), and the market is closed. The fish caught as a bycatch become unsaleable, although they
would meet the requirements of the market if it were open, and are discarded.
In addition, there may be only a small market locally, and although greater markets are found in
other areas the cost of transport to these markets is prohibitive. This is the case with bugs (slipper or
squat lobsters) taken in the North West Slope Trawl Fishery (NWST), which potentially could be sold
on southern markets but are discarded.
Potentially, a market also may be restricted for management reasons, for example if a closed
season is introduced.
In addition, there are the fish which cannot be sold because no market has developed at all, not
even a seasonal market. These fish are non-commercial or "trash" fish and are discarded. The
ecological issues discussed under 2.1 are relevant. As there are no management arrangements in force
for these species, their capture cannot be said to undermine specific management arrangements,
although it could impact on arrangements to preserve biodiversity. However, although these fish do
not have a market at present, it is possible that markets will be developed.
2.4 How serious is the catch of marine wildlife?
A number of marine wildlife species may be taken as bycatch in the course of normal fishing
operations. These include marine reptiles (turtles and sea snakes), marine mammals (dugongs,
dolphins, whales, seals), seabirds, and various invertebrate species. For these species, the ecological
issues relating to discards discussed under 2.1 are particularly important.
For many non-fish bycatch species, the most significant issue arising from bycatch is that the
population of the bycatch species may not be able to withstand the additional mortality brought about
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by fishing. This is particularly the case for long-lived, slow-growing species with low reproductive
rates, such as whales, marine turtles and some albatrosses and sea snakes.
An example is the catch of marine turtles in tropical prawn trawl fisheries. Some marine turtles
live over 30 years and although they produce a large number of eggs, the rate of survival to adult is
unknown. Prawns, in contrast, are short-lived and fast growing, and therefore capable of withstanding
substantial annual removals and high fishing effort. A high fishing effort that is appropriate for the
economic capture of prawns, if it takes any significant number of marine turtles, may therefore be
inappropriate for turtle conservation.
The populations of some short-lived, fast-growing species which have variable recruitment also
may be affected by fishing mortality.
The effect of fishing effort on a marine wildlife species would be exacerbated if the fishery
operated in its migratory path or other critical habitat , such as breeding or feeding grounds.
Not all non-fish species caught in fishing operations are dead when the gear is retrieved. Some
are still alive and can be released, although they may later die as a result of the injuries or trauma
arising from being caught. Furthermore, not all non-fish species taken by fishing gear may be hauled
up with the gear but may fall out. A proportion of these may be seriously injured and die, or be more
vulnerable to being taken by predators.
It should be clear that for many bycatch species fishing-related mortality is only one of a suite of
causes. Mortality from human predation (for example harvesting marine turtle eggs for consumption)
and habitat destruction may be significant. In addition, as the number of days or hours fished in
major fisheries such as the NPF and SEF decline with fleet and quota rationalisations, the opportunity
for marine wildlife and other species to be taken as bycatch should be reducing.
The deliberate capture of many species of marine wildlife in Australian waters is prohibited by
nature conservation legislation, for instance the deliberate capture of cetaceans under the Whale
Protection Act 1980. In many instances this legislation is in place to protect these species and to
enable us to meet our obligations as signatory to a number of international agreements dealing with
trade, conservation and the environment.
Some species of non-fish bycatch have a particularly high public profile, such as seabirds and
marine mammals. Their capture in fishing operations is perceived by the community to be
unacceptable, whether or not the level of that capture is enough to threaten the population.
In addition, the discard of fish may attract protected or endangered species such as certain
seabirds and cetaceans. Unless the discards take place some distance from the fishing grounds, this
attraction may put them at greater risk from the fishing activity.
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SUMMARY:
Most forms of fishing gear take some bycatch
it may vary between being a problem, or an essential part of the fishery economics
Taking bycatch, whether or not it is discarded, can have an ecological impact
but the exact nature of that impact varies with species and fishery
ecological impacts may be difficult to identify
Many discards, particularly finfish, are dead or die soon afterward
some marine wildlife bycatch species may survive if returned to the water quickly
Some bycatch may undermine fisheries management, monitoring and assessment systems
It can be difficult to determine when a species is taken as a target species, or as a bycatch

3. How much bycatch is taken in Australia?
Most Australian fisheries take some form of bycatch, but not all are of environmental or
economic concern. It is difficult to provide even a ballpark figure for the total quantity of bycatch
taken in Australian fisheries. For most fisheries, the only data collected relates primarily to target
species which are retained and landed for sale. Data on discarded target species, or on non-target
species, usually are not collected. If data are collected, they have not been consolidated for analysis.
Bycatch information is being collected for some fisheries, such as the Commonwealth-managed
SEF and the Japanese tuna longline fishery, and the State managed prawn trawl fisheries off New
South Wales (NSW) and Queensland. Data series on bycatch for these fisheries are short.
Assessments of total bycatch in Australia will be affected by varying interpretations of what is
meant by the term "bycatch". An example is the difficulty in deciding at which point a commercial
species becomes a target or not; the "66% rule" of Klaer and Tilzey (1994) may not be applicable to
all fisheries.
However, an estimate of total bycatch quantities is not necessarily the best approach. The
proportion of the bycatch population affected by fishing operations is more likely to be the critical
parameter, but that information is not readily available. In general terms there is not enough
information available on the quantities or ecological ramifications of many bycatches on which to
assess their sustainability, although some generalisations are possible and are discussed in the
following sections.
3.1 What method takes the most?
Trawling appears to be the fishing method which takes the greatest quantity of bycatch in
relation to target species. This is particularly the case with tropical prawn trawl fisheries. For
instance, it has been estimated that the total quantity of bycatch taken in Australian prawn trawls is in
the order of 100 000-200 000 tonnes, compared with a target catch of around 20 100 tonnes (Harris
and Poiner, 1990, quoted in Andrew and Pepperell, 1992). Alverson et al 1994 estimate that about
11 kg of bycatch are discarded for each kilogram of landed target species in the Northern Prawn
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Fishery (NPF). In their study this represented the third highest ratio of bycatch: target species (by
weight) in the world.
Recently, bycatch limits (specified maximum quantities to be landed) were set for the NPF,
including shark, squids, mudcrabs, rock lobster and certain finfish. In contrast, fishers in the Spencer
Gulf prawn trawl fishery are not permitted to land any bycatch.
Finfish trawl fisheries also take substantial quantities of bycatch. For example, the North West
Slope Trawl fishery (NWST) bycatch is in the order of 1 800 tonnes for a target catch of 195 tonnes,
while the Western Deepwater Trawl fishery (WDWT) takes a bycatch of around 1 600 tonnes for
175 tonnes target (Rainer, 1992). In these fisheries, commercial or potentially commercial bycatch is
discarded because the local market is too limited to absorb the total. Some of this has the potential, in
the longer term, to be sold on the major markets of the eastern seaboard, or processed and exported,
but at present the cost associated with processing and shipping to these markets is prohibitive.
Bycatch in varying amounts also is taken in longline and net fisheries, while assessments for
purse seines and pole-and-line fisheries are not available. In contrast, hand collection fisheries such a
tropical rock lobster, abalone and pearl oyster take a minimal amount of bycatch.
3.2 Do all our fisheries take the same bycatch?
The nature, quantity and ratio of bycatch varies between fisheries, even where similar species are
the target.
In general, the relationship between target and bycatch species is extremely variable. Factors
such as gear type, vessel limitations (e.g. freezer space, trip duration), length of fishing operation,
location (estuarine, nearshore or offshore; relation to critical habitats or aggregations of bycatch
species), whether carrier boats are used, crew expertise, and scale of operation are quite different
between fisheries, and influence the nature of bycatch.
3.3 What about our marine wildlife?
Marine wildlife species of conservation significance are taken in relatively few fisheries. The
two highest profile marine wildlife groups taken in Australian fisheries are marine turtles and
seabirds, particularly albatross.
Most fishery-related turtle mortalities occur in the prawn trawl fisheries of the warm, shallow
waters off northern Western Australia (WA), the Northern Territory (NT) and Queensland. Some
work on the interaction between turtles and fishing operations in Australia has been conducted, largely
by the Commonwealth Scientific and Research Organisation (CSIRO) and States and NT authorities.
For example, Poiner et al conducted detailed studies of the NPF bycatch of marine turtles and
concluded that trawl-induced turtle drownings in that fishery probably do not represent an immediate
problem to flatback, loggerhead, olive ridley and green turtle populations (Poiner et al 1990; Poiner
and Harris 1994). In contrast, Limpus and Reimer (1994) suggest trawling is a major threat to
loggerhead turtles which nest on beaches along the east coast.
Smaller quantities of turtles are caught sporadically on a variety of gear including longlines,
gillnets, traps and pots. Overall, the relevant turtle populations probably are at greatest risk from
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directed fisheries in Indonesia and Papua New Guinea, and from human and other predation on eggs
and juveniles in tropical areas.
Albatross and other seabirds are taken on longline hooks set in the southern bluefin tuna (SBT)
and east coast longline fisheries. In response to this, a number of mitigation measures have been
developed and are being introduced; in 1990, 90% of Japanese boats operating in the Australian
fishing zone (AFZ) used mitigation devices which reportedly brought the bycatch down by 88%
(Anon, 1991).
In future the use of mitigation measures will be compulsory for all Japanese vessels fishing in the
AFZ, for example from November 1995 they will have to use “tori” poles (poles fitted with streamers
to frighten birds away from the bait). In 1989 it had been estimated that the Japanese component of
the SBT fishery worldwide had, until effort was virtually halved and mitigation measures introduced,
taken around 44 000 albatross per year (Brothers 1990, extrapolating from observations made in the
AFZ off Tasmania). Further analysis by CSIRO suggest that in 1991 the total seabird bycatch by
Japanese longliners operating in the AFZ was 1,217; 2 981 in 1992 and 3 590 in 1993 (Klaer and
Polacheck, 1995).
No estimates of the bycatch of albatross by domestic longline vessels currently is available,
although these vessels sometimes operate in areas where albatross are foraging. It has been suggested
that the smaller scale and different operating procedures of Australian longliners should mean that the
number of albatross caught is relatively low; domestic longlines are shorter and are hauled more
frequently than Japanese longlines. However, under Fisheries Regulation 19A domestic pelagic
o
longline boats fishing in the Australian Fishing Zone, south of 30 South must use a “tori pole” when
setting longlines. The construction and mounting of the Tori pole and streamer line are prescribed
under the Regulation. The Regulation also allows for scientific permits to test other bird bycatch
mitigation strategies.
Other large-scale pelagic longlines are likely to take seabirds. Taiwan, for instance, has 334
“ultra low temperature longliners” and 263 “albacore longliners”, the majority of which operate in
southern waters. Longliners from Korea also may operate in this area, and data from the Forum
Fisheries Agency shows that there is a large number of boats operating at latitudes higher than
o
30 South. The combined impact of these operations on seabirds may be significantly higher than that
of Australian and Japanese vessels, but there are no data on seabird bycatch available.
Albatross and other seabirds also may be caught on demersal longlines, in gillnets and trawls, but
the incidence of this in Australian waters appears to be relatively minor. In other parts of the world
demersal longlines are believed to take significant numbers of seabirds.
3.4 Are our bycatch issues similar to those overseas?
There is a limited number of overseas fisheries which provide direct parallels to Australian
fisheries. One of the closest parallels appears to be between our prawn trawl fisheries, particularly the
NPF, and the US tropical shrimp fisheries. In particular, both fisheries take a bycatch of marine
turtles which is the focus of some community concern.
However, there are major differences in scale which affect the number of turtles caught and the
level on mortality, and the rate and level of marine turtle bycatch in the US cannot be assumed to be
the same for Australian prawn fisheries. For example, one critical issue in determining turtle
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mortality is how long the trawl is fishing. US shrimp trawlers may trawl for up to six hours, whereas
Australian prawn trawl shots are more in the order of 1-2 hours, but are typically up to 3†hours when
trawling for tiger prawns in the NPF.
None the less, bycatch mitigation measures which the US has introduced to its shrimp trawl
fisheries could be adaptable to Australian prawn trawl operations.
Other US, Canadian and European trawl fisheries have similar bycatch problems to Australian
trawl fisheries - in particular, large number of juvenile or non-target commercial fish may be caught
and subsequently discarded. These fisheries include the US groundfish, Norwegian inshore shrimp
and scampi, and Canadian silver hake trawl fisheries. Again, some of the mitigation devices being
explored for use in these fisheries may be adaptable to Australian fisheries.
Similarly, the longline fisheries conducted off Antarctica to take Patagonian toothfish and off
Brazil to take tuna also may take a bycatch of seabirds. Australia is at the forefront of developing
mitigation measures for such bycatch; other countries are looking at adapting the measures
introduced to the AFZ for their own fisheries.
The mandatory use of turtle excluder devices in the US Gulf of Mexico was perhaps the first
example of legislation requiring the use of mitigation devices. Since then, Norway has brought in
similar legislation requiring the use of the Nordmore grid in shrimp fisheries. This may indicate a
new, albeit slow, global trend towards mandatory use of specific bycatch mitigation devices.

SUMMARY:
Although most Australian fisheries take some form of bycatch, not all are of concern
trawl fisheries appear to take the greatest quantities of bycatch, while hand collection
fisheries probably take the least (although the quantity taken is not necessarily in proportion
to ecosystem impact)
Information on bycatch in Australian fisheries is not comprehensive
The nature, quantity and ratio of fisheries bycatch is extremely variable between fisheries
Although in some fisheries a proportion of bycatch consists of marine wildlife such as turtles, the
bycatch in most fisheries is of fish
it is likely that fish form the bulk of Australian bycatch
There are limited comparisons to be drawn between Australian and overseas bycatch issues
potentially the closest is the bycatch in prawn and finfish trawl fisheries
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4. What to do about bycatch - what’s in it for the fishers?
From the point of view of the fisher there are four main approaches that could be adopted:
− continue taking quantities of bycatch and preserve the status quo;
− use it;
− reduce it , or at least reduce the mortality associated with it; and
− avoid it altogether.
Each of these approaches has costs and benefits to the fishers which are briefly summarised in
Table 2.
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Table 2. Summary of the cost and benefits to fishers of various approaches to bycatch
continue to take
quantities of bycatch
and preserve the status
quo

Cost
•waste of fuel
•clog/damage gear
•damage to target species (crushing, etc.)
•wear and tear on gear
•slower filling of quota
•potential long-term effects on resource
sustainability
•time taken sorting (fishers may not
consider sorting time a significant cost,
and in some cases there is no sorting entire catches with inappropriate species
mix may be discarded without being
hauled aboard)
•more work

use bycatch

reduce bycatch, or at
least reduce mortality
associated with it (e.g.
by inclusion of
mitigation devices in
gear)

•takes up space in holds
•time taken sorting, processing and
storing (fishers may not consider sorting
time a significant cost)
•no/limited immediate market
•cost and effort of developing products
•cost and effort of developing market
•potential for loss of markets for target
species (if bycatch species fills the same
market niche)
•possible need for more crew
•transport costs
•on board preservation system may be
inappropriate or inadequate
•disposal costs
•potential long-term effects on resource
sustainability
•some species are dangerous (e.g. shark)
• possible ecological skew
•loss of desirable bycatch
•different fuel consumption
characteristics
•may result in reduced catch of target
species
•reduced profitability (could also be
improved)
•financial outlay
•devices may need further trialing in
commercial operations before they are
"fine tuned" to the particular fishery
•may need training for fishers to be able
to use them effectively
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Benefit
•possibly skew populations or
ecological communities to fisher's
advantage
•may be saleable if properly processed
and stored
•may constitute part of the crew's pay
or food
•does not require changing and/or
modifying gear, method or technique
•enables some fishing methods to be
less closely targeted (i.e. don't have to
seek schools of target species only)
•high grading - maximise value of
landed catch by discarding poor
specimens of target species
•keeps crew occupied
•may avoid market glut
•may be saleable if properly processed
and stored
•may constitute part of the crew's pay
•less community criticism and protein
wastage
•less material rotting on fishing
grounds
•greater component of fuel used
gainfully
•possible ecological skew
•may constitute part of the economics
of the fishery
•maximise utilisation of total catch
•potentially new fishery
•does not require changing and/or
modifying gear, method or technique

•less damage to target species
•less time taken in sorting
•less material rotting on fishing
grounds
•reduced community criticism
•possibly less waste of fuel
•less wastage of baits
•potential for increased fishing
efficiency
•benefit to bycatch species in (not
being taken)

avoid bycatch:

•loss of desirable bycatch
•different fuel consumption
characteristics
•may result in reduced catch of target
species
•reduced profitability (could also be
improved)

a) by changing
gear (this also may
be used to reduce
bycatch)

•financial outlay
•other gears may be subject to gear
restrictions and other management
measures - difficulty in entering new
fishery

b) by changing
operations (this
also may be used
to reduce bycatch)

•may mean target species are taken at
the wrong stage of their life cycle

•less damage to target species
•less time taken in sorting
•less material rotting on fishing
grounds
•reduced community criticism
•possibly less waste of fuel
•less wastage of baits
•potential for increased fishing
efficiency
•benefit to bycatch species (not
being taken)

There are many factors which impact on how a fisher might approach bycatch issues. These are
summarised below.
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Summary checklist of factors the fisher may take into consideration when dealing with
bycatch issues
Does taking bycatch cause damage to my gear?
Does taking bycatch cause damage to my target catch?
Has taking bycatch had any impact on fuel consumption (changes may be marginal) or other aspects
of the economics of my fishing operation, such as decreased value of target species?
Does bycatch contribute to the economics of my fishing operation?
Is there a market for bycatch species? Does it pay enough to be worthwhile?
Do the fishery management controls have an impact (e.g. Do quotas encourage discarding)?
Is taking bycatch having an impact on the ecosystem, either adverse or beneficial? Does it have an
impact on the long-term sustainability of the resource?
Is the time taken sorting bycatch from target species a problem for me?
If I retain bycatch, will this require new processing and handling requirements and what are the costs
of these?
Does the bycatch include dangerous or poisonous species best not hauled on board?
Is the community exerting pressure on me because it sees the bycatch rate as unacceptable?
Does the discarded bycatch contaminate my fishing grounds?
If I include bycatch mitigation devices or switch to new gears, how will that affect my fishing
efficiency? How easily are they manipulated? What about the cost of these new gears?
If I use a bycatch mitigation device, will it reduce my target catch?
Do management regulations/regimes in place allow me to land different species of bycatch?
Does taking bycatch now enable me to create a catch history for the future management of those
species?
Is there an economic benefit in reducing my bycatch of certain species?
Perhaps one of the more significant issues, from the fishers’ point of view, is the impact bycatch
can have on the quality and hence saleability of the target catch. Included in this would be whether
the cost of taking measures to improve the quality of target catch would be offset by the benefit of
higher prices, particularly as fishers may already “high grade” their catch (discard saleable fish in
favour of higher value fish).
Retaining bycatch for sale would depend upon the ready availability of markets and efficient
transport to them, and the prospect of receiving a price that compensated for the loss of hold space. It
also could be influenced by the need or otherwise for specific handling techniques to ensure quality,
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and whether there is a safety consideration in handling the bycatch species more than necessary to
throw it over the side.
Other considerations, like the time taken sorting catch, the component of fuel “wasted” taking
bycatch, and wear and tear on gear, are essentially “sunk” costs which the fisher incurs whether or not
bycatch is taken. However, certain types of bycatch may contribute significantly to gear damage.
Still other considerations, like the potential financial outlay required to change or alter gears or
the loss of target catch when using these gears, may impact directly on the economic viability of the
fisher’s operation. Reducing or eliminating some bycatch also may adversely affect the economics of
the fishery. At the same time, in other fisheries reducing bycatch may improve the efficiency of gear
and the value of target catch.
A more detailed analysis of the costs and benefits to fishers in taking the four approaches to
bycatch is at Attachment 1.
SUMMARY:
Each approach to bycatch (continue to take and discard; use; reduce; or avoid bycatch) has a unique
mix of costs and benefits
many of these are economic in nature
others relate to safety issues and management regimes
Fishers may take into consideration these factors when addressing whether to take bycatch or not
Some costs may be incurred regardless of whether the fishing operation takes bycatch
Not all will be costs in all situations
in some situations they may be a benefit, for example taking steps to reduce bycatch,
which may result in a loss of target catch, may also result in an improved return from
sale of target catch

5. But fishers are only one part of it.
5.1 What are our attitudes to bycatch?
Our attitudes to bycatch strongly influence our perceptions of it as a problem or otherwise.
There are fundamental differences in the way fishers and different community groups view bycatch,
and all groups need to be made more aware of each other's point of view and the ramifications of
action or inaction to address bycatch.
5.1.1

How does the commercial fisher view it?

In Australia, the purpose of fishing basically is to harvest an economic commodity for sale, and
in a sense fishers fish for dollars, not for food. Accordingly, fishing is seen as an economic exercise
subject to market influences. This is in contrast to some developing countries, where fishing is more
likely to be a means of obtaining essential protein. In these countries bycatch is more likely to be
retained and utilised, and measures to reduce or avoid bycatch may be actively against the immediate
interests of fishers and the community in which they live.
30

Given that fishing in Australia is for a commodity rather than a food, the decision to retain,
discard or avoid bycatch is made in light of its economic impact. Bycatch itself is usually viewed as
a fact of life rather than an issue. Furthermore, there is an argument that discarding a large number of
dead predators taken as bycatch could skew the ecosystem in favour of target species.
A fisher may see no need to adopt bycatch mitigation measures. If his operation is profitable
enough, any changes seem unnecessary, particularly those which might reduce target catch. Some
changes may even be expensive or force inefficiency on the fisher; even measures which will enhance
the long-term profitability of a fishery may force out marginal operators. Understandably, fishers
resist such measures.
Furthermore, skippers, netmakers and the crews who have to make at-sea repairs prefer the gear
designs with which they are familiar. As a result the focus is on standardised systems, and new
designs incorporating modifications and mitigation devices are not readily accepted (Sternin and
Allsopp, 1981).
Conflict may arise between fishers where the bycatch in one fishery is the target species in
another. This is a criticism levelled particularly at trawl fishers, especially those working inshore and
estuarine areas which may be nursery grounds (Andrew and Pepperell, 1992; Kennelly, 1994).
Sainsbury (1991) suggests there are significant impacts of fish trawl bycatch on the fish trap fishery
on the Northwest Shelf.
Fishers also, feeling themselves under increasing pressure from conservation groups to "clean up
their act" (particularly with respect to marine wildlife species) and expecting governments to legislate
for them to do so, may resist measures to reduce bycatch. This could be because they fear that if they
voluntarily "clean up their act" to a certain level, which may well be a level at which both target and
bycatch species are being harvested sustainably, government may be under pressure to take that level
as a base and expect further bycatch reduction. Industry also may be concerned that political
opportunism and the contestability of information, rather than scientific evidence, may be used as a
means of enforcing legislation to reduce bycatch.
This is not always the case. A high proportion of the fishers in the Clarence River prawn trawl
fishery, recognising the strength of the conservation lobby, have accepted slightly lower prawn
catches and use bycatch mitigation devices.
5.1.2

How do the recreational fishers view it?

Recreational fishers may view the bycatch of recreationally important species taken in
commercial fisheries as an unnecessary and damaging competition. This is particularly the case
where commercial fishers “high grade” their catch or discard juveniles which are dead. This is a
cause for some tension between recreational and commercial fishers, for instance over the bycatch
taken in prawn trawl operations off New South Wales. Recreational fishers also may regard the take
of bycatch by commercial fishers as having an impact on the habitat and ecosystem upon which
recreationally important species depend.
At the same time, recreational fishers may not recognise that they also take a bycatch whenever
they release an unwanted fish. The potential for fish released by recreational fishers to survive may be
higher than for some bycatch species released from commercial operations.
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5.1.3

How does the community view it?

Some sections of the community assume that bycatch shows an inappropriate use of marine
resources and is automatically bad. This can be on the basis that it has unacceptable ecological
impacts. Bycatch also frequently is assumed to be a reference to marine wildlife, rather than fish.
Bycatch may be seen as the removal of substantial sections of ecological communities, given the
high mortality of discarded animals. This is particularly an issue where the bycatch animals are those
of conservation significance such as marine turtles. The public look to the US and other places where
bycatch mitigation legislation has been introduced, and recognise the lessened impact on ecosystem
implied in reducing or avoiding bycatch. Yet for the moment they may see little evidence that
Australian fishing operations are taking similar steps.
Community perception of bycatch as bad also can be on the basis that the discarded bycatch is a
waste of protein, or when there is physical evidence it is being taken, for instance when quantities of
discarded fish wash ashore near population centres.
None of these perceptions take into account the fact that while industry certainly needs to do
better in some places, the bycatch taken in others may be neither environmentally damaging nor a
waste of protein. Nor do community perceptions always distinguish between different fishing gears,
instead equating bycatch in all fisheries with that taken in controversial fisheries. In general there
appears to be a growing community perception that trawling is particularly bad ecologically, not the
least because large quantities of bycatch may be taken.
By the same token, if fishers were forced to put up the price of fish to recoup the costs of bycatch
mitigation, consumers may react by refusing to buy the fish creating a "catch 22" situation for
fishermen.
5.2 Are there legislative and international arrangements that affect what we do about bycatch?
5.2.1

What domestic legislation sets out how we manage bycatch?

There are two main types of legislation which have an impact on what we do about bycatch and
which will form the basis for any action: fisheries legislation, and nature conservation legislation.
Most fundamental is the fisheries legislation.
Fisheries legislation
Not all fisheries legislation has specific provisions for the conservation and management of
bycatch. The Commonwealth legislation does, through Objective (b) of the Commonwealth Fisheries
Management Act 1991. Others contain an objective relating to ecologically sustainable use of
resources, such as Objective (a) of the Queensland Fisheries Act 1994, Objective 2(b) of the Western
Australian Fish Resources Management Act 1994, and Objective 2(e) of the New South Wales
Fisheries Management Act 1994.
Still others contain no stated objectives on fisheries management and conservation, for example
the Victorian Fisheries Act 1968 (as amended). This particular Act is to be changed to bring it more
into line with ecologically sustainable development (ESD) principles. Under the terms of the South
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Australian Fisheries Act 1982 fishers are obliged to discard any species that are not provided for in
regulations governing their particular fishery.
The fact that legislation does not contain specific provisions relating to bycatch does not mean
that bycatch is not adequately covered by that legislation. In many cases there is clear provision to
make a range of regulations for fisheries conservation and management purposes.
The Offshore Constitutional Settlement - fisheries jurisdiction in Australia
In Australia, fisheries management responsibility is shared between the Commonwealth and
State and Territory Governments. In general terms the State have fisheries responsibility for inland
waters, and for waters between the low water mark and three nautical miles offshore. The
Commonwealth has fisheries responsibility beyond this to the outer edge of the AFZ. Accordingly,
Commonwealth and State fisheries legislation all provide for the responsible management of fisheries.
However, arrangements under the Offshore Constitutional Settlement (OCS) make it possible for
one Government to have responsibility for the management of the total area of a fishery which
extends on either side of the 3nm line, in order that management can be rationalised and the costs
associated with it be brought to a minimum. Consolidation of management responsibility under the
one authority also shall ensure a more appropriate management regime is developed.
Arrangements under the OCS include extension of Commonwealth responsibility to the low
water mark, State responsibility to the outer edge of the AFZ, State responsibility to a defined line
within the AFZ but outside the 3nm line, or joint authority between Commonwealth and State under
either law. Bycatch limits have been imposed in fisheries covered by OCS arrangements between the
Commonwealth and WA, NT and Queensland as from 10 February 1995.

Nature conservation legislation
The other main type of legislation affecting bycatch is nature conservation legislation, which
covers most marine wildlife species. Many forms of nature conservation legislation, like the
Commonwealth National Parks and Wildlife Conservation Act 1975, make allowances for the
accidental capture of protected species in the course of lawful activity. Under this legislation a fisher
is required to report to the Director of National Parks and Wildlife all interactions with protected
species. Persistent bycatch of such species may be regarded as wilful, and therefore action under this
Act may be initiated against the fisher.
Perhaps one of the most powerful pieces of nature conservation legislation likely to affect
fisheries bycatch is the Commonwealth Endangered Species Protection Act 1992 (the ESP Act).
Under this legislation, a species may be listed as "endangered" (likely to become extinct under current
conditions) or "vulnerable" (likely to become endangered within 25 years under current conditions).
Listed species cannot be taken or transported, unless either a recovery or action plan permits taking or
transporting, or the person doing so has the appropriate permit. Decisions to list a species are taken
on only matters relating to the survival of the species, which has been interpreted to mean only
scientific evidence. Currently, one species of albatross (the wandering albatross (southern subspecies)
is listed under the Act, while nominations for three other species (black-browed, shy and sooty
albatross) are under consideration.
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The Act also allows for an activity, perhaps a particular method of fishing, to be listed as a key
threatening process where it impacts on a listed species. If that happens, a threat abatement plan
(TAP) is necessary for that activity, although the fishing activity does not have to cease whilst the
TAP is being developed.
Most commercial fish species will approach commercial 'extinction' well before they are in
danger of biological extinction. This is not necessarily the case for marine wildlife species,
particularly the long-lived, slow-growing species.
The States and Territories also have enacted endangered species legislation which is
complementary to the Commonwealth Act.
In addition, a single marine species may come under several jurisdictions. Some, for instance,
are found off several States and in Commonwealth waters, although the mandate of the ESP Act is
limited to Commonwealth waters only. While the intention of the Commonwealth ESP Act is that
various government agencies should collaborate to conserve these species, it is possible that each
agency will adopt a subtly different approach to this. Such a situation would be further complicated if
only a few fishing methods were subject of the plans, leaving others untouched.
Similarly, highly migratory species and straddling stock species may be caught by other
countries' vessels in waters under Australia’s jurisdiction or outside the AFZ. Efforts to conserve
these species within the AFZ may be ineffective if there is no reciprocal effort elsewhere.
The Commonwealth Environmental Protection (Impact of Proposals) Act 1974 (the EP (IP) Act)
means that a proposal which could threaten a species with extinction or impede the recovery of the
species or ecological community listed under the ESP Act would need the impact statements required
under the EP(IP) Act. In this fashion an activity which adversely affected an endangered species
would be subject to both the ESP Act (either on behalf of the threatened species, or key threatening
process) and the EP(IP) Act (the activity itself).
Fishing operations are not exempt from the provisions of the EP(IP) Act, and accordingly it may
be necessary for environmental impact statements or public environment reports to be developed
where new fishing activities are contemplated. This may be necessary whether or not the fishing
operation takes bycatch, although it is more likely to be required where a bycatch of protected species,
such as marine wildlife, is likely or is being taken.
Some pieces of nature conservation legislation also enable us to meet our obligations under
international treaties. The Wildlife Protection (Regulation of Imports and Exports) Act 1982, for
instance, enables us to meet our obligations as signatory to the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES).
An account of current Commonwealth and State fisheries legislation and Commonwealth nature
conservation legislation is given at Attachment 2.
5.2.2

Are we under international obligations to manage bycatch?

In effect, the global charter to manage fisheries is the United Nations Convention of the Law of
the Sea (UNCLOS). UNCLOS came into force in November 1994. This contains clear provisions
requiring nations to “take into consideration the effects on species associated with or dependent upon
harvested species with a view to maintaining or restoring populations of such associated or dependent
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species above levels at which their reproduction may become seriously threatened.” (Articles 61(2)
and 119 (1)).
Australia ratified UNCLOS in October 1994, and is therefore obliged to abide by the
Convention. Australia also has signed a number of other international agreements which have a
bearing on how we manage bycatch.
Within the umbrella of UNCLOS there are several other initiatives. Some of them, such as the
FAO International Code of Conduct for Responsible Fisheries, are still evolving so it is difficult to
say with any certainty what impact they may have on how we manage fisheries bycatch. However,
the consensus statement arising from the recent Ministerial session of the FAO’s Committee on
Fisheries held in Rome 14-15 March 1995 clearly states that additional actions are urgently required
to minimise wasteful fisheries practices. Such actions would include policies and measures that
reduce bycatch and fish discards. This statement is likely to influence the final shape of the Code of
Conduct.
Other initiatives, such as Chapter 17 of Agenda 21 (which contains the recommendations arising
from the United Nations Conference on Environment and Development (UNCED) held in 1992), are
intended to provide a blueprint for further action. Section 46 of the Chapter promotes the
development and use of selective fishing gears and practices intended to reduce bycatch.
Other relevant agreements have been in force for several years, such as CITES, which was signed
in Washington on 3 March 1973. This multilateral convention restricts global trade in species which
are listed on its appendices. Appendix I listings mean that trade in that species is prohibited, while
Appendix II listings mean that trade may take place but under stringent control, including certification
by the relevant authority of the exporting State.
International agreements also provide us with the mechanisms to collaborate with other nations,
and influence how they deal with species of concern to us and them. This is particularly the case
where the agreement is a fishery management body, such as the Commission for the Conservation of
Southern Bluefin Tuna. This Commission has established a Ecologically Related Species Working
Group to deal with issues such as bycatch.
5.3 What are the trade issues which affect bycatch?
Trade policies in other nations may affect how we manage bycatch. Nations to which we export
seafood may restrict market access for seafood caught by methods which they consider to be
environmentally unacceptable. The US, for example, has two pieces of legislation which may affect
trade in fisheries products, to give effect to their concerns regarding tuna/dolphin and shrimp/turtle
fishery interactions.
US legislation now makes it illegal for US citizens to set nets on dolphins. The US International
Dolphin Conservation Act 1992 contains a provision requiring an embargo to be placed on imports of
yellowfin tuna from any nation which set nets on dolphins and has not reduced its dolphin bycatch to
a specific level. If that nation fails to adopt a policy of reducing or eliminating the catch of dolphins,
the embargo could be extended to include all fishery products.
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A secondary embargo may be placed on nations which import yellowfin from embargoed nations
and export it to the US. This embargo is extended to all yellowfin from any source, not just that from
embargoed nations.
The US also has legislation which can place an embargo on prawn imports from nations whose
commercial prawn operations result in the capture and drowning of species of sea turtles protected
under US law. The embargo is in force unless those nations can demonstrate that they have taken
steps to reduce turtle bycatch, in particular by the use of turtle excluder devices, or the particular
fishing environment of the harvesting nations does not pose a threat. For the moment this is restricted
to nations of the Wider Caribbean, but the US administration has been under pressure to extend
application to all tropical shrimp fisheries, including Australian waters.
The Declaration of Cançun, which arose from the International Conference on Responsible
Fishing held in Mexico in May 1992 and which Australia signed, contains recommendations of
principles and rules for the use of trade policy to enforce environment measures, strongly supporting
multilateral approaches and indicating that unilateral measures should be used sparingly.
There is potential for bycatch species to be listed under CITES. To date no marine fish species
has been listed on CITES, while those species taken as a bycatch which are listed (cetaceans, marine
turtles) are not exported from Australia.
5.4 Do some of our fisheries management practices affect bycatch?
Some of our fisheries management strategies clearly affect bycatch. Alverson et al 1994 suggest
that some management strategies to deal specifically with discards have not worked.
In some respects input control management, which seeks to limit effort, encourages fishers to
maximise the volume taken in any operation. Input controls which have been used in Australia
include gear restrictions (quantities of gear, mesh sizes, etc.) and closures. For example, mesh size
limitations usually are to raise the size at first capture of fish (and so increase fishery productivity), or
fish which otherwise should not be taken in the fishery. In trawls, mesh sizes (Armstrong et al 1990,
quoted in Broadhurst and Kennelly 1994) and net construction and configuration are the most
effective devices for controlling selectivity. To maximise their catch, fishers use the minimum mesh
size allowable.
Experiments by Broadhurst and Kennelly suggest that a 10mm increase in mesh in NSW fish
trawls potentially could reduce the weight of most bycatch by more than 20%, allowing more
undersized individuals to escape. However, the experiments also showed that fewer target species
were retained and some bycatch species such as john dory might be caught in greater number, which
has further management implications (Broadhurst and Kennelly, 1994).
Output controls, which place specific limits on the volume of catch and mean that only fishers
with quota can retain catch, encourage fishers to maximise the value of that catch. Because of this,
they may encourage discarding, rather than encourage fishers to focus their effort on marketable
individuals in the first place. They may oblige fishers who have accidentally caught more than their
quota to discard the excess. The high price of quality fish means that fishers have a strong economic
incentive to discard catch (Crean & Symes, 1994).
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In the process of "high grading", fishers subvert the intention of quotas to restrict catches so that
depleted stocks can recover. Although "high grading" probably also occurs in fisheries managed
under input controls, the incentive to do so may be less.
As noted earlier, bycatch species taken in some fisheries may be the target species of another
fishery. For instance, the east coast prawn trawl fisheries appear to take a high proportion of juvenile
and undersized fish species that are the basis of other fisheries. If the proportion of those species
taken and discarded as bycatch is high enough, it may seriously undermine the management of the
fishery for which they are target.
This is particularly the case where management is reliant on accurate assessments of the stock
condition, but makes those assessments only on the basis of the fishery which targets the species. Yet
the management strategy for the fishery where the bycatch is taken may encourage discarding, and is
unlikely to require fishers to record discarded bycatch.
Arrangements under the OCS also may contribute to bycatch. If neighbouring States have
different legal sizes, etc., fishers may take fish which are undersized in one jurisdiction, but claim
they were fishing in another, for which they have appropriate licences, where fish of that size are
legal.
5.5 What sort of data on bycatch do we collect?
For many fisheries there is no hard data on bycatch. Although most fisheries legislation contains
provisions requiring fishers to provide some form of statistical return to the fishery management
authority, this usually is taken to mean data on target species catch. Quantitative assessments done at
present do not give an idea of the impact on the population of the bycatch species but focus on target
species.
In addition, the limited data on bycatch species do not give a clear picture of the impact on the
population of that species; what may seem an acceptable rate in terms of numbers or weight may be
an unacceptable proportion of the total population or vice versa. The lack of data can be used as an
excuse for extreme responses ranging from no action to draconian steps such as total fishery closures.
5.5.1

Who should pay for data collection?

Under current management arrangements the fishing industry pays for much of the data
collection and management through the various licensing fees and levies.
It could be argued that the concern about bycatch comes more from the community than from
fishers, and that concern should be reflected in the price the community is willing to pay for its
seafood and the health of the marine ecosystem. There is a public benefit in bycatch data collection,
in that the public has shown it wants to know its resources are being used properly. Data collection is
a means of assessing this. Accordingly the community, through the Government, could pay for
appropriate data collection. In addition the Government has a responsibility to ensure habitat and
species protection under fisheries and nature conservation legislation.
Fishers are unlikely to improve their bycatch reporting if they have to pay an additional fee, in
addition to the inconvenience of having to record every species hauled on board. There is no
guarantee that they will record bycatch even if they do not have to pay such a fee.
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The alternative view to this is that fishers are using a community resource, and their various fees
are in effect a charge for the use of that resource. From this view the community has the right to raise
the cost of access to that resource to cover bycatch as well as target catch data collection. This is
particularly the case given that one aim of fisheries management is to achieve ecologically responsible
fishing practices.
However, there is no benefit to the fisher in the short term. Instead there is a disincentive to
collect accurate data, not only because they obtain no benefit but also because to do so may incur
additional costs, such as gear changes or having to pay for bycatch management, or they may wish to
develop a catch history in case the bycatch species comes under quota management.
In addition, it is a concern to industry that the fishery should share only the cost equivalent to
their share of the problem. From the point of view of Australian fishers, the greater proportion of the
seabird bycatch is by non-Australian licenses and habitat destruction.
It is likely that a more equitable approach to the question "who pays?" would be a combination
of both the community and the industry. In this issue the line between public and private benefit is
indistinct, and may fluctuate as fishing effort reduces.
SUMMARY:
Different sectors of the community view bycatch differently, and place different values on
conservation and management considerations
Fisheries management and nature conservation legislation influences how bycatch can be managed
fisheries legislation is the basis for management, but nature conservation considerations
may affect the implementation of fisheries legislation
internationally, Australia is under obligation to manage bycatch
Bycatch may influence trade, through import substitution or as a cause for environmentally-driven
trade based measures by our trading partners
also through international trade and conservation agreements
Some fisheries management practices affect bycatch
input controls encourage maximising the total volume of catch, output controls
encourage maximising value and hence discarding
arrangements under the OCS also may affect bycatch
Collection of bycatch data is not comprehensive and unless fishers see the importance of it there are
limited options for improving it
the costs of data collection probably should be borne both by the community and by
industry
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6. Conclusions
Bycatch may not be automatically bad news, but it generally seems a good idea to find ways of
reducing waste in fisheries.
In general terms we do not fully understand the degree of bycatch mortality in fishing, nor its
ramifications for the various populations, but there appear potential problems such as overfishing on
non target species, ecological shift and habitat alteration. We do not know enough to categorically
state which bycatch is, or is not, a problem. Accordingly, although the magnitude of the catch may
not be high it appears prudent to seek to reduce bycatch (Kennelly, 1994).
It would be difficult to develop a single national prescription that would accommodate the
marked differences between regions, fisheries, bycatch species, etc. Instead, a full range of options
should be considered in response to these fishery variations. Each fishery is a unique combination of
gears, seasons, species and fishers and the bycatch issues in each are likely to be different, so not all
of the measures outlined below will be appropriate in all cases. Each fishery should be treated as a
unique case and strategies tailored to them.
7. So, what are our options?
Ideally, we would like to manage bycatch as an integral part of fisheries management. By doing
this we should be able to ensure that fishers continue to have access to target species, while at the
same time ensuring that bycatch species and the marine environment of which they are an integral part
do not become endangered by fishing operations. A fundamental tenet to this should be the role of an
agreed outcome where possible, with minimal use of prescriptive measures to achieve those outcomes.
Within this framework, the following could be appropriate objectives in better managing
bycatch:
− to enhance the protection of threatened species
− to reduce adverse effects of fishing on the marine environment
− to improve data and sample collection for biological and stock assessment work
− to improve profits, where the bycatch can be sold at profit
− to allay public concerns at the waste of protein and perceived threats to the marine environment
− to enhance the economics and/or the quality of target fish caught, for example through less
damage in gears
− to ensure the solutions do not increase the incentives for distorting data.
The options examined in the following section are possible mechanisms for achieving these
objectives.
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Whatever options are adopted, conflict may develop. A conflict resolution process, such as that
outlined in the Queensland Commercial Fishermen's Organisation (QCFO) discussion paper on
bycatch, should form an integral part of the management strategy. The QCFO conflict resolution
strategy is reproduced at Attachment 3.
7.1 Codes of conduct
Ultimately, bycatch problems are unlikely to be resolved without the full co-operation of
industry.
One means of obtaining industry co-operation might be to develop, in full consultation with
them, codes of conduct for various aspects of bycatch. For instance, industry and management could
collaborate to develop a code of conduct regarding accurate recording and retention of catches and use
of specific operational practices.
Ideally these codes would be voluntary and freely accepted by fishers. Their co-operation is not
likely to be given whole-heartedly if the code is mandatory. A mandatory code also would raise
enforcement difficulties, although it would provide a basis for taking action.
The fishing industry is coming to appreciate that by co-operating now it may avoid unnecessary
conflict later, as evidenced by QCFO's preparation of a paper on bycatch (QCFO 1994) industry’s
adoption of a code of practice for handling turtle bycatch (QCFO and QDPI, 1995). The shift towards
some form of property right also should increase the fisher's responsiveness to the need to address
bycatch, on the basis that they would be stewards of the resource. However, a property right may be
for only one species, which would mean fishers would still need licences if they intended to retain
other species.
7.2 Improve bycatch monitoring and collection of data and samples
The lack of suitable data on the nature of bycatch is potentially a serious gap in fisheries
management knowledge which should be addressed. Management authorities should look for means
of encouraging better reporting, and strategies need to be developed to monitor bycatch, including the
collection of samples suitable for biological assessment. Possible means of doing this are outlined
below.
7.2.1

Mandatory landing of the total catch, including bycatch

This would provide clear physical evidence of the amount and type of bycatch being taken in any
fishing operation except, possibly, trawl fisheries where the bycatch may not be distinguishable from
target catch. However, it would leave the management authority with the problem of disposing of
quantities of bycatch.
Regulation to have all bycatch landed would require a much higher degree of surveillance to
ensure compliance, with consequent increases in management costs. In addition, it could be seen as
forcing inefficiency onto industry. Alternatively, management agencies could provide economic
incentives to fishers to encourage them to retain bycatch on board, although this would be difficult
where the costs of management are recovered from fishers.
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In general, forcing fishers to land all their catch would be a waste of time unless there was some
form of government intervention, for instance by subsidising the market. Otherwise fishers would be
forced to be inefficient for what is likely to be a marginal increase in data that may be obtainable from
other sources.
None of the above would tackle the problem of "high grading" or bycatch of quota species for
which the fishers does not hold quota, or reducing effort on bycatch species already under threat. Nor
would they address the marine wildlife conservation objective. Enforced landing also would mean
some bycatch would be killed which may have survived if returned to the water on capture.
7.2.2

At-sea bycatch collection schemes

In theory, this could be achieved through the use of a carrier boat collecting bycatch and bringing
it back to shore for processing, which might address the problem of unwanted bycatch cluttering up
fish holds and could be effective for commercial species that are normally discarded, or potentially
commercial species for which markets can be developed. Schemes such as this have been found to
work in other nations, where the landing and processing of bycatch has become an integral part of the
fishery.
However, it is not likely to be a viable option in most Australian fisheries. Among others, it has
potential to adversely impact on the cost of a fishery, and does not address the issue of discards of
quota species and high-grading. Furthermore, there may be no processing method or market available
for the bycatch species making the venture uneconomic. For some bycatch the high species
variability, low value and poor marketability would make transhipment uneconomic. Transfers at sea
also can be quite dangerous.
In general, strategies to increase landing of catch such as those outlined above increase the
possibility of total catch overruns in TAC-managed fisheries.
7.2.3

Improved data handling and sharing

Data on bycatch could be obtained either from observer programs or from logbook programs.
Logbooks are the main device used to monitor fishery performance in Australia. Although an
individual logbook system designed, for instance, to monitor only catches in a particular fishery may
cost in the order of A$600 000 per year, they use a minimum number of field staff. Fishers may have
limited incentive to accurately fill in logbooks.
Even where future access to a fishery may depend on recording catch, fishers may have an
incentive not to accurately report the total catch but over-report in order to develop a catch history.
There is little incentive to report bycatch, particularly where it includes species which are already, or
potentially could be subject to nature conservation legislation and for which the fisher might be
penalised.
The alternative to having fishers report on bycatch is to have an independent monitoring system,
such as an observer program. These are expensive. While it may be possible to get a meaningful
representative sample from substantially less than 100% observer coverage, in some fisheries the
variation between fishers, fishing experience, areas, seasons, subtleties in gear etc. may mean that a
high proportion of the fishery needs to be sampled.
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Observer programs run in the past have suggested that fishers may behave differently when
observers are aboard, including retaining fish which otherwise they might discard. However, observer
programs provide a means of obtaining biological samples.
Data handling arrangements should be sufficiently compatible and co-ordinated between
agencies, including between State and Commonwealth bodies, to ensure that fish retained as a bycatch
are incorporated into stock assessments and the management decisions based on these.
SUMMARY:
What might work:
development of co-ordinated and compatible data handling systems, and ready
provision of these data to relevant agencies
carefully planned observer programs which partially cover the fishery but provide
enough information and biological samples to enable trends to be identified
monitoring that is fishery-independent
What isn't likely to work:
requiring all catch be landed
at-sea collection schemes

7.3

Improve fisheries management arrangements to bring in bycatch provisions

Management measures should contain mechanisms to ensure the level of bycatch does not have
an adverse impact of the marine environment and will not necessarily lead to targeted fishing on those
species. Depending on the nature of the bycatch issues, specific management arrangements may be
necessary to minimise unwanted bycatch wherever possible. For instance, Andrew and Pepperell
(1992) suggest that trawl bycatch should be reduced, rather than utilised, because many bycatch
species are already commercially or recreationally important (other arguments they present are in
Attachment 4).
Management measures also should ensure that wanted bycatch either remain as an untargeted but
welcome portion of the catch, with due monitoring to ensure the bycatch species does not become
overfished, or come under separate management arrangements.
As a general rule a precautionary approach should be adopted, although at the individual fishery
the level of bycatch may not be seen as unsustainable. Such an approach would encourage fishing
activities which did not take large quantities of bycatch.
7.3.1

Philosophy of management strategies

The overall objectives of management should be examined to determine the potential impact of
the intensity of fishing for target species on the survival of bycatch species (Caddy, 1981). As noted
under 5.2, there are some management strategies which actively encourage bycatch. These should be
identified to fishery level and their impact on bycatch species evaluated. If the degree of impact is
high, alternative management strategies more capable of effectively managing both target and bycatch
species could be introduced.
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Bycatch provisions should be an accepted feature of management plans, and probable bycatch
figures should be taken into account when TACs for commercial species are set. In addition, part of
the TAC could be withheld when apportioning quotas, to allow for bycatch where those species are
considered to be at risk.
7.3.2

Reduce fishing capacity

Where a serious bycatch problem exists, one of the swiftest means of bringing it under control
may be to reduce overall fishing capacity in the particular fishery. Alverson et al 1994 strongly
suggest that this would be one measure that would deal most effectively with bycatch problems. They
suggest it may be better than a combination of other bycatch mitigation devices.
However, in the past technological development has reduced the effectiveness of fleet reduction
schemes by enhancing the fishing efficiency of the boats remaining in the fishery.
To reduce fishing capacity, governments may need to consider providing economic incentives to
fishers to reduce capacity of vessels or gear. One mechanism for achieving this would be a "buy
back" scheme to physically remove fishing capacity, although in the past many such schemes overseas
have proven ineffective and in any event it may be difficult to justify on bycatch alone. These
schemes could have major economic and social implications as the displaced fishers may have few
employment alternatives, and whole fishing communities could be affected. This also could affect the
flow of seafood to domestic and international markets.
It is worth noting that as the Australian industry rationalises, the number of vessel, days and
hours fished appears to be falling. This is in itself represents a reduction in fishing pressure on
bycatch species.
Another means of reducing bycatch would be to subsidise changes to more selective gears, as
discussed below.
7.3.3
Management strategies and mitigation measures to reduce bycatch and/or the mortality of
bycatch
Fisheries management plans and other management mechanisms could contain provisions
requiring operators to use bycatch mitigation measures designed to reduce the total bycatch or the
mortality arising from capture. Where there are particular bycatch species of concern mitigation
measures should be focused on the fisheries which take the most of those bycatch species, rather than
all fisheries using that type of gear. Measures would vary between fisheries and in relation to bycatch
species, but should contain techniques to ensure unwanted bycatch is returned to the water alive
whenever possible.
Measures can be broadly categorised as follows, and are outlined in greater detail in
Attachment 4:
− TACs for bycatch
− gear modifications or replacement
− operational modifications
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− economic disincentives and penalties for excess take of bycatch
− programs to monitor and review bycatch.
A thorough assessment of the impacts and practicalities of strategies and mitigation measures
should be carried out before their compulsory introduction into a fishery. This should include testing
under commercial fishing conditions.

One possible approach to introducing bycatch mitigation measures:
In the US Gulf of Mexico shrimp fishery, the following approach proved extremely useful in this
regard and could be used in Australia:
1 define the problem and decide whether bycatch is acceptable
2. assuming bycatch is not acceptable, go to fishers and say that we want to reduce bycatch, because
its affecting the ecosystem, etc.
3. offer fishers a bycatch mitigation device that will achieve the desired bycatch reduction
4. advise fishers that they can either use that device, or come up with their own design that will do
the same job. Since fishers have the better working knowledge of the fishing operation, they are
likely to be able to come up with a design that is as good, if not better, than the management
design; and because they have developed it, they have ownership. Their designs would have to
be assessed to ensure they were effective.

7.3.4

Co-operative management arrangements

Where bycatch species also are target species of another fishery, the management arrangement
for that fishery should include a factor to accommodate bycatch. However, in order to do this
management requires a mechanism for monitoring the total bycatch which is sufficiently responsive to
ensure catch is not exceeded. In addition, this assumes that the bycatch is a genuine bycatch and not
targeted, but any fish species may be targeted if it is economically viable to do so.
Co-ordinated and co-operative management arrangements should be developed where bycatch
species are the target species of another fishery, or where the bycatch is in areas or fisheries covered
by more than one jurisdiction. Among others, this could mean that consideration of real and potential
bycatch issues should be an integral part of all OCS or jurisdictional negotiations and future
arrangements. Recently concluded OCS arrangements have included provisions relating to bycatch.
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SUMMARY:
What might work:
review existing management objectives, strategies and regimes to ensure they are
appropriate for bycatch
involve industry in development of mitigation devices
TACs for bycatch
if funding were available, provision on incentives to develop or change gear
develop co-operative arrangements for the management of bycatch, particularly where the
species is caught under more than one jurisdiction
What isn't likely to work:
- "buy-back" schemes to reduce fishing capacity
introducing management requirements for bycatch mitigation without close collaboration
with and the support of industry

7.4 Maximise utilisation of bycatch
Where bycatch has immediate or potential commercial value, is unavoidable in the course of
fishing and does not include marine wildlife species subject of separate nature conservation
legislation, or utilisation does not undermine broader management arrangements, it should be fully
utilised.
This may mean the development and encouragement of new markets in Australia or overseas
(albeit in the longer term). These markets could be for bycatch as either table fish, processed fish for
further reprocessing (e.g. surimi), or reduced fish for meal or silage. At the same time, there is
potential for greater bycatch utilisation to assist import substitution, such as fish meal for aquaculture
and certain table fish.
In Australia, the ready availability of alternative sources of protein and a traditionally
conservative approach to new foods may be a significant hurdle to market development. In addition,
if the fish is a genuine bycatch species, it probably cannot be supplied in sufficient volume and
continuity for a market to develop based solely on it. Accordingly, new markets would have to be
seasonal, or rely on alternative sources of supply. The latter would leave fishers open to lose their
market share. although fishers may change their strategy to ensure the new market is kept well
supplied.
Bycatch utilisation may reduce impacts in the ecosystem, as it would not represent an increase in
fishing effort. In addition, new markets, by "borrowing" the custom of old markets, may help to
reduce pressure on target species (Hall, 1994).
In Australia there are a number of research programs in place to examine ways of better utilising
bycatch species, funded by the Fisheries Research and Development Corporation, the CSIRO and
various State and other bodies. The research being undertaken includes research into bycatch for
human consumption and for other purposes.
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7.4.1

Bycatch for human consumption

Many discards have commercial value and should, ideally, be utilised as food. Many bycatch
species are marketable if they reach a certain size (Ruello & Associates 1994). Although traditionally
Australians prefer large (mainly target) fish with which they are familiar, our growing ethnic
population may mean that overall tastes are changing. For instance, Pender et al 1992 suggest that the
more immediate prospects of marketing NPF bycatch could be to ethnic groups in Australia which are
accustomed to eating bycatch species traditionally ignored by other Australians. One NT company has
shown that the non-commercial ("trash") fish of the northern fish trawl fishery can be processed and
then marketed in Asia (Kennedy, 1994).
Australia might benefit from some US approaches. The Boston Centre for Coastal Studies holds
annual "Trash Fish Banquets" to raise research funds as well as emphasise the appeal of underutilised
species. Similarly, various US States have schemes to distribute bycatch species to poor
communities, ranging from salmon to non-commercial ("trash") fish (Anon, 1994 (a); Rivers, 1994;
Warren, 1994).
Additional markets would have benefits not only for fishers, but also for local communities, fish
processors, consumers and transportation organisations, among others. Products that raise the market
value of bycatch may generate further employment on shore (Allsopp 1981). If markets were found
overseas, or bycatch species could be used to replace imports, some benefit could accrue vis-a-vis the
balance of payments. For instance, import substitution is part of the rationale behind allowing
Japanese tuna longline vessels working in the AFZ to land to Tasmanian processors a maximum
tonnage of Ray's bream and blue whaler shark, which form a significant part of the bycatch of that
fishery.
Other bycatch species may not readily lend themselves to existing markets, but may be adaptable
to other products made from minced fish, such as surimi, pates, fish sticks, or dried or salted fish.
However, strategies would need to be developed for the problems facing development of new
products which are outlined in Attachment 4.
7.4.2

Bycatch for other purposes

At present some bycatch is used for bait, for example redbait and rat-tails can be sold as longline
bait, and bycatch in general can be used for crayfish bait.
While many bycatch species may not be suitable as table fish or as the base stock for processed
fish, most should be acceptable for fish meal or silage. These uses should be assessed carefully to
determine whether greater benefit might not be obtained if the bycatch was discarded back into the
ecosystem. The relatively low value of fish meal and the difficulties in transporting liquid silage
(Young, 1982) will be a factor in this assessment.
If the greater benefit would be obtained through utilising these species and there are no stock
conservation or maintenance issues to be addressed, the use of bycatch species for fish meal, in
particular for aquaculture feeds, has potential. Australian-caught and generated fish meal could be
used to substitute for the imported meal that is used in most animal feeds and aquaculture in
Australia.
This would be predicated on two things:
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− the bycatch species could be converted sufficiently cheaply to compete with the low-cost
imported meal
− cultured animals would both achieve comparable growth rates when fed meal from Australian
bycatch.
Pender et al (1992) indicate that there are a number of bycatch species taken in the NPF which
are readily accepted by some cultured animals, including barramundi. In Norway, where it is illegal
to dump bycatch, the aquaculture and wild capture industries have been linked and bycatch converted
into fish meal for culture operations.
While there may be potential for bycatch to be used in fish silage, it is difficult to manipulate and
distribute and in general terms it is not very economic. It also raises safety issues if carried out on
board, as acid is required (Slavin, 1981). Bycatch species also may be useful for petfood, or may be
adaptable to non-consumptive uses such as fish leathers and glues.

SUMMARY:
What might work:
sale of appropriately-processed bycatch on local and Asian markets
"trash fish banquets" to encourage local consumption of bycatch species
enhanced use of bycatch for bait, petfood, and fish meal (although this may be
economically marginal)
What isn't likely to work:
under current economic conditions, the use of bycatch for silage

7.5 Coordinate research into bycatch issues
Research into bycatch issues in Australia has proceeded on a somewhat ad hoc fashion
depending on jurisdiction, perceived bycatch issue and funding. While not all research undertaken for
one fishery or gear type will be directly transportable to other fisheries, some research may enable
other bodies not to waste effort and scarce funds reinventing the wheel. Accordingly, there should be
a co-ordinating framework to ensure the research effort remains directed onto the issues at hand.
Industry should be actively involved in any research towards resolving bycatch problems, not
only because they have immediate practical experience of the fishing operation but also because by
doing so they improve their image with the Australian community.
Research results also should be reported in a format suitable for policy-makers and the general
public, rather than concentrated in the scientific press. There should be greater uniformity in scientific
method and data management to facilitate more effective reporting.
Broad areas where further research is required are examined in greater detail in Attachment 4,
and include:
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− degree of bycatch in individual fisheries, including identification of individual bycatch
species and how they are affected.
− identification of those fisheries where bycatch is an issue, including assessment of relative
importance or value of target species vis-a-vis bycatch, and whether there is a case for major
management action in fishery.
− fate of discards.
− bycatch mitigation and reduction studies, including a full analysis of safety considerations in
the commercial use of mitigation devices, and technical studies to develop engineering solutions
to bycatch issues.
− methods of increasing utilisation, value adding and marketing.
− assess the effect that management strategies have on non-target stocks.
− ecological impacts of fisheries (target and bycatch) removals, such as trophic, behavioural,
predator/prey and spatial relationships, the cycling of discarded material.
− programs for enhancing the conservation status of bycatch species, including habitat protection.
There has been some research undertaken in Australia to address most of these categories, largely
concentrating on specific trawl fisheries such as the NPF and east coast prawn trawl fishery. Current
research is focused mainly on bycatch mitigation devices and assessments of the impacts of fishing,
although there is some work on bycatch utilisation (mainly for meal, silage or fish oil). There have
been few studies on bycatch species biology, and many of those relate to the non-commercial species
like albatross and marine turtles.
SUMMARY:
What might work:
- developing a co-ordinated bycatch strategy intended to address the identified
areas of further research on a fishery-by-fishery basis
- developing a compatible information database accessible to all relevant
researchers
What isn't likely to work:
- continuing to approach bycatch research in an unco-ordinated, ad hoc manner

7.6 Improve appreciation of fisheries bycatch issues
The general misconception that bycatch is automatically bad indicates that the Australian
community as a whole needs to be made more aware of the true nature of the bycatch "issue" and the
options available for addressing it. Researchers, managers, policy-makers, the fishing industry,
conservation bodies and other community groups each place different values on the conservation of
bycatch (and other) species. Government, industry, conservation groups and the community should
all be involved in and take responsibility for development of solutions to those bycatch issues which
are of concern.
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7.6.1

without the co-operation of the fishing industry nothing much can happen

Whatever mechanisms are adopted to deal with the issue of bycatch, the fishing industry should
be involved at an early stage and continue to be involved. The efforts of industry to deal with bycatch
should be acknowledged, and initiatives such as the QCFO discussion paper encouraged. But
governments need to convey clearly to industry its responsibilities regarding bycatch, including the
need to inform management authorities of what bycatch is taken so that sensible decisions can be
taken. In some cases, fishers may not be aware of their responsibilities under legislation.
Fishers need to understand that bycatch mitigation, although it may have short-term negative
economic impacts, is intended to make fisheries sustainable in the long term, both in terms of target
species and in terms of ecological functions. Mitigation also can be in the interests of most fishers, as
it reduces unwanted catch and earns the approval of the public and conservation lobby. Industry also
should be clearly informed that mitigation devices do not necessarily mean a significant loss in target
catch, may improve the economics of fishing operations, and can be efficiently employed even on
small vessels.
In theory, training should be provided to fishers to enable them to deploy mitigation measures
etc., to maximise efficiency. This should include extension work to demonstrate devices and arrange
for trials, even loans of the equipment, and on-board training, for instance in the installation, finetuning and use of trawl exclusion devices.
However, a better approach would be for gear technologists and managers to take advantage of
the fishers' better knowledge of fishing operations, and work with them in developing and learning
how to use mitigation measures. Through this process fishers, as well as managers and gear
technologists, would have ownership of the end result. For instance, the large-scale use of bycatch
mitigation devices by Clarence River prawn fishermen came about through close collaboration
between fishers and managers. In 1996, the Queensland Department of Primary Industries, the
Australian Maritime College and CSIRO commenced the Bycatch Gear Project. The project is a three
year program intended to inform and consult fishers about ways of reducing unwanted bycatch,
including giving fishers the opportunity to trial different bycatch reduction devices.
In general, education is an important component in dealing with bycatch. For example, a
collaborative effort on the part of the Tasmanian Parks and Wildlife Service and Japan Tuna
Federation in producing the booklet “Catch Fish, Not Birds” (Brothers, 199 ) has had a positive
impact on the way pelagic longline fishermen and others view seabirds. The impact has been such
that editions of the booklet in languages other than Japanese and English are being developed. In
1996 the Commission for the Conservation of Antarctic Marine living Resources produced its own
guide to reduce seabird bycatch in demersal longline fisheries.
7.6.2

the community also has a role

The community should be made aware that bycatch is not taken lightly by industry or fisheries
managers, and that industry is making an honest attempt to use resources sustainably. The
community should be willing to grant them the room to do so. It also should be made aware of the
trade-offs involved in the concept of bycatch as a "waste" and that there are serious regional economic
issues to be taken into account when calling for draconian bycatch reduction measures.
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Recreational fishers also need to appreciate that they, too, contribute to bycatch when they
discard unwanted fish. In some species the bycatch from recreational fishing may be having a
significant impact, for instance the low return on tag/release studies on black marlin may indicate a
high post-capture mortality rate.
The community should be encouraged to offer their constructive thoughts on how to resolve
bycatch issues and also to realise that many other factors, human and environmental may impact on
species and the environments which may be affected by bycatch.
Encouragement could be given to the public to try new products made from bycatch.

SUMMARY:
•

What might work:
- involve fishers closely and collaboratively in discussion on bycatch issues, including the
development of bycatch mitigation devices
- acknowledge industry's expertise in the fishing operation and how much that can contribute
to addressing bycatch issues
- widely publicise bycatch successes

•

What isn't likely to work:
- management-driven training and extension services that do not grant fishers ownership of
the process
- leaving the community unaware of options for addressing bycatch issues
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ATTACHMENT 1

COSTS AND BENEFITS TO THE FISHER...
− ... to continue to capture and discard bycatch (status quo)
a)

Costs

One cost associated with continuing to catch significant quantities of bycatch is that with many
gear types this can result in damage to target species. This is particularly the case for trawls, where
the entire catch becomes concentrated in the codend. Relatively fragile species may become so
crushed that they are unsaleable; some of these may be target or commercial, non-target species. The
loss of these must cut into the fishers' profit margin, since they still have to cover the costs of taking
the catch, although part of the potentially saleable catch is of lower quality, will command lower
prices, and sometimes is unmarketable.
In addition, had target fish not been damaged the fisher might have been able to fill fish holds
faster, or catch his allocated quota more rapidly. This could be a cost or a benefit, depending on the
nature of the fishery. For instance, fishers who fill their quotas more rapidly may have no alternative
fishery to fall back upon and therefore be forced to either cease fishing or fish illegally. Alternatively,
if fishers can take quota at any time during the year and the target fish are not particularly seasonal,
they may be able to delay fishing until the market is at its peak and then rapidly harvest their quota to
take advantage of the premium being offered.
Associated with this is the waste of fuel involved in catching fish which cannot be sold, for
whatever reason. However, fuel is consumed in the fishing operation whether or not the catch is
marketable.
Another cost associated with continuing to take quantities of bycatch is the amount of time crew
spend sorting the catch (an alternative view is that it may give the crew something to do at a time
when they might otherwise be idle). Where the target species is easily recognised from a body of
mixed fish, or the catch is relatively mono-specific, sorting time may be quite short.
However, in other cases the target species may not be easily identified and sorting times are
longer. Longer sorting times may mean that the quality of retained catch is not maximised, because
fish have been out of the water and not chilled. Fish handling equipment might reduce sorting times,
but for many boats the deck is not big enough to permanently house sorters (Crean, 1981).
Continuing to take unusable bycatch also has a cost in terms of wear and tear on gear. Not only
may it become heavily laden or clogged with unwanted catch, but that catch also may damage the
gear, for instance the relatively fine netting used to catch prawns may tear when larger species such as
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sharks become caught. This means the fisher faces the costs of repairing or replacing the gear. It also
imposes a cost in terms of lost fishing time.
The discard of fish which may be marketable potentially also represents a cost to fishers. This is
particularly the case if the fisher discards in anticipation of taking a higher valued catch, or the market
shifts so that discarded catch becomes more valuable and would have been worth landing.
A cost in continuing to take and discard bycatch lies in the potential long term impact on the
sustainability of the species affected, or if the discarded species attracts a higher population of
predators or competitors to the fishing grounds.
b) Benefits
One major benefit in continuing taking quantities of bycatch is that in many cases it is in the
economic interests of fishers. Discarding unmarketable fish and "high grading" means that only high
quality, high value fish are retained in holds. This in turn maximises the value of fish landed.
However, it clearly would be better if fishers could target and catch only high quality individuals.
Part of the economics of the operation also may depend on taking a certain quantity of
commercially valuable bycatch, such as a small volume of high-value (quota) species. Without this
saleable bycatch the profit margin becomes too narrow to make fishing worthwhile. Alternatively,
part of the crew's pay may be taken out in edible bycatch, or at least bycatch be used to reduce the cost
of on-board food.
Continuing to take bycatch also preserves the status quo, and means fishers do not have the
expense of buying new or modifying existing gear. Nor do they change the way they go about their
business, or the fish upon which they target. For instance, a fishing operation might not have to be
closely targeted on particular schools of fish, whereas closer targeting would be necessary if fishers
were required to take less bycatch.
Another advantage is that by continuing to discard bycatch the fishers are not cluttering their
holds with fish they cannot sell, or for which the market price is not enough to make it worth landing.
Where discarding provides more feed or fewer predators or competitors for target fish, it may be
seen as being to the fisher's advantage.
− .. to use bycatch
a)

Costs

One significant cost to the fisher in retaining bycatch is that it would take up space in holds.
Unless bycatch could be sold at a profit equal to that paid for target species this prevents the fisher
from maximising the value of his landed catch (if equal prices were available, the bycatch species
probably is target of another fishery). This is particularly the case for small vessels with limited hold
space.
It is possible that bycatch could be retained and transhipped to carrier boats, freeing up the
fishing boat's holds. This would be accompanied by the costs of transhipment, including a pro rata
for the use of fuel and freezing capacity, and would involve heightened danger, particularly where
seas are rough. In addition, the co-ordination of carrier boat, fishing boat and onshore processor
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would have its own costs, particularly as skippers frequently do not want other crews to know where
they are operating.
However, fishers land whatever species they anticipate they can sell profitably and for which
they have holding facilities. If bycatch species were to be retained, fishers may be faced with a
component of the costs associated with developing markets for those species.
Furthermore, it is possible that a successful marketing strategy could result in bycatch species
taking away some of the market for target species, with consequent costs to fishers in terms of the
value of their target catch.
If the fishers are not operating close to a ready market, they also face additional transport costs in
shipping the bycatch to markets. This a serious issue in the more remote fisheries which take a
sizeable bycatch, such as the NPF. For some of these fisheries markets could be sought not in
Australia, but overseas, though this is necessarily long term.
Markets also may be limited by management restrictions, such as quotas. If fishers retain
bycatch of quota species which takes them beyond their quota allocation, they either lease quota or
face the costs associated with contravening management regulations.
If bycatch is to be retained for sale, the fisher is faced with the costs of processing and storing it
on board in some way to maintain quality. While some sorting is required to separate saleable fish
from species to be discarded, the time taken in doing this could significantly increase if more bycatch
is to be retained, particularly if the bycatch also needs to be separated into different species or groups
for processing.
The rates of sorting, heading and gutting depend on size and species of fish caught (Crean 1982).
Some basic sorting (e.g. by size) may be possible by machine, but the costs and benefits of these need
to be assessed and they may not be suitable for small scale operations. Alternatively, additional crew
could be employed to handle the processing and storage of bycatch. This would increase employment
costs, and most fishing boats do not have the accommodation for extra crew.
Additional time also would be taken up processing the bycatch. Depending on the species this
could vary from simple chilling, to heading and gutting, to filleting. Storage could be in boxes or as
bulk in the hold - Olsen and Hansen (1981) suggest that boxed storage ensures better quality, even if
the boxes are of mixed fish, but takes more time.
In general terms, if bycatch is to be retained for sale better handling techniques may need to be
developed to reduce spoilage. At present only target species and valuable commercial bycatch species
are swiftly chilled. Some bycatch species may not be adaptable to the method of preservation used on
board the boat. For instance, trawlers fitted with freezers discard sand crabs, although there is a good
market for them, because frozen crabs are brittle and don't handle well. In contrast, boats using brine
or ice may retain some (Ruello & Associates 1994).
If small fish are retained whole for reduction into fish meal, additional chilling costs may be
incurred, since if these fish are not effectively chilled the atmosphere in the hold may become
dangerous with a build up of carbon dioxide and hydrogen sulphide (Olsen and Hansen 1981).
Furthermore, reduction to fish meal is not very profitable and companies can't afford to pay
much, if anything, for feedstock (Ruello & Associates 1994). Pender et al 1992 suggest that in order
for fish meal made from NPF bycatch to be competitive, the ex-vessel price for whole fish would have
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to be less that thirty cents per kilogram; even this may be an overestimate, as the price paid for jack
mackerel for fish meal has been in the order of ten cents per kilogram. Yet fishers regard the
minimum price for unprocessed bycatch to be in the order of $2.50 per kg. If the bycatch species
brought back to port by the fishers are fit only for rendering, they may not recoup any of the costs of
fishing through sale of that bycatch.
Companies also are likely to want cheap transport of fish from wharf to rendering plant (Ruello
& Associates 1994), and the cost of that transport is likely to be passed back to the fisher.
Even dumping bycatch on land could incur an average disposal cost of A$10/tonne, which in
some fisheries could add up to A$10 000. This might be less an issue for smaller operators, as they
may be able to sell it as berley or dispose of it in industrial waste bins plant (Ruello & Associates,
1994).
If the bycatch consists of undersized target species it may have a cost in terms of potential
population decline. Furthermore, bycatch species may have a key position in the food chain with
respect to target species, such as a major food component. While discarding bycatch may mean that
the feed continues to be available to target species, the same cannot be said if the bycatch is retained.
In addition, if a lucrative market develops for a bycatch species, fishers may switch to targeting
that species. If the bycatch species is long-lived and slow-growing, development of a target fishery
based upon it could place the species at risk, with consequent risk to fishers who come to depend
upon that resource. Greater fishing effort on bycatch species is likely to lead to a gradual decline in
catches as the stock became fully or even over exploited, so it would be difficult to determine the
long-term market potential of the species (Ruello & Associates 1994).
For some bycatch species a market already exists. For example, there is a viable market overseas
for dried sea dragons. However, the resource may be overfished already; in Western Australia (WA)
leafy sea dragons now are protected (Anon, 1992).
Some bycatch species are poisonous or otherwise dangerous (e.g. sharks), and it is in the safety
interest of fishers to either avoid catching them, or discard them at the earliest opportunity.
b) Benefits
The most obvious benefit in retaining bycatch is that it may be saleable if properly processed and
stored (this probably is not the case with marine wildlife species). As noted earlier, bycatch may
constitute an integral part of the economics of the fishery; for instance, Ruello and Associates (1994)
note that bycatch now represents a large part of the earnings of offshore prawn trawlers working out of
Clarence River and Coff's Harbour. Should more bycatch be retained for sale, additional markets for
seafood may be developed. As markets develop, consumer demand would force retail prices up, thus
increasing the return to fishers.
Sale for meal or silage would not enable the fisher to maximise the return from his catch, but if
bycatch had to be landed it would at least provide some return. In addition, if bycatch species have
large scales they may be suitable for the small but viable marine leathers market (Rigney, 1990,
1991), although the low demand of this market is largely satisfied from barramundi, shark and red
emperor (Ruello & Associates 1994).
If the fishers retained and sold all bycatch the catch would be fully utilised, although they may
not have maximised the potential value of their fish holds.
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If a bycatch species can be used for human consumption, a new fishery could develop targeting
these species, with consequent economic growth for the local area. In areas where existing fisheries
already are heavily fished, the new fishery could provide an alternative. By drawing effort from other
fisheries, the new fishery also could enhance their profitability.
Retaining bycatch may benefit the target fishery by altering the ecology. For example, if the
bycatch species is a competitor or a predator, its removal from the system should reduce competition
on the target species. Retaining bycatch also could help to maintain an ecology already altered in this
fashion.
Similarly, some discards of bycatch find their way ashore in large quantities and promote
community criticism of the fishing industry as wasteful and environmentally insensitive. If bycatch
were retained, the implied waste would not be visible to the public.
− ... to reduce bycatch, or at least the mortality of bycatch
a)

Costs

There are a number of mitigation measures which can be incorporated into existing gear to either
reduce total bycatch, or, where bycatch mortality is the issue, reduce that mortality. While these
devices mean fishers may not have to dispose of all their existing gear, there will be a substantial
outlay involved in obtaining mitigation devices and having them installed in gear. In the US, for
instance, turtle excluder devices cost US$250 installed in the net in 1990.
As the use of mitigation devices is not widespread in Australian waters, fishers have few local
examples on which to draw for advice. Accordingly, there would be costs associated with lost fishing
efficiency as skippers and crews learn how to use the modified gears. Furthermore, fishers may need
formal training in order to be able to use the modified gears effectively, incurring further costs in
terms of lost fishing time (if training is not undertaken during normal fishing) or fuel wastage (if
training occurs during normal fishing), and possibly trainer's fees.
In addition, mitigation devices by their structure or handling characteristics may pose safety
problems on board fishing vessels.
Although there are a variety of mitigation devices being developed in Australia, most require
further trialing in commercial operations before they are "fine tuned" to the particular fishery. Fishers
engaging in these "fine tuning" exercises also are likely to have reduced fishing efficiency, but
without "fine tuning" the modified gears may not be useable in the fishery.
Mitigation measures developed outside Australia are not automatically transportable to our
fisheries, as the fishing practices and conditions may be different. Australian prawn nets, for instance,
are longer and narrower in the throat than American nets and might fish less efficiently if fitted with
some turtle excluder devices suitable for American nets (Robins-Troeger, 1994).
Fishers also may find gears fitted with bycatch mitigation devices to be less convenient that
unmodified gears. There may be handling problems associated with a particular device; one of the
problems with hard turtle excluder devices is they are bulky and difficult to manipulate, and costs
fishers not only in terms of fishing convenience but also in terms of safety. Similarly, a modified
trawl may lose shape or otherwise cease to fish effectively when the vessel is being turned or an
escape gap may release some desirable bycatch species.
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Most mitigation devices being trialed in Australia, in addition to reducing the amount of bycatch,
also have taken less of the target species. Prawn trawls fitted with early turtle excluder devices, for
instance, took 10% less prawns than unmodified nets. This figure has been reduced to around 2% in
commercial trials of the AusTED, but the amount of target species lost depends on the skill of
skippers, the nature of the sea bottom, etc. This is one of major reasons the fishing industry has been
reluctant to adopt mitigation devices.
Another major issue is that obstacles, such as sharks and logs, may become caught in the
mitigation devices. There is no means of clearing them away while the gear is fishing.
Installation of mitigation devices will not automatically lead to a reduction in bycatch. There are
other factors which affect the amount of bycatch, such as how the gear is rigged, currents and tides,
bottom type, and season. These may make operations less efficient and may not appreciably reduce
bycatch.
Modified or new gears may have different fuel consumption characteristics. This may be either a
cost or a benefit, depending on the nature of those characteristics. A bycatch mitigation device itself
may increase the drag of the gear, thus increasing the fuel needed. At the same time, if the device
excludes unwanted catch gears should be lighter. Whether the combination of these effects cancel one
another out is unknown. Potentially, fishers could find themselves in an environmental "no win"
situation, if by installing a mitigation device to meet the environmental concerns re bycatch they
cause their fuel consumption to rise, and hence be considered to add to the greenhouse effect.
Bycatch reduction also could be achieved by changing gears. The purchase of new gear is an
obvious cost. If fishers were to switch from demersal to semi-demersal trawl, for instance, they
would have to sell or scrap their existing trawl and purchase a "Julie Ann" trawl for something like
A$15 000. It is highly unlikely they would be able to recoup the additional expenditure in a short
time, although in time the lessened wear and tear expected of a semi-demersal trawl could begin to
recompense the initial outlay, particularly as trawls need replacing about every six months.
However, a different gear may be subject to different management controls and in addition to the
costs of purchasing the gear fishers may be faced with significant obstacles to entering the new
fishery. For instance, if the new fishery is under individual transferable quota (ITQ) management,
fishers must purchase quota as well as new gear. In non-ITQ fisheries the fisher will have to obtain a
licence rather than quota.
For some bycatch species it may be possible to reduce mortality by returning them to the water
more rapidly (Saila, 1983), or allowing the gear to fish for a shorter time. Turtles, for instance, may
be brought on deck alive if trawl times are reduced. However, shorter fishing times may reduce the
efficiency of the operation.
Another means of reducing bycatch mortality may be to reduce fishing intensity (Caddy, 1981).
In prawn fisheries, for instance, fishing intensity is high to take advantage of the short life of prawns,
but bycatch species may be longer lived and their populations therefore vulnerable. However,
reducing fishing intensity would be expected to reduce the fishery profitability.
In some fisheries bycatch components may be an integral part of the economics of the fishery.
For example, the sand crab bycatch in the east coast prawn trawl fishery provides 30% of the
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southeast Queensland market (Sumpton et al 1989). Fishers don't want to reduce that bycatch,
because to do so is to reduce the profit.
To compensate for the cost of installing bycatch mitigation devices or changing gears, and
reduced catches of target species (if they occur), fishers may need to raise the price of target species.
If this increase flows on to the market place, there is potential for consumers to refuse to pay the
additional cost, with the result that the market shrinks.
b) Benefits
If the amount of bycatch were to be reduced there would be less opportunity for target species to
become crushed or otherwise damaged by bycatch. This should mean that the landed product is of
better quality and commands higher prices than the same species taken without bycatch mitigation.
The degree to which target species are damaged by contact with bycatch would vary between species
and gear.
With gears which use baits, such as longlines, the less bycatch taken the more bait is left
available for target species.
In addition, if bycatch mitigation were to be used there would be less fuel wasted catching
unwanted material. In active fishing methods such as trawling, this could mean individual shots could
last longer. At the same time, if catches were cleaner the amount of fishing time necessary to take the
same amount of target species should be reduced. This could mean a further savings in fuel costs.
Furthermore, fishing efficiency and profitability could be improved if bycatch were to be reduced
(Karlsen & Larsen 1988). This is because some gears, notably trawls, may become clogged with
bycatch and be forced out of shape. Reduced bycatch also could lead to less wear and tear on the
gear, as the individual catch is likely to be more homogenous (if not smaller). If this is the case,
providing gear does not become snagged or otherwise fouled, it should last longer than gear which
takes bycatch.
Further efficiency would be gained because there would be less time lost sorting the catch, which
in turn means that target species could be processed more rapidly. More rapid processing also should
mean that the end product is of higher quality.
− ... to avoid bycatch
a)

Costs

One method of avoiding bycatch is not to fish in the area, or at the time, when bycatch species
are prevalent. In general terms, fishers operate where and when they are most likely to take the best
possible catch. If they then switch to new areas or different seasons of operation, they lose fishing
efficiency as they learn the characteristics of the new operation.
In addition, different areas or seasons may mean that target fish are more difficult to catch;
avoiding turtle rookeries along the east coast, for instance, may mean fishing in deeper waters where
there are fewer commercial species. It also may mean that target species are taken at more vulnerable
stages of their life cycle.
Bycatch may be avoided if areas where it is taken are closed to fishing. This would reduce the
harvest of target species.
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Some gear modifications may be possible that exploit the different behaviours of target and
bycatch species - for example, prawns and finfish exhibit very different escape responses when
approached by a trawl. In theory it should be possible to apply a stimulus (e.g. sound or light) at a
critical point in the gear to move fish away from the trawl, so that they do not enter the gear (called
“presorting”. Sternin and Allsopp, 1981). But these modifications would have a cost.
In order to avoid bycatch, it may be necessary for fishers to change gears altogether rather than
modify them. Whatever new gear is adopted it is unlikely to completely avoid bycatch.
b) Benefits
The same benefits likely to accrue if bycatch is reduced hold if bycatch is avoided, namely:
− better quality product for less fuel consumption
− improved fishing efficiency and reduced damage to gear
− less rotting material on fishing grounds
− improved community perceptions.
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Attachment 2

CURRENT LEGISLATION RELEVANT TO BYCATCH
Fisheries management
legislation
Commonwealth Fisheries
Management Act 1991

Relevant objectives and regulations
Objective (b) is: "ensuring that the exploitation of fisheries resources and the
carrying on of any related activities are conducted in a manner consistent with
the principles of ecologically sustainable development, in particular the need to
have regard to the impact of fishing activities on non-target species and the
marine environment".
Section 14 of the Act requires managers to take into account, when developing
and implementing fisheries management arrangements, environmental issues
such as bycatch.
Objective (a) is "to conserve fish stocks and protect key fish habitats".

New South Wales
Fisheries Management Act
1994
Northern Territory
Fisheries Act 1988,
amended 1994

Objective (e) is "to promote ecologically sustainable development"
Has no stated objectives, but Section 21(c) is "to conserve, enhance, protect,
utilise and manage the fisheries of the Territory to ... ensure that the fisheries of
the Territory are not endangered or overexploited."

Queensland Fisheries Act
1994
South Australian Fisheries
Act 1982, as amended
1993

The Regulations prohibit the taking of any species which is a protected species
under the Territory Parks and Conservation Act.
Objective (a) is "ensuring fisheries resources are used in an ecologically
sustainable way".
Objective (a) is "ensuring, through proper conservation, preservation and
fisheries management measures, that the living resources of the waters to which
this Act applies are not endangered or overexploited"
Licence holders are not permitted to retain any species not provided for in the
regulations governing a particular fishery.
Section 47-53 relate to protection of aquatic habitats through aquatic reserves
and marine parks, and include the provision that fishing is not permitted in
either place unless the fisher has an appropriate permit or is fishing under the
provision of the Regulations.
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Tasmanian Fisheries Act
1959, amended 1994

Has no stated objectives, but makes provision for "the development of the
fishing industry, and, except in relation to matters dealt with in Part III, the
management, control, protection and regulation of the fishing industry".
Regulations to control fishing may be made, including the use of closures and
prohibitions.

Victorian Fisheries Act
1994

Western Australian Fish
Resources Management
Act 1994
Commonwealth nature
conservation legislation
National Parks and
Conservation Act 1975

Whale Protection Act
1980

Wildlife Protection
(Regulation of Exports
and Imports) Act 1982

Act is shortly to be replaced.
Has no stated objectives. Regulations may be made "for the management and
control of fisheries, for the protection and improvement of fish, and for
preserving good order among fishermen" and include prohibitions, closures, bag
limits, gear limits.
Act is shortly to be replaced.
Objective (a) is "to conserve fish and to protect their environment". Objective
(b) is "to ensure that the exploitation of fish resources is carried out in a
sustainable manner."
relevant regulations and provisions
Regulation 48 (2) provides that the Minister for the Environment may declare
that an act that is done in relation to a protected plant or animal is not an
offence if it was done in the course of a lawful activity, was unavoidable in the
course of carrying out that activity and was not done recklessly.
Regulation 55 makes it an offence for people to intentionally or recklessly, kill,
injure or interfere with a protected animal or plant. Provision is made for this
not to be an offence if people engaged in licensed commercial fishing
operations take protected species, provided it was unavoidable in the course of
fishing and provided as soon as practicable afterwards the person notifies the
Director of Parks and Wildlife, a ranger, or a warden (Regulation 55(7)(b).
Makes it an offence to kill, injure, take or interfere with any cetacean in the
AFZ, and any cetacean killed in the AFZ must be reported to the Director of
National Parks and Wildlife.
Act also makes an exception for circumstances when a person was engaged in
normal fishing operations and the interference was either unavoidable or
necessary to prevent human loss of life, or reasonably unavoidable to prevent
loss or damage to fishing gear.
Regulates export and import of plants and animals that are either Australian
natives, endangered, or otherwise subject of international trade regulation.
Prohibited exports and imports are outlines in the Schedules.
Requires permits for all imports and exports of species on the Schedules.
Permits may be issued if, among others, there is an approved management plan
which contains measures to ensure the survival of the species or subspecies, and
its roles in the ecosystem.
Some marine wildlife species which may be taken as bycatch are listed on the
Schedules.
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Endangered Species
Protection Act 1992

Objects include to promote the recovery of species and ecological communities
that are endangered and vulnerable, and prevent other species and communities
from becoming endangered or vulnerable.
Application is limited to “Commonwealth areas”, but includes AFZ. Cooperation of States and Territories is to be sought where the species or
ecological community is also found in State or Territory areas.

Environmental Protection
(Impact of Proposals) Act
1974

Under the Act, recovery plans should be developed for endangered and
vulnerable species, and threat abatement plans should be developed for key
threatening processes.
Does not specifically exempt fishing operations from provisions requiring
preparation of environmental impact statements or public environment reports
where new fishing activities are contemplated. Such statements or reports
should include, among others, a description of the environment to be affected,
the likely impact of the fishing activity on the environment, and safeguards or
standards to protection of the environment.
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Attachment 3

CONFLICT RESOLUTION POLICY PROPOSED BY QCFO
1.

Recognising the competing claims by various user groups throughout the community,
including aspects of native title considerations, on the one hand and the limited and finite
nature of the fishing resources, it is inevitable that conflict will arise regarding the sharing of
these resources.

2.

In order to resolve conflict situations it is proposed that the following process be adopted
(i)

all interested groups affected significantly by the decision should have the opportunity
of participating in the decision making process;

(ii)

all available scientific, technical, socio-economic and cultural information relevant to
the decision will be made available to all significant stakeholders impacted by the
decision;

(iii)

all other persons having an interest in the matter but not significant stakeholders or
significantly impacted by the outcome, may have access to the information and provide
input to the decision making process;

(iv)

appropriate consultative forums, committees or working groups shall be constituted to
enable a consideration of all information and issues relevant to the decision;

(v)

such consultative forums and committees should be comprised of the major
stakeholders who will be significantly impacted by the decision;

(vi)

the record of such committees, etc. shall include details of all views presented together
with the basis of which such views are held; whilst a majority view may be
appropriately recorded, the minority views must also be recorded;

(vii) the process of consideration of the issue towards conflict resolution shall include the
following steps:
(a)

that the ecological sustainability of the resource is of paramount
consideration;

(b)

that such resource sustainability considerations have regard to not only the
targeted area or species but its related impacts;
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(c)

the pre-existing rights of respective users are accorded significant
consideration;

(d)

that where such rights may be adversely impacted by the decision,
consideration shall be given to mitigation of those impacts;

(e)

considerations of equity and natural justice are paramount in the process;

(f)

that where insufficient information is available on the impacts of the decision
or indeed to make a decision itself, the first recourse shall be to obtaining
additional information required;

(g)

that were this may be impractical or involve too lengthy a period of time, the
decision shall be based on the best available information having regard to
appropriate risk management;

(h)

such risk management considerations must include environmental, economic
and social considerations of the likely impact of the decision;
In cases as outlined in (f) and (g), and in other cases where appropriate, it
shall be necessary to present options for resolution and where necessary a
preferred option for resolution.

(i)

it shall be appropriate to undertake a trial decision for a limited period with
appropriate monitoring of the impacts.

(viii) cost of such consultation must be borne by the groups involved

Queensland Commercial Fishermen's Organisation, 1994.
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Attachment 4

OUR OPTIONS IN GREATER DETAIL
1.
Reasons for reducing or avoiding bycatch rather than utilising it (from Andrew and
Pepperell, 1992).
− many species are important in commercial or recreational fisheries.
− small individuals may be more vulnerable to damage in the gear, so a discarded bycatch of
undersized target species may have a serious impact on the population.
− the bycatch species may have a key position in the food chain with respect to the target species.
− species may be rare or protected.
− less bycatch means a cleaner, better quality catch with less time lost sorting.
− catching only target species would reduce fuel costs.
− less discard would mean less rotting organic material on the fishing grounds which, if caught in
gear, could contaminate the catch.
− less criticism at the number of dead, floating fish.
2.

Measures to address bycatch
− TACs for bycatch.
− gear modifications or replacement, such as
• incorporation of trawl exclusion devices, square mesh panels, square mesh codends, knotless
netting, accelerator funnels, Nordmore grids
• use of tori poles, bait casting machines
• shift to less damaging gears, such as the use of gear buy-back schemes or gear modification
grants
• variations on existing methods, such as semi-demersal or midwater trawls, or completely
different fishing methods
• changes to gear regulations, e.g. mesh sizes, mesh shape, hook sizes, hook shape
• prohibiting certain gears, although this could lead to significant economic loss, reduce fish
supply and claims for compensation
− operational modifications, such as:
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• time and area closures, for example some bycatch species may be heavily concentrated in
certain areas and/or certain times, for migration, spawning runs, etc. These may be costly,
as they require significant monitoring levels (which may vary if the closure is permanent or
temporary) and may reduce the quantity of target species caught. Difficulties can arise in
setting closures to ensure that bycatch species are protected without risking closing off so
much of a fishery that it becomes uneconomic. This is particularly a problem where
bycatch species vary greatly in distribution between years (Kennelly 1994). Area closures
also can have other costs, because of their impacts on fishing for other species (Beckett,
1988). In addition, the factors which influence bycatch rates may vary significantly over
time, making it difficult to accurately establish meaningful closures (Marasco and Terry
1982)
• changes in time gear is set
• changes in the way gear is set, such as raising trawls to clear the seabed, or sinking nets
below the danger area for marine wildlife, or reducing the time the gear is fishing
• techniques for the careful release (alive) of bycatch species including resuscitation
techniques
• automatic closures when fishing is assumed to have taken a bycatch "cap" or quota (Marasco
and Terry, 1982). This assumes that it is possible to assess a reasonable bycatch "cap", and
again requires accurate monitoring of total catch, not just landed catch. It also may be
difficult to introduce to an industry which traditionally has enjoyed open access and could
encourage falsification of logbooks, particularly if bycatch "caps" are to be set on the basis
of logbook returns. If these quotas included tradeable rights it could reduce some forms of
discarding, but would not address the problem of "high grading"
• bycatch rates by area, month and vessel class, with automatic closures for vessels of classes
which exceed the bycatch rate in specified areas. To implement this, management agencies
would need accurate information on catch by area, months, vessel class and species, making
it a prohibitively expensive proposition (Marasco and Terry, 1982)
• requiring fishers to partially process bycatch while at sea, either for retention or prior to
discard. In the US is has been suggested that at-sea processors to grind all fish and fish
waste before discard, on the basis that this provides an economic incentive to minimise
bycatch. Without a large-scale observer scheme there would be little chance for
management authorities to monitor the implementation of this requirement, particularly if
there is a high population of scavengers
• setting individual bycatch limits or acceptable target: bycatch ratios
− economic disincentives and penalties for excess take of bycatch, such as:
• mandatory surrender of quotas, fishing areas, etc. for those who regularly exceed bycatch
limits. For these to work managers need to know accurate bycatch limits, as well as the total
catch of each operator. This would mean an accurate monitoring system to ensure bycatch
excesses can be identified
• a "deemed value" for bycatch species could be introduced (price set by management and
recovered from operators after overquota fish are sold), although such schemes are open to
abuse. One difficulty associated with this approach would be to set accurate "deemed
values" that are sufficiently flexible to accommodate changes in markets and catches, but do
not provide additional incentive to fish the bycatch species. The scheme would still provide
the fisher with an incentive to catch the bycatch (Baulch, 1992)
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• quota substitutions, i.e. landings are offset against other species quota. To implement this
an accurate scale of relative values of quota species would be required, which again would
have to be sensitive to market conditions (Baulch, 1992)
• pay fishers the incentive price (i.e. compensation for landing bycatch species). This leaves
management with the problem of disposing of the fish, and provides fishers with no
incentive to ensure the fish is landed in good condition (Baulch, 1992)
• quota packages that place restrictions on the combinations of quota holdings, so that a
certain quantity of bycatch species quota must be held (Baulch, 1992)
• permissible quota overruns with consequent reduction in next year's quota (Baulch, 1992)
• informal leases, whereby one fisher's overcatch is counted against another's quota
• bycatch fees (Marasco and Terry 1982). If set accurately enough to effectively penalise
fishers for taking the bycatch, these would encourage more selective fishing practices. One
strength is that bycatch limits are not necessary, although the system still faces difficulties in
assessing total catch
− programs to monitor and review bycatch. Management regimes include a monitoring and
review process that should be extended to bycatch species. Furthermore, observers, by being on
the spot, may be in a position to identify areas where slight changes in technique could reduce
bycatch, or provide fields for further exploration.
3.

Problems in utilising bycatch
− markets may need to be developed at the same time, particularly as Australian markets are not
representative of overseas markets. Market development may increase the costs involved,
particularly where market research is necessary, such as consumer profiles and information on
competing products. An understanding of consumer preferences should be a guide to the
development of the product itself
− some species may be toxic or have poisonous factions
− the quality of bycatch species is likely to be quite variable
− assessment of potential and real quantities of bycatch available (necessary to work out the
economics of the operation) The volume of bycatch may also be quite variable, so a variety of
sources may be required for continuous operation. Alternatively, buyers and fishers could meet
prior to the commencement of each season to agree that more of particular bycatch species
should be handled. This should help produce a more focused promotion that may overcome the
unreliability of supply (Ruello & Associates 1994)
− product development, e.g. in finding economic and practical means of producing surimi from
mixed bycatch species, or of drying fish. Few Australian processing plants produce canned,
breaded or surimi products; Ruello & Associates note that most NSW factories clean, fillet and
pack only
− new equipment may also be required, particularly where bycatch species have toxic factions
− profitability studies may be necessary to assess different options for bycatch recovery and
processing (Young, 1982)

66

− Australian industry views itself as a seafood processing industry, rather than food manufacturer,
there is some evidence that this attitude may be changing. Australian industry rarely
experiments with new products and packaging. It also lacks money for research and
development of new products (Ruello & Associates, 1994)
− heavy burdens placed on processing and distribution sectors in disposing of unpopular species
(Crean and Symes 1994)
− acceptability studies
− product demonstrations.
4.

Areas where further research into bycatch is required
− degree of bycatch in individual fisheries
• describe and quantify bycatch in specific fisheries to identify any problems - best done by
on-board sampling under normal commercial operations
• description of the different species, sizes and sexes (Alverson et al 1994)
• total quantities, size distributions, discard: total catch ratios, biodiversity of bycatch species,
catch per unit effort of bycatch
• assessments of how bycatch are affected by being caught
• population assessments and biomass of bycatch species, again to assess the real impact of
their removals on populations (Kennelly, 1993)
• identification of bycatch "hot spots" - spatial and/or temporal studies, including positions in
the water column
− identification of those fisheries where bycatch is an issue, including assessment of relative
importance or value of target species vis-a-vis bycatch, and whether there is a case for major
management action in fishery
− fate of discards
• mortality of discarded and escaped bycatch animals to assess real damage to their
populations of capture and subsequent discard. For example, it is possible that a high
bycatch of juveniles either counterbalances a similarly high juvenile mortality rate, or
exacerbates the juvenile mortality (Kennelly, 1993)
− bycatch mitigation and reduction studies
• measures to reduce bycatch, such as studies on mesh sizes, seasonal variations etc. (Caddy
1981), refinements to codend designs (Broadhurst and Kennelly 1994), identification of
areas, seasons, times and depths
• behaviour of bycatch species on an individual fishery basis, including behaviour with
respect to target species and behaviour with respect to gear. These studies should include
examination of the causes of bycatch, including the conditions that exacerbate or reduce it,
and whether their avoidance behaviour can be manipulated to reduce the catch (Kennelly,
1993). For example, in general finfish are more mobile and more easily guided by
appropriate stimuli than invertebrates like prawns or scampi (Wardle, 1988). Studies should
67

include how fish react to changes to gear colour and visibility. Studies also should examine
the diurnal movements of species
• gear and operational causes of mortality, for example how we can handle discards to better
improve their chances of survival
• methods of presorting to avoid bycatch, e.g. using sound, electricity, different colours etc. to
exploit different behaviours in response to stimuli
− methods of increasing utilisation
• information should be collected on the more common, abundant or prospective bycatch
species, especially weights being caught as the value of seafood is determined by the size
and weight range (Ruello & Associates)
• means of better utilising bycatch which are not quota-controlled, and are not threatened,
including value-adding, product and market development
• research on processing equipment modifications to make them more effective at processing
bycatch species, either on board or ashore (Allsopp 1981)
− assess the effect that management strategies have on non-target stocks
• test effectiveness of alternative management strategies and their impact on industry,
consumers and the public (QCFO 1994)
• development of monitoring, enforcement and mitigation programs, including studies into the
costs
• identification of the various interest groups affected by the issue (QCFO 1994)
• mechanisms for dealing with the problem of lost "ghost fishing" gear
− ecological impacts of fisheries (target and bycatch) removals, such as trophic, behavioural,
predator/prey and spatial relationships, the cycling of discarded material.
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Attachment 5

ACRONYMS

AFZ
ANCA
CITES
CSIRO
ESD
ESP
FAO
ITQ
NPF
NSW
NT
NSWT
OCS
QCFO
SBT
SEF
TAC
TAP
UNCED
UNCLOS
WA
WDWT

Australian fishing zone
Australian Nature Conservation Agency
Convention on International Trade in Endangered Species of Wild Fauna and Flora
Commonwealth Scientific and Research Organisation
ecologically sustainable development
Endangered Species Protection (Act)
Food and Agriculture Organisation (of the United Nations)
individual transferable quotas
Northern Prawn Fishery
New South Wales
Northern Territory
North West Slope Trawl fishery
Offshore Constitutional Settlement
Queensland Commercial Fishermen's Organisation
southern bluefin tuna
South East Fishery
total allowable catch
threat abatement plan
United Nations Conference on Environment and Development
United Nations Convention on the Law of the Sea
Western Australia
Western Deepwater Trawl fishery
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CANADA: A PROPOSAL FOR REFORMING LICENSING, ALLOCATION AND
SANCTIONS SYSTEMS IN CANADA’S PACIFIC FISHERIES

Self-management has become a popular addition to the lexicon of public resource managers,
particularly among fishery managers. But can all management decisions in the fishery devolved to the
fishermen themselves? Does self-management necessarily mean the substitution of private decisions
for public decisions or can a larger degree of self-direction be accommodated within traditional
models of public administration?
In Canada’s Pacific fishery, the agency responsible for fisheries management, the
Department of Fisheries and Oceans (DFO), has launched an initiative aimed at divorcing the
distributional (licensing and allocation) function from the operational side of fisheries management.
This is not a self-management initiative in the usual sense. Decisions about who will be given access
to the resource and what their allocation should be will remain the responsibility of government.
There are many arguments supporting the splitting of these decisions from the other aspects
of fisheries management. The Economic Council of Canada, in a study of fisheries policy, concluded
“fishery officials should be as insulated as possible from decisions about who is to participate, so as to
depersonalise the choice of gear and fishermen.
Licensing and allocation decisions involve social consequences that extend well beyond the
community of fishermen. In other words, fishermen’s private interests do not necessarily equate to
the public interest. For example, licensing and allocation decisions can affect processing employment
and the viability of coastal communities. While some may argue that access and allocations should be
left to the marketplace, where individuals could “vote with their dollars” for access to the resource, it
is unlikely that the general public would accept such an unfettered approach to the distribution of
fishing privileges. The public could also be concerned about the possibility of excessive
concentration of licenses in a few hands, particularly the domination of the fishery by corporations
able to outbid individuals. For these reasons, the government has decided that in assigning fishing
privileges and setting allocations, government rather than industry or the market should be the
decision-maker. While fishermen will not be given a direct role, they will be given a direct voice in
decision-making.
This paper provides a detailed description of the proposal to establish an arm’s length, quasijudicial Board to make licensing and allocation decisions and apply sanctions in Canada’s Pacific
commercial fisheries.

73

Introduction
Canada’s Pacific fishery resources sustain valuable aboriginal, recreational and commercial
fisheries. Pacific commercial fisheries generate landed values of about C$500 million and wholesale
values of almost C$1.0 billion. The industry provides full and part-time employment for about
25 000 people on vessels and in processing plants. Almost 400 000 anglers participate in the
recreational fishery and sportfishery-related tourism generates about C$180 million in revenues
annually. Almost 90 000 aboriginals, living primarily on lands adjacent to water, depend on fish for
food, social and ceremonial purposes.
Management of Canada’s Pacific fisheries are complicated by a variety of biological, social
and economic factors. This paper will outline haw Canada proposes to address some of these
complexities, focusing allocation conflicts, conservation concerns and problems with the consultative
process and the enforcement system.
Allocation conflicts have been exacerbated by the cyclical nature of many species, most
notably salmon, increased competition and a growing demand by competing users of the fish resource
for a greater share. The cyclical nature salmon can be demonstrated by the fact that recorded catches
dropped from a level of 35 million pieces in 1983 to only 19 million in the 1984 and rebounded to
42 million in 1985. Obviously, years of low catch place a significant financial burden on a fishing
fleet geared to harvest all fish available in a productive year. While competing gear types are
sensitive to changes in gear allocations at any time, allocation decisions in years of low catches are
especial contentious.
On Canada’s Pacific coast, salmon fisheries account for the largest share of total landed
value. This fishery has, however, experienced increasing competition in world markets and a growing
world supply, most notably from aquaculture operations. Consequently, salmon prices, which peaked
in 1988, fell by about 50% within three years. Salmon prices are expected to remain low. The
combination of low catches with low prices has increased allocation conflicts between commercial
gear types.
Despite the profound changes affecting these fisheries, the way many fundamental fisheries
management decisions are made has stayed the same: the Minister of Fisheries and Oceans and
departmental staff make the critical decisions about who gets to fish -- the licensing decision -- and
how much -- the allocation decision -- behind closed doors. These decisions are made 3 000 miles
away from the Pacific coast in Ottawa. Lack of information about how and on what basis these
decisions are made sometimes makes them seem arbitrary and unfair.
Recognising the need for change, an elaborate system of advisory committees has evolved to
consult and offer advice on licences, allocations and general fishery management. This consultative
system has been designed to give the industry more systematic influence in fisheries management.
Yet it is still not known how and why final decisions are made. Many industry members suspect that
the system is somehow failing them and that some groups have gained unfair advantage over others.
Efforts to have industry groups resolve allocation conflicts have been largely unsuccessful.
When industry members have been unable to resolve allocation disputes, they turn to the Minister to
act as arbiter. Invariably, some interest groups in the industry believe they can be more effective by
opting out of industry negotiations and appealing directly to the Minister. Consequently, managerial
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attention is diverted from fundamental management activities, and the Minister is deflected from
larger policy issues, toward resolving allocation disputes.
Many participants in the industry also argue that the system for enforcing fisheries rules has
let them down. Handling fisheries violations -- breaches of the Fisheries Act, its regulations and
license terms and conditions -- through the criminal courts has proved slow, time-consuming and
expensive. The courts know little about the fisheries and tend to underrate the seriousness of fisheries
violations. The low fines handed down by the courts generally do little to discourage illegal fishing -in fact, the fines are often viewed as little more than a cost of doing business.
Moreover, the system today gives industry only a small role in enforcement. Many contend
that fishermen need more say in setting the penalties for failing to respect the rules that govern their
fishery. They also need assurances that illegal fishing will be dealt with swiftly and fairly and that
penalties handed down will reflect the severity of the violation.
Pacific Fisheries Board
To address these issues, Canada is proposing to establish an independent, quasi-judicial
Board to make critical management decisions in the Pacific commercial fishery. This Board will be
based in the Pacific region rather than in Ottawa, to increase both the sensitivity and the accessibility
of decision-makers.
The new Board would take over some key powers currently exercised by the Minister and
DFO under the Fisheries Act, namely, licensing and allocation of the marine commercial fisheries.
The Board would also take over from the criminal courts the application of sanctions for fisheries
violations by commercial license holders.
The Minister of Fisheries and Oceans would remain responsible for conservation and would
set the overall levels of harvest for the marine commercial fisheries. The Department would retain
full responsibility for recreational and international fisheries. The Department would also continue its
role of managing the aboriginal food fishery and resolving land claims.
Within the marine commercial fisheries, the Minister would still set the broad policy
framework, with input from industry and other levels of government. But the Minister would
permanently give up the power to decide individual cases. The Board, operating under ministerial
policy and conservation directions, and within the limits of the overall harvest, would decide exactly
who gets the fish and how much. The Board would also assess penalties for breaking the rules. The
Board’s decisions could not be appealed to the Minister. A judicial review of Board decisions by the
Federal Court would always be possible, although such a review would not look at the substance of
the board decisions: it would consider whether a Board had exceeded its jurisdiction or ignored some
fundamental principle of natural justice (e.g. procedural fairness).
The Pacific Board would have no more than five members -- and possibly fewer. Members
of the Board would be knowledgeable about the fisheries but would have no direct or indirect
financial stake in it. The Minister of Fisheries and Oceans would be responsible for recommending to
the Governor in Council (in effect, the Cabinet) the appointment or reappointment of Board members.
Members would be appointed for a fixed period of five years on a full-time basis. These five
members of the Board would constitute an Executive Board. Provision would also be made for
appointing additional members to the Board; they would be appointed by the Governor in Council for
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a period of up to three years. The purpose of having additional members would be to assist the
Executive Board in coping with its workload of allocation, licensing and sanctions hearings. These
additional members would not be decision-makers for allocation and licensing to the Executive Board.
The additional members would be decision-makers on license appeals or sanctions cases.
A formal policy framework is needed to serve as the context for Board decisions. Although
there are currently many specific departmental rules for license holders, e.g. vessel replacement rules,
there are a few clear statements of framework policies for the marine commercial fisheries. Before the
Board could be established, DFO must articulate and codify its policies on marine commercial
fisheries. In many instances, particularly in the area of licensing, this could entail developing general
statements of policy where none exists today. Industry would be involved in the exercise of codifying
the policy framework.
The Minister would have the power to issue general policy directives, to set or alter the
management framework, e.g. license transferability. The Minister could direct more specifically that
the number of licenses in a fishery be increased or that an exploratory fishery be opened. These
policy directives would be binding on the Board. But the legislation would restrict the Minister’s
ability to intervene by policy directives in Board decisions. The Minister could not issue directions so
specific as to determine individual cases of intervene on cases already before the Board for decision.
The Minister would also have the power to issue binding conservation directives to the
Board, to ensure the conservation and protection of fisheries resources. For example, it may become
necessary to change an allocation after the Board has ordered it because of a decrease in the resource.
The Board would be compelled to make this change.
The new Board would address the shortcomings of the criminal justice system. Appropriate
penalties, providing an effective deterrent to illegal fishing, would be handed down swiftly and fairly
by the Board acting as a knowledgeable “fisheries court”. In particular, retention of a license would
now be linked with the individual fisherman’s willingness to abide by the rules of the fishery.
Industry could help develop penalty schedules.
The Fisheries Act would be amended so that breaches of conditions of license and
regulations by licensed commercial fishermen would be taken out of the criminal courts and handled
as administrative matters. Obstruction, habitat destruction and Criminal Code offences (e.g. fraud,
assault) would still be dealt with through the courts.
The Board would apply a range of administrative sanctions. These would include one or
more of: forfeiture of fish, gear and vessel used in the violation; quota reduction; license suspension;
non-renewal or cancellation; or financial penalties of up to C$15 000. Minor violations would be
made ticketable violations subject to a maximum financial penalty of C$2 000.
The burden of proof would be lower than in criminal cases. In criminal cases, proof must be
established beyond a reasonable doubt. Under the Board, proof would be established on the balance
of probabilities.
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Benefits to the Department of Fisheries and Oceans
The concept of an arm’s length Board offers many advantages to the Department of
Fisheries and Oceans. A Pacific Board provides an expert, independent body able to make the
difficult commercial licensing and allocation decisions. In consequence, the Minister and Department
could focus on policy-setting, conservation and fisheries operations.
The Board’s public hearings process could be used to receive public input on contentious
policy issues such as license fees.
Since the Board will determine who is eligible to appear before it in its public hearings, this
will force industry organisations to become more accountable, (i.e. to demonstrate who they are
speaking for and to conform their mandate). Since input to the Board will be public, industry advisors
will be accountable for the advice they give.
An administrative tribunal, comprising persons expert in fisheries matters, will provide a
speedy and effective sanctioning process. The ticketing provisions in particular would accelerate the
sanctioning process and reduce the time spent by fishery officers in court proceedings. A Pacific
Board will, therefore, promote more effective and efficient use of enforcement resources.
Benefits to industry
There are also significant benefits to industry in this proposal. The public hearings process
ensures an open process with direct industry input into licensing and allocation decisions. Fishermen
will have direct access to the decision-making process and the process will be open to public view.
There will be no room for political interference. Decisions will be taken locally. Licensing,
allocation and sanction decisions will be made-in-Pacific decisions, responsive to local needs.
Since most of the Department’s existing advisory groups are license-based, a board would
provide a forum for currently disenfranchised voices to be heard (e.g. coastal communities dependent
on fish processing for employment).
Political accountability is maintained. The Minister continues to set the policy framework
but cannot intervene in individual cases.
Creation of the Board will allow industry to make business decisions with more confidence.
There will be less risk of surprise and consequently greater security, continuity and predictability. At
the same time the system will be flexible. The Board structure and processes can evolve over time, in
line with a changing industry. It will allow time for a large degree of industry self-management. It
will support industry’s evolution rather than inhibit it.
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Issues
In moving forward with this proposal, industry has raised concerns at the development stage
and several challenges are anticipated with implementation once the legislation is passed.
Development
At the development stage, there have been quite understandable and predictable problems in
garnering the support of some fishermen’s groups for the concept.
Of the specific problems identified by industry groups, three are key. First, some industry
advisory bodies believe that the Board’s allocation function undermines their role in allocations.
These groups also contend that public hearings would give the views of parties with only a minor
interest in fisheries issues (e.g. environmental groups) as much significance as the views of license
holders. A contrast with those who seek even further devolution of authority to industry are those
who oppose the “depoliticisation” of the decision-making process. These argue that allocation
decisions should remain the responsibility of a politician who is directly accountable to the voters.
Obviously, lobby groups and their lobbyists are comfortable with, and believe they can be more
successful in closed-door negotiations with a Minister.
Second, Board membership is contentious. While the legislation requires Board members to
be knowledgeable about and have experience in fisheries, there was considerable concern about the
possibility that the government might appoint political friends or, worse still, well-known academics
or public figures with a personal policy agenda.
Finally, the issue of Board costs grew in significance over the consultation period as major
budget reductions and increased user fees were announced. Industry was concerned about the
additional costs associated with operating an independent Board and believed these costs would be
passed on to license holders in the form of higher license fees.
In response to these concerns, a number of modifications to the legislation have been
proposed. First, it has been proposed to strengthen industry’s role in allocations by allowing industry
groups representing a majority of license-holders to submit allocation proposals to the Board for
ratification. The Board would then merely ratify industry’s allocation agreement, provided the
agreement was in the public interest and consistent with every applicable policy and conservation
directive.
Second, the Minister agreed to refer candidates for appointment to the Board to a
parliamentary Standing Committee for review. These committees comprise members of all
recognised political parties in the House. The candidate and the Minister himself could be called to
appear before the Committee for up to two weeks of hearings, at which industry could also testify.
Finally, several proposals for minimising Board costs were suggested. For example,
Executive Board membership may be reduced and the sanctioning process has been further
streamlined to ensure the use of oral hearings is minimised in cases of minor infractions.
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Implementation
The operational linkages between fisheries managers and the Board will be complex. It will
be extremely important to ensure and effective working relationship develops between the Board and
the Department. Any confusion or error resulting from an inability to deliver sound decisions in a
timely manner could severely undermine the Board’s credibility with industry (and the Department).
The quality of appointees to the Board will be a key determinant of the Board’s success.
Board processes and decisions must also be designed to ensure public confidence and affirm
legitimacy with core constituents. Processes should, to the extent possible, induce industry itself to
develop its own consensus among various interests.
Conclusion
The Pacific Fisheries Board represents a new approach for making crucial management
decisions in Canada’s Pacific fisheries. The public hearings process provides for transparent decisionmaking and provides a forum for fishermen to have a direct voice in decision-making. If the
Department of Fisheries and Oceans is successful in implementing this initiative we believe there will
be significant benefits to industry in terms of better decisions and that fishermen’s confidence in our
ability to effectively and fairly manage the fishery will be enhanced.
The proposed changes reflect an evolution in the relationship between fishermen and fishery
managers. As with any evolutionary change this initiative will survive so long as it is better than
current approaches.
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CANADA: THE ATLANTIC CANADA INSHORE LOBSTER FISHERY

Introduction
One of the basic approaches to managing fisheries is "share competition" managed by input
controls. This is the most common method of managing fisheries. As the name implies, fishers vie
for a share of the resource while managers control catch by regulating the inputs to the fishing
process. Such regulations limit type and size of gear, vessel length, fishing times and areas, etc.
These regulations have been developed over time in order to conserve and protect fish stocks and slow
down the "race for the fish". The success of input controls is dependent on the availability of close
substitutes to the controlled inputs. In general, fishers have been more adept at evading the original
intent of input restrictions than the regulators have at devising and imposing them. The Atlantic
Canada inshore lobster fishery, however, represents an example of fishery where input controls have
worked relatively well.
Background
The harvesting of inshore lobster (Homarus americanus) can be traced back to the mid-1600s
when North American Indians caught the species by hand. This primitive method of harvesting was
displaced by spears and hooks in the eighteenth century. By the mid-eighteenth century, lobsters were
landed in traps; this harvesting strategy culminated with the development of the parlour trap in the
early 1900s. Throughout the twentieth century, the inshore lobster fishery has been marked by the
introduction of various technologies such gas-powered boats, trap haulers and electronic equipment.
Up to the mid-1800s, lobsters were consumed locally and export markets were small. In 1884,
however, the first lobster cannery in Canada was constructed in New Brunswick and the widespread
processing of lobster in the Atlantic provinces had begun. By 1900, over 760 canneries were active in
the region, with most canned products being shipped to the United Kingdom. (There are now about
60 plants which produce canned lobster products). During the 1880s, markets for live lobsters in the
United States were developed and secured.
The modern lobster fishery consists of an inshore and an offshore sector. The inshore fishery is
conducted along the Atlantic coast and in the Gulf of St. Lawrence. There are thousands of inshore
lobster fishers who work on about 12 000 vessels operating as far as 60 nautical miles from shore,
although in most areas the lobster grounds extend only a few miles from the coast.
The offshore fishery occurs beyond 50 miles in Lobster Fishing Area (LFA) 41 (see Annex 1)
and is concentrated on the Georges and Browns Bank areas. The offshore fishery started in 1971 and
has only eight licensed vessels. Since 1985, the offshore fishery has been managed through a system
of total allowable catch and enterprise allocations (i.e. individual company quotas). This fishery
accounts for 1-3 per cent of total Atlantic Canada lobster landings.
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Resource management
In the early 1980's a lobster management structure was set up. The basic unit is the Lobster
Fishing Area Advisory Committee (LFAAC). Industry is represented by elected fishers and
processors. Government members include a biologist, an economist, the local fishery officer, the
regional fishery manager for invertebrates and a chairperson. Each committee meets a minimum of
once yearly to advise senior management of the Canadian Department of Fisheries and Oceans on all
issues impacting the lobster fishery. LFA management plans are modified only after discussions with
respective committees.
The committee biologist provides each LFAAC with an annual "stock" assessment. The
economist provides information on fishery and market performance. Special studies provide
information on costs, earnings, income and industry capacity. These data are used to analyse markets,
prices, exports, general economic trends and community dynamics. Biological and economic advice,
along with advice from the advisory committee process and other levels of government are combined
to develop each LFA's annual management plan and modify regulations as required. Advice can
impact seasons, trap limits and other effort related measures. A licensing unit administers the annual
issuance of licences and conducts licensing appeal hearings. Fishery officers promote, monitor and
ensure compliance with legislation, regulations, policies, management practices and specific fishing
plans applicable to lobster.
Canadian lobster landings , since 1979, have increased at an unprecedented rate, attaining levels
not previously seen this century (Annex 2). In general, the increase in fishing effort of the 1980s
appeared not to be direct cause of the increase in landings. A recruitment pulse covering a broad
geographic area and encompassing two significantly different resource management schemes
(Canadian and American), suggests that an oceanic climate more favourable to larval and juvenile
lobster survival than in the immediate past, has played a significant role: likely a larger role than
resource management.
Management controls
The inshore lobster fishery has been highly regulated throughout its long history. Regulations
have been used to preserve a heavily exploited species, though most of the early regulations were
based on market considerations and not related to conservation. The first regulatory regime was
introduced in 1873 when restrictions were placed on soft shell lobsters4, berried (egg-bearing) females
and lobster sizes. In 1879, closed seasons were enforced in the Bay of Fundy region, resulting in the
creation of a part-time fishery. A minimum carapace size was set in 1934. Over its almost 100 years
of recorded history, the inshore fishery has experienced cyclical and seasonal fluctuations in landings
which have caused considerable instability in earnings. Limited entry licensing and trap limits were
introduced in the late 1960s to help address this problem. During a period of particularly weak
landings and markets in the 1970s, a government-funded licence retirement program was introduced;
1 576 licences were taken out of service between 1978 and 1981 in Atlantic Canada.

4

Prohibiting capture of soft-shelled lobsters was a quality control rather than a conservation measure. This was
replaced by a closed season shortly thereafter, and the weight limit (1.lbs) was changed to a minimum length limit (9inch total length).

81

Canadian lobster management has three main objectives:
− Biological: to promote a viable, self-sustained fishery,
− Economic:

to optimise the economic returns to all sectors of the industry,

− Social:

to achieve maximum employment opportunities.

The management regime consists of five measures intended to meet these objectives. There is no
annual total allowable catch determined.
− Limited entry and trap limits (biological, economic and social). These control effort and
mortality. They also provide a limit on capitalisation and hence contribute to net earnings.
− Minimum carapace size (biological and economic). This is intended to optimise yields and egg
per recruit and prevent "growth overfishing". Carapace size is said to be less than optimal if the
landed weight added by increasing the minimum size exceeds the weight lost due to natural
mortality. Regulating size also contributes to economic objectives by ensuring market
requirements are met.
− Fishing season (biological and economic). This protects lobster during the moulting period,
provides protection of large females and also controls fishing effort and mortality. The seasons
are also intended to maximise landed value by having them coincide with market requirements.
− Fishing areas (mainly social). These are used mainly as a means of spreading effort and sharing
the resource more equitably among participants.
− A prohibition on keeping berried females (biological). This is intended to protect reproductive
potential and prevent "recruitment overfishing". Recruitment overfishing becomes a matter of
particular concern when fishing pressure leads to high exploitation levels, leaving few lobsters to
escape into the breeding population to become egg producers.
Limited entry
Effort is controlled by limited entry licensing, by limiting trap number and by limiting maximum
number of days within an open season. Limited entry plays a significant role in controlling the
economics and exploitation rate within each LFA. A licence is issued annually to each fisher who
held one the previous season. Licences are privileges5, not property. Nevertheless, a market has
developed for eligible licences by permitting licence cancellation and subsequent issuance to eligible
fishers. The price attained by the previous holder, upon licence "transfer", reflects capitalised future
earnings. In this market, lobster licences are valued, on average, at C$50 000 to C$75 000. However,
in less productive areas (e.g., LFA 31 and 32) they may sell for less than C$10 000 or over
C$100 000 in highly productive areas such as LFA 34.
5

A "fishing license" is an instrument by which the Canadian Minister of Fisheries and Oceans, pursuant to his
authority under the Fisheries Act, grants permission to a person (an individual or a company) to harvest a certain
species of fish, subject to the conditions attached to the license. This is in no sense a permanent permission; what the
license essentially acquires is a limited fishing privilege rather than any kind of absolute or permanent 'right'.
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Following the introduction of limited licensing in 1967, the industry entered a period of low
landings and prices. A Lobster Task Force in 1975 recommended that licences be reduced both to
decrease effort and to increase incomes. To assist this process, licences were categorised into "A"
(full time) and "B" (part time) based on economic dependence on the fishery. The "A" licence holders
were able to fish the maximum trap limit permitted in the LFA and the licences were made
"transferable". To improve efficiency, two "A" licences can be combined temporarily as a
partnership. Partnerships can deploy 150 per cent of the trap limit. By contrast, "B" licence holders
fish a reduced number of traps and the licence retires with the fisher.
The impact of limited entry has been dramatic. The number of fishers would have been much
higher without it, costs would have been higher and incomes would have been lower. The effects of
limited entry can be demonstrated by estimating the effect that the licence retirement program had on
the fishery. The costs of operating an additional 1 600 vessels would have reduced the net income
earned by fishers by almost C$110 million. The number of fishers would have been greater, reducing
the average return for skippers and crews by 27 per cent. Limited entry keeps capital and operating
costs down and incomes up by controlling the numbers of vessels in the fishery.
Trap limits
Trap limits were introduced in 1966 to limit the effort and costs of individual licence holders.
The maximum legal trap number per fisher varies amongst LFA's -- varying with overall lobster
production, fishers density and historic circumstances. The number tends to be higher than deemed
"optimal". Trap limits are controlled by issuance of trap tags, equal in number to the licensee's trap
limit. To be legally set, a trap must be tagged.
A minimal number of traps is required to catch the available lobster in a given area. Fishing
additional traps adds costs but generates no extra revenue. In a fishery without limits fishing more
traps than your neighbour provides a short term advantage if the additional catch exceeds the
additional cost. However, soon everyone adopts the same approach and the number of traps quickly
exceeds the minimum required. The costs incurred reduce the total net income from the fishery and
everyone is worse off.
Biological yields can also be increased by reducing fishing effort -- that is the number of traps
hauled or days fished. This would allow more lobsters to escape the annual fishery and thus grow to a
larger size. However, very large effort reduction, estimated at about two-thirds the present levels,
would be required to achieve the same gains to that possible through a 12 mm increase in minimum
carapace size.
Current trap limits are above ideal levels but they do cap operating costs (DFO, 1989).
Enforcement of trap limits has become one of the most controversial issues facing the fishery.
Enforcement of trap limits by tagging each trap has not been effective in areas where fishers refuse to
cooperate. Once a few fishers in an area set illegal traps, others feel pressured to do the same in order
to maintain their catch share.
Over-trapping, the most widespread violation, causes fishers to lose an estimated C$1.7 million
in profits for each 10 per cent of traps fished in excess of the legal number. Improvements to the tag
system and application of the requirement for marking surface buoys were suggested for consideration
in improving enforcement. In some areas, peer pressure by fishers was reported to have reduced or
eliminated over-trapping (DFO, 1989).
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Finally, lost traps capture lobsters by attracting them to the original bait. They continue to fish at
a reduced rate even after the bait is eaten. Studies done in the US estimated loss to ghost fishing at
5 per cent of landings. A panel insert, which would fall out of a trap after several months in the water
and expose a large hole in the parlour section is the solution for ghost fishing.
Minimum legal sizes
The only regulation aimed at optimisation of yield-per-recruit is minimum legal size. This
regulation along with prohibition of berried female possession, is designed to prevent recruitment
overfishing. There are several minimum carapace lengths between 63.5 and 81.0 mm which apply in
different LFAs. The lower minimum legal sizes occur in warm water areas.
The yield from those lobsters which survive to fishable legal size can be dramatically affected
through a number of management measures. An increase in minimum legal carapace size of 3 mm, is
expected to yield a gain in the weight of catch of 3 to 7 per cent. An increase in minimum size by one
year's growth (about 12 mm carapace length) would produce increases in yield of between 15 and 35
per cent (depending on the area).
Minimum size change over the past 75 years has been triggered for the most part by market
pressures. Larger lobsters (81 mm or more) are almost always sold live. Small lobsters (canners at
about 63.5 mm) supply the canning plants. Freezing supplements canning and the sale of whole
canner lobsters frozen in brine has played an important role in lobster production.
Enforcement of regulations at a larger minimum carapace size would follow current practice.
Vents to allow undersize lobster to escape while traps are in the water reduce mortality and aid
enforcement.
Seasons
Seasons allow lobsters time to moult, mate and grow. They also limit fishing effort. Seasons are
well-understood and supported by fishers in most areas. The number of days per season varies
amongst LFAs as does the occurrence of the open season. The latter is an attempt to maintain a
constant supply of good quality lobsters through most of the year. Enforcement is straightforward -no fishing when the season is closed.
Both US and Canadian lobster fishers supply lobsters to the US live market. Restrictions on
seasons in Canada cause Canadian lobsters to be sold when US landings are lowest. In this regard,
Canadian exports are timed to maximise total revenues for the industry. The seasonality of Canadian
exports to the USA is also affected by pounding activity. Pounds are large enclosed salt-water pools
that hold live lobsters. Pound operators purchase lobsters when landings are high (and prices low)
and sell lobsters when landings are low (and prices high). The net effect of Canada's seasons and
Canadian pounding activity is to create an export pattern that complements, rather than competes
with, US landings. It is estimated that without the seasonality of Canadian landings total revenues for
the industry would fall an estimated 20 per cent (Cheng Hsiang-tai et al., 1991).
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Prohibition on harvesting "berried" lobster
The retention and sale of egg-bearing females has been prohibited by regulation since 1873.
Current regulations state that "no person shall at any time fish for, sell or have in possession any
lobster with eggs attached ... or from which eggs have been washed or removed". While, in the early
years this regulation was largely ignored, the detection of scrubbed female lobster has improved
significantly through the use of a chemical test which has been upheld in court cases.
Licence transfers
The most widely discussed defect of the licence limitation approach is the incentive provided for
fishers to increase fishing power under the rules of vessel replacement. In the inshore lobster fishery,
generally, vessels are allowed to be replaced with other of the same size class (length and cubic
number). Typically, vessel replacement rules restrict the new vessel's length to a maximum LOA of
45', 50' or 65' (they vary depending on the region and LFA). In cases when the licence holder has
other licences, replacement vessel size is governed by the most restrictive replacement policy.
Management costs
Resource management costs are rarely available and have not been calculated for the total eastern
Canadian lobster fishery. The Canadian Department of Fisheries and Ocean's accounting structure
does not permit the easy separation of lobster management costs from its myriad of programs.
However, data are available for the Scotian Shelf (i.e. Scotia-Fundy) lobster fishery. The total
management cost was 5.9 per cent of the total landed value (C$144 million). That includes biological
research, economic research, conservation and allocation, and surveillance and enforcement. A fee of
C$30 is charged for licences.
Discussion
Technology provides numerous ways to increase fishing power. The individual fisher increases
his net income whenever costs in improving capability are less than the added value of harvest. Such
measures add nothing to the total output of the fishery. Rather, their increased cost reduces the net
value of the fishery and the total net income to all participants. Yet, no individual fisher can avoid
competing, except at the risk of seeing his own share diminished.
Theoretically, the amount of effort that fishers may expend is limited, but in practice other
factors may play in the opposite direction. There has been continued development of boats and
fishing gear which enable individual fishers to fish harder and further away from shore, even though
their number, and the number of their traps are limited. Modern vessels are bigger and more powerful
than their predecessors. They can therefore travel further and faster. They can go to sea and fish in
rougher weather. Fishers with radios are less concerned about storms or being caught out with an
engine breakdown. Echosounders and modern navigation instruments enable them to find and locate
new fishing spots, and much of the backbreaking work of hauling traps has been eliminated by
hydraulic trap haulers and sophisticated handling gear. Lobster fishers can also vary the amount of
fishing effort by tending their traps more or less frequently.
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While in the recent review of fisheries management in Canada (Sutherland Report, 1990) the
current lobster management regime (based on input controls) was deemed satisfactory, other
approaches to lobster management are possible. For example, in fisheries where traditional limited
entry is likely to result in excessive fishing effort and where individual transferable quotas are likely
to be inapplicable, a fractional licence limited entry program may offer a management alternative.
Specifically, in fisheries where fishing effort can be adequately measured by some input index such as
number of traps, the fractional licence program could be modified to issue rights based on that input
(Townsend, 1992).
The lobster fishery has matured under a management scheme based on restrictive licensing and
without catch limits. While there are no strong calls for changes in the current management system,
the fishery has a small standard unit of effort, the trap-day, which could theoretically underlie a new
capacity-based management regime. There are few fisheries with such a relatively homogenous input
unit. Most of the ongoing experiments with individual quotas are based on individually assigned fish
quotas. A credible trap-based unit of capacity, a system based on tradable trap fishing rights may
provide many of the advantages of the output based schemes without the need for total allowable
catches. While further research in this area could prove interesting, at this stage, it is not clear
whether such research could pay practical dividends. In this regard, the fishery has enjoyed
considerable success through the 1980's with high landings and high earnings to fishers. In this
context, the current system based on input controls is well-understood and supported by Atlantic
Canada inshore lobster fishers.
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Abstract
Sustainable and efficient use of fisheries resources is closely linked to the legitimacy of fisheries
management schemes. Legitimacy depends on the content of the rules and the participation of usergroups in the decision-making process. The paper analyse the organisation of the fisheries
management system, in particular the influence of user- participation in decision-making. Theories of
common property resources and institutions are adapted to fisheries and a framework for the analysis
of co-management institutions is developed. Two Danish case studies of user-participation are
examined to analyse how co- management arrangements are functioning and how they impact on
efficiency, equity and sustainability of fisheries resources exploitation.
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Introduction
In many places throughout the world the fishing industry is in an economically perilous state.
Management regimes have difficulties in protecting the resources from over-exploitation. International
experience testifies that without support from the fishers the chances for fisheries regulations to
succeed are very poor because fishers almost always find ways of by-passing regulations (Copes,
1986).
It is a general characteristic for many countries that the national governments or supra- national
institutions (the fisheries administration) have increased their role in fisheries management whilst
local level control, through traditional management and custom, has correspondingly diminished. By
appropriating this control over fisheries management, the fisheries administration has on one hand
often underestimated the capacities of the local management systems, developed through often long
and difficult experience and on the other hand in many instances overestimated its ability to manage
these same resources.
Without denying that the traditional systems of fisheries management can often be inequitable
and ineffective, state interventions which have chosen to ignore them have seldom fared better.
National governments have, for the most part, failed to develop an adequate substitute for, or
complement to, these traditional resource management systems. The promotion of nationalisation or
privatisation as routine policy solutions has not solved the problem of resource degradation and overexploitation. It has, in many instances, deprived large portions of the population of their livelihood
(Bromley and Cernea, 1989).
The current crisis in fisheries management can thus be argued to be caused to some degree by a
lack of legitimacy of several management regimes. Townsend (1995) argues that government-centred
regulation which has been applied in the past (quota management, input restriction, limited entry and
individual fishing quotas) creates incentives to race for fish, break the rules and to mis-report catches.
In addition it has also been expensive to administer and enforce these rules. Jentoft (1989) argues, that
fishers' compliance of fisheries regulations depends upon four general characteristics: 1) content of the
regulations, 2) distributional effects, 3) making regulations and 4) implementation of regulation.
Legitimacy of management regimes and compliance of rules can be improved by transferring
greater responsibility to user-groups or by consulting them in management matters. In this relation
representation and participation of user-groups in the decision-making process is important. In fact
there is a growing awareness among fisheries administrators world-wide, that efficient fisheries
management regimes depend not only on the content of the schemes, but also on the support and
adherence from the users.
The advantages of user-based resource management or co-management systems have been well
documented in various parts of the world (Berkes, 1989, Korten, 1986, McCay and Acheson, 1987,
Bromley, 1992). The better known of these initiatives have been in irrigation and social forestry, but
similar approaches are being applied in health, and upland agriculture, especially in developing
countries. Co-management arrangements in fisheries are, for the most part, still being developed,
although examples do exist in the United States (Acheson, 1975 and McCay, 1988), Canada
(Pinkertonne, 1993), Norway (Jentoft and Kristoffersen, 1989 and Hoel. et. al., 1992), UK (Goodlad,
1992), Denmark (Raakjær Nielsen, 1994), Faroe Islands (Mørkøre, 1991), Japan (Kalland, 1994), the
South Pacific (Ruddle, 1989), and the Philippines (White, 1989 and Pomeroy and Pido, 1995).
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However, co-management is not suitable for every situation. In many cases user-groups may not
be willing nor capable of taking on fisheries management responsibilities. Furthermore, not all
elements of fisheries management can, or should, be allocated to user-groups, due to the fact that the
incentive(s) - economic, social and/or political - to undertake major fisheries management
responsibilities may not be present for many user-groups. Thus, in these cases, the risk of changing
fisheries management strategies may be too high.
In order to determine what kind of authority and how much authority should be allocated to usergroups, an analysis of the different functions of fisheries management is required, stating which
functions can be best handled at local or central level.
The hypothesis on the efficiency and relevance of co-management arrangements in fisheries
management are tested in a Danish context. The first part of the article defines the concept of fisheries
co-management and develops a theoretical framework for addressing fisheries co-management issues.
The second part of the article examines two Danish case studies: the days at sea regulation in the
demersal fishery in Kattegat and the role of the matjes committee to regulate the herring matjes
fishery in Skagerrak and the North Sea. Although the latter part of the article is more empirical, the
aim is to extract more general features, which can contribute to the discussion of the potential of comanagement arrangements in industrialised fisheries.
Definition of co-management
Co-management is a dynamic partnership using the capacities and interests of user-groups
complemented by the ability of the fisheries administration to provide enabling legislation and
administrative assistance. It is where the fisheries administration and user-groups share
responsibilities and competence for fisheries management. Co-management involves delegation of
management responsibilities, so that user groups take responsibility for management tasks. Comanagement covers various partnership arrangements and degrees of power-sharing and integration of
user-groups.
Co-management provides some sense of ownership to the fish resources, which makes usergroups far more responsible for obtaining long-term sustainability of the fish resources. It might also
be more cost-efficient in terms of administration and enforcement than centralised systems, but
administration costs may increase in a co-management system, as the process may be rather time
consuming, involving several interest groups.
The devolution of authority to manage the fisheries, away from the fisheries administration to
user-groups, may be one of the most difficult tasks of co-management. On the one hand, the fisheries
administration may be reluctant to relinquish their authority, or portions of it, and are often opposed
to decentralisation. On the other hand, user-groups may neither have the aspiration nor the capabilities
to undertake enhanced fisheries management responsibilities. Therefore, often what is needed is
support to organise and train people to mobilise available resources to meet their needs.
Government agencies have recognised that the present problems of fisheries management are
often of economic, social, and/or political origins. The EU Commission states in its Report 1991 on
page V, that:
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"distribution of responsibility at all levels, in accordance with the
subsidiary principle, conferring responsibility on the parties concerned, in
particular the fisher’s organisations which could be given the task of
implementing the management measures at the appropriate level"
Thus, the Commission recognises the importance of involving user-groups in the decisionmaking and implementation process. Co-management is seen as the answer to improve the present
management regimes.
Advantages of approaching fisheries management as a bottom-up process versus the traditional
centralised top-down system may be a high degree of acceptability and compliance with regulation
measures, due to the participation of user-groups in the decision-making and implementation process
(Pomeroy and Williams, 1994). Furthermore, one may expect improved data reliability, which may
lead to increased efficiency, equity and sustainability in fisheries management and a reduction of
administration and enforcement costs. Once user groups are involved in the decision making and
implementation of fisheries management, a spectrum of co-management arrangements can be
identified. Figure 1 illustrates the various types of institutional set-up for different co-management
arrangements.

Figure 1. Typology of co-management arrangements
(Inspired by McCay 1993 and Berkes 1994)

Government based
management
User-group based
management
1
Government
Centralistic
management

2

Instructs

4

3
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Is informed
Self
management

Co-management

Co-management should not be seen as just one strategy to solve all problems of fisheries
management, but as a set of alternative management strategies, which are appropriate under certain
situations and conditions.
Issues which influence co-management arrangements
Co-management can be seen as everything between government control on one side and pure
self-regulation on the other side. Introduction of co-management may in some cases just be formal
recognition of systems already in place, whereas in other situations it might require institutional
change. One may not forget that establishment and successful operation of co-management in fishing
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might be both complex and costly not only in economic terms, but also in the political and social
sense.
Co-management arrangements must be based on a consistent set of overall fisheries policy
objectives and supportive conditions achieved in agreement between the fisheries administration and
user-groups.
Co-management is a set of institutional and organisational arrangements (rights and rules), which
determine how the fisheries administration and user-groups cooperate. There are four issues which
influence co-management institutional arrangements:
− Existing property rights regime in place: state, private, communal or open access (Feeny et. al,
1990). Who has access to the resource, who defines rights for exploitation of the fish resources
and are these rights transferable?
− Scale and level of user-group involvement. At which level, central, regional or local, are user
groups participating in the decision-making process and what is the scale of involvement in
terms of tasks that are delegated or co-managed?
− Representation of user groups in the decision-making process. Who should participate in comanagement arrangements - which user-groups are legitimate participants in the decisionmaking process and who claim rights to participate (e.g. fishers, fish processors, consumers,
local/regional interest groups or environmentalists)?
− What are the most appropriate management institutions: state agencies, regional or local bodies,
executive regulation councils or private sectoral organisations e.g. fisher’s organisations? The
specific design reflects the property rights regime in place and the scale, level and representation
of user groups in the decision-making process.
A co-management arrangement is not a static legal structure of rights and rules, but a dynamic
process of creating new institutional structures. A co-management institution can therefore be
designed as an entirely new institution or can be based on already established institutional structures.
The latter might often be the case in fisheries, where co-management institutions usually evolve as
incremental user-group involvement in certain management tasks.
Theoretical background for addressing fisheries co-management arrangements
The rationale of the co-management approach in fisheries originates from the concept of common
property and resource management regimes theory. Therefore, a brief background to these theories is
given in this section.
In 1911, the Danish economist Warming (see Andersen, 1982) demonstrated that by regulating
fishing effort the economic yield to be obtained from fishing can be maximised. Gordon (1954) and
Hardin (1968) argued, that fishers or resource users of a common property resource only make
decisions, which in a short-term perspective will increase their profit, but they have no incentive to
take a long term view in order to preserve the resources from over-exploitation. Hardin (1968, p 1244)
concluded, that: "Freedom in the commons brings ruin to all" and creates the tragedy.
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Hardin identified two options; either privatisation or government control of the commons in
order to avoid the tragedy. Thus, both Gordon and Hardin assumed, that common property
institutional arrangements are the same as open access. It has for a long time been a widespread
perception that common property and open access are synonymous. Today this perception of common
property is recognised as having no basis in reality (Hanna, 1990), but unfortunately this
misconception has dominated the fisheries management debate for more than 4 decades. Open access
leads to tragedy and therefore some property systems need to be created in order to establish some sets
of rights and rules. This paper investigates rights and rules systems for user group involvement in
fisheries management.
Institutional analysis framework
Institutional analysis examines how institutional arrangements, the set of rights and rules by
which users organise activities, affect user behaviour and incentives to coordinate, cooperate and
contribute in formulation, implementation and enforcement of fisheries management.
Oakerson (1992) has developed a framework for analysing institutional arrangements of common
property resources including fisheries. This has been adapted to describe and characterise the
organisational and institutional aspects of fisheries co-management arrangements (see Figure 2). The
framework shows that physical and technical attributes of the fishery together with decision-making
arrangements lead to a set of incentives for users to coordinate, cooperate and contribute, which in
turn leads to patterns of interaction amongst resource users resulting in an outcome such as more (or
less) efficient use of resources. The process is not static, and thus outcomes, incentives and patterns of
interaction can effect both the attributes and the decision-making arrangements. In other words, the
"system" is continually adjusting and reacting to changes. Looking at it from another perspective, the
"system" may be altered to achieve a particular outcome.
By adopting Oakerson's framework, the case studies on Danish fisheries co-management
arrangements are based on a consistent framework. In addition, the framework in itself is not static,
because as more researchers use the framework, it is likely to be modified. Jentoft and McCay (1995)
emphasised the need for further comparative case studies in fisheries co- management. We also hope
to provide some information in this process6.

6 Presently the authors are involved in 2 research projects on Fisheries co-management: 1) The worldwide
collaborative research project on Fisheries Co-management in 9 countries in Africa and South East Asia,
financed by Danida and 2) An EU research project: "Devolved and regional fisheries management", with
participants from Denmark, France, Holland, Norway, Spain and UK.
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Figure 2. Framework for analysing fisheries co-management arrangements
(Adopted from Oakerson 1992)

Physical and technical attributes
Physical and technical attributes include the property system in place, paying particular attention
to the issues of excludability, subtractability and boundaries (Oakerson 1992). Excludability means
the conditions which affect the control of access for potential fishers: natural, technological,
economic or social. Subtractability means the conditions under which the activity of each fisher
subtracts from or reduces the catch per unit effort (CPUE) of other fishers. Boundaries, or
indivisibility, relates to the conditions under which regulation would have to be effective. Boundaries
can be physical such as an area of seabed; or technological such as a gear type; or socio-economic,
such as a community. As Oakerson (1992) states, there might be "underlying economic or cultural
reasons for the treatment of a divisible resource as a commons".
Thus, related to these issues of excludability, subtractability and boundaries, four sets of
attributes are important because they contribute to the creation of incentives or disincentives for
cooperation among fishers:
− Resource characteristics include whether the fish resource is multi/single species, the level of
exploitation, whether the stocks are highly migratory or sedentary, whether the stocks fluctuate
over time or are stable and what boundaries there exist in the fisheries. The resource
characteristics can create incentives or barriers for cooperation among fishers in setting up
access and exploitation rules. Nevertheless, it is difficult to correlate distinct resource
characteristics and incentives for cooperation across different contexts. For example, a sedentary
inshore fish stock in one case might give incentives for cooperation in setting up regulation
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methods among local fishers legally ensured by the state (McCay, 1988). However, in other
cases, a migratory fish stock may give the same incentives in order to coordinate resource
exploitation during the period when the fish is present, the situation in one of the case studies in
this paper.
− Technology characteristics include whether the applied fishing gears are single/multiple, the
level and mix of technology including fishing patterns and whether there is a rapid technological
development of the applied fishing gear and equipment. Ceteris paribus, the single gear
situation provides more incentives for cooperation among fishers than in a situation with
multiple gears. This is especially true, if one gear group experiences a high pace of innovations
and thereby increases efficiency very fast, creating problems of externalities for other gear
groups. However, in other cases cooperation in setting up rules might be possible within usergroups of multiple gears if the aggregated benefits of cooperation exceed the costs of noncooperation.
− Market characteristics include market structure, market orientation and the value of the
products. Basically, industrialised fisheries have a high degree of market orientation and is in a
situation of enhanced competition (Friis, 1994), although there are variations in the structure
among different market segments and the value of the products. However, markets may create
incentives or disincentives for cooperation among user-groups. In a situation with market
control and low competition there might be incentives in terms of economic benefits for
cooperation among fishers (and other user-groups) in order to set-up rules for access and
resource exploitation.
− Socio-economic characteristics include the level of information and knowledge on the fishery
and fisheries management by user-groups, motivation of user-groups for undertaking
management responsibilities, their aspiration for adjusting their organisational structure to
changes in the political, administrative environment, regional and organisational structures of
the industry, dependence on fishing for livelihood and the availability of alternative
employment outside fishing.
Decision-making arrangements
Decision-making arrangements refer to rights and rules, in particular who allocates/makes them
(representation), what they contain (relevance) and whether they can be enforced (enforceability).
Rights and rules are hierarchical in nature. For example, there are rights to manage the fishery
and rules which decide who has the right to do so. The rules which decide the right are attached to
another set of rights.
Rights and rules which cause fishers to take action can be divided into:
− Constitutional rules, which determine who has the rights to make collective choice rules and the
legal framework for the institutional set-up for co-management institutions.
− Collective choice rules. According to Schlager and Ostrom (1993), different collective choice
rights are accorded to different people based on their relationship to the resource. They have
defined 3 types of collective-choice rights:
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Owners (State):

rights to set operational rules for exclusion, resource
estimation, management and transfer/sale of these
collective-choice rights.

Proprietors (Ministry/
Management Committee)

rights to set operational rules for exclusion, resource
estimation and management, but cannot transfer these
collective-choice rights.

Claimants (Operators)

rights to set operational rules for management. No rights
to set rules for exclusion and cannot transfer these
collective-choice rights.

As rules define how rights can be exercised, the proprietor of a resource can, for example,
transfer the rights to set some operational rules for resource management to claimants, although the
latter group then cannot transfer these rights to someone else. Fishers with no rights to make
operational rules can be defined as authorised users.
− Operational rules include rules on structural planning, regulation methods and quota allocation
and monitoring, control and enforcement. The legitimacy and enforcement of these rules will
depend on the levels of representation and participation of fishers in the process of rule-making.
Incentives
Between the content of the regulations and the observed behaviours in the decision-making
process lie the unobserved mental calculations of individuals who make choices (Oakerson, 1992).
This is based on their incentives to coordinate, cooperate and contribute.
Social and cultural norms within the user-groups influence their choice of following or bypassing
regulations enforced by the co-management institution. Game theory can explain why users may or
may not coordinate, cooperate and contribute, based on the assumption, that each user has a clear
preference order of options (Wade 1988). Figure 3, based on Wade (1988), illustrates the choice of an
individual in relation to the behaviour of others.
The incentives of user-groups and government to co-manage the fishery is a combination created
by the physical and technical attributes as well as the factors affecting and contributing to decisionmaking.
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Figure 3. Choice of an individual in relation to the behaviour of others
(note * and other interested parties)

Non
cooperative
Individual
behaviour
Cooperative

Some users* affected, but do not
participate (or have
representation) in the decisionmaking process
All users* participate (through
representative bodies) in the
decision-making process
(Ideal co-management)
Cooperative
Group behaviour

Users* do not participate (or
have representation) in the
decision-making process
Only some users* affected
participate (or have representation) in the decisionmaking process
Non Cooperative

In co-management arrangements, all four conditions are met and one should expect to find the
behaviour of user-groups to be in the lower left corner of the matrix. However, this might not be the
situation in all cases. Thus, the institutional analysis should investigate whether user-groups comply
with management regulations, if one monitors another's behaviour and holds each other accountable,
and if social sanctions are applied in a way which encourages compliance.
Patterns of interaction
Patterns of interaction result directly from the mutual choice of strategies by users under a given
set of physical and technical attributes and the decision-making arrangements by which the comanagement institution is affected.
Outcomes
Outcomes concern whether the co-management institution been able to implement and enforce
regulations, which ensure sustainability of resources, efficiency in resource utilisation and equity in
distribution of benefits?
Outcomes also look at how the decision-making arrangements can be characterised and whether
there have been changes in the physical and technical attributes (boundaries or exclusions rules).
Requirements and constraints for Danish fisheries co-management
The Scandinavian countries have developed a historical tradition of participation of interest
groups at a high level, as well as more detailed, policy discussions concerning the determination of
development objectives for specific sectors of the economy. The present Scandinavian model of the
"negotiation economy" (Pedersen, 1989) can be traced back to the Cooperative movement in the
beginning of the last century and to the constitution of labour market institutions in the beginning of
this century. Today, the political system is characterised by integration of interest groups in the
institutions of policy making. In contrast, within the European Union (EU) and many member states,
interest groups are effectively sidelined during formal policy making, as they only have lobbying
roles.
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The political system of fisheries management ought to be approached within this political
culture. Although the resource system is quite centralised and is state property according to Danish
law, cooperative institutions are established in Danish fisheries management at a consultative level.
This chapter briefly characterises the physical and technical attributes of the Danish fishing
industry and examines the decision-making arrangements of the fisheries management system. The
aim is to analyse the interaction among the resource related attributes and the fisheries management
system in order to identify incentives for collective action among fishers. As such, the present chapter
also forms a contextual framework for the case studies of co- management arrangements presented in
the following chapter.
Physical and technical attributes of the Danish fishing industry
The Danish fishing industry comprises a minor share of the Danish GNP (1-2%). However
contribution to export earnings by fish and fish products is more important and constituted 5-6% of
the total Danish export value in 1993. The total sector employment is approximately 15 000 of which
5 000 are fishers, although these numbers are slightly decreasing7.
Resource and catch
The Danish fishery includes fisheries for both consumption and reduction purposes. In quantity,
species for reduction purposes comprises approximately 75% of the total Danish catches. In terms of
value, however, fishing for consumption purposes comprises 73% of the total catch value in 1993.
Cod, plaice, shrimp, nephrops and sole are - in terms of value - the most important species in the
demersal fishery, while herring and mackerel are the most important pelagic species.
The Danish fishery is a multi-species fishery, where almost all species are heavily exploited. The
fish stocks are both stable/fluctuating and migratory/sedentary. There is a seasonal variation in the
availability of many species. Fluctuating and migrating species - for example cod and herring - make
stock assessment in some areas a difficult matter.
Danish quotas have fluctuated since their introduction in the late 1970s. Although a decreasing
pattern seems to emerge for species important for Danish fishery. Cod catches (the most economic
important species) have fallen to less than one third of their volume, from 186 100 tonnes in 1983 to
53 673 tonnes in 1994, as a result of lower quotas. Fishers have tried to substitute with other species increasing fishing effort in sole, nephrops and shrimp fisheries. The value of the total Danish catches
has decreased by 24% in the period from 1983-1993.
Fleet and technology
The Danish fishing fleet is composed of approximately 3 000 vessels8 ranging from less than
5 GRT to more than 3 000 GRT. 50% of the vessels use static gear (gill net and line), 30-35% are
trawlers, most below 24 meters. The remaining 15-20% use the Danish seine and 11 vessels purse
7 All figures from the Danish Ministry of Agriculture and Fisheries (MAF).
8 Figures for vessels below 5 Grt. are not available and are not included in the table, but are estimated to
approximately 700.
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seine for pelagics. The fleet can thus be characterised as differentiated in size and length, using
multiple gear types at very diversified technological levels (Raakjær Nielsen, 1992 and MAF, 1994).
During the last 5 years, almost 1 000 fishing vessels have been removed from the fleet due to
low profitability in the fleet and to fulfil the Multi Annual Guidance Programme (MAGP). Although
fishing capacity is decommissioned, estimates of increasing efficiency caused by new and improved
catch technologies indicate, that the fishing capacity of the existing vessels is the same as in 1983
despite the large number of vessels decommissioned,9 if a 2% yearly increase in fleet productivity is
assumed. Thus, the capacity of the fleet is too big in relation to the fishing possibilities.
Technological improvements lead to permanent problems with over-capacity, and require a
continuous withdrawal of capacity. Although reduced costs and higher fish prices might improve
profitability and justify some degree of over-capacity, it is important to remove incentives for
innovation within the regulation system. The existing quota system has - within a situation of
decreasing resource availability - created incentives for individual improvements of catch technologies
by creating a "vessel race" among the participating vessels.
Market structures
The development of international markets for fish and fish products has influenced the Danish
fishing industry. The Danish fisheries sector has traditionally been very dependent on export markets,
mostly in Europe (MAF, 1994). There are two factors in particular which influence the Danish
fisheries sector:
− A change in the external competitive environment, as e.g. a result of the GATT- agreement, and
the fact, that food products from agriculture e.g. chicken and turkey have reduced prices and
hereby these products' competitiveness towards fish products, (Friis, 1994), has made markets
more open and globalised, causing intensified competition for frozen fish and fillets on the
world market. In addition, lower rates of air freight have also contributed to increase
competition on the European fresh fish market.
− Consumer's demand for standardised "white" fish has caused cod to a large extent to be
substituted by similar white fish, in particular Alaskan pollack and hake. Retail chains and
processing industries now source white fish from many different places, which has lead to
reduced cod prices (Friis, 1994).
Socio-economic conditions
The social structure of the industry ranging from a survival livelihood in small-scale fisheries to
company-owned, large-scale vessels influence the characteristics of the Danish fishing fleet.
This diversified structure influences incentives for collective action on fisheries management
(Vedsmand et al., 1995) in three ways. Firstly various fleet segments identify different problems and
production strategies; secondly local fisher’s organisations to generate collective action to participate
in fisheries management; and thirdly there is a lack of alternative job opportunities in fishing ports,
9 Calculation made by the working group on changed regulations under the Industrial Development Council of
North Jutland. 1983 was proposed by fishers representatives.
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which leads to low occupational mobility of fishers and resistance towards fleet adjustment (Raakjær
Nielsen, 1992b).
Two kinds of fishery dependent communities can be identified, which differ in scale and
structure. Small communities in isolated areas with small-scale vessels and high dependency on
coastal fisheries, and regional production systems which have a more diversified fleet structure and a
number of processing industries and ancillary services. The latter type has a better potential for
collective action as they are more powerful in political and economic terms.
Decision-making arrangements
The property rights regime in place determines the involvement of fishers in the decisionmaking process, which influences the incentives for collective action and rule compliance. To
associate decision-making arrangements in the Danish fisheries with Ostrom's "bundle of rights" it is
necessary to identify the levels at which decisions on fisheries management tasks are made and the
actors who participate in the decision-making process.
External arrangements
As stated in Article 3 and 38 within the Treaty (Holden, 1994), the Danish fishery is formally
and legally under the jurisdiction of the Common Fisheries Policy (CFP). In very brief terms, the CFP
determines:
− the size of the TACs and their allocation among member states,
− the fleet capacity within each member state (MAGP),
− the minimum withdrawal price scheme.
The quotas are determined externally, although the national state participates in the decisionmaking at EU level. Danish FOs have no formal influence at this level, but POs hold some authority
for the minimum withdrawal price scheme.
Rights of collective choice in Danish fishery
The Ministry of Agriculture and Fisheries (MAF) has the right to:
− define access and exclusion to fisheries through the distribution of licenses;
− set-up operational rules and management tasks (in accordance with EU rules);
− transfer/sale rights (e.g. quota substitution with other countries).
The Danish state is thus the "owner" of the resource as defined by Schlager and Ostrom (1993).
Denmark has, through its membership of the EU, transferred power to the EU in accordance with the
CFP. Denmark has the authority to make operational rules within the frame of the CFP, but as
illustrated in one of the case studies, implementation of rules where the regulation is not based on
quotas requires permission from EU. In this sense it may be more correct to define Denmark as a
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"restricted owner", but with further rights than both "proprietors" (no rights to transfer) and
"claimants" (no rights of transfer and exclusion) as long as authority to EU has been transferred to the
EU.
Danish fishers can be characterised as "authorised users" with operational rights, but hold no
formal rights of collective choice. However, within these general observations, examples of fishers
who have obtained rights of collective choice though their organisations are identified in the casestudies.
Representatives within the institutional set-up of the fisheries management system hold a right to
be consulted in the decision-making process of making operational rules for management and have, as
such, some sort of collective choice rights, even though it cannot be characterised as claimants rights.
Institutions of collective choice and representation of fisher's organisations
The institutional set-up within Danish fisheries policy consists of a political component:
Parliament and the Committee for Agriculture and Fisheries (Parliamentary committee), and an
administrative component, MAF.
Decision-making in Danish fisheries management is centralised. However, cooperative
institutions comprising sectoral organisations and interest groups representation10 influence quota
allocation and, to a less degree, structural measures.
The Regulation Advisory Board, is the most important institution representing both
administrative and sector organisations (fisher's associations, producer organisations, processors and
the labour union) in fisheries management decision-making. The competence of the Regulation
Advisory Board is to advise the Minister on Danish regulation within the constraints of the CFP,
especially on quota allocation.
However, the Regulation Advisory Board also contains subcommittees and ad hoc working
groups, dealing with particular fisheries, structural measures and experiments on alternative regulation
methods. The capacity subcommittee advises on licenses and permits. There have been several
working groups which refers to the Regulation Advisory Board, one of these on the days at sea
regulation in Kattegat (see case studies).
Outcomes and patterns of interaction
Whatever the incentives for collective action are within the physical/technical/social attributes
and decision-making arrangements, rule compliance and cooperation among resource users depends
on the individual strategy and action of the single resource user (Oakerson, 1992 and Wade, 1988).
Experiences and expectations of other resource users actions influence - besides the contextual
incentives - the single resource user's future strategy. The efficiency of monitoring and enforcement of
rules and implementation of sanctions towards rule-breakers are important factors influencing the

10 According to the Danish legislation, collaboration between MAF and different user-groups is formalized
through user-group participation in various advisory boards. Especially two boards are important: the EU
Advisory Board and the Regulation Advisory Board. As space is limited, we focus on the Regulation Advisory
Board only in this article.
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single user's expectations of other resource users strategies. If free-riders can persist in obtaining
higher benefits than rule-compliers because enforcement and sanctions are vague, then incentives to
cooperate will decline over time. According to EU (1991) enforcement in Denmark, as in many other
EU member states, have for some years had a low priority.
The following characteristics of the physical and technical attributes of Danish fishing industry
do not encourage the single fisher to select a cooperative strategy in rule compliance:
− quotas are limited, there are unclear boundaries and a large number of seasonal fisheries;
− technology is highly diversified and over-capacity exists;
− markets are becoming open, global and highly competitive;
− socio-economic conditions are regionally and sectorally diversified leading to a number of
different production strategies for resource users.
There are also a number of barriers for collective action found within the decision-making
arrangements:
− shared owner rights for the state of Denmark under the CFP restricts the development of
national operational rules;
− fisher's organisations/associations rights of collective choice to set-up operational rules for
resource users are limited to joint consultation with other user groups;
− fisher's participation is further reduced by the organisational hierarchy of their associations;
− inappropriate enforcement will always encourage fishers to break the rules.
User-participation in Danish fisheries management is present, but takes place at a very central
level, is hierarchical, and consultative (Vedsmand and Raakjær Nielsen, 1995). Fishers find
operational rules hard to obey as they do not feel responsible for the creation of the principle of the
CFP in 1983, so that the incentive structure for collective action becomes dominated by individual
strategies of resource exploitation. The fisher is to a large degree motivated to extract the highest
possible outcome which implies a competitive race for quotas, technology improvements and, if
necessary, rule-breaking.
The outcome is illegal fishing and therefore some degree of overfishing, problems of bycatch and
discard and low profitability of fishers, which leads to further resource devastation and creates
problems of externalities among different fleet segments subtracting resources from each other. This
leads to increased control and enforcement costs and in general a fairly bad reputation of the fishing
industry.
It seems like the operational rules have the kind of legitimacy problems identified by Jentoft
(1989), for practical reasons as rules are difficult to obey and the fact, that fishers have lost influence
in the decision-making process. However, there are examples of cooperative management processes
involving groups of Danish fishers as active participants in setting- up operational rules, two of which
are described in the following section.
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Two Danish case studies
The days at sea regulation in Kattegat11
The days at sea regulation in Kattegat is an experiment with the aim to solve some of the
problems created by the quota system; discard and mis- or non-reported landings within the
sole/nephrops fishery in this area. By using effort regulation by days at sea, fishers were allowed to
land all catch of sole and nephrops whereby discard and mis-reported landings of these species are
diminished. The experiment was implemented at the end of 1993 as the result of negotiations between
the MAF and the industry and is currently in operation.
In spring 1993, conflicts arose in the Danish fishery as fishers demonstrated against the crisis in
the fishing industry. They blocked harbours and distributed fish for free. Furthermore, it was
emphasised that the regulation system was unacceptable as it aggravated the economic crisis of the
industry by mis-matching fishing patterns and being inflexible to resource fluctuations. Fisher's
organisations advocated a management system based on effort control which could improve planning
opportunities and generate enough income to sustain a profitable fishery.
Consequently, a working group was established, comprised of representatives from fisher's
organisations, the labour union and MAF, to propose alternative management systems in Danish
fisheries (MAF, 1993). One of the proposals was a management system based on effort regulation by
days at sea as emphasised by the fisher’s organisations. In the subsequent negotiations, it was decided
to test an effort regulation by days at sea as an alternative management scheme in specific fisheries.
A second working group was then established in order to formulate and initiate the days at sea
regulation arrangement within the sole and nephrops fishery in Kattegat. The objectives were (MAF,
1995) to:
− obtain more flexibility to take into account fishing patterns;
− get improved data on alternative regulation methods; and
− improve catch statistics and the knowledge on the fish stocks in the area.
Physical and technical attributes
Kattegat was chosen since biological data were rather poor for these fishing waters. Furthermore,
problems of bycatch, discard and mis-reported landings were significant in the sole/nephrops fishery
due to a large increase in the sole stock as indicated by a historical high CPUE (MAF, 1995).
Therefore, the experiment on alternative regulation by days at sea was primarily related to the
sole/nephrops fishery. At the outset, cod, herring and species for reduction purposes were excluded in
the experiment, although cod is in a process of being integrated into the days at sea arrangement
(August 1995). The experiment was approved by the EU Commission and an additional quota was
provided to ensure that the effort regulation could be tested and not infringe on existing quotas.
The total number of days to be allocated were estimated on the basis of historical effort (19901992)12. However, uncertainties in the assessment of fishing effort were significant e.g. defining
11 Kattegat and suparea 22 in the Western Baltic Sea. In the text referred to as Kattegat.
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which vessels actually did participate in the sole/nephrops fishery in that period. Furthermore, as the
number of participants were unknown in advance, it was difficult to allocate the number of days
among participants and to decide the length of each period. While fishers wanted to have the period as
long as possible in order to improve planning possibilities, MAF feared an enhanced pressure on
certain species, particularly the cod (as it is a significant bycatch in the sole/nephrops fishery).
However, these disagreements were solved by close collaboration among fishers and MAF in the
working group.
When the experiment was initiated in December 1993, the first period was fixed at four weeks.
Vessels participating were given 15 days at sea, independent of vessel size. Participating vessels also
enjoyed access to waters outside the Kattegat area, however, within the normal regulations of that
respective area e.g. the ration fishery and technical measures as well as within the constraints of days
at sea regulation.
The table below shows the periods given in 1994, the length of the period (total no. of days), the
maximum number of days at sea allowed within each period, the number of vessels participating in
the experiment (and their share of the total) and the total number of vessels in the sole/nephrops
fishery in the area.
Table 1. Allowed days and participating vessels in the days at sea regulation
Period
1994

1.1 - 30.1
31.1 - 27.2
28.2 - 27.3
27.3 - 24.4
25.4 - 3.7
4.7 - 28.8
29.8 - 23.10
24.10 - 1.1 95

Length of
the period
(no. of days)

Max. no.
of days at
sea
allowed

30
28
28
29
70
55
56
70

15
15
15
15
48
48
38
35

No. of vessels
participating

131
103
97
107
168
145
187
224

(72%)
(71%)
(73%)
(80%)
(64%)
(67%)
(74%)

Total no. of
vessels registered
in the
sole/nephrops
fishery
182
145
133
134
264
217
254
-

Source: The Danish Ministry of Agriculture and Fisheries

The information given in the table reflects the aim to match the regulation of days at sea to the
fishing patterns for sole and nephrops which have shown a relative historical stability. From May to
October (especially August-October) the sole/nephrops catch is traditionally at its highest level. This
seasonal variation in the fishing pattern is reflected in the length of the fishing periods, which are
longest in May-October (55-70 days) and in the maximum number of days at sea which reach the
highest number in this period (38-48 days). Thereby, the regulation by days at sea attempts to adjust
the rules to the actual fishing pattern by improving the opportunities for the fishers to plan their
fishing activities when the catches traditionally are at the highest level.

12 Corresponding to the total number of fishing days for participating vessels reduced by 10%.
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However, not only the objective of adjusting rules to fishing patterns influences the length of the
periods. Concern of the bycatch of cod in the sole/nephrops fishery and a general uncertainty of the
experiment meant that short periods were implemented in the beginning. As trust and experience
developed, periods became longer and are now 70 days in the beginning of 1995. This improves the
ability of fishers to plan the fishery.
Furthermore, the table shows that between 64% and 80% of all vessels within the sole/nephrops
fishery in Kattegat are participating in the days at sea regulation (1994). These are primarily smaller
trawlers (sole and nephrops) and gill-net vessels (sole), and come from nearly all the ports around
Kattegat (and subarea 22). The vessels had the possibility of having 229 days at sea in 1994 which can
be considered almost as free fishing (4.4 days at sea/week).
Decision-making arrangements
Representatives from MAF, Danish Fisher's Association (DFA) and Danish Institute for
Fisheries Research13 (DIFR) constitute the working group on the days at sea regulation14. DFA have
two representatives in the working group which is also comprised of; the chairman of DFA and a
central board member who also is a local chairman in one of the main ports in the Kattegat region. In
addition, the chairman of DFA is from the region as well. Therefore, DFA representation in the
working group has detailed knowledge of the regional fishing patterns.
The working group formally reports to the Regulation Advisory Board. However, it functions
fairly independently of the Regulation Advisory Board as all proposals and advice have so far been
accepted by the Regulation Advisory Board. The working group meet approximately once a month to
review the experiment and advise on the number of days to be allocated in the next period (MAF,
1995).
In more informal terms, the participants express their satisfaction with the cooperative process in
the working group. In particular, participants emphasise the composition of interests as suitable. The
narrow composition and the small size of the working group have so far given space for fruitful and
open-minded cooperation where the influence of the participants organisational background and
culture have been minor.
The broad range of possibilities and models which were discussed in the formulation of the setup of the experiment were found to be very useful in order to find suitable solutions. This was only
possible due to the fact that the representatives from MAF were from the rather low end of the
hierarchy as the participants emphasised that the absence of civil servants at higher political levels
gave space for more open-ended discussions which were important in building up trust and knowledge
in the working group.

13 Generally Workers Union in Denmark is formally represented, but has not directly participated. It has been
informed on decisions taken.
14 4 out of 5 members of the working group have been interviewed, and available documents have been
reviewed.
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In addition, the clear management problems and common identification of main objectives have
helped to overcome social and organisational barriers15 which normally exist in, for example, the
Regulation Advisory Board. It has supported the development of a learning process; from the very
beginning participants emphasised that they previously did not have detailed knowledge on effort
regulation. However, since an obvious management problem required solutions, it was necessary for
all participants to contribute with their individual knowledge and to cooperate in order to develop a
clear management scheme. The exchange of knowledge and information seems, in this case, to be a
precondition for implementing an acceptable days at sea regulation.
Thus, the formulation and initiation of the management scheme in the working group can be
characterised as a process of "muddling through", where cooperation was a precondition for success.
Outcomes and patterns of interaction
It is difficult to assess the outcome of the days at sea regulation in Kattegat based on a one year
experiment. However, the working group has succeeded in achieving a management system which
takes the fishing patterns into account and which is more flexible and probably no less sustainable
than the previous quota system. A precondition for assessing sustainability is to collect more reliable
data for stock assessment. This should be improved by the current experiment.
In general, the fishers found the system better than the previous quota system. Some fishers16
argue that there are economic gains to be achieved by legalising landings of larger catches and that
costs can be reduced by improved opportunities in planning the fishery. In addition, the
decriminalisation of sole/nephrops fishing in Kattegat seems to be an important outcome of the
experiment17. Furthermore, DFA has sought to inform members and local fisher’s organisations to
support the experiment by rule compliance and thereby to delegate management responsibility to
participants.
However, part of the reason for the short term success of the management system seems to
depend on the large number of days at sea allocated during the first year of the project. It has almost
introduced free fishing in Kattegat by enabling vessels to fish for 4.4 days per week.
Even though the quotas were not fully utilised at the end of 1994, the days were reduced in this
period, because the fishers had used nearly all days at sea. However, fishers found it somewhat
difficult to understand that they were not allowed to fish the rest of the yearly quota. As the fishery in
the experiment is effort regulated it implies that no quotas, in theory, are required. Confusion occurs
when the effort experiment is implemented within a quota regulated fishery and therefore it is not
allowed to exceed the yearly quota (including the additional quota given by the EU), although this is
only a technical problem within the experiment. In this case, there seems to be a lack of clear

15 Bonnie McCay (1988) has identified similar processes - that common problem identification, "to get
something done" can help overcome barriers of communication based on different social, cultural and
organizational backgrounds.
16 Surveys in this field are not done, however, fishers from the region have been interviewed. In addition,
MAF (1995) refers fishers who claim that they can earn approximately 20% more with the effort regulation
system.
17 Although, there are still problems of bycatch/discard of cod which can lead to illegal landings.
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information given to the fishers participating in the experiment on the objectives of the experiment by
the working group, and in particular within DFA.
The exclusion of cod in the days at sea arrangement puts a limit to the value of the experiment,
because cod is the only species in which a large reduction in fishing effort is required. In terms of
value, cod is equally important to sole and nephrops in Kattegat and is taken as bycatch in these
fisheries. Currently (August 1995), cod is going to be included which probably will enhance the
fishing pressure and thus require a reduction of days allocated. As a result fishers will face a situation
with a reduced number of days and the experiment will be put under a serious test.
However, there is no doubt that the experiment is a “cooperative success” among the
participants. Besides the success of the cooperative process itself, as highlighted in the decisionmaking arrangement, some factors influencing the cooperative outcome can be identified.
It is noteworthy, that all representatives had an individual interest in the experiment:
− DFA wanted to improve the operational rules and follow up the demands for effort regulated
management;
− DIFR wanted to improve their catch statistics in order to improve stock assessments in Kattegat;
− MAF wanted to pursue a more appropriate regulation in order to overcome the fisheries conflict
which occurred in Spring 1993.
That the initiative to experiment on days-at-sea regulation originally came from fisher's
organisations has obviously encouraged further cooperation, especially in order to reach an agreement.
Representatives from DFA have been open and active so that it was difficult for DFA not to
cooperate, when the initiative came from DFA itself.
The present case-study illustrates, that a co-management arrangement is able to set-up
operational rules. However, institutions with a broad membership seem appropriate in the
implementation process, in order to hear other stakeholders. Co-management at a central level,
through increased delegation within cooperative institutions seems possible within working groups of
smaller committees in order to elaborate operative rules for specific fisheries and fishing areas.
Regional co-management of the Danish Matjes herring fishery
The Matjes herring is a particular quality of the North Sea/Skagerrak herring, which is mainly
sold as a snack in the streets of Amsterdam and in other parts of the Netherlands during the summer.
The fishery for Matjes herrings has been coordinated and managed by regional Danish fisher's
organisations since the late 1970s. In 1992, the regional management was institutionalised on a
voluntary basis by the creation of the Matjes Committee (MC)18.

18 The two persons undertaking the daily management on behalf of the MC have been interviewed and we had
access to all transcript of minutes of meeting for the entire 1994 matjes season.
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Physical and technical attributes
The matjes season starts in May and ends in July, as the herring has the right quality in this
period. The fishing takes place in the North Sea, Skagerrak and along the Norwegian coast. During
that period the herring migrates and therefore it can be difficult to catch herring of the right quality in
large quantities.
There are yearly fluctuations in catches; catches in recent years have been lower than those to the
1970s. Nevertheless, the herring quota has increased.
Traditionally, the matjes fishery has been undertaken by trawlers and purse seiners. In recent
years the matjes fishery has only been undertaken by purse seiners because the trawlers have been
unable to land the required quality at a profitable level. This has led to a homogeneous mono-gear
user-situation.
The purse seiners are large vessels, most are more than 40 meters in length, and have an average
crew of 8-12 fishers. The purse seine fishery can be characterised as an innovative and very capital
intensive.
The matjes fishery is a Scandinavian fishery, where vessels from Sweden, Norway and Denmark
participate. Approximately 25 vessels participate at a time, 6 Swedish, 11 Danish and 6-10 Norwegian
vessels. The owner structure of the purse seiners differs from the rest of the Danish fleet. Danish purse
seine vessels are, with some exception, owned by fishing companies or the processing industry. More
than 100 Norwegian vessels are potential participants, but due to the fact that the Norwegian vessels
are collectively allocated a total catch quota, the number of vessels participating is lower in order to
make the fishing profitable.
In order to ensure full transparency on quantity and quality on the first hand sale of matjes
herring, these are sold at the public fish auctions in Hirtshals or Skagen in Northern Jutland,
Denmark. In 1994, 19 200 tonnes matjes herring were sold at the fish auctions in Hirtshals and
Skagen, obtaining an average price of 3.20 DKK per kilo, making the total first hand turnover of
matjes herring 61.45 mill. DKK.
Thus, during the same period the average price of non-matjes herring was 1.89 DKK per kilo the
matjes fishery created an extra 25.2 mill. DKK or approximately 70% more out of the same amount of
herring. Thus, the matjes market can be characterised as a high-value herring market.
There are strong links between vessel owners, processors and the Dutch buyers in order to ensure
the high-quality (and high-value) product. Dutch buyers purchase the herrings at the fish auctions and
then more than half of this quantity is processed in Northern Jutland. The processors remove the gills
from the herring, salt and grade them as contract work for the Dutch buyers. 400-500 persons are
employed in this operation throughout the matjes season.
The main market is the Netherlands, but also a minor portion is sold in Belgium. The market is
dominated by 8-10 Dutch buyers having a market share of approximately 80-90%.
Previously, the first hand sale of matjes herring in Northern Jutland has not been exposed to any
major competition from other countries. However a newly established first hand sale centre based at
Egersund, Norway is aiming towards moving the first hand sale of matjes herring from Northern
Jutland to Egersund. Until now only this has had limited success, as the market share of the Egersund
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market in 1994 was approximately 20%. However, as long as the Egersund market exists, there will
be a potential challenge to the first hand sale in Northern Jutland.
The Swedes and the Danes fear, that the matjes markets will lose its exclusiveness if a new
market is established. They think supply will exceed demand, and then it will be likely that the matjes
market will be unable to maintain its status as a high value market.
The processors from Northern Jutland and the Dutch buyers have a long business record (often
more than 20 years of collaboration), which to some extent creates a matjes brotherhood. This
includes the purse seiners which also have a long history in the matjes fishery.
The matjes fishery is outstanding because Norwegian and Swedish fisher’s organisations
voluntarily accept rules made by a local Danish management committee.
Decision-making arrangements
The MC based in Northern Jutland, composed of regional representatives from DFA and the
Association of Danish Fish processing Industries and Exporters, has voluntarily undertaken
management responsibility for the Matjes fishery within the framework of EU and Danish regulations.
Danish regulations have been adjusted to meet the requirement of the MC. Thus, the MC has been
approved by MAF.
On behalf of the MC practical management is undertaken by the Purse Seiners Producer
Organisation (PSPO) in close collaboration with one representative from the regional processing
industry. This includes monitoring of the matjes fishery, gathering catch data, determination of
weekly catch rations and distribution of information to fisher’s organisations in Norway, Sweden and
Denmark, Danish processors and Dutch buyers.
Meetings are held throughout the year in order to coordinate activities and ensure cohesion
among the participants. While landings, processing and management are based in Denmark, meetings
take place in all countries. It is a tradition that the MC first meet with the Swedish and Norwegian
fisher’s organisation to prepare and plan the forthcoming matjes season from the supply side. This
meeting is normally held in Sweden in early spring. Shortly after the MC meet with the Dutch buyers
in the Netherlands to obtain information on expected demand and Dutch quality requirements for the
coming season.
The meetings in Sweden and the Netherlands are aimed at reaching an agreement on operational
rules for the coming matjes season. There is a bundle of rules, accepted by all parties, which are
contained in "The Ten Commandments" of the matjes fishery.
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The Ten Commandments of the Matjes Fishery:19
− Herring for Matjes shall be landed in fish boxes.
− Herring for Matjes shall be sold at the public fish auction.
− The Matjes Committee decides maximum weekly rations for all vessels landing herring for
Matjes.
− Herring for the Danish processing industries (non-Matjes) must be sold at the teleauction or
directly to the processors; in all cases the buyer takes over the herring in the bulk tanks of the
vessel.
− Herring for non-Matjes can be landed in addition to the maximum weekly ration for Matjes.
− Herring, landed for non-Matjes must not be used for Matjes.
− Vessels, which want to land Matjes herring on a given day are required to sign up for landings
at the public fish auction before 06:00 a.m. at that day.
− Vessels, signed up for landing at the public fish auction shall land the quantity signed up for and
are only allowed to land this quantity.
− The quantity signed up for, shall be landed at one time.
− Two weeks before the Matjes season starts it is not allowed to sell herring in fish boxes at
public fish auctions in Northern Jutland.
These rules are formulated and continuously revised by representatives of the MC in
collaboration with representatives from all involved parties in order to obtain the highest possible
quality and thereby maintain the matjes market as a high-value market. Whereas fisher’s incentive are
to maintain high prices on herring sold as matjes, the incentives of the processors are to keep as much
as possible of the processing in Northern Jutland. The incentives for Dutch buyers are to get matjes
herring with the highest possible quality.
Representatives from the MC emphasise the importance of the circulating meetings, as it
minimises the Danish dominance and gives the Norwegian and Swedish fisher’s organisations (FOs)
and the Dutch buyers influence on operational rules for the matjes fishery.
As part of the process, the weekly "coffee-meetings" as they are called emphasising their highly
informal structure are extremely important. At these meetings - taking place in Hirtshals or Skagen
usually on Thursdays - representatives from the vessel owners, the processors and the Dutch buyers
meet to discuss the quantity and the quality of the landed herring in the past week.
At the coffee meetings, the Norwegians are represented by a Dane, the Swedish participation is
more sporadic, 4-5 Dutch buyers usually attend as well as 4-5 Danes representing fishers and
processors. The coffee meetings are a focal point for exchange of information between the fisher's
representatives and the Dutch buyers. The fishers are able to inform where the herrings have been
19 Source: The Matjes Committee.
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caught and in which sizes and quantity and how the fishing activities are going. The buyers are able to
inform on the quality of the landed matjes, e.g. size, stomach and fat content, appearance and taste
(which is hard to measure) as well as the market prospects for the coming weeks. This gives the
fishers and the buyers the opportunity to coordinate the fishing activities in the coming week in
accordance with the actual fishing situation and the quality requirements of the buyers.
When the matjes season is over, an evaluation meeting is held in Norway in late autumn,
attended by representatives from the Norwegian and Swedish FOs and the MC with the aim to
evaluate the past season and prepare the next one. In particular the operational rules are discussed and
alternatives are considered. Minutes of the meetings are distributed to all involved parties.
The PSPO undertakes the daily management including supplying information to the Swedish and
Norwegian FOs on the size of the weekly catch rations the operational rules. Enforcement of these
rules lie within the FOs of the participating fishers. The PSPO can therefore only enforce rules on its
own members, inform Norwegian and Swedish FOs, if their members break the rules and encourage
them to enforce the rules on their members. Continuous exceeding of the weekly rations leads to
economic sanctions, where the vessel must pay back the estimated value of the extra catch minus
costs.
However, the MC is a 100% voluntary agreement, thus the committee only hold power which the
organisations involved in the matjes fishing/processing are willing to delegate. Therefore,
enforcement of rules is a part of the agreement between the international partners and is built on trust
and confidence among the participants in the whole Matjes fishery and not only within the MC.
The third rule in the "Ten Commandments" concerning maximum weekly catch rations cannot be
questioned, because this rule is the core method to sustain prices at a high level by regulating supply
in accordance to demand. The weekly catch rations are decided by the MC after recommendations
made at the coffee-meetings.
While Danish and Swedish participants have vessel quotas, the Norwegian FO has a collective
quota, which it can distribute among its members. Disputes arise when the weekly ration is reduced.
However, the MC has been able to solve disputes and reach agreements on operational rules and
enforcement hereof.
Representatives of the MC argue, that the institutional management set-up is the main reason for
the success in solving disputes. Openness, exchange of information and equal participation from all
organisations have created trust and confidence among participants in order to maintain the economic
surplus in the matjes fishery, which they emphasis is only possible through close cooperation.
Representatives of the MC argue, that if the "Ten Commandments" fall apart the market will be
over supplied, non-transparent and the quality of the landed herring will be reduced. This will lead to
significant economic losses for the fishers and a low quality matjes product sold on the Dutch market.
Outcomes and patterns of interaction
The fact that there are many unquantifiable factors which determine the quality of matjes herring
may be one reason for the need for very close user-producer relations among fishers, processors, and
the Dutch buyers in the matjes fishery.
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Exclusion of trawlers seems important in the management of access rights to the high-value
Matjes fishery, as the fishery is undertaken by only a small number of technological homogenous
vessels.
The regional management of the Matjes herring fishery seems successful in creating incentives
for collective action. The process of cooperation among different nationalities and ceteris paribus
dividing economic interests in a set of clearly defined operational rules with possibilities of
refinement seems important.
Some of the reasons for the successful performance of the MC are:
− Clearly defined boundaries concerning the institutional set-up, where the MC has been
delegated regional self-management authority for the matjes fishery.
− Limited number of mono gear vessels participating in the fishery.
− Single species fishery concentrated in a short period, where the herring is sold on a single
market by a relatively low number of buyers.
− A very high degree of user participation in the decision-making process. A transparent decisionmaking process and open distribution of information to all participants involved.
− Creation of a set of collective choice rights concerning the Matjes fishery, although operational
rules need to be within the framework of national and international regulations.
− Large economic benefit for the fishers by collaboration.
The future success of the co-management of the matjes fishery depends heavily on cooperation
from all involved parties and the ability of the MC to balance the different interests equally. In this
respect, some concern could be raised as to whether this is likely to happen. The present success of the
MC is closely linked to the persons who represent the MC and their professional capabilities, personal
enthusiasm and the relationships within the group. Thus, the personal composition of MC is a key
factor in order to ensure compliance and enforcement of the "Ten Commandments" and therefore of
the persistence of the MC.
The balance of the matjes fishery regulation is fragile. Presently the number of participants are
limited due to fact that trawlers for the time being do not participate in the matjes fishery and the
limitation of Danish purse seines licences. If the trawlers become active again in the matjes fishery or
some trawlers get licenses to purse seine, the number of participants will more than double and reduce
the weekly catch rations to a size, where it may not be profitable for the vessels to be involved in the
matjes fishery, if catch rations are distributed equally. Furthermore, some trawler representatives find
that the MC has become an exclusive club for purse seiners and processors. They feel that they are not
taken seriously, because they currently do not participate in the matjes fishery. This is an example of a
classic gear conflict between purse seiners and trawlers. However, the frustration of the trawler fishers
cannot be neglected because the trawlers can interfere and disturb the matjes market. Nevertheless, it
is important of keep the trawlers involved in the MC in order to reduce conflicts.
The limited access to the matjes market for Norwegian vessels could be problematic in the
future, due to the fact that Norwegian herring quotas in the coming years will increase dramatically.
The Norwegians will be in a powerful position in the negotiation of operational rules for the matjes
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fishery. The Norwegian vessels will not be so dependent on the high price matjes market as their
Swedish and Danish colleagues, because they can compensate lower matjes prices with larger
landings. One fear is that the Norwegians will use this power to increase their share of the matjes
market at the expense of Swedish and Danish purse seiners. An indication of this intention is the
creation of the Egersund matjes market.
The close user-producer relation, especially on quality aspects, might lead to discards as a way to
maintain high grade quality in the future, in particular if vessels have low catch rations and can easily
catch another school of herring. If this becomes a habit it has a negative impact on the preservation of
the herring stocks in Skagerak and the North Sea and might create a political pressure on the matjes
fishery from other stakeholders e.g. environmental groups.
Evaluation and discussion
Theoretical aspects of user-participation in fisheries management were elaborated in order to
develop an operational framework for addressing co-management issues in industrialised fisheries.
The aim was to identify specific institutional set-ups of user-participation in Danish fisheries
management to illustrate the important aspects of legitimacy of management and to broaden analysis
of fisheries management to include aspects of rule-making, participation and institutions.
Case studies of Danish fisheries co-management arrangements
The co-management concept covers a broad variety of collaborative arrangements. The Danish
case studies show, that different co-management arrangements are in place ranging from cooporative
consultative, the Regulation Advisory Board to cooperative and advisory, the Working group for days
at sea regulation to delegated local management, the Matjes Committee (see Figure 4). Thus, comanagement is not a clearly defined and unambiguous concept, but a process of integrating usergroups as participants in fisheries management decision-making.
Figure 4. Case studies placed in co-management typology
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The
Regulation
Advisory
Board
Working group
for days at sea
regulation
Matsjes
Committee
1
2
Level
of Involvement
in decisionmaking3
Local
Government
Instructs
management i f
d

Consults

4
Cooperates

5
Advises

Co-management

115

6
Is

7
Self
managemen

− In the Regulation Advisory Board, co-management takes place as consultation at a central level.
A broad range of user-groups are represented and have the right to advise the MAF, particularly
on quota allocation and partly on structural measures and regulation methods.
− In the working group for days at sea regulation in Kattegat, co-management is present as a
cooperative process between MAF and user-groups. At the central level, DFA participates in
formulation and initiation of alternative regulation methods.
− In the Matjes Committee, management authority is delegated to a number of user-groups at the
regional level and is therefore close to self-management where the MAF is only informed. The
MC distributes weekly catch rations as its main management task.
The three examples illustrate differences in the tasks that are co-managed or delegated, the level
at which decisions are made and the representation of user-groups in the decision-making process. It
is therefore difficult to operate with one single co-management concept. One needs to investigate
various types of co-management, although user-group involvement is the common feature. However,
they can serve different functions in the fisheries management system and they can be more or less
efficient, equitable and sustainable.
Efficiency is expected to increase in co-management arrangements, because transaction costs can
be reduced by the exchange of information between different links in the production chain,
documented in the two case studies. In the effort regulation, enhanced planning opportunities for
fishers have reduced their costs and give possibilities for improving prices by better market
adjustment. In the case of matjes regulation, cooperation gave opportunities to sustain a high-value
market and the vessels gain an economic surplus by voluntary output control (limitation on catch
rations).
Efficiency can also be measured in terms of the overall transaction costs of the management
system, although such calculations are very difficult to carry out in practice. The case studies illustrate
that the co-management process is time consuming and costly to carry out. The matjes regulation is
very sensitive cooperative process which requires significant information exchange to sustain the
management system. In the case of effort regulation, management costs have probably reached its
maximum during the formulation and initiation of the management scheme at the very beginning of
the experiment. Subsequently, management costs are expected to be reduced, further strengthened by
the improvement of trust and confidence among participants which reduces the need for close
collaboration. Increased management costs are expected to be counterbalanced by reduced costs to
monitoring, control and enforcement as rules are adjusted to fishing patterns and DFA supports the
management scheme.
In terms of equity/distributional effects among fishers and/or groups of fishers there are
contradictory patterns emerging in co-management. At the outset, there is a dilemma between
establishing boundaries to resources by limiting access and sustaining equal access to resources.
However, the matjes regulation is voluntary, whereby the existence and success of the regulation
indicates that participants accept the distributional effects of the process and the outcome. Similar
observations can be made on the effort regulation where fishers can choose between the days at sea
regulation or the quota regulation. There has been a remarkable approval to the days at sea
arrangement from the very beginning which strongly indicates that fishers accept the distributional
effects. Thereby, it looks like the working group is able to balance limitation on access versus equal
access.
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In terms of sustainability, it is very difficult to assess the outcome of the case studies. The matjes
regulation is based upon a fishery which only lasts 10 weeks and the matjes fishery only subtracts a
minor share of the herring stock. In Kattegat - with the effort regulation - stock assessment is very
uncertain and the experiment is partly initiated in order to gain knowledge and statistics of the
Kattegat fishery to improve stock assessment. Thus, it is currently impossible to assess the outcome of
effort regulation in terms of sustainability, although data gathering is improved by the experiment.
Lessons learned
Co-management is not a panacea for fisheries management, as the process of involving usergroups in the decision-making can develop different regulation methods. A precondition for
successful co-management is, that user-groups on one hand have the aspiration and capabilities to comanage and take over competence and responsibility and on the other hand that an appropriate
institutional arrangement is established. Based on the Danish cases some general lessons for
successful co-management can be deduced:
− The more specific management competence user-groups are given, the more important is
homogeneity of user-groups involved in terms of gear type and vessel size.
− Giving users competence in rule making may lead to simple and clear rules, e.g. the "Ten
Commandments".
− Giving fisher’s organisations competence in rule making can increase responsible performance
of the involved organisations, as they encourage their members to comply with the rules.
− Multi user-group participation in co-management arrangements increases legitimacy of
decision-making.
− The co-management process heavily depends on the commitment from few key persons and is
bottom-up driven.
− It is of major importance, that user-groups can see the economic benefit of cooperation, also in a
short term perspective.
Therefore, it is not a question if co-management should be implemented, in order to solve the
resource crisis or ensure adjustment to changed market conditions, but how.
A number of co-management case studies worldwide indicate, that efficient, equitable and
sustainable resource management requires institutional resiliency of the co-management institution
(Hanna, 1995). In order to integrate information and knowledge from resource fluctuations, fishing
patterns and market trends in decision-making, institutions need to be flexible and able to adapt to
external conditions. The Danish case studies confirm these observations. Close user-producer
linkages, and the weekly meetings in the matjes fishery strongly indicate resiliency towards adapting
fishing effort to market demand. In the case of effort regulation, the set-up of an alternative
management scheme documents flexibility to combine knowledge of resource fluctuations and fishing
patterns in rule-making. Both cases demonstrate the need for user-participation to obtain information
on external changes needed to ensure institutional resiliency.
We will argue, that some form of co-management is always appropriate - to improve the
knowledge and information for management decisions. However, this does not imply that delegated
local management is more appropriate than informative or consultative management arrangement. The
proper design principles depend upon the context and conditions under which the co-management
arrangement has to work.
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These will often evolve gradually (Jentoft and McCay, 1995) through a process of muddling
through, often in the light of crisis management: such as the days at sea regulation. North (1990)
observes, that institutional change often occurs as marginal adjustment of old structures rather than
radical innovations or total reorganisation. The evolution of co-management arrangements in
Denmark have moved from consultative arenas towards the creation of joint or self management
arrangements for particular fisheries, empowering user- groups with enhanced management authority
for a limited numbers of tasks.
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DENMARK: THE CAPACITY OF THE BALTIC FLEET IN RELATION
TO THE AVAILABLE RESOURCES

by
Hans Frost20
Danish Institute of Fisheries Economics Research
South Jutland University Centre
Preface
Effort management has become of increasing interest to the fisheries policy of the European
Community and of Denmark. This paper is a first contribution to this area which is investigated
further in a project "Transition from quota management to effort regulation" supported by the
Commission of the EU. The paper was first presented at The European Commission's
Conference on Baltic Fisheries in Warnemünde 14-16 November 1994. The points of view and
the conclusions of the paper are the responsibility of the author, and this study does not necessarily
reflect the views of the Danish Ministry of Agriculture and Fisheries or the Commission of the
European Communities and in no way anticipates the future policy in this area.
1. The problem
In an economic context an activity is often described by saying that output is produced by the use
of production factors. In fisheries the output is fish in various species and the input is first of all
fishing boats and fishers but also fish stocks. The output fish cannot be produced if any of the three
input factors is missing. The fish stocks, however, plays an particular role because a fish stock is
considered both input factor and output factor. A distinction could be made by saying that the input
factor is the spawning stock biomass and the output is the surplus (yield) a certain stock produces
every years. In such a situation the input factor fish stock is not depleted by being used as output. The
situation is parallel to the use of capital (vessels). If the vessels are sold piece by piece as metal or
wood they cannot produce. Everybody is aware of that once we talk about vessels but not when we
talk about the fish stock. There is a number of ways in which this problem may be handled. The way
it is done currently is by fixing output quotas. And if output quotas are small enough, a low use of
production factors: fishing boats and stocks is the logical consequence. The problem is that the fishers
who execute the fishery only control one of the production factors, namely the number and size of the
vessels.

20.

I am grateful to Mr Albert Hüchtker, The European Commission, DG XIV, for procurement of data, and to my
colleague Niels Vestergaard who assisted with the GAMS optimisation model and the calculations.
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The fisher controls, in particular, his own vessel, and very often he thinks that his capacity is too
small if only he was allowed to fish freely. Any over-capacity imposed on him is because of the
restrictions executed by the society to which the concept over-capacity has a different meaning.
Because of these differences (which shall not be discussed further here) there is no strong incentive in
a competitive economy to reduce the number and/or the size of the vessels (Salz 1994, Vestergaard
and Frost 1994).
2. MAGP and FIFG
The common fisheries policy (CFP) of the European Union is designed to take care of this
discrepancy between objectives of individuals and society. The objectives of the CFP can be extracted
21
22
from the council regulations about resources and structure . The member states of the EU are
obliged to submit Multi Annual Guidance Programmes (MAGP) for their fishing fleets specifying the
long term adjustments (reduction) of the fleets that is required to bring the fleet capacity (effort) in
harmony with the available fish resources. The FIFG (Financial Instruments for Fisheries Guidance) is
the tool that the EU uses to restructure and reduce the fleet.
FIFG's tasks are the following:
− to contribute to achieve a sustainable balance between fish resources and the exploitation of
them;
− to strengthen the competitive power of the structure used in exploitation and develop profitable
companies within the fishing industry;
− to improve supply and processing refinement of fisheries and aquaculture products.
FIFG's means are with respect to fleet adjustment:
− redeployment of fishing operation
− temporary joint enterprises
− joint ventures
− adjustment of capacity (laying up and withdrawal)
− restructuring and renewal of the fishing fleet.

21.

EU Council Regulation 3760/92

22.

EU Council Regulation 2080/93 and 3699/93
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3. The Baltic catches
From a general point of view three species are of big importance in the Baltic area: Cod, herring
and sprat. Cod is the most important of those three but not of equal importance to all states
surrounding the Baltic Sea. This is seen from Table 1.
Table 1. Landings from ICES area 25-32. ('000 metric tonnes)

Estonia
Latvia
Lithuania
Russia
Poland
Germany
Finland
Sweden
Denmark
Total

Cod
1
2
1
2
23
6
1
32
33
101

Herring
30
26
4
25
48
13
75
79
20
320

Sprat
5
15
3
10
30
1
2
70
21
157

Note: The landings are calculated as aggregate average figures over five or three years, since 1989.
Source: ICES, ACFM report May 1994.

Cod is more important to countries in the Southern and Western part of the Baltic, while herring
is more important to the countries in the Northern and Eastern part.
Catches over a longer period show that for a number of years in the 80s cod catches were very
high, and the catches have dropped to a historical low level i the 90s. The catches of herring and sprat
are more stable.
4. The Baltic fleets
The very high catches in the 80s have of course influenced the fleets executing this type of
fishery. During the 80s, a substantial building up of, for example, the Danish fleet took place and a
painful reduction has been necessary since the decline of the stock. Figure 2 shows the development
in the fleet belonging to the island Bornholm. Comparing Figure 2 with Figure 1, the number of
vessels increase with a few years lag relative to the catch increase. The reduction in the fleet takes
place with some delay which causes the pain due to low profitability in that period.
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Figure 1
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Figure 2

It is reasonable to assume that the fleets belonging to the states from Estonia to Poland have not
been affected to the same degree by the decline in the cod stock as e.g. the Danish and the Swedish
fleets, cf. Table 1 about catch composition in recent years, but fleet data for several years is needed to
assess that. However, the fleet information provided by the countries for this conferences is of great
value and it is reproduced in aggregate form in the annex. It shows that the vessels from Estonia to
Poland seem to be very much of similar types, and this information is shown in a summarised way in
Table 2. The most powerful vessels are the ones of Poland trawling for cod. Due to different ways of
classifying the vessels the number of vessels in Table 2 may be slightly misleading, however. In
particular, in has been difficult to distinguish small boats fishing close to the coast from larger vessels
fishing on the open sea. One should also have in mind, looking at Table 3 later, that the vessels from
the Eastern part are bigger, more powerful but less well equipped compared to the vessels from the
Western part. It is, therefore, assumed that the fishing power per kW is smaller for the Eastern vessels
than for the Western vessels.
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Table 2. Number of vessels and average GRT and engine power. (1993 or 1992)
Number of
vessels
Estonia
Latvia
Lithuania
Russia
Poland
Germany
Finland
Sweden
Denmark

Average GRT

211
181
79
147
421
215
197
244
210

73
77
app. 80
118
74
XXX
XXX
XXX
28

Average
engine power
kW
XXX
178
266
227
297
XXX
XXX
XXX
160

Note: XXX not specified because not directly available.
Source: See appendix.

5. Resources and capacity
The future relationship between available resources and capacity is dependent on a number of
factors, but two should be emphasised: the quota (size of stock) and the cost of fishing. If the costs of
fishing are to low relative to the quota multiplied by fish price, the number of fishing vessels and size
will expand and vice versa which Figures 1 and 2 show. It is important to try to maintain some
balance between revenue and costs for the different fleets in the long run. Therefore it is important to
manage both the stocks and the fleets.
Although models cannot include everything from the real world, the help that could be gained
from such a tool is very useful. The results from a model is, however, not better than the input (data)
that is entered into the model, and currently the database is not good enough.
Still, a number of questions can be asked and preliminary answers given using a model. Among
those questions: is the current situation totally out of balance or not. The calculations below will help
to answer that question. The cost information for the "Western fleet" is derived from a Danish study
carried out recently (The Fisheries Commission of Bornholm) and the cost of the "Eastern fleet" is put
together mostly by assumptions based on comparisons between the Western and the Eastern vessel
characteristics.
The question is, to put it simple in the beginning, how many vessels of the average current type
can fish profitable in the Baltic given the stock sizes. The assumptions are listed in the Table 3 below.
These assumptions could of course be debated, but irrespective the uncertainty associated with the
data it is considered a good starting point. As "catch quotas" are used the average catches, c.f. Table 1,
and not the current quotas. The specification of an average Western and Eastern vessel, shown in
Table 3, do not pretend precisely to reflect reality. The average Eastern vessel is about 75 GRT with
about 220 kW engine power. The crew is of 8 reflect the situation before privatisation, and the crew of
5 after privatisation. The Western vessel is based on an average Danish cod trawler. It is assumed that
the catch rate per day is less for the Eastern vessel compared to the Western, partly because of less
hydraulic equipment and less horse power relative to the vessel size. Costs per day in Table 3 is fixed
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at the same level. It comprises mainly fuel costs and the consumption is assumed to be higher on the
Eastern vessels but the price is lower. The fish price is based on the price level on Bornho lm island
before the price drop on cod in 1993 and may be considered too high. For the Eastern vessel
calculations have been carried out assuming that no fixed costs have to be covered, which was the
case some years ago, and that the fixed costs are half the cost of a Western boat, which should reflect
a situation with beginning privatisation.
Table 3. Parameter values for calculations about fleet size
Western
30
160
2.5
1000
2000
< 150
< 200
0.95
0.2 (Finl 0.4)
0.2
64
0.05 cod,
0.01 herring

GRT
Horse Power (kW)
Crew (incl skipper)
Catch per day cod (kg)
Catch per day herring/sprat (kg)
Number of days/year cod
Number of days/year herring
Price per kg cod (ECU)
Price per kg herring (ECU)
Price per kg sprat (ECU)
Variable costs per day (ECU)
Variable costs per kg landed (ECU)
Opportunity wages (ECU)
SF, S, D, DK
Estonia *)
Latvia *)
Lithuania *)
Russia *)
Poland *)
Fixed costs (ECU)

Eastern
75
220
8 or 5
750
2000
< 150
< 200
0.67
0.13
0.13
64
0

26.667

46.667

2.240
2.016
1.813
1.333
3.360
0 or 23.300

*) No information is immediately available, wages are determined on a broader basis of wage levels obtained by personal
communication with Dr. Perinka Lyager, Institute for East-West Relations, South Jutland University.

The model, which is a GAMS optimisation model, calculates for all countries the number of
vessels that can be operated in an economical viable way given restrictions on the size of the quota
(which is not the agreed quota), the number of fishing days per year, and the costs and price
conditions.
Two types of calculations have been carried out:
− The largest possible number of vessels for which total earnings cover total costs
− The number of vessels necessary to maximise economic surplus (profit) from the Baltic Sea
fisheries
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Calculation 1) is the one that reflects the way the fishery takes place in a competitive economy
where there is almost free access to enter into the fishery within the limit of the national quota, and no
property rights to the fish. In this calculation each vessel covers all its costs including the necessary
normal profit to the owner, note however, the distinction in the fixed costs between Eastern and
Western vessels. Given the cost structure for an average vessel, it is possible to calculate the
maximum number of vessels that can fish and exactly cover all costs.
Contrary to that, calculation 2) shows the situation often referred to in the discussions about
over-capacity from society's point of view. The situation requires limited entry or property rights, and
it entails that large profits and wages may be earned by each vessel from time to time if access is
restricted.
The results of the calculations are shown in Table 4. It should be emphasised that the number of
vessel in the Table 4 cannot be compared directly with the number of vessels in Table 2. The vessels
in Table 4 reflect a "standard type" of vessel based on the average figures shown in Table 2 which is
calculated from vessels of different size and gear categories.
It is possible to make room for the number of vessels which is estimated as being the current
number, cf. Table 2, for all countries except for Germany, with the available catch potential from
Table 1. It should be emphasised, however, that in all the countries from Estonia in the north to
Poland in the south, the calculations are based on the conditions before privatisation assuming that
fixed costs are not covered by the economic margin (revenue - variable costs) on an annual basis.
Table 4. Number of "standard" vessels in the Baltic Sea under two different assumptions
Case 1) Maximum number of vessels
Case 2) Maximum profit from the fishery
Case 1) Maximum n° of vessels

Estonia
Latvia
Lithuania
Russia
Poland
Germany
Finland
Sweden
Denmark

Cod
32
72
0
52
37
0
0
0
0

Pel
179
109
49
85
195
0
190
0
0

Mix
0
0
30
10
189
50
7
267
275

Total
211
181
79
147
421
50
197
267
275

Case 2) Maximum profit from
the fishery
Cod
Pel
Mix Total
0
85
9
94
0
98
18
116
0
0
9
9
0
83
18
101
0
143
204
347
0
0
40
40
0
190
7
197
0
0
213
213
0
0
220
220

Note: No fixed costs for the countries from Estonia to Poland.

Although case 1) reflects the situation the EU fisheries policy seem to have been pursuing,
another calculation: case 2), is carried out based on the objective that total profit of each country from
the exploitation of the stocks is being maximised. A rather substantial, and probably not realistic,
reduction in the number of vessels have to take place. In the case of e.g. Poland, the number of vessels
have to be reduced from 421 to 347, and for Denmark from 275 to 220. In the Danish case, a rather
substantial reduction has already taken place for the fleet of Bornholm, as seen from Figure 2, which
is partly a result of the very low current cod quota, and with the support of the EU decommissioning
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scheme. The general explanation for the reduction in the number of vessels from case 1) to case 2) is,
that in case 1) not all available fishing days in a year are used, and by reducing the number of vessels,
as in case 2), each vessel can be employed in a longer period every year.
The number of vessels each country can deploy is distributed on three different types of fisheries:
cod, pelagic, and mixed. In general terms, if a "Western" type boat should cover all costs, it is not
profitable to fish only on the pelagic species. It is necessary to fish on cod alone or better on at least
two species with cod as one of them and one of the pelagic species as the other. The "Eastern" type
boat can execute fisheries on the pelagic species only because it is assumed that the fixed costs of the
vessel do not have to be covered, which was the case previously. The Finnish situation is special
because the fish prices are subsidised in the sense that the fishers are paid almost twice the market
price which makes pelagic fishing profitable for the fishers. Such price subsidies, however, are not
possible according to the EU regulations.
Although over-capacity from society's point of view refers to case 2) in Table 4, it is case 1) that
is of interest as regards the way the fisheries are managed currently. If a fishing boat from a private
economic point of view can make normal profit, which is that all costs including normal profit to the
owner/skipper are covered by the earnings, the fishery is conducted in a harmonic way. If fisheries
over a longer period run with deficit, public interference is necessary. This could be the case in a
transition period when fishing vessels is transferred from common to private ownership. The
calculations in Table 5 reflect the situation after privatisation of fishing boats have been introduced. It
is shown what will could be a possible outcome if fixed costs are taken into consideration for the
Eastern vessels and the crew is reduced from 8 to 5 with no increase in wages.
The result is, that moving towards a situation with privatisation a reduction should take place in
the number of vessels in the Eastern countries but it is worth noticing that higher capital costs could
be counterbalanced by lower labour costs which, of course, raises another set of problems with
unemployment. A reduction like this has already taken place in the EU countries supported by the
MAGP and FIFG's decommissioning schemes.
The results in Table 5 should be interpreted very carefully because the calculations are based on,
in some cases, over-simplified assumptions. The model only take into account the fishing activity
from a static economic point of view, and do not describe the dynamic change in the fishing sector
moving from one situation to another. The lower number of vessels in Table 5 case 1) compared to
Table 4 case 1) is a consequence of higher fixed costs. In order for each vessel to cover these costs
more fishing days per vessel is necessary leaving room for a smaller number of vessels. If profit from
the fisheries are maximised as in case 2) in Tables 4 and 5, only very small differences in the number
of vessels occur. In case 2) each vessel uses the maximum number of fishing days per year so nothing
can be gained by getting more fishing days from a further reduction of the fleet. The total profit,
however, is smaller in case 2) in Table 5 relative to case 2) in Table 4.
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Table 5. Number of "standard" vessels in the Baltic Sea under two different assumptions. All
vessels fishing under private ownership conditions

Estonia
Latvia
Lithuania
Russia
Poland
Germany
Finland
Sweden
Denmark

Case 1) Maximum number of
vessels
Cod
Pel Mix
Total
17
103
0
120
35
124
0
158
18
22
0
40
29
118
0
147
0
195
226
421
0
0
50
50
0
190
7
197
0
0
267
267
0
0
275
275

Cod
0
0
0
0
0
0
0
0
0

Case 2) Maximum profit
from the fishery
Pel Mix
Total
85
9
94
98
18
116
15
9
24
83
18
101
144
204
348
0
40
40
190
7
197
0
213
213
0
220
220

A few explanations should be outlined, however. A profitable fishery is very much dependant on
access to cod with the type of vessels and market conditions these calculations are based on because
cod contributes with the largest economic margin. The vessels will become less profitable if higher
fixed costs are introduced in the calculations. The step needed to meet higher costs is to increase
productivity, which means higher catch rates, and to reduce the crew and thereby the total labour
costs. This is a long and complex development in which the interaction with other sectors in the
society should be taken into consideration.
6. Conclusion
Fishing only for pelagic species with the "Western" type of technology currently applied in the
Baltic Sea is not profitable if all costs have to be covered. It is necessary to develop a new type of
vessel for which the catch rates are much higher than what is known today.
This implies that the fleets of all the countries that are heavily dependant on pelagic species,
Finland and down the East coast to Germany, have to be restructured, if they should undertake a
profitable fishery based on normal competitive market conditions. Because of the uncertainty with
respect to data under which the calculations have been carried out it is difficult to be more specific in
this context. But it is clear that either a substantial modernisation of the existing vessels have to be
carried out, or the old vessels have to be scrapped and new vessels purchased or constructed.
It is not possible to reconstruct the fleets on market conditions alone, public management is
compulsory. The explanation is, that if new vessels shall make a profitable fishery, under the
constraint that the yield from the fish stocks are limited, the quota allocation between vessels or the
number of fishing days made available for each vessels have to be reallocated and the situation with
varying stocks and fleets (see Figures 1 and 2) has to be dealt with. If too many vessels are allowed to
fish freely subject to the national quota, all vessels tend to run with negative profits. Therefore, new
multi annual guidance programmes have to be worked out and scrapping schemes introduced. That
can only be done by governmental interference and international cooperation.
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A successful management cannot rely on quota management alone because in those cases
incentives to invest in vessels are not consistent with the sustainability of the stocks. It is necessary to
manage the effort as well in one way or another. One step is to assess the number of vessels that can
make a profitable outcome in the long run from given (fluctuating) stocks. A possible tool for such an
assessment is the type of calculation model that has been applied here on a simple aggregate level.
The model can, however, be extended, but then more data is needed and a possible way of supplying
the data is that cooperation among the countries in the Baltic area is improved and data collection put
in a standardised form. The steps could be: 1) make long term predictions from biological models and
show the results as probability distributions 2) calculate the number of vessels that can make profit
with a given probability 3) fix long term quotas and fleets 4) allow for a certain variation in quotas
and fleet over time. In order to implement such a system it further required that A) MAGPs are
worked out for all countries B) data collection is improved in particular in the economic field
C) research cooperation is extended.
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Annex

The Baltic open sea fleet

GRT.category
5-9,9
25-49,9
50-99,9
150-249
250-499,9
500-999,9
1000-1999,9
Total
Type
MRTR
MRTK
TB,PTS
SCS
MSTB
Total

Number
66
17
115
1
2
3
7
211
Number
3
69
36
36
37
181

Estonia
Length

Latvia
Length
31.7
25.5
27.1
25.2
17.6
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Avg.GRT
10
28
87
180
359
706
190
73

Avg.kW

Avg.GRT
180
96
85
79
22.5
76.8

Avg.kW
225
225
165
165
112
178

Type
SFTR:Kar'
SFTR:Gir'
SFTKF:Lau'
SFTR:Bal'
STB:TB-165
SFS:Ker'
STB:sme'
Total

Number
26
7
11
17
16
2
79

Total

Number
147

Total

Number
5
206
33
7
33
55
62
14
6
421

Lithuania
Length
29.5
29.6
29.7
22
22
22.4
18
Russia
Length
27
Poland
Length
16
18
20
24
24
24
26
26
50

10-25 GRT
Finland

45

Sweden

Avg.GRT

Avg.kW
225
425
590
220
110
165
110
266

Avg.GRT
117.8

Avg.kW
226.7

Avg.GRT
24.2
40.38
80.48
83
106
105.3
109.9
177.4
142.5
73.91

Avg.kW
191
180.7
331.5
287.9
231.4
350
570
570
623.3
297.1

25-50 GRT

50-100 GRT

Total

66

86

197

244

Denmark

166

29

Germany

162

53

244
15

210
215

Note: The Swedish vessels are classified according to length and do not all belong to the category 25-50 GRT.
Source: The European Commission, The Bornholm Fisheries Commission, and national statistical yearbooks
for the Nordic countries.
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ITALY: BIO-ECONOMIC FISHING EFFORT OPTIMISATION
IN MEDITERRANEAN FISHERIES
Vincenzo Placenti, Gianfranco Rizzo, Massimo Spagnolo
IREPA - Salerno - Italy
Summary
The objective of the research is the development of a bioeconomic model for the optimal
management of fishing effort in some regions of the Mediterranean area. The model, which includes
both optimisation and simulation analysis, is intended as a management tool for public administration
involved in fisheries management. The research will end up with different possible scenarios, with
options considering economic objectives with structural, biological and social constraints.
A catch-effort model, specifically built for multi-species and multi-gear fisheries, has been
developed using time series data of catch and fishing effort. For each species and region, a catch-effort
equation is obtained, based on the models proposed in literature, also considering the effects of non
equilibrium. Both dynamic production models and age-structured models have been tested. Model
coefficients are computed by non linear regression analysis, solving a set of constrained minimisation
problems.
The three catch-effort models have been tested on three homogeneous sets of data for Italian,
Spanish and French fisheries. For the first two cases both logistic and biological models have been
tested, while for the French fishery only logistic models have been analysed, since time series length
was inadequate to estimate biological parameters.
In Italian and Spanish case, both logistic dynamic exponential model and biological Schnute
model exhibit satisfactory capabilities in describing catch and effort data, while Schaefer model
presents larger errors with respect to the previous applications to Italian fishery. Most of parameter
values for logistic and biological models appear meaningful, and their distribution per areas enough
uniform. In the French case, the best results have been obtained by exponential model, while Schaefer
model failed in some species-areas combinations. The catch-effort model has been used in
optimisation mode also, in order to optimally allocate fishing effort over different areas and fishing
systems. Costs and revenues are evaluated by an economic sub-model. Two indexes are defined to
characterise the biological damage caused by possible overfishing and the reconversion costs (inertia
constraint), relating to the differences between the actual and the proposed solutions. In order to
encompass various management policies, different scenarios have been investigated, defined by
suitable combinations of economic objectives and biological and inertia constraints. Schaefer and
exponential models have been used, applied both to the first set of data for Italian fisheries and to the
three Mediterranean fisheries.
The proposed optimal distributions of fishing effort, obtained by solving a non-linear constrained
optimisation by numerical techniques, show that it is possible to achieve relevant benefits on both
economic and biological sites adopting articulate but realistic strategies for fishing effort reduction
and redistribution.
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General results of the catch-effort models for Mediterranean fisheries
In the first part of the research, three models have been tested to analyse catch and effort data for
Italian fisheries, considering 47 species, 10 areas and 8 fishing systems. In order to extend this
analysis to other cases, particularly to Spanish and French Mediterranean fisheries, homogeneous sets
of data have been used, at comparable detail and aggregation level. A discussion on the criteria
adopted to select species, fishing techniques, areas and to develop the corresponding technical matrix
has been presented in previous papers [Placenti el al., 1995]. A reduced set of 21 homogeneous
species has been considered, with three fishing systems, described in Table 2 with the technical matrix
and the corresponding estimated recruitment age. Since Spanish Mediterranean is subdivided in 4
areas (Table 1), in order to allow better comparison of model performance on homogeneous basis
within Spanish and Italian fisheries, part of the 10 areas previously considered for the Italian case
have been aggregated, resulting in 6 areas.
Unfortunately, while for Italian fisheries all the period from 1968 to 1990 is documented,
Spanish catch and effort data are only available for years 1974-86, while in the French case it has been
possible to collect only years 1983-90. The three catch-effort models previously developed have been
first applied to the analysis of Italian and Spanish data and, in the final period of the research, to
French data also. About 64% of total Mediterranean landings is caught in Italian areas, 29% in
Spanish areas and only 6% about in French Mediterranean areas (Figure 12a). Most of catch is
concentrated in Other fishes, Other molluscs, Sardines and Anchovies in Italian fisheries, in Other
crustaceans, Sardines and Anchovies in Spanish Mediterranean fisheries, and Other molluscs, Other
fishes and Sardines for France. The prevailing areas are Adriatic and Sicilian for Italy, Tramontana
for Spain and Languedoc-Roussillon for France.

Table 1. Areas for Italian, Spanish and French Mediterranean fisheries
Index
1
2

Italy
Ligurian
Thyrrenium

Spain
Surmediterranea
Levante

3
4
5
6

Sardinian
Sicilian
Ionic
Adriatic

Tramontana
Balear
-
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France
Languedoc-Roussignon
Provence, Alpes, Côte
d'Azur
Corse
-

Table 2. Species, recruitment age and technical matrix
Index

Species

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

European Eel - Anguilla
Sardina Pilchardus - Sarde
European anchovy - Alici
Ranglers - Rane pescatrici
European Hake - Merluzzi
European Seabass - Spigole
Mullets - Cefali
Red Mullets - Triglie
Atlantic bonito - Palamite
Atlantic Mackerel - Sgombri
Megrim - Rombi
Soles - Sogliole
Bogue - Boghe
Gilthead seabream - Orata
Other fishes - Altri pesci
Squids - Calamari
Octopus - Polipi e moscardini
Other molluscs - Altri molluschi
Common shrimp - Gamberi
bianchi
Norway Lobster - Scampi
Other crustaceans - Altri crostacei

20
21

Recruitment age
(years)
6
1
1
2
2
2
2
1
2
2
3
3
1
2
2
2
2
2
2

1
2
Trawlers Purse
seiner
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

3
3

X
X

Figure 1. Average catch in Mediterranean fisheries
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X
X
X
X
X
X
X
X
X

X
X
X
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Mediterranean fisheries - Aggregated results
As in the previous application to the Italian case, the three models described have been tested on
Italian, Spanish and French Mediterranean fisheries. The main features of the models are briefly
summarised in the following table:
Table 3. Coefficients for the three catch-effort models
Model

Type

Schaefer
Exponential
Schnute

Logistic
Logistic
Biological

No. of coefficients
of the base model
3
3
7

No. of coefficients
for equivalent effort
N-1
N-1
N-1

where N represents the number of fishing systems concurring to the catch of each species.
For Italian and Spanish fisheries, all three models have been tested on each of the 21x6 and 21x4
species-area combinations, while in the French case only logistic models have been tested on 21x3
species-area combinations, due to the unavailability of longer time series of catch and effort data.
Aggregated results are presented in Table 4 and in Figures 2-7, while more detailed data are reported
in the EU report [Placenti et al., 1995]. In particular, the following results are here reported:
− average model errors, for all cases (Table 4, Figure 2);
− average error per areas (Figure 3a-b-c);
− distribution of the parameter S per area, for Schaefer and exponential model (Figure 4a-b-c);
− average error per species (Figure 5a-b-c);
− for Schnute model (Italian and Spanish cases only), distribution per areas of natural mortality M
(Figure 6a-b), growth coefficient Ψ (Figure 6c-d) and recruitment parameter Κ (Figure 6e-f),
with average values and standard deviation;
− model errors (for exponential model) versus average catch (Figure 7);
Detailed comparison between measured and computed catch, both aggregated per species and for
single species, in some significant species-area combinations, are reported in the previous paper
[Placenti et al., 1995].
As in previous application, for each catch-effort curve a quadratic error index is defined as:
(15)

E = 100 [;t=1,M (Cct - Cmt )2 ]0.5 / (;t=1,M Cmt )

where M is the number of years (equal to 23 for Italian case, 13 for Spanish case and 8 for
French case), Cct and Cmt represent computed and measured catch, in the t-th year.
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When aggregate results are considered, an average error Em is computed as weighted sum of error
Ei with respect to average catch Ci :
(16)

Em = (;i=1,MEiCi)/; i=1,MCi

Examining these results, it emerges that:
− Both exponential and biological model can describe catch and effort time series with a good
accuracy (Table 4, Figure 2), with errors near to 5%, lower than in the previous application to
the Italian case. Global predicted and measured data exhibit similar trends, even if a general
difficulty in predicting some large yearly variations can be observed. Exponential model
performs slightly better than biological model, due to the presence of a few cases where this
latter model fails, as it can be observed examining error distribution in classes. A certain loss of
predictability of biological model can be also observed when aggregated species are considered.
Global errors in Spanish case are slightly lower than in Italian case, probably due to shorter time
series (13 years vs. 23 years).
− Unlike previous application to Italian data, where both logistic models obtained similar
outcomes, in these tests Schaefer model exhibits unsatisfactory global performance, with larger
errors (about 12%) mostly due to worse results in Sardinian, Adriatic, Levante, Tramontana and
Languedoc-Roussignol. It can be also observed that in many areas its prediction is similar to
those obtained by the other models, with a significant number of cases where the error is less
than 5%. The effect of these higher errors is a relevant under-estimation of catch both in Italian,
Spanish and French cases.
− Global errors for French fisheries are larger than in other two cases. In particular, Shaefer model
significantly underestimates catch. Nevertheless, a composite picture appears when examining
detailed results [Placenti et al., 1995]. In many cases both logistic models exhibit very similar
results, often with quite satisfactory fitting capability. In a number of cases, instead, Schaefer
model completely fails; in these cases, usually exponential model also exhibits unsatisfactory
performance. This can be due to poor data quality, where the best fitting is obtained by linear
relationships between catch and effort data; in this case, the additional constraint on the
minimum value of k1 prevents Schaefer model to provide a satisfactory fitting.
− An inverse relationship between model error and average catch can be recognised, in spite of a
not negligible spread (Figure 7): in most of cases larger errors are found in those species-areas
combinations with lowest values of catch, where uncertainty in data and exogenous effects can
play a major role. This result can also explain why, with the second set of data for Italian
fisheries, the errors for exponential and biological models are lower than in the previous set of
data, where 47 species at lower aggregation level were been considered. The worse results for
Schaefer model can be reasonably due to the more strict constraint in parameter estimation with
respect to the previous case, where a larger range was allowed for parameter k1.
− The average values of the dynamic parameter S, expressing the balance between long and short
term catch for the logistic models, range from 0.6 to 0.8, confirming the results obtained in the
previous computations.
− The parameters of the biological models exhibit in most cases meaningful values (Figure 6a-f),
in good agreement with the previous results. The distribution in Italian areas appears more
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uniform, while in Spanish fisheries a larger spread is observed. In Italian areas, mortality ranges
between 0 and 0.10, while growth coefficient is mostly comprised between 0.30 and 1.10. The
presence of some cases where negative mortality is proposed (Figure 6b) indicates also that
more severe criteria for constraint satisfaction during the non linear regression analysis could be
needed. Of particular interest is the circumstance that the recruitment parameter Κ, even if
allowed to assume any value, mostly ranges from 0 to 1, corresponding to the recruitment
mechanism postulated by Schaefer and exponential models. Also this result confirms what
emerged in the previous application to the Italian case.
Table 4. Global results of catch-effort models

Case
Italy - Set 1
(47x10x8)
Italy - Set 2
(21x6x3)
Spain
(21x4x3)
France
(21x3x3)
Total
Mediterranean

Average
catch
(tx1000/year)
510
510
(64.4%)
232
(29.3%)
50
(6.3%)
792
(100%)

No. of
years
(period)
22
(1968-89)
23
(1968-90)
13
(1974-86)
8
(1983-90)

Schaefer

Exponential

Schnute

8.24

7.73

6.88

11.56

4.72

5.70

12.69

4.59

5.31

26.11

10.32

/

12.64

4.97

5.58

Figure 2. Average errors for the three models
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Figure 3a. Average errors - distribution per areas - Italy
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Figure 3b. Average errors - distribution per areas - Spain
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Figure 3c. Average errors - distribution per areas - France
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Figure 4a. Average values of dynamic parameter - Italy
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Figure 4b. Average values of dynamic parameter - Spain
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Figure 5c. French fisheries - Average error per species
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Figure 6e - Recruitment par Κ - Italy

Figure 6f - Recruitment par Κ - Spain

Figure 7. Exponential model error vs. average catch - All cases

Optimal allocation of fishing effort
The catch-effort model can be used to determine optimal distribution of fishing effort which
realise the maximum economic result compatible with the exigencies of species preservation
(biological constraint) and of socio-economic aspects, such as realistic redistribution of the productive
structure (inertia constraint). The solution is obtained by mathematical programming techniques, often
used for fishing management [Amble, 1979, Anderson et al., 1979, Shepherd e Garrod, 1979, Siegel
et al., 1979, Placenti et al., 1988,1993].
Optimal allocation of fishing effort has been firstly performed for Italian fisheries, where almost
70% of the total Mediterranean catch is harvested. In order to use the most detailed information on
Italian fisheries, the first set of data has been utilised: 8 fishing systems (Table 20a), 47 species
(Table 3) and 10 areas. Results have been reported in previous papers [Placenti et al., 1995]. A further
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analysis has been then performed on the second set of data, which consider three aggregated fishing
systems and 21 species for the three Mediterranean fisheries (Tables 1 and 2).
Obviously, reliability of results of optimal effort allocation is influenced by the underlying catcheffort model. In particular, it has to be remarked that Spanish catch and effort data are only available
up to 1986, while time series for Italian and French cases range up to 1990. Therefore, the estimation
of ‘actual’ catch, conventionally defined at 1991, requires larger extrapolations in the Spanish case,
resulting in possible source of uncertainty. Furthermore, although homogeneous criteria have been
adopted for the three fisheries, data analysis for Italian fisheries has certainly taken advantage of the
larger information available at IREPA on fishery costs and lack in official catch and effort data for
Italy. Possible discrepancies between the two sets of results can be due to the different level of
aggregation of data and also to the specification of fishing effort, which has been defined as GRT in
Mediterranean fisheries (5b), while in the first set of Italian data a more complete specification
considering GRT, fishing hours and power has been adopted (5a).
Economic terms
For each area, the catch-effort model allows to define the economic terms relating to fishing.
Fishing effort for the i-th fishing system is expressed as:
(17) Ei=xi E*i
where vector x represents the variables to be optimised, defined as ratio between total effort Ei
and the effort in the reference year E*i, for each fishing system. Starting from catch Ci(x), provided by
the catch-effort model, and from prices pi, , revenue R(x) is obtained as:
(18) R(x)=; i=1,NSPCi(x) pi
where the number of species NSP is 47 for the first set of data and 21 for the second.
Fishing cost c(x) is expressed as a function of total fishing effort Ei(x) and of unit cost CUi:
(19)

c(x)=; i=1,NFS Ei(x) CUi

where the number of fishing systems NFS is 8 for the first set of data and 3 for the second.
Value added VA is then computed as difference between revenues and costs:
(20)

VA(x)=R(x)-c(x)

The fishing unit costs (labour costs excluded) per fishing system and area and the average prices
per species and area, estimated starting from a set of data available at IREPA (Case 1), are reported in
the previous paper [Placenti et al., 1995].
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Biological constraint
As known, in case of multi-species stocks solutions corresponding to maximum profit or rent can
result in over fishing and resource depauperation for some species [Anderson, 1977, Gulland, 1974,
Placenti et al., 1993]. In order to introduce an index correlated to over fishing, for each catch-effort
equation a biological term VBi has been defined:
(21a)

VBi=Ei - Em,i

if Ei>Em,i

(21b)

VBi=0

if Ei<Em,i

where Em,i represents the effort corresponding to maximum catch in biological equilibrium
conditions.
For the Schaefer model the equilibrium curve corresponds to a second degree polynomial, and
Em,i is easily obtained from the model coefficients:
(22a)

Em,i=k0/(2k1)

If the exponential model is used, the maximum catch is obtained by the following relationship:
(22b) Em,i=1/k1
These results can be easily obtained by equating to zero the derivative of the corresponding
steady state catch (7) and (8) with respect to fishing effort. For each area, a global biological term VB
is computed as the ratio of terms VBi for each species and total fishing effort in the area:
(23a)

VB = ;i=1,NSP VBi / ;i=1,NFS Ei

This index can be interpreted as the fraction of the total effort exceeding the conditions
corresponding to maximum catch, for each species. An alternative definition has been also used, by
weighting each term VBi by the corresponding value of catch Ci:
(23b) VB = ;i=1,NSP VBiCi/ (;i=1,NFS CiEi)
The first formulation (23a) has been used in the first application to Italian fishery (set n°1), while
for the optimisation analysis of Mediterranean fisheries the latter relationship (23b) has been
preferred, due to the large differences in catch between different areas. Note that the first formulation
is more appropriate to policy measures areas oriented, while the second gives more suitable measures
for species control. Or, in other words, (23a) is oriented to input control, while (23b) to output
control.
Inertia constraint
An inertia term has been also introduced, in order to measure the differences between the
proposed solutions and the actual ones. For the i-th fishing system, the following relationships hold:
(24a)

VIi= |Ei-E*i | - −Ei

if

|Ei-E*i | > −Ei
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(24b)

E*i,

VIi= 0

if

|Ei-E*i | ≤ −Ei

where −Ei represents the maximum allowed variation around the reference value for the effort
evaluated by the following relationship:
(25) −Ei=STDEV(Ei) F

−Ei is then proportional to the standard deviation STDEV(Ei) of the i-th fishing effort in the
observed period in the given area, and the factor F can be varied according to the scenarios considered
in the optimisation analysis and, therefore, to the proposed management objectives. In such way, it is
possible take into account the “elasticity” manifested by each fleet during the previous period, for
each area and fishing system, related to the micro-economic reactivity in the fisheries and/or to
technological innovation during the long period. For each area, a global term VI is then computed as:
(26) VI=;i=1,NFSVIi
By the inertia term it is possible to limit the variations with respect to the present effort
distribution, avoiding unrealistic solutions to be proposed, and selecting the distributions that, with
equivalent economic and biological results, require less re conversion effort or cost. We are here
dealing with labour market or industrial constraints that require a “social consensus” to encompass
multi-annual fishery police (mpg) or “zonal” constraint.
Objective function and constraints
The optimal fishing effort distribution in a given area corresponds to the maximum economic
outcome, satisfying possible biological and inertia constraints:
(27) maxx [U(x)]
(28) VB(x)<VBmax
(29a)

VI(x)≤ 0

In the second application to Mediterranean fisheries, a further constraint has been imposed on the
maximum value of x, in order to avoid some unrealistic solutions sometimes evidenced during the
first analysis:
(29b)

x≤10

In other words, the proposed fishing effort can never grow more than ten times, with respect to
the starting value, irrespective of possible inertia constraint. These relationships define a classical
problem of minimisation of a non-linear function, with M inequality constraints:
(30)

minx f(x)

(31) Gi(x) ≥0

i=1,M

The objective function f(x) is:
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(32)

f(x)=-U(x)

while the inequality constraints are represented by:
(33)

G1(x) = VBmax - VB(x)

(34) G2(x) = - VI(x)
The solution of this problem can be achieved by the Augmented Lagrangian approach [Gill et al.,
1981], already utilised for the computation of coefficient of the catch-effort model.
Results of the optimisation analysis of Mediterranean fisheries
In the application of the optimisation analysis has been applied to Mediterranean fisheries, the
exponential model has been preferred, since it exhibits the best performances in Italian, Spanish and
French fisheries.
Five different scenarios have been defined (Table 6), combining economic objective, biological
and inertia constraints. With respect to the previous application to Italian fisheries, a further case E
has been considered.
Case A represents the situation evaluated with a high level of inertia constraint, so that the effort
distribution corresponds to reference one (year 1989). This case is therefore used as comparison for
the other cases, where effort distribution is changed.
23
Case B is characterised by the absence of any biological and inertia constraint . The solution
then corresponds to the maximum Value Added. Cases C and E exhibit values increasingly severe for
the biological constraint, equal to 1 and 0.5, without inertia constraint. Case D is characterised by a
medium biological constraint, equal to 1, and by the inertia constraint (F=2).

Each optimisation problem has been solved starting from the reference effort distribution,
corresponding to unit values for vector x.
Detailed results have been presented in the EU report [Placenti et al., 1995]. Some representative
results are reported in the following:
economic results (Value Added, revenues and cost) and biological constraint, in aggregate form
(Table 32, Figures 8-9); optimal distribution of fishing effort, aggregated (Table 8, Figures 10-11).
By analysing the results, the following considerations can be drawn:
− The actual distribution of fishing effort (case A) corresponds to a net difference between
revenues and costs of about 2 300 million ecu, where costs are about 25% of revenues. Positive
Value Added results in all areas. This result is quite reasonable, indicating that realistic values
of unit costs and prices have been assigned.

23

With respect to previous application, furthers constraints have been imposed by limiting the maximum
values of each relative effort x to 10 (e.g. 47b).
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− In the case B (maximum Value Added without constraints) a relevant increase in Value Added
is obtained (from 2 300 to 11 400 million ecu) by means of a strong increase in fishing effort, in
particular trawlers, that change from 60% to 70% of total effort. This positive economic
outcome results in a very significant growth of biological constraint, passing from 4.4 to 30.34,
particularly in Italy and France.
− In case C, where the maximum value of biological constraint has been limited to 1, a significant
improvement in Value Added is still achieved (from 2 300 to 5 790 million ecu), but with a
more acceptable value of biological constraint (8.31). This result has been obtained by a global
increase of fishing effort (from 377 to 860 million GRT), but with a more uniform redistribution
among trawlers (54%), purse seiner (20%) and other systems (26%). Note that in this case the
level of over-exploitation is about twice than the actual.
− Cases D and E exhibit similar economic outcomes (Value Added of about 4 000 million ecu),
with an increase in fishing effort of 38% (case D) or 9% (case E) . Case E corresponds to a
value of biological constraint almost unchanged with respect to the present situation (case A),
while case D exhibits a value slightly higher (5.43). In the case D, increasing in trawlers and,
particularly, in purse seiners is proposed, with a stationary value for other systems. In case E,
instead, trawler and other systems are slightly reduced, and a relevant increase in purse seiner is
proposed.
By analysing the distribution of the results over the different areas, it emerges that the general
trends are not necessarily obtained by uniform distributions over the areas. For instance, it can be
observed that a reduction of trawlers in France is always proposed, even in the cases where this
fishing system increases in other areas.

Table 6. Case description for optimisation analysis - Mediterranean fisheries

Case

Description

A
B
C
D
E

Reference situation
Maximum Value Added with inertia constraint
Max. Value Added with medium biol. constraint
As C case with inertia constraint
Max. V.A. with severe biol. constr. and inertia
constr.
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Maximum Biological
Constraint per area
VBmax
not imposed
not imposed
1 (medium)
1 (medium)
0.5 (severe)

Weight factor
for inertia constraint
F
0 (maximum severity)
not imposed
not imposed
2
2

Table 7. Optimisation analysis - Economic results

A Italy
A Spain
A France
A Total
B Italy
B Spain
B France
B Total
C Italy
C Spain
C France
C Total
D Italy
D Spain
D France
D Total
E Italy
E Spain
E France
E Total

Value Added
1 619
592
88
2 300
9 651
1 392
358
11 401
4 111
1 164
516
5 790
2 645
867
515
4 027
2 645
824
512
3 981

Revenues
2 145
784
132
3 061
13 304
1 961
540
15 806
5 426
1 518
540
7 484
3 171
1 099
540
4 809
3 171
1 020
535
4 725

Cost
524
192
44
760
3 653
570
182
4 405
1 315
354
24
1 694
526
232
24
782
526
196
22
744

Biol.Constr.
2.46
1.44
0.50
4.40
14.19
4.70
11.56
30.45
4.25
2.71
1.34
8.31
2.10
2.01
1.32
5.43
2.10
1.65
0.84
4.59

Figure 8. Economic results of optimisation analysis - All areas
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Table 8. Optimal effort distribution - Cases A-E
Fish.Sys Italy A Spain France Total
Italy Spain France Total
t
A
A
B
B
B
Trawler
156
65
8
229 60.74 1354
161
2 1517 70.53
Purses.
18
13
0
31 8.22
85
98
6
189 8.79
Others
96
12
9
117 31.03
367
21
57
445 20.69
Tot.
270
90
17
377 100.00 1806
280
65 2151 100.00
% 71.62
23.87
4.51 100.00
83.96
13.02
3.02 100.00
Fish.Sys Italy Spain France Total
t
C
C
C
Trawler
377
83
2
462
Purses.
105
60
8
173
Others
194
28
3
225
Tot.
676
171
13
860
% 78.60
19.88
1.51 100.00
Fish.Syst
Trawler
Purses.
Others
Tot.
%

Italy
E
148
98
61
307
74.88

Spain
E
40
25
26
91
22.20

53.72
20.12
26.16
100.00

Italy Spain France Total
D
D
D
215
72
2
289
81
27
8
116
103
9
2
114
399
108
12
519
76.88 20.81
2.31 100.00

France Total
E
2
190
8
131
2
89
12
410
2.93 100.00

46.34
31.95
21.71
100.00

Figure 10. Optimal fishing effort per areas - Aggregated per systems
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Figure 11. Optimal fishing effort per systems - Aggregated per areas
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The MOSES code
A computer code MOSES (Models for Optimal Sustainable Effort in the Seas) is under
development, in order to allow a friendly use for the bio-economic models.
The main features of the code are briefly summarised in the following:
− Management of input data and run files for CEMOD (Catch/Effort Model Identification) and
FISHOPT (Optimisation of Fishing Effort).
− Analysis of Catch/Effort Model results (catch vs. year or vs. effort for each species/area/model
combination; model errors).
− Effect of fishing effort on equivalent effort and catch of all species per areas.
− Graphical output:
•
•
•
•
•

Computed and actual catch vs. years;
Computed and actual catch vs. effort;
Equilibrium catch curves vs. years or effort;
Effect of model parameters on computed catch;
Effect of fishing effort on catch.

− Optimisation results:
• Costs, revenues, value added and biological constraint per areas;
• Absolute and relative fishing effort distribution per areas and systems.
The structure of the code and a synthetic flow chart for its segments, in terms of input and output
data, are reported in the Table 9.
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Table 9. Block diagram of the computer code MOSES
MOSES
(QBasic, 1000 lines)
User Interface
↑↓
catch and effort time series;
technical matrix;
recruitment age;
options
for non linear regression
and outliers filtering;

↑↓

→

model parameters;
fishing unit costs and prices;
scenario variables
→
(biological and inertia constraints);
options for optimization technique;
fishing effort distribution
(for simulation analysis);

CEMOD
(Fortran, 2600 lines)
identification
of the parameters
of the logistic and
biological
catch-effort models;
FISHOPT
(Fortran, 2500 lines)
optimization of
fishing effort allocation
over areas and gears;
simulation analysis;

↑↓

→

→

model parameters;
prediction errors;
computed catch
and equivalent effort
vs years;
equilibrium curves;

optimal distributions of fishing
effort over areas and gears;
economic outcomes
and biological constraint
per areas;

model parameters;
catch and effort time series;
technical matrix;
optimal distribution
of fishing effort;

MODELS
(QBasic, 1300 lines)
interactive and graphical
analysis of the results
→
→
of CEMOD and FISHOPT

effects of model parameters and
fishing effort on computed catch;
detailed analysis of optimization
results and of fishing effort
variations;

results of CEMOD:
computed and measured
catch vs years;

TRAIET
(QBasic, 400 lines)
2-D plots of measured
and computed catch
vs years

2-D plots
of measured and computed
catch vs. years;
export graphical files;

→

→

Conclusions and future developments
− Three different catch-effort models have been tested, with both logistic and biological
approaches, on three sets of catch and effort data for Italian and Spanish fisheries and on a
different set of data for Italian fisheries, at lower aggregation levels. The first two models have
been also tested on a set of data for French fisheries. The results suggest that both logistic
exponential model and biological model can estimate catch for a high number of species with
precision satisfactory for management purposes. Dynamic Schaefer model exhibits in some
cases less accurate prevision with respect to the results obtained on the first set of Italian data.
Highest model errors are mostly concentrated in these cases where catch is lower, due to greater
influence of data uncertainty and exogenous phenomena.
− The capabilities of the biological model have been successfully verified, so providing a tool for
estimating biological parameters often unknown and for overcoming possible lack in the
available catch and effort data. Distributions of the estimated biological parameters (mortality,
growth coefficient, recruitment parameters) are almost uniform, particularly in Italian fisheries,
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and the values compatible with their biological meaning. This model tends to fail in the cases
where catch dynamics changes abruptly after the first years, due to anomalous conditions,
requiring the development of ad hoc computational techniques. Further studies on the inferences
between the estimated model parameters, areas and species could be helpful in order to apply
this model to the cases where data quality is poor, or where time series length is not enough to
allow parameter estimation by single species-areas combinations. In order to fully utilise their
capabilities within optimisation procedures, further attention has also to be paid in analysing
equilibrium conditions and in identifying suitable biological constraints.
− A methodology able to estimate parameter significance has been also tested, and the occurrence
of cases characterised by a good level of statistical significance verified. Some problems that
can limit the complete application of this procedure have been also identified.
− A technique for the optimal allocation of fishing effort over areas and fishing techniques has
been developed, considering economic, biological and structural aspects combined within
different scenarios, in order to encompass various management policies. The results of two
optimisation analyses, obtained by applying the dynamic Schaefer model to the first set of
Italian data and the exponential model to the data on Mediterranean fisheries, have shown that
relevant improvements can be obtained by optimal management techniques, and that it is
possible to adopt realistic strategies for the reduction and redistribution of fishing effort, able to
improve economic outcome and to avoid resource depauperation. In the two most realistic
scenarios (cases D and E), the proposed effort redistribution improves economic outcomes
(revenues and value added), with little variation on total fishing costs and global resource
exploitation and with more favourable conditions for stock conservation. In most cases, a
significant global increase in purse seiner is proposed. Detailed indications about fleet variations
over areas and gears are also provided, showing that articulate management policies have to be
adopted. It also emerges that a policy of pure economic maximisation, corresponding to higher
incidence of trawlers, is absolutely conflicting with exigencies of stock conservation.
− Finally, some further considerations on management policies can be drawn. The results of
optimisation analysis for Mediterranean case show that the application of medium or severe
biological constraints produces equivalent results. Therefore, a policy oriented to reduce
overfishing on the basis of a medium or strong output control could obtain similar results, but
certainly with different consent. On the other hand, inertia constraints, which represent the
shifting of fleet structure from the actual one, exhibits a stronger influence on global results,
suggesting that a policy or fishing effort reallocation could be more effective than the pure
application of severe biological constraints. In particular, interventions on fleet flexibility (e.g.
fishing hours) and/or on changes in structural investment (productive reconversion) improve
economical outcomes. An equivalent improvement is not obtained by a policy of output control,
which, within the frame of the observed results, does not significantly affects natural resources
and company budgets, while accurate input control through fishing effort reallocation increases
economic efficiency with little variations of the actual resource exploitation. The evaluation of
proper management strategies should also consider the effects of endogenous processes, which
are more or less incisive in case of input or output control policy.
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THE NETHERLANDS: EXPERIENCES IN DUTCH CO-MANAGEMENT
OF MARINE FISH RESOURCES
Ellen Hoefnagel and Wil Smit
Agricultural Economics Research Institute
LEI-DLO
The Hague, The Netherlands, July 1995
ABSTRACT
In this issue-paper different aspects of two and a half years of co-management experiences in
Dutch fisheries have been described. Management's design as well as government's and fisher’s
perspective on the new management scheme are elucidated. It is examined whether the new
management scheme leads to an efficient quota management and whether co-management improves
the distribution of net benefits. Main results are: Government as well as fishers are rather positive on
the functioning of the co-management system. Since the implementation of the co-management system,
the sector still adhered to the quota as a whole and fleet capacity did not increase. The fleet
succeeded in a more economic usage of the quota. Income differences are diminished in a certain way
since the establishment of the groups.
Introduction
In February 1993, the co-management system was implemented, and (above expectation) 95% of
the total number of hp in the cutter sector united in 'groups'. When the management scheme proves to
be unsuccessful in managing quota and fishing performances, a forced capacity reduction shall be
implemented three years after the start of the co-management scheme. At the time of writing this
report two and a half years of experience in co-management can be investigated. Considering the
historical perspective of a 20 year old restrictive fishery policy, two and a half years of becoming
adjusted to co-operation is a rather short time span. Within those previous twenty years, fishers who
now have to co-operate have been engaged in tough competition for fish and especially for fishing
rights. It's effects are still working. In fact, fishery policy and quota regulations rather caused
divergence than a process which automatically led to co-operation. In the unfolding of fishery policy,
fishers and government learnt from their experiences and now we see processes leading to
convergence, resulting in co-management. In order to understand the operation, effects and
effectiveness of the new management scheme, the following research questions and topics will have to
be addressed:
− What were motives of fishers to join co-management groups?
− What is the management design of the co-management groups?
− What is government's perspective on 2 1/2 years co-management experiences?
− What is fisher’s perspective on co-management experiences?
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In order to answer the questions d. and f. we will focus on one of the eight groups established in
the co-management system. This group is called "Group PO Oost" and is one of the largest groups
with circa 30% of the sole and plaice national quota.
The co-management system mainly regulates the cutter sector. The cutter sector is the most
important fisheries sector in the Netherlands, fishing for sole, plaice, shrimp, herring, cod and
whiting. Apart from the cutter sector there are 13 freezer trawlers fishing for mackerel, horse mackerel
and herring and there are cockle, mussel and oyster fishers/cultivators; these types of fisheries we
leave aside in this issue paper. The co-management scheme is nested in the common fisheries policy
(CFP) of the European Union and the national management scheme. Below we will pay some
attention to Dutch fisheries management.
In November 1974, the North East Atlantic Fisheries Commission (NEAFC) established TACs
for the year 1975 for several species including plaice and sole. The Dutch flatfish quotas were set
considerable lower than the 1973 and 1974 flatfish landings. Dutch catches of plaice and sole had to
be reduced by 10 and 40 per cent respectively.
The Dutch government officially delegated the management of the national quota to the fisheries
industry. The Fish Commodity Board (FCB) was asked to fulfil this task. The FCB developed a
24
regulation to limit effort and landings in the flatfish fishery. On the basis of this regulation several
decrees of the chairman of the board were established. However on the 22nd November 1975 sole
fisheries were closed because the national sole quota was exhausted. At the beginning of 1976 the
FCB returned its quota management task to the government. In 1976, the government introduced
individual quotas in the fishery for plaice and sole. The Minister of Agriculture and Fisheries stated in
parliament that a system of individual quota could increase operational certainty. It would enable
fishers to maximise their profits by regulating their landings and to plan their fishing activities in
advance and discuss their plans with their financiers. A limited part of the national quota was not
included in the allocation, but was kept as a 'National Reserve'. This reserve was meant to compensate
for eventual excess landings.
The quota was allocated on the basis of historical catches and/or engine power. The individual
quotas received by fishers that exploited their ship prior to the 1st January 1974 were based on the
highest amount of plaice and sole landed in the years 1972, 1973 and 1974. For ships under 1250 hp
commissioned after this date, quotas were based on the average performance of the vessels in the
same hp-group. For ships with more than 1250 hp, quotas were fixed by the Ministry. This system
met a lot of resistance from parts of the industry because it resulted in considerable differences in
quotas between vessels of similar capacity. As a result, the system was revised in 1977, adjusting IQs
both to engine power and to historical performance. The 1977 allocations are still the basis of the
present quota system.
In the 1977 system, fixed by-catch quota per hp-group for non-beam-trawlers over 250 hp were
frozen at the 250 hp level. This resulted in a relatively large number of small quotas. Because of their
limited size these quotas are often referred to as "mini-quotas".
When the quota system was introduced in 1976 flatfish quotas formally were only transferable
together with a vessel. Soon however it proved to be possible to circumvent this rule by using legal
constructions. In 1985, quota became officially transferable without a vessel.
24

Verordening beperking visserij op tong en schol 1975.
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The transfers are subject to the following rules:
− quota can only be bought by owners of a fishing vessel that is registered on a EC list and who
are in the possession of a licence;
− fishers can only sell their plaice and sole quotas as a total whereas it is allowed to buy parts of
these quotas;
− the transfers have to be approved and registered by the Fisheries Directorate.
Since 1993, the transfer of quotas is subject to rules restricting them to limited periods during the
year. This was done to prevent doubtful transfers at the end of the year when quota are nearly
exhausted.
Cod and Whiting
The NEAFC 1975 quotas for cod, whiting and haddock were relatively high compared to Dutch
landings in previous years, so initially no national measures were needed to comply with these quotas.
In 1979, quota management responsibilities reverted to the Dutch government again. In this year cod
was very abundant in the North Sea and catches were high, so that by September 3rd the national cod
quota was exhausted and the cod fishery had to be closed. To prevent the early closure of the directed
cod fishery a system of permits (K-dokumenten) for the directed cod fishery was introduced in 1981.
Under the new system part of the national cod quota was reserved for the 'K-dokument' holders (20
vessels with a long cod fishing history). This part was based on an amount of 200 tonnes per vessel.
In the early 1980s, the Dutch beam trawl fleet expanded considerably. As a consequence, more
cod was caught as a by-catch and the part of the national quota reserved for the round fish fleet came
under pressure. To reduce the cod landings of the beam trawl fleet, in August 1985 landings by beam
trawlers were limited to 200 kg (5 boxes) a week. This measure could not prevent the early closure of
the cod fishery in 1985.
25
On 30th December 1987 the management system for the round fish fishery was revised . In
addition to the 'K-dokument' round fish (R-dokument) and seasonal round fish (SR-dokument)
permits were introduced. A fisherman could obtain an R-dokument if at least 65 per cent of his
income in at least two out of the years 1984, 1985 and 1986 was obtained by landings of cod, whiting
and haddock. A S-document was given to fishers who could demonstrate that at least 25 per cent of
their income in 1987 was made up by landings of cod, whiting and haddock and who had fished at
least 6 succeeding weeks with trawl nets or static gear. The national cod quota was divided between
the three groups of permit holders and the fishers without a permit (mostly beam trawlers). To
regulate the uptake of these quota and to prevent early closures a maximum weekly amount of
landings of cod and whiting was set. This measure (kistenregeling) has been criticised by fishers
because its inflexibility. Fishers have been obliged to throw fish overboard when catches were too
high whereas weeks with low catches could not be compensated for. The 'K-, R- and S-dokumenten'
were not transferable without a ship until the 1st January 1994. The Ministry had to be asked to issue
a new permit to the new owner in case a ship was sold. When a ship was laid up the validity of the
document expired. The permits were explicitly not cumulative. On the 1st January 1994 the system
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was revised again. Nowadays permits can be transferred without the transfer of a vessel. It is also
allowed to cumulate permits. This is expected to lead to a flow of permits (fishing rights) into the
beam trawl fleet. Another important change is the change from weekly to monthly quota.
Herring
For the few vessels fishing seasonally on herring a licensing system developed into group (PO)
quota that work out as ITQs in practice.
Capacity and effort regulation
Decommissioning
As has been stated above the capacity of the Dutch cutter fleet has been bigger than necessary to
catch the allotted quotas since the introduction of quotas by NEAFC in 1975. In 1975, the government
set up a decommissioning scheme for the cutter sector. In the years 1975 and 1976 165 ships were laid
up. After 1976, the interest for decommissioning weakened, mainly because sole catches and prices
were high. In 1987, the fishery industry and the government agreed on a new decommissioning
scheme to which the industry contributed again. Over 90% of the decommissioning costs have been
26
financed by the EU. The direct result of the decommissioning programme has been that 135 vessels
have been withdrawn from the fleet. These vessels represent 22% of the engine power on the fleet as
in 1987. However, the withdrawal of 135 vessels did not result in an equal reduction of the size of the
fleets: mainly the fleet fishing for cod and whiting has withdrawn vessels without replacing them.
Withdrawn beam trawlers have in general been replaced. During the running time of the programme,
the fleet size has also been modified by replacement investments and international transfer of vessels.
In 1987, 616 vessels sailed with a total of 560 000 hp, in 1994 this was respectively 469 and 492 000
(see also Table 4.). The capacity reduction achieved, has resulted in a 70% reduction of effort on cod
and whiting catches. The programme had no substantial impact on the total fishing effort on sole and
plaice, due to the allocation of extra sea days to remaining vessels. The decommissioning programme
has been much to the benefit of the remaining fleet. (see more details in Section 5.)
Licensing
27

In 1985 , capacity licensing was introduced in the Netherlands in order to maximise total engine
power of the fleet. On a licence the engine power of a vessel is registered. Fishing licenses can be
freely transferred. It is also possible to aggregate more than one license on one vessel. The licensing
scheme is coupled to the EC Multi-annual Guidance Programme. When the licensing system was
introduced fishers could get a license for their existing engine capacity and for engine capacity for
vessels under construction. The latter provision in the scheme resulted in additional new capacity. By
the end of 1988, the fleet had expanded by 14 per cent compared with the position before licensing. In
28
1987 measures were taken to prevent the constantly increasing engine power of individual fishing
26

An appraisal of the effects of the decommissioning scheme in the case of Denmark and the
Netherlands. Draft final report 10-4-1995. Danish Institute of Fisheries Economics Research.
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Beschikking Visserijlicentie (27 December 1994, Stcrt. 253).
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vessels in the beam trawl-fleet. The maximum engine capacity in new vessels was specified at
2 000 hp. At the time of establishment of the measure some 80 beam trawlers exceeding 2 000 hp
were already in service or ordered previously. These existing vessels were allowed to continue
operations. But in case of transfer of (part of) these licenses without the > 2000 hp vessel the engine
power exceeding 2 000 pk can not be transferred.
Another measure in order to limit the fishing capacity of the Dutch beam trawl fleet was the
29
introduction of a maximum beam width in 1987. Each of the beams may not exceed 12 meters . This
measure was adopted as an EC technical measure later on. Beam trawling inside the 12 mile zone is
restricted to smaller vessels (up to 300 hp). For these vessels the maximum beam width is 9 metres
(two times 4.5 metres).
Days at sea
To adjust fishing effort to the national quotas in 1987 a restriction of the number of days spent at
sea (Zeedagenregeling 1987) was introduced. The year before an obligation to tie up vessels for a
number of weeks spread over the year had proven to be ineffective. The allocation of days within the
framework of the days at sea measure is dependent on type of fishery, documents, individual quota
and engine power.
In 1993, a new management system has been introduced, above mentioned schemes like ITQs,
licensing system and days at sea regulation remain operative. Next section will give an outline of comanagement design and some operational aspects.
Co- management design in the Netherlands
Institutional aspects
In the new system, responsibilities in the management of individual quota have been devolved to
groups of fishers. These groups are formally independent legal persons. It is obligatory that the
chairman of the group is a person without interests in the fisheries sector. All group members have to
be member of the same Producers Organisation [PO]. In daily practice the functions of PO and groups
are often carried out by the same staff of people. The secretariats of the groups are carried out by or
on behalf of the Fish Commodity Board.
Group membership is not compulsory. To induce fishers to enter a group, group members do get
a slightly more favourable treatment than outsiders. This led to a high participation in the groups.
30
The aim of the groups is: to maximise economic results on the basis of joint management of the
individual quota of group members; to guarantee a consistent fishery policy; as well as to improve
durable exploitation of the available fish stocks in an economic responsible way; to install manageable
fishing systems; to confirm group members to private and public law regulations; to be responsible
for management of quota for sole and plaice and eventually other fish species.
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Beschikking visserijlicentie (modification 23 September 1987, Stcrt. 184).
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Memorandum of association of the Fish Commodity Board PO Oost 5-1-1993.
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The group tries to reach its goals by designing fishing plans; by implementing and inspecting
regulations; by arranging arbitration; by imposing sanctions; and by organising smooth intra-group
ITQ exchanges.
Every group member has to sign an agreement. This agreement comprises the following
obligations: To design annually a fishing scheme. To sell his catch in acknowledged auctions. To
make available his VIRIS logbook statistics and fish auction data to the group management board. To
deposit his individual quota for group management. To assure for payments of penalties; to authorise
the group management board, the Fish Commodity Board and the General Inspection Service (AID)
to inspect his individual catch data. To pay penalties imposed by the group management board. And,
in case of exceeding his individual quota (rented quota included), to pay to the group the gross
proceeds.
The group management board is responsible for management of the pooled quota. The board is
entitled to impose penalties/fines and other sanctions, including the closing of fishing activities for the
group or a group member. Fines have to be appropriated in such a way that in the end the transgressor
is never favoured.
The government remains responsible for controlling the national quota and tasks pertaining to
CFP.
Motives to join groups and some economic aspects
Most of the Dutch fishers became group member as a result of positive economic inducements,
which are a) 10% more days at sea and b) the possibility to rent and hire quota during the year.
Outside the group the rent market is closed early in the year. On the other hand fishers felt motivated
to join the groups because of a threat of a forced reduction in capacity in the case of unsuccessful
results of the system.
The 10% extra days at sea as well as the extension of the rent market result in more flexibility for
fishers, which may lead to better economic net results. It was expected that the collectively agreed
voluntary sale by auction would improve prices.
There are no direct financial costs for group membership. PO-membership costs include group
membership.
Juridical aspects
Since the establishment of the co-management scheme, two juridical systems became in
operation: some arrangements now pertain to private law, others remain to public law.
Private law arrangements
Next to the implementation task, groups have to maintain their management rules. Boards try to
handle this by controlling and sanctioning practices. The boards have to monitor their members
concerning design and execution of their fishing plans as to monitor that group quota are not
exceeded. The boards have to compare the weighed amounts of fish which have been offered at the
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auction and the actual amount sold. Boards also have to fine members who transgress the auction rule,
or individual and group quota or their days at sea limit.
For membership, fishers have to subscribe to the fine prescription for different potential
transgressions. These sanctions vary according to the gravity and to the frequencies of repeated
transgressions and aim at pruning away profits. In case of a disagreement, conflicts can be laid before
the Arbitrage Foundation for Fisheries. This Foundation has been established especially for this
purpose. Nevertheless, discussion on rightness of fining should be avoided, in order to implement a
'tit for tat' strategy. This means that immediately after detection of a group rule breach, a fine should
be imposed.
Public law arrangements
Tasks of the General Inspection Service are monitoring and controlling on European and national
fisheries regulations. Especially monitoring total catch at group level to prevent exceeding of national
quota. In the previous situation, the General Inspection Service had to control the individual landings
of fishers, now this is a task of the group board. In practice however, the monitoring of the observance
of group management rules has been carried out by the General Inspection Service as well. Yet, the
inspection system changed from controlling individual landings into process control: to control from
landed fish to the auction sale and subsequently to compare auction data and catch declaration data.
When transgression of European and national regulation are detected, prosecution follows.
31

Public law and private law converge now and then, which causes problems . Controlling tasks
are rather intertwined and some fishers have been double fined. It occurred that criminal judges
imposed fines while group management boards already did so too. As a result management board are
less willing to control and inspection is mostly performed by the General Inspection Service. All in
all, quality of inspection seems to be improved and the number of transgressions is decreasing (see
Table 1).
Table 1. Results of the General Inspection Service
Year

Number of
checks

Number of
transgressions

1991
1992
1993
1994

15 871
17 404
12 290
8 913

1 207
854
984*
618*

32

Percentage
transgressions/
checks
7.6
4.9
8.0
6.9

*Charges included wich were dismissed due to change in regulations.

Social aspects
31

A.J. Berg. Vissen in troebel water. Juridical comments on Dutch co-management of marine fish
resources. Lecture held on the co-management symposium, Noordwijk June 9th 1995.
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Mid-term review of the co-management system of the Ministry of Agriculture, Nature Management
and Fisheries, June 16th 1995.
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Groups
Eight groups have been established in 1993, in which 410 vessels are participating. The groups'
sizes vary between 22 and 87 vessels. The groups are composed according to the type of
vessel/gear/species, region and membership of one of the two national fisher’s organisations. Groups
are rather homogeneous, which is a good basis for co-operation. Co-operation between groups is
organised by the Fish Commodity Board. In Table 2, the shares of each group in the fleet and in the
fishing rights are summarised. The table confirms the variety in the groups' relative size and activities
and their specialisation on parts of the fleet's activities.
Table 2. Summary of each group's share in fleet and fishing rights in 1993
(per cent of total fleet)
Group

A
B
C
D
E
F
G
H
Not in group
All groups

No. of
vessels
11.5
4.4
17.5
5.2
8.7
13.1
5.4
17.5
16.7
100

Aggregated
engine
power
22.1
8.3
30.0
7.9
2.4
2.6
6.1
14.3
6.3
100

Aggregated
hp days
issued
21.3
9.3
27.0
8.4
2.6
3.4
5.5
14.2
8.2
100

Aggregated
flatfish
ITQs
21.1
11.1
29.2
8.8
1.2
0.2
6.8
15.7
6.1
100

Aggregated
roundfish
licences
7.5
2.6
13.1
5.6
13.4
0.0
4.6
31.4
21.9
100

Auction sale
EU fishers under CFP are not obliged to sell their fish at auctions. Of course, the caught fish
needs to be registered because of the monitoring of the assigned quota. This can be done in different
ways. Some Dutch fishers have pled many times, though unsuccessfully, for 'veilplicht': the obligation
to sell catches on an official auction, in order to make catches more 'visual'. What is impossible in
public law, now is feasible in private law. Fishers in the group system voluntary agreed on selling
catches at specific auctions.
Social control
Since the start of the co-management scheme, fishers have to Co-operate with government.
However, they also have to co-operate with each other to a larger extent than ever before. Yet next to
the management board of the groups, and next to the General Inspection Service, the participating
fishers should control among themselves as well. At the design phase of the co-management system
this seemed to be an important idea, which had to result in a decrease in monitoring costs for
government. This so-called social control however is too much asked for in the initial stage of a group
process. Social control is only then possible when group norms are accepted and internalised.
Probably the idea of social control has been misinterpreted by the designers. Social control is a rather
subtle behaviour within groups with strong cohesion. The breach of a group norm mostly does not
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result in official prosecution, but the punishment varies from gossip to group exclusion. However
when it is not yet clear if certain behaviour is disapproved of by every group member, it is unclear
how to react. Fishers experience social control as a form of treason, instead of social correct
behaviour. So social control doesn't function.
At the moment of writing this report two and a half years of co-management experiences can be
evaluated. First we will sketch below in section 4 the government’s perspective. In Section 6, fisher’s
perspectives on co-management will be highlighted.
Government's perspective on co-management experiences
The combination of positive inducements and some coercion made fishers decide to Co-operate.
Fishers who often are portrayed as selfish individualists, apparently are able to co-operate under
favourable conditions. During the 2 1/2 years of co-management under consideration, national quota
were difficult to exceed with the existing fleet capacity. So the conditions to start the co-management
system indeed were rather favourable. One of the most important criteria for successful comanagement in the government's point of view is the absence of excessive catches. However, a
judgement on the functioning of the groups as managers of quota in the near future is relevant while
quota change annually. In this section, the government's perspective on co-management experiences is
further described.
Achievements
The Minister of Agriculture, Nature Management and Fisheries mentioned several achievements
of the groups in a speech held on a symposium on co-management (June 9th 1995) and in his mid
term review of the system (June 16th 1995). Achievements were in short:
Of the sailing total cutter capacity (hp) 93% in 1993 and in 1994 96 per cent united in groups.
The private auction sale regulations have been observed quite well. In 1993, of 24 000 landings 46
were incompatible with the auction rule and in 1994, this was respectively 27.000/23. National quota
have not been exceeded (for more details, see Section 5). A 'tit for tat' strategy has been increasingly
implemented with success. An increase in flexible exploitation of quota resulted, for instance a nearly
100% utilisation of sole quota. Many fishers seem to be satisfied with the group system. Finally, the
Minister ascertains a willingness of group management boards to fulfil management tasks and
responsibilities.
Problems
These 2 1/2 quiet co-management years have occasionally been disturbed. Especially some
members of a certain group systematically circumvented the private auction rule in the period during
1993 till February 1994. This circumvention concerned 1.6% of the group sole quota and 0.06% of
the plaice group quota. Although these quantities are not extremely high, transgressions were
structural and asked for measures. An understanding between transgressors and the prosecutor has
been reached.
Some external factors are worrisome, like falling prices for round fish and negative valuta
influences. Furthermore, future TACs are expected to be lowered. However, the Minister is of the
opinion that this should cause problems in any fishery management system.
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All in all, the Minister stated to be very satisfied with the operation and effects of the comanagement system, and suggested the Dutch Parliament to prolong the experimental term of three
years with one year (till January 1st 1997).
The following section describes in detail quota and effort management in the co-management
system.
Effort and landings
Landings
As said before quota issued by the European Union form the framework in which the Dutch
cutter fishery operates. So one of the tasks of the national fisheries management is trying to fit fishing
operations within that framework. For the cutter fishery demersal fish is by far the main target
category, especially sole, plaice, cod and whiting. Accurate data on time series of landings by species
are not available, but LEI-DLO estimated total financial proceeds of these species rather accurately. A
way to compare quota and landings is to use those financial proceeds. For that end those estimated
real proceeds can be confronted to potential proceeds out of quota: a summation of national quota
multiplied by average prices of these species. For a long range of years this comparison is shown in
Table 3.
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Table 3. Proceeds of demersal fish of the cutter fishery and the potential proceeds out of
national quota, multiplied by average prices
(million NLG nominal)
Year

Real proceeds

Potential proceeds

Real as a
percentage
of potential

1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

234
257
264
313
352
363
426
447
518
539
622
588
563
503
493
528
575
495
481
481

212
236
227
211
264
344
417
408
413
447
594
581
470
469
487
578
707
628
614
575

110
109
116
148
133
106
102
110
125
121
105
101
120
107
101
91
81
79
78
84

Source: LEI-DLO; Fisheries Directorate; Fish Commodity Board.

This comparison of (weighted) total landings with (weighted) quota reveals for a range of years
that landings as a percentage of quota steadily dropped (an exception is 1987, in which year total
Dutch quota somehow was reduced by some 20 to 25 per cent). In recent years landings kept well
below quota. The development is illustrated in Figure 1 on next page. A remarkable feature revealed
by the graph is that the cutter sector's real proceeds show a far more regular pattern than that of
potential proceeds. Do fisheries adjust more smoothly to changing stocks and their catchability than
TACs and quota?
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FIG 1. CUTTERS: DEMERSAL FISH PROCEEDS
Real and potential out of quota
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Fleet capacity and effort
Development of landings should be compared with the development of fishing capacity (fleet)
and effort (days at sea). In Table 4, the development of fleet (and employment), effort (nominal HPdays) and average number of days at sea per vessel is shown.
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Table 4. Number of vessels, total engine power, HP-days and average
number of days at sea per vessel
Year

Vessels

1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

588
547
498
497
500
518
549
565
581
610
618
615
616
607
588
553
512
482
473
469

Total crew

1000 HP

2 511
2 290
2 106
2 133
2 186
2 314
2 522
2 544
2 780
2 929
2 990
2 970
3 036
2 825
2 641
2 486
2 292
2 195
2 184
2 251

367
355
323
328
333
363
408
443
476
512
534
537
560
588
586
559
521
492
491
492

Million HPdays
70
67
57
55
56
59
64
76
84
90
90
85
86
91
87
83
79
81
86
90

Average days per
vessel
192
190
178
168
167
163
158
171
177
175
169
158
153
155
149
148
151
164
176
183

Source: LEI-DLO.

The figures show an accompanying drop of fleet capacity and for that sake employment on the
fleet. The nominal number of HP-days first also dropped, but rose in recent years. The average
number of days at sea per vessel showed an increase as of course constant effort divided by a
decreasing number of vessels will already result in higher effort per vessel. Moreover clearly the
catchability of the species package under quota regime became less as an increasing effort was needed
to reach an even under 100 per cent usage of quota. This led to an even sharper increase of the number
of days at sea per vessel, reaching the level of pre-quota times.
Quota and effort management and the group system
Clearly the phenomena described cannot be attributed to the co-management system solely, as
this was only established in 1993. But at least since that establishment the sector still adhered to the
quota as a whole and fleet capacity did not increase. One gets the impression that the group
management system at least helped in consolidating levels of input and output resulting from the
management structures in the years preceding its establishment. In that way the group system seems
to have had a stabilising effect on the cutter sector.
In 1994, the share of quota that was used rose, this development being accompanied by an
increasing use of the vessels. It is conceivable that the liberalisation of intra-trade of individual quota
(and days at sea attributed to those individual quota) within the groups has contributed to that
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development. It may be concluded that on the one side the fleet as a whole fished well within the
quota framework, but that on the other side the fleet succeeded in a more economic usage of the
quota.
In the next two sections we will zoom in on one of the eight groups: Group PO-Oost.
Case study of Group PO-Oost
In this case study we address the following topics: What are experiences of members of group
PO-Oost with the co-management system (this section) and how are their economic performances
(Section 7).
The Group PO Oost has been selected because this group is concerned with demersal fisheries
and demersal fisheries are the major fisheries activity in the Netherlands. Another reason is the large
number of fishers participating in the group.
Overview
The Group PO Oost is located in the traditional fishing village of Urk, which is a former island
in the former Zuiderzee. Since ancient times Urk has been largely dependent on fisheries. In the past
20 years the capacity of the Urk fleet and the wealth of the fishing community have grown
considerably. Since the introduction of strict quota control measures fishers from Urk have managed
to aggregate a considerable share of flatfish ITQs (32 per cent and 30 per cent of the national plaice
and sole quotas).
In Urk an important part of the Dutch beam trawl fleet is based, even if the fleet cannot sail to its
home port nowadays. In Urk also a large part of the national fish processing industry is located. The
majority of the fishers living in Urk land their fish in the fishing ports of Harlingen, Lauwersoog or
Delfzijl/Eemshaven. Fish landed in Harlingen is mostly traded on the Harlingen auction 'Insula' which
is owned by PO Oost. Fish landed in other ports is generally transported by truck to the Urk
municipal fish auction.
Since Group PO Oost membership is homogeneous (predominantly larger beam trawlers) it was
decided to interview a sample of 11 members and to interview these members in depth rather than
taking a larger sample and have more superficial interviews. These 11 fishers own 18 vessels flying
33
the Dutch flag. The 11 fishers represent about 20 per cent of the group PO Oost's over 10 meter fleet
(89 vessels). The interviews were held in December 1994.

33

Only vessels over 10 meters are taken into account, since smaller vessels are not engaged in North
Sea fisheries.
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Fisher’s perspective on co-management experiences
Group Management Board
The Board of Group PO Oost overlaps with the staff of the local fisher’s organisation
'Visserijbelangen' and with the staff of the Producers Organisation PO Oost. So the tasks which stem
from the new co-management system are carried out by these same persons at the same office. The
chairman of the group however is independent, he is the head of a local school at Urk. From the
interviews it became clear that functions of PO, 'group' and the local fisher’s organisation
'Visserijbelangen' are difficult to distinguish for fishers who are generally member of all three
organisations. The making of a distinction between PO and 'group' certainly in the case of PO Oost is
merely a formal matter whereas in daily practice PO and 'group' are seen as one organisation by both
PO staff and PO members.
Responsibilities
All respondents answered positively on the question whether Group PO Oost should have more
competencies. Especially with regard to the fixing of quota respondents wanted more responsibility
for the fishery sector. It became clear that these responses were brought about by dissatisfaction with
the procedure for fixing TACs in which in the opinion of respondents biologists had too much
influence. Respondents argued that the forecasts of biologists had often been wrong and that policy
34
should take more notice of economic factors and practical knowledge from fishers .
Contact
Most firm managers indicated that they generally contact the PO office every week. These
contacts concern new developments, quota transactions, information about regulations, problems with
35
inspections (at sea) and the Argos system . All respondents claimed that they were well informed by
the Group.
Rules
In order to investigate whether fishers are inclined to observe rules laid down by a fisher’s
organisation (PO/group) better than rules laid down by the government respondents were asked about
their opinion on this matter. A majority of the respondents (70 per cent) answered that they
personally were inclined to observe group rules better than rules laid down by the Ministry. Main
argument for this attitude was the opinion that rules laid down by the industry were better adjusted to
the daily practice of the fishery since the rule makers have more knowledge of the conduct of the
34

It must be taken into account that the interviews were taken off at a moment when considerable
reductions of sole (30 per cent) and plaice (50 per cent) TACs were proposed by the European Commission.
35

The ARGOS system is a satelite registration system of a fishing vessels position. In the Netherlands
fishers who fish North of 56° longitude are allocated extra days at sea under the condition that their position is
registered by satellite. Fishers who plan to make use of the ARGOS system have to give notice to their
organisation in advance.
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fishery. Thirty percent of the respondents did not make a difference between governmental and
PO/group rules. One of them argued that fishers tested every new rule.
Control
Fishers notice that controlling tasks are mostly performed by the General Inspection Service.
According to the fishers this controlling is effective. Fishers are afraid of high fines, this has a
positive effect on behaviour.
Social control
The question whether the increased responsibilities for the sector and the pooling of quotas in the
group of PO Oost had resulted in (more) social control in the fisheries community of Urk revealed
that only a minority of respondents felt that this was really the case. About three quarters of the
respondents did not see any increase in mutual control. Two respondents argued that in a community
like Urk there had always been a great deal of social control as nearly everything became public in
this community.
Advantages of group membership
The unrestrained possibility to hire or rent quotas within a group was mentioned by all
respondents as the most important advantage of group membership.
Quota
Some respondents argued that the new system results in the supply (renting) of quota to fishers
who do not possess enough quota themselves to fish the whole year through. In the last two years with
a relatively high plaice TAC compared to plaice catches, the supply of plaice fishing rights was
sufficient for all group members. It can be expected however that quota supply will dry up in years
with lower TACs and that fishers with small quotas will be in problems as a consequence. In these
circumstances the group will have to make sure that group quota are not exceeded. Since the group
has some management powers concerning the group members' individual quotas it will be interesting
to see if the PO is willing or able to shift individual fishing rights brought into the group from fishers
with large (surplus) individual quota to fishers who run into problems as a result of insufficient quota.
Or in other words whether the PO is a manager of group quota or merely an office for transfers of
individual quota.
Information on quota offers reached every member regularly by post.
Auction rule
The voluntary agreed auction rule is assessed positively by all fishers. Since many of them
already sold their catches at the auction, nothing seemed to have changed. Although many fishers
stated that now supply and demand is more clear, which is an advantage.
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Future
All but one of the persons interviewed felt that perspectives of the Dutch fisheries sector were
improved as a result of the group system. One fishers even felt that the new system had been the only
way to solve the in his eyes immense problems related to control and enforcement the sector faced in
the late eighties.
The respondent that did not feel that future perspectives of the sector had improved argued that
the future of the Dutch fishery sector is totally dependent on the (quota) decisions of the EU Council.
Another respondent argued that the situation had improved theoretically but that fisheries by nature
are unpredictable.
Asked about their ideas on the future role of groups in the Netherlands, the most common answer
given was that groups or PO's should have more influence and that policy makers should listen more
to the industry. Specific ideas about major changes of the current fisheries management system were
not ventilated. Ideas about practical adjustments of rules or technical measures were often presented.
It can be concluded that the interviewed fishers of Group PO Oost are quite positive on the
operation of the co-management system. Now we will focus on the economic effect of the comanagement system.
Economic performance of group PO-Oost
Income level
An economic evaluation of the group system could be done by analysing financial results of
group members and comparing them with results of outsiders. However, the vast majority of the fleet
joined the groups, so that data on a group of outsiders does not appear to be very reliable. Apart from
the small number of outsiders most of them have special reasons not to join a group. Outsiders are
mostly:
− fishers owning small vessels, fishing predominantly on non-quota species like Crangon shrimp;
within the groups most vessels fish for quota species and are therefore larger;
− a few fishers having secured abundant fishing rights (ITQs, DAS) preceding the establishment
of the groups somehow; these vessels also are not quite suitable for comparison purposes. It
must be said that particularly this group of fishers is decreasing, gradually more and more
fishers joining the groups.
A comparison between members and outsiders thus seems not feasible.
Another way of evaluating the groups in an economic way could be to analyse economic results
of the near water (or cutter) sector in the course of years, including years preceding the establishment
of the groups. However, this would take a lot of research and the result would be questionable. Effects
of factors, having nothing to do with the group system, should be calculated and isolated. As there are
for instance factors like the development of fish stocks, their catchability, fish prices and a general
decrease of fleet capacity the value of such a calculation is questionable as far as the income level is
concerned.
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Income distribution
A possibility is to look at the distribution of the economic results of individual vessels. In stead
of looking at average levels of results and incomes it is interesting to see if this distribution has
changed. In establishing the group system the cohesion of the group's members and the allowed
liberal exchange of (parts of) fishing rights between members may give room to a relatively efficient
use of these rights. Besides a likely increase of the general level of incomes this could also lead to
diminished income differences within the groups. To this end a case study has been done, aimed at the
PO Oost group, based at Urk. This group is rather big, earning some 25 per cent of the Dutch cutter
sector's gross proceeds.
Of this group economic results are calculated for all sailing vessels (80) owned by the group's
members. Some 20 of these vessels appear in the LEI-DLO panel and have their detailed results
ready. Of the other 60 vessels results are estimated. For this estimate a number of essential data of
those vessels are known:
− technical data (HP, GRT, age of vessel and engine) out of fleet statistics;
− data on days at sea by gear out of VIRIS log book statistics;
− data on landings by species by gear out of VIRIS log book statistics, checked by fish auction
data.
On this basis rather accurate estimates of financial results can be made, using Hp-group averages
calculated out of the LEI-DLO panel.
A useful criterion to value economic results is 'average return to labour per crew member' as used
by LEI-DLO frequently to measure economic performance. This figure is calculated as the sum of
crew remuneration (including social premiums) and net result (the latter after deduction of all capital
costs like depreciation and interest over the aggregate invested capital) divided by the number of crew.
Thus surplus income is attributed to the production factor labour, after rewarding the production factor
capital at shadow prices.
In years preceding and after the establishment of the groups (1993) standard deviation could be
calculated of that part of the LEI-DLO panel being representative for the types of vessels and fisheries
of the PO Oost case study. This part of the panel consisted of between 64 and 76 vessels through the
period 1988-1994. For these vessels standard deviation of the return to labour per crew member,
adjusted to 1993 prices (in NLG), was:
Table 5. Standard deviation of the return to labour per crew member
of the LEI-DLO panel (NLG)
1988

1989

1990

1991

1992

1993

1994

45 800

68 000

68 600

84 400

56 300

43 000

48 100

The level of standard deviation increased in the first period after the formulation of more
stringent management measures in 1987. Probably the sector had some difficulties adjusting to the
new situation. In the meantime one must keep in mind the general decline in fleet capacity, starting in
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about 1989. An apparent adjustment, at least partly including this diminution of the fleet, led to
sharply decreasing standard deviations after 1991. It cannot be ascertained if (in 1993) the
establishment of the group system had a word in this. Calculated in the same way standard deviation
for the PO Oost group was:
Table 6. Standard deviation of the return to labour per Group
PO Oost crew member (NLG)
1993

1994

78 400

59 600

The level appeared to be substantially higher that that of the LEI-DLO panel. One of the reasons
for this is clearly that in the PO Oost group several vessels only sailed during a part of the year
(mostly caused by fleet mutations like replacement of vessels). In the LEI-DLO panel only full year
sailing vessels are represented for reasons of comparability. If only with regard of PO Oost full year
sailing vessels are included in the calculation the figures are 44 800 and 45 900 NLG respectively.
And then they are very much in line with the general level.
Furthermore variations within PO Oost, including vessels sailing only a part of the year, showed
a decline from 1993 to 1994. This development cannot be attributed to a changing fleet as the size and
structure of this PO remained grossly the same, and also the number of vessels not sailing the full year
was about the same. The PO Oost members as a whole probably needed a year to adjust to the new
situation (namely liberal possibilities to exchange quota), as the full year sailing fleet was already in
the course of adjustment in 1993. Probably they did a good job utilising the opportunity of intra-trade
of ITQs to make the most of these quota. It must be said that quota costs (net cost of individual quota:
interest on the value of quota owned plus cost of hiring extra quota, minus proceeds of quota hired
out) increases income differences. Without quota costs the standard deviation (of all vessels) should
be 55 300 and 56 000 NLG respectively (naturally at higher average income levels).
It can be concluded (for the whole cutter fleet as well as for the case study producers'
organisation) that up to now there is some evidence that the establishment of the groups did diminish
income differences in a certain way. It seems that one of the purposes of the group system, namely to
give room to a more efficient use of fishing rights, did so with regard of the average level. On top of
that regarding incomes on individual vessels the system does also seem to benefit the 'have-nots' to
some extent. By the figures one may suppose that intra-trade of ITQs, be it executed on an exclusively
commercial basis, still created some convergence. In this aspect the fishers, still acting individually,
did experience some mutual interests within the producers' organisations. This is the more striking as
there is no evidence that the producers' organisations as a whole (or their management) have
intervened, for instance by influencing ITQ rent prices or by influencing the direction of ITQ shifts.
This supposition is corroborated by the judgement of group managers and other experts.
However, there still exist rather wide income differences within the cutter fishery. Especially
within PO Oost in 1994 incomes grew wider apart. As the cost of acquiring vessel and fishing rights
generally is prohibitive for newcomers in the trade in the future one may expect a concentration of
these rights to the 'haves' out of the hands of the 'have nots'. Which effect this will have on fleet
capacity is yet unclear. It is conceivable that in the course of years some of the vessels generating low
incomes will stop activities, especially in times the general level of incomes is relatively low. As the
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fishing rights (individual quota, days at sea, HP-licenses) will be taken over by prosperous enterprises
eventually new vessels could appear within those enterprises and a return to the present-day number
of vessels is not unlikely, especially in times of improving general income levels.
Summary of conclusions
Government as well as fishers are rather positive on the functioning of the co-management
system. However, it should be taken into account that circumstances were rather favourable due to
relatively high quota and low catches. Because of the latter we are unable to pronounce upon whether
the co-management system prevents exceeding of quota. The motives to join groups (flexibility in
renting and hiring of quota as well as more days at sea) also seem to be motives to stay in the groups.
Since the implementation of the co-management system, the sector still adhered to the quota as a
whole and fleet capacity did not increase. One easily gets the impression that the group management
system at least helped in consolidating levels of input and output resulting from the management
structures in the years preceding its establishment. In this way, the group system seems to have had a
stabilising effect on the cutter sector. In 1994, the share of quota that was used rose, and this
development was accompanied by an increasing use of the vessels. It is conceivable that the
liberalisation of intra-trade of individual quota (and days at sea attributed to those individual quota)
within the groups has contributed to that development. It may be concluded that on the one side the
fleet as a whole fished well within the quota framework, and, on the other side that the fleet succeeded
in a more economic usage of the quota.
The establishment of the groups did diminish income differences in a certain way. It seems that
one of the purposes of the group system, namely to give room to a more efficient use of fishing rights,
did so with regard to the average level. But regarding incomes on individual vessels, the system seems
to benefit the 'have-nots' only partly. From the figures one may infer that intra-trade of ITQs occurs
exclusively on a commercial basis, but there is evidence that this trade contributed to a more equal
distribution of fishing rights and therefore of incomes. In this aspect the fishers experienced some
converging interests within groups, while still acting individually. Income differences still are notable.
The groups themselves as a whole (or their management) have not yet intervened, for instance by
influencing ITQ rent prices or the flow of intra-trade. This supposition is corroborated by the
judgement of group managers and other experts.
As the cost of acquiring vessel and fishing rights generally is prohibitive for newcomers in the
trade one can still expect a concentration of these rights to the 'haves' out of the hands of the 'have
nots' in the future. The effect this will have on fleet capacity is yet unclear. It is conceivable that in the
course of years, a number of low income generating vessels will stop activities, especially at times in
which the general level of incomes is relatively low. As the fishing rights (individual quota, days at
sea, hp-licenses) will be taken over by prosperous enterprises an eventual increase of the number of
vessels within those enterprises is not unlikely, especially at times of general growing income levels.
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THE NETHERLANDS: FROM ITQ TO CO-MANAGEMENT
COMPARING THE USEFULNESS OF MARKETS AND CO-MANAGEMENT
ILLUSTRATED BY THE DUTCH FLATFISH SECTOR36

Wim Dubbink & Martijn van Vliet
Erasmus University Rotterdam
Rotterdam School of Management
I. Introduction
Both in economics and management-studies, fisheries are often considered to be an outstanding
example showing the problems related to a sustainable use of renewable natural resources. The basic
problems are, of course, the threat to over-exploitation of the resource and the over-expansion of the
fishing fleet; alternatively called the biological and the economic problem. (Pearse, 1994) Although
scientists differ as to the causes of and solutions to these threats, there is one thing all agree upon: the
need for regulation of the fisheries.
The everyday practice in fisheries in modern western countries affirms the correctness of this
consensus. Learned by experience, fisheries are regulated everywhere. The insight that fish are prone
to overfishing has actually come to man a long time ago. Fisheries regulations go at least as far back
as the Middle Ages.
The only exception to this rule are the offshore fisheries. For a long time is was doubted whether
the stocks at sea could be overfished. Even at the beginning of the twentieth century, scientists as
serious as Alfred Marshall were not sure.
"In river-fisheries, the extra returns to additional applications of capital and labour shows a
rapid diminution. As to the sea, opinions differ. Its volume is vast, and fish are very prolific;
and some think that a practically unlimited supply can be drawn from the sea by man without
appreciably affecting the numbers that remain there; or in other words, that the law of
diminishing returns scarcely applies at all to sea-fisheries: while others think that experience
shows a falling off in the productiveness of those fisheries that have been vigorously worked,
especially by steam trawlers. The question is an important one, for the future population of
the world will be appreciably affected as regards both quantity and quality, by the available
supply of fish." (Marshall, A. (1920) book IV. Chapter III, paragraph 7)
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The case-study included in this paper builds further upon a report in commision of the Ministry of
Agriculture, Nature Conservation and Fishery, Fisheries Directorate, the Netherlands: Dubbink, W., J.W. van
der Schans, L.M. van Vliet,1994, "Vissen is veel meer een berekening geworden, maar nog niet al mijn
collega's zijn zich hiervan bewust" (transl.: Fishing has become a rational calculation, but not all my
colleagues are aware of it yet). Rotterdam, Erasmus University .
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Nowadays we are sure. But this knowledge has not brought us much relief. A new - and perhaps
even more urgent - question has popped up: how can we regulate the fisheries in an adequate manner;
what is a good management-regime; or, as formulated in the (revised) framework for this expert
group: "What works and does not work under specific circumstances?"
The need to find an answer to this question, is being spurred by the fact that the fisheries in the
twentieth century are struck by two crises. The first crisis is the crisis of stock conservation and overexpansion, as nicely depicted by Pearse:
Today, however, the regulatory regimes of major fishing nations are in turmoil. Viewed in
historical perspective, the trouble appears as a crisis that was inevitable, sooner or later,
given ever-expanding demands on the oceans' limited natural resources. It is a crisis marked
by overexploitation and depressed stocks, continuing expansion of fishing power, advancing
technologies for finding and catching fish, and competition among fishing nations and fishing
groups over harvesting rights.(Pearse, 1994)
The second crisis is the crisis of governability. Somehow, governments almost everywhere run
into trouble while managing fisheries. Despite sometimes putting in an enormous amount of effort to
conserve the stocks, they rarely succeed in achieving this.
Particularly, this second crisis is reflected at a theoretical level in the social sciences. Many
scientists in fisheries management and elsewhere, try to cope with ungovernamentabily on a
theoretical level. The starting point of these analysis often is a close scrutiny of the command and
control regime. If a governmental structure is organised in that way, society tries to regulate processes
by means of a central government that operates by legal and administrative instruments.
Governmental structures are mostly organised in this way. The fisheries provide an example. Fisheries
are mostly regulated by legal and administrative measures that decide when, how and where fishing
activities are allowed.
In-and outside of fisheries management-studies, this way of organising (government) regulation
is believed to be outdated and inadequate for a complex modern world (Stone, 1975; Kooiman, 1993)
They believe that the overtly familiar problems of compliance, implementation and control can be
linked to this circumstance.
Debates and scientific programmes therefore, focus upon finding new ways to organise
government, and dealing with collective problems. In fisheries studies, and elsewhere, two new
regimes have come to the fore. They stand out as the most serious challengers to the crown, which is
still firmly in the hands of the command-and-control regime. The first pretender is the market-based
regime. Its advocates suggest that the government should make use of the market-mechanism as much
as possible by creating markets or market-conditions (Dales, 1968; Schelling, 1983; Norton, 1984;
Pearse, 1994).
The second pretender is a co-management regime. Advocates of co-management hold that
government should not try to do the job alone. Some responsibility for collective problem solving
should be transferred to user groups and/or other civilians (Dryzek, 1989; Weale, 1992; Kooiman,
1993: Pinkerton, 1989; Jentoft, 1995).
Many scientists picture that a transformation of government towards a market-based regime
stands the best chances of success. The arguments in favour of this seem to be very compelling. It can
be proven by deductive reasoning from standard economic assumptions that the deployment of a
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market-based regime will result in the desired social outcome. That this transformation has not taken
place by now, can, according to the most declared supporters of market based regimes, only be
explained by the fact that the advocates have not managed to get their message across; or their
audience is perversely or irrationally predisposed against their ideas; or there is some other removable
impediment to the initiation of wise policies. (Schelling, 1983) Other scientists claim that the 'lacking
enthusiasm' for market-based regimes proves that governments are acting irrationally or are being
'controlled by lobbies'.
Advocates of co-management cannot boast upon such theoretically compelling arguments.
Actually, the case for co-management seems to be rather weak. Co-management starts from the
assumption that man is able and willing to take some public responsibility. This is not a very
compelling idea, especially not with regard to market societies, in which the idea of limited
responsibility is firmly embedded.
Although market-based regimes are theoretically strong, they are not as popular in actual practice
as might be expected. Politicians and public officials seem to be holding tight to command-andcontrol regulation. If changes are made, many governments and administrations opt for a change
towards co-management. Besides, in some countries fisheries management can boast upon a long and
well-received tradition of co-management and user-participation (Jentoft, 1986, Jentoft & McCay,
1995).
Thus, theory and practice seem to be in a paradoxical relation. Market-based regimes are
supposed to be theoretically stronger than co-management, but in practice co-management is often
opted for. In this paper we would like to shed some light on this paradox, and to keep in style, the
paradox will be analysed, both on a practical and at a theoretical level. At the practical level, the
Dutch fisheries policies will be analysed during the last quarter of the twentieth century (Section III).
This period is particularly interesting, because the Dutch government, having embraced a marketbased regime in the eighties, has recently made a theoretically 'unwarranted' shift towards the so37
called Biesheuvel-policy. This new policy can be looked upon as a first step towards co-management.
On the basis of this case-study, we will analyse the theoretical strengths and weaknesses of marketbased regimes and co-management (Section IV). First however we will compare the market-based and
co-management regimes more extensively on a descriptive level (Section II).
II. Comparing the regimes
Market-based and co-management regimes are alternative solutions to the problems of
ungovernability that plague the public authorities nowadays. The fisheries provide us with only one
sad example. For the purpose of our comparison, it is instructive to differentiate between two levels of
analysis. At the first level we analyse the regimes in terms of its assumptions about the organisation
of society; the second level of analysis is concerned with assumptions about the instruments the
government should employ in trying to attain its goals.
Since discussions about regimes so often take their starting-point in a criticism of command-andcontrol regimes, this regime will here be taken as a gauge. The main ideas behind it will shortly be
37

Rapport van de stuurgroep Biesheuvel, Beheerst vissen. Voorstellen voor een planning van de
visvangst, gebaseerd op samenwerking tussen aanvoerders, handelaren, verwerkers en overheid. Rijswijk,
1992.
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described. At the first, organisational level, command-and-control regimes make a sharp distinction
between civic society (including the market) and government. The latter part of society is almost
38
solely made responsible for the achievement of all public goals. It is also believed that the
government is legitimised and potentially able to regulate the civic society within the limits set by the
constitution and other principles cherished by western society, provided this is considered to be
necessary from a joint, public perspective.
At the second instrumental level, command-and control-regimes hold the assumption that
government should operate by making use of legal and administrative means - such as licences and
laws - that can constrain and guide individual action. These means are backed up by the threat of
force, which the government can rely upon, to correct any foolhardy, lawbreaking citizen.
Market-based regimes
The advocates of market-based regimes locate a main cause for the problems of governability at
the instrumental level. In their opinion, governments often use the wrong instruments to tackle public
problems. To understand the reasoning that leads to this conclusion, we have to lay out the
fundamentals behind the advocacy of market-based regimes. Their proponents assume that public
39
problems often arise from 'market failure'. (Baumol and Oates, 1975; Pearce and Turner, 1990).
'Market failure is said to occur when the price mechanism or the market system, the so-called
invisible hand, fails to bring about a social optimum' (Tisdell, 1993). The reason behind market
failure is that individuals are induced to behave in a way that does not contribute to the social
optimum; the incentive structure being such, that private and public interest diverge. This line of
reasoning is very familiar to the fisheries. The problems related to the fisheries are often
conceptualised as market failure. (Gordon, 1954; Neher, 1988)
If we accept the proposition that 'market failure' lies at the base of government failure, the
continuing problems of command-and-control regimes can be eloquently explained. Governments
organised as command-and-control regimes usually try to correct market failures by legal and
administrative measures. These measures do not dissolve the market imperfection. The divergence
between private and public interest does therefore not diminish. Governments have to put in an
enormous effort to steer unwilling subjects.
According to advocates of market-based regimes, it would be a much wiser strategy of
government to change the incentive structure in such a way that private and public interest would be
reconciled. The workings of the perfect market should be restored. This clearly is a superior strategy
to any command-and-control legislation. When the market is restored, we make use of the self-interest
of people in implementing public policy. The government will then have a much easier task.
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To be more precise: the government is made responsible for the public goals that are not provided
by the market. The market also provides public benefits, especially with regard to the material reproduction of
society. Peculiar of these public benefits is that they are brought about unintentionally, by the workings of the
socalled invisible hand.
39

This is not to say that advocates of market based regimes fully concentrate on this. 'State failure' is
also a dominant theme. (Anderson, 1994) But this shade does not basically alter the argument here. What is
more: the idea of state-failure is not a dominant theme in fisheries, upon which we focus here.
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Restoring the market might be accomplished in two related ways. (1) If possible, the government
could try to re-establish the formal institutional conditions of a perfect market, for example by
restoring perfect competition or extending the rights to private property. (2) If this is not attainable, it
could make use of its power to levy taxes or give subsidies, and thus 'place extraordinary
encouragements or extraordinary restraints upon investment in (a certain) field' (Pigou, 1935). This
second strategy is also preferable if the establishment of perfect market conditions would not produce
40
the social optimum.
Thomas Schelling quite nicely sums up the ideas behind market-based regimes: "Activities that
impinge on the environment are regarded by (advocates of market-based regimes) as activities that
are, but need not be, external to the economic system - outside the market, unpriced, unowned,
unmeasured, and not accounted for by those whose activity does the impinging. The impact is an
economic 'output' that differs from other outputs in not being comprised within private transactions.
(Advocates of market-based regimes) recognise that there are problems in bringing these activities
within the realm of economic accountability, but usually expect the problems to be solvable and do
not see why the activities should not be subject to economic principles." (Schelling, 1983)
If an advocate of a market-based regime would look at the fisheries, the lack of property rights
would strike him as a clear market imperfection. As a consequence, the crisis of governability that
currently harasses the fisheries would hardly surprise him. Fishery economists, who usually advocate
market-based regimes, have indeed analysed the situation in the fisheries precisely according to these
lines (Gordon, 1953; Cunningham, 1985; S. Pearse, 1994).
According to the assumptions behind market-based regimes, the restoration of the market is the
best answer to any market imperfection. This explains why ITQs are so popular with fisheries
economists. ITQs can be looked upon as a first, but major step towards individual property rights
(Pearse, 1994). ITQs therefore, help to restore the ideal workings of the market mechanism, thereby
assailing the problems of governability at its root.
This is not to say that advocates of market based regimes believe that the introduction of ITQs,
just by themselves would solve all the problems of the fisheries "Even quota licenses fall well short of
40

The proposition that the second strategy is also adequate if the problem cannot be solved by the
perfect workings of the market, might be a bit confusing, since it was assumed that a perfect market is a
warrant for a well organized society. Reconstructiong the arguments of advocates of market-based regimes
always is a bit troublesome, though. The advocates use the concept of 'a market failure' is someshat confused
way. There are four different constellations that all go under the name of a market failure. (1) Firstly, a market
failure is a problem that is caused by the fact that the real world can not meet the conditions of a perfect
market. (2) Secondly, market failures are problems that arise in a perfect market (3) Thirdly, market failures
constitute societal problems that society has to meet anyway, whether the market works perfect or not. (4)
Fourthly, market-failure are problems releated to goals that the market should meet, but is not able to.
Respective examples are: problems with common property or monopoly; the underproduction of collective
goods; defence or redistribution; and problems with innovation.
What this makes clear, is that some market failures may be present in a perfect market. That is why
we had to add the qualification about the second strategy also being prefeable is the market does not bring any
consolation. The fact that advocates of market based regimes give different meanings to the concept of a
market imperfection, and that they do so in a confusing way, does of course pose a first rank methodological
problem. If, for example we think that is a problem is caused by the perfect workings of the market, we should
not strenghen the workings of the market ever more. We will neglact this problem in this paper as far as
possible. We will only note that, in the fisheries the most dominant meaning given is in accord with the first
definition.
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complete or perfect property as defined by lawyers and economists, which requires that rights be
exclusive, perpetual, divisible and transferable, and convey all the economic benefits to its holder,
among other things. Most important, the holder of a quota does not have an exclusive right to a stock
of fish; he shares it with other quota holders" (Pearse, 1994). Two arguments can be detected here.
ITQs fall short of restoring full property rights. But even if they would not, it might be doubted
whether this would solve the problem, since the market might not be able to solve the problem
41
completely. The private owner of a quota still does not have a motive to conserve the stock.
Nevertheless, the case of the fishery economists' argument for ITQs constitutes a welcome
occasion to show the supposed advantages of a conversion towards a more market-based regime. Or to
be more precise, the degree to which ITQs do not manage to solve these problems is a measure of its
deviation of a real market based regime.
The fisheries are struggling with three problems: a biological, an economic and an
administrative one. The first is the (threat of) depletion of the fish stocks. The second is the overexpansion of the fishing fleets: "It is manifested in the waste of labour and capital in redundant
catching capacity, excessive costs, (and generally) depressed incomes..." (Pearse, 1994). The third,
administrative problem is the enormous involvement of modern governments in the fisheries.
Advocates of market-based regimes suppose that ITQs, especially if they are further evolved
towards real property rights, could solve all three problems to a considerable degree.
The biological problem will be alleviated to the degree that ITQs enable individuals to act as
private owners of a resource (who are supposed to have an interest in the conservation of the stock).
The economic problem will be softened so far as ITQs enable individuals to escape the prisonersdilemma, and decide independently when and how to apply and organise the available 'production
factors'. Furthermore, since the quota's are transferable, the market mechanism will stimulate that a
price is put on them, thereby inducing a trend by which quotas will be transferred from the least
efficient to the most efficient fisher. The administrative problem will also diminish, but to what extent
is hard to say. Even a perfectly organised market could not do without some administrative effort.
However, since the incentives to trespass the law, would become less irresistible, the effort would
considerably diminish in comparison with the present situation.
Co-management
Arguments in favour of co-management also start with criticising command-and-control
42
regimes. But whereas advocates of a market-based regime point at difficulties at the instrumental
level; do advocates of co-management focus at the organisational level.
The latter consider the fact that governance is mainly organised at the macro-level of statebureaucracy a main cause for the problems surrounding public policies. The meso-level, the level of
41

See footnote three.
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We think that the term 'co-management' is not interchangable with the concept of a 'communitybased regime', although there are, of course, important links between the two ideas. The difference between
these two concepts hinges on the role of government. In a co-management regime some responsibility and
some tasks are transferred. In a community-based regime communities are made the centre from which
regulation should materialize.
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civic and private organisations, is presently hardly made relevant for governance. The micro-level of
the individual or the individual firm is only passively involved, as the executor of state-regulations.
This vacuum at both levels is, according to the advocates of co-management, an open invitation
to implementation and compliance problems. Provided the government is not some sort of Godlike
43
institution that has perfect knowledge, perfect judgement and perfect power all at the same time.
Since we know that the state is far from being perfect, we can be sure that the institutional neglect of
the meso- and micro-level within current governance regimes will cause serious trouble.
The solution that co-management offers to problems of governance reflects its organisational
focus: to solve the problems of command-and-control regimes, the structure of governance has to be
changed. Central to the idea of co-governance is that the meso-level and micro-level of society should
participate significantly in governing. Citizens and 'stockholders' should more actively be involved in
the formulation and implementation of public policies. The term co-management directly refers to
these organisational changes that need to be made. The government should not govern alone.
Organisations and individuals at the neglected levels should take their share.
Co-management implies a less legalistic approach of governing at the micro-level, leaving more
discretion to individuals and firms to adapt their conduct to 'the spirit of some public policy'.
Advocates of co-management do not consider this to be a naive point of view. On the contrary, they
assume their approach to be built upon the very realistic idea that for one reason or another many
regulations actually stay a dead letter, since they cannot be enforced at the micro-level. At least not in
the way, the government meant them to function (Stone, 1975; Mainz, 1976; Kagan and Bardach,
1976: Maus, 1994).
Moreover, the advocates of co-management make the less legalistic approach at the micro-level
dependant upon more important changes at the meso-level of society. Here an institutional structure
needs to be built up where industries, the government and representatives of citizen groups deliberate
and negotiate about public policies. The emphasis put upon the importance of strengthening the mesolevel of governance is actually one of the fundamental differences between co-management and
strategies like 'deregulation'. Co-management proponents do not believe that 'self governance' and less
explicit legislation can have any meaningful impact in case the meso-level remains neglected. There is
too much need for co-ordination in modern society and far too little freedom of movement for an
individual acting on the market.
There is some difference of opinion with regard to the layout of the governance structure at the
meso-level. Some assume that co-management is nothing but building up organisations in which
government and representatives of industry negotiate about public policy. This does not seem
appropriate. The consequences of a public policy or an industrial activity are relevant for many
citizens, industries and stockholders at the same time. In the event that co-management arrangements
are reduced to a bargaining process between government and representatives of industry, it misses the
mark.
Advocates of co-management lay great stress on the need for rearranging the organisational
structure of governance. But this regime would be misunderstood, if it were exclusively interpreted as
an organisational face-lift. Co-management arrangements stand or fall with the idea that (if proper
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And even God would be having trouble combining all these qualities all at the same time, as any
theologian would point out.
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institutional provisions are taken care of) the deliberation and negotiation at the meso-level can be
more than some bargaining process in which the negotiating powers hold the pistol against each
other's heads. The implementation of co-management therefore requires a change of attitude among
participants. Both the regulator and the regulated have to operate more on the basis of mutual trust.
Otherwise, discretion could impossibly be given to business. This is why many co-management
proponents take ideas about the possibilities of 'communicative rationality' and 'social control' more
seriously than hard-boiled realists would (see Dryzek, 1987).
Its advocates claim that co-management has some great advantages over a command-and-control
regime. Because it is less legalistic and involves the micro - and meso-level of government, it is said
to be much more able to adapt to complexity, dynamics and diversity of governance in modern
society. Besides that, it can be assumed that co-management will heighten the legitimacy of
government (Kooiman, 1993; Jentoft, 1995). This will both augment the compliance to present rules
and diminish the number of clumsy future rules, for individuals at the micro-level will be more
involved.
All in all, advocates of co-management assume that the mentioned three problems of the fisheries
could much more easily be solved in a co-management structure. The clearly better structure will
ensure that rules will be made in such a way that the biological and economic problems will be
tackled. It can also be assumed that co-management will reduce the governmental 'overload', for the
government has better rules and enjoys a higher degree of legitimacy.
The biggest disadvantage associated with co-management is that some businesses or industries
will only exploit the new structure for their own narrowly defined short-term interests. If it will be
impossible to stop these 'bad apples', (Bardach, 1976) the government will be forced to return to
command-and-control regulations.
Co-management and market-based systems compared
Now that the essentials are laid bare, we can try to compare market-based and co-management
regimes. Making a comparison is a complex matter. Firstly because we will mainly focus upon
implicit assumptions, made by the advocates of the alternative regimes. A second aspect that
complicates the comparison, is that the two regimes do not oppose to each other in a radical way.
Strange as it might be, advocates of the two regimes will sometimes make the same suggestions.
Fisheries provide an example. That ITQs are strongly linked to a market-based regime for example,
does not suggest that co-management proponents could not imagine themselves working with this
instrument. Given the disastrous situation of the fisheries in many countries nowadays, most
advocates would probably approve of some form of individually controlled output, such as ITQs.
Advocates of market-based regimes on the other hand, might realise that co-operation among fishers
and between government and fishers is a prerequisite to good resource management nowadays
(Pearse, 1994).
The reason why we cannot exclude the possibility that the suggestions made by the two regimes
could converge in practice, is linked to the first main difference. Market-based regimes diagnose the
problems connected with command-and-control at the instrumental level; whereas co-management
diagnoses these same problems at the organisational level.
The differing diagnoses determine their distinctive relationship to the command-and-control
regime. Neither market-based nor co-management regimes oppose this regime on all points. Market184

based regimes implicitly share three important ideas with command-and-control. Firstly, both regimes
believe that the responsibility for solving public problems resides with the government (whether it
makes use of the market or not). Secondly both hold the idea that citizens have a limited
responsibility. Thirdly both regimes agree to the assumption that the government is potentially able
to enforce itself on civic society.
Co-management shares some other ideas with the command-and control regime. One is the idea
that legitimacy is an important aspect of government. Second and related to this, is the idea that the
need for legitimacy binds governmental action to all kinds of procedural rules, which at first glance
seem inefficient and bureaucratic. Put in somewhat broader perspective the similarities may be
summed up by saying that command-and-control and co-management share the idea that people are
not just economic man, but citizens as well.
The second and main difference between market-based regimes and co-management is that
advocates of the regimes start from two quite different perspectives on governance, society and man.
Advocates of market-based regimes conceptualise 'man' as an economic actor, and society
44
(mainly) as a market ; both in an empirical and a normative sense. This means that man is and should
be an economic actor (insofar as he actually is not), and correspondingly that society is and should be
a market (in so far as it is not so in practice).
This perspective on man and society induces a strong tendency to describe any problem that
might occur as a market failure. It induces an even stronger tendency to suggest 'restoration of the
market' as a solution to any problem.
Advocates of co-management conceive of man as something more than an economic actor.
People are also fathers, mothers, friends and citizens, to name just a few important roles. All these
roles can not meaningfully be reduced within the concept of economic man. Society is also regarded
as something more than a market. Modern society is conceived of as differentiated in various spheres,
of which the market only constitutes one.
Because of its different conceptualisations of man and society, co-management has no tendency
to describe problems as market failure. Trouble might be caused in various ways. Furthermore, there
is no tendency to suggest restoration of the market as a prima facie right solution. Society is much
more than a market. Thus reconstructing society as if it were a market would solve some problems,
but create many others.
A third major difference between market based regimes and co-management is related to the
second. Advocates of market based regimes usually asses the government only with regard to its
efficiency and effectiveness. They define (multiple) goals and search for the most cost-effective way
to achieve them.
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Many advocates often rebut this suggestion by claiming that they know that man is actually
something else than an economic actor. They only conceptualize him as such because it is useful in science.
Since we analyze their scientific work, not their private opinions, we do not consider this an adequate rebuttal,
the more so since almost never the consequences of this rebuttal are made relevant to their theories. The
relation between man as a 'real' man and the economic actor are hardly ever made into a problem. The
relation between reality and the model stay undiscussed.
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Advocates of co-management believe that the government also has important procedural goals to
attain, since the government is in constant need to legitimise itself. The need for legitimacy -that can
be traced to the idea that people are citizens, next to economic actors- places all kinds of 'obstacles' to
efficient and effective government performance. Still it is thought to be unwise to neglect the
procedural goals. Government can not function without being considered as legitimate by its citizens.
In fact, In fact the lack of legitimacy is considered to be one of the major causes for the problems of
ungovernability by advocates of co-management. (Jentoft, 1995).
At this point one might wonder why we take such great pains to compare market based regimes
and co-management, if both regimes converge in the fisheries practice nowadays. Many advocates of
market based regimes declare that co-operation between fishers, and between fishers and the
government is a prerequisite to any solution to the problems of the fisheries (Pearse, 1995) Advocates
of co-management on the other hand, never fundamentally resisted to individually assigned quota's,
since their main policy suggestions are not aimed so directly at the instrumental level.
Nevertheless, we still think it is necessary to analyse the differences between market based
regimes and co-management. The current complementary trend will not last in our opinion. This is
not to say that Pearse does not have a point when he claims that the debate between market based
solutions and co-management is often 'misdirected' (Pearse, 1995).
But we should not assimilate the regimes to easily. How much they actually differ becomes clear
if we compare their opinion of what would constitute a 'perfect solution' to the problems of the
fisheries. This is not some far fetched theoretical point. Because of their different ideals, both
approaches will come up with different suggestions as to how market based ideas and ideas about comanagement will have to be harmonised in practice. For the image of 'the perfect solution' functions
as a yardstick by which concrete situations and concrete suggestions are evaluated in practice.
This argument can be nicely illustrated by analysing Pearses' view on harmonising ITQs and comanagement. Pearse, who by and large can be described as an advocate of market based solutions
explicitly tries to integrate both approaches (Pearse, 1995). He states that most advocates of market
based solutions have come to the conclusion that any solution to the problems of the fisheries is
conditional upon co-operation and local involvement. He then sketches a sort of perfect situation, in
which on the one hand the problems of the fisheries are solved and in which on the other hand the
market solutions are reconciled with co-management. In this situation quotas have been more refined
as 'real' property rights. The fishers have become more like real owners, and co-operate with each
other on this basis, as an association of owners that are in need of each other because their properties
are somehow mixed up.
Typical about this image of the perfect solution is that the co-operation is made dependant upon
the refinement of property rights. Another typical aspect is that the meso-level only comes in as an
association of owners. Furthermore, the fishers in this image co-operate (only) to defend their private
interest as individuals.
All this makes clear that advocates of co-management and market based regimes do not aim at
the same perfect situation. Advocates of co-management do not make co-operation dependant of the
extension of property rights; nor do they assume that the fishers co-operate as if they were an
association of owners, who are forced to co-operate to defend their private interest. Perceived in this
Pearsean way, co-management has nothing to do with the delegation of public responsibilities, which
is so central to co-management.
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Since the 'perfect solutions' differ, both approaches will come up with different suggestions as to
how the present situation in the fisheries can be improved. Advocates of market based regimes will try
to restore the market and, if possible make some room for co-management. Advocates of comanagement will lay great stress on strengthening the meso-level of government and delegating
responsibilities in a thoughtful way. They will be sceptical about the strategy to take ITQs as a
starting point to restore the market more fully. Not because they are allergic to the idea to reconcile
the private and the public interest, but because they think that the problems of the fisheries can not be
reduced to a market-imperfection. Because of this different diagnose, they will be sceptical about
ideas to restore the market.
III. The Governance of the Dutch North Sea flatfish sector: ITQs, direct regulations and comanagement
After World War II, especially since the sixties, the Dutch North Sea fishing fleet has developed
rapidly: a small Wirtschaftswunder occurred. The growth of the sector was based upon a technical
innovation, the double beam trawl, which was introduced at the end of the fifties, and the developing
of an export market for flatfish. As a result, over the years the Dutch beam trawler fleet has
45
concentrated more-and-more on flatfish (sole and plaice). At present it is a small, but locally
important branch of industry with an important share in the Dutch agricultural export. This is not to
say that the development of this sector is not having its problems.
Until the late eighties the Dutch fleet was expanding, both in terms of HP-capacity, in supply of
fish (in kilos and in real value) and even in employment. With this performance the fleet distinguished
itself from the general trend in European fisheries on the Atlantic and the North Sea. It is clear from
46
the figures that the catch (in kilos) per HP has decreased rapidly in the period 1972-1991.
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Sole is far more exclusive, and therefore more expensive than plaice. In 1993 the mean price at the
auction for sole was 13,60 guilders against 3,20 guilders for plaice (per kg). However, there is a lot more
plaice to catch in the North Sea. There is a wide variation in the national plaice : sole quota ratio. Two
extremes are 1989 and 1995: respectively 10.0 sole versus 94.5 plaice and 22.2 versus 50.9 (million kg per
an.).
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See also W. Smit (1990, p. 89) who writes that the technical productivity in terms of catches per HP
in the period 1955-1985 has decreased with 60 percent.
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Table 1.

Number of cutters
Engine power of cutter
1
fleet (1000 HP)
Employment cutter fleet
Total proceeds value
(1993 prices)
Supply of sole and plaice
1
(1000 tonnes)
Gross proceeds demersal
species (current prices)

1972
600

1987
616

1991
512

1993
473

259
2 625

560
3 036

521
2 325

491
2 168

-

856
90

791
922

611
723

563

575

459

70
-

1. Supply-weight of flatfish in 1991.
2. Supply-value of plaice and sole in 1991.
3. Own calculation on the basis of year report produktschap (Dutch quota caught percentage for sole and plaice.
Source: On the basis of Pavel Salz, 1991. De Europese Atlantische Visserih, Structuur, economische situatie en
beleid. DDen Haag: LEI-DLO, afdeling Visserij, blz. 186, 187 and Country Report on Management Techniques, the
Netherlands (draft version, LEI-DLO, 1995.

The Dutch North Sea flatfish sector contains 473 beam trawlers (1993) that are specialised in
fishing sole and plaice on the North Sea. North Sea fishery on flatfish is regulated on the basis of the
European Union's Common Fisheries Policy (CFP) since 1983. The Netherlands hold a fair share of
the Total Allowable Catch (TAC). The TAC is yearly established within the European Union. On the
basis of its 'historical share' in the TAC and some trading, the Dutch beam trawler fleet controls 75%
of North Sea sole en 38% of North Sea plaice.
Since 1977, sole and plaice fishing rights are allocated to vessels in the Netherlands, based upon
a mix of historical performance and average performance of vessel capacity. At first quotas were
bound to vessels; later on they were made freely transferable, and they could be leased or sold. Since
then the Dutch quota-system very closely approximates the theoretical concept of an Individual
Transferable Quota system (De Wilde, 1993, p 1,2).
These quotas were approximately half the amount of what the fishers had caught in the last 'free'
years. Because fishers had heavily been investing in the fleet throughout these years, many fishers
faced a - sometimes enormous - discrepancy between their fishing rights and their fishing capacity:
they did not obtain/have quota rights for their new and bigger ships, ships which were financed on the
basis of easily accessible loans. As a result, fishers "felt on one shoulder the weight of their financial
burden and the banks that told them to keep on fishing, and on the other shoulder the hand of the
government that told them to quit fishing." Faced with this dilemma, most, if not all, of them decided
to go on fishing. Until the late eighties three factors enabled the fishers to land considerable quantities
of 'black' and 'grey' flatfish in addition to their legal quotas: 1. a weak monitoring and enforcement
policy; 2. low fines for detected violations; and 3. logistic and administrative help of the auctions.
Between 1977 and 1987, (one year after the introduction of the quota-system and against the
overall European trend) the beam trawler fleet had increased from 495 vessels/325000 hp to 616
vessels/560 000 hp (LEI, 1991). Although, as a result of illegal landings, statistical data are
incomplete, the real value of total landings is believed to have risen with 35% between 1972 and 1987
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(LEI, 1991). However, as shown above, the growth in weight of landings lagged behind the growth in
hp capacity.
The following factors stimulated the Dutch fishers to invest in the fleet over a longer period. This
resulted in the overall growth of the fleet, both before and after the installation of the quota regime.
− The development of a strong demand from abroad for 'Dutch' flatfish resulted in rising prices
and rising revenues. Without such a demand and the build-up of a rapid, efficient trade- and
marketing-channel, there would have been no need for such a voluminous fleet.
− Apparently, for several years ecological interactions in the North Sea did not work out that
negatively for the flatfish sector as the low Taco’s might suggest. In general, fishers blame this
on the unpredictability of the annual quantity of fish in the sea. The catch per HP constantly fell
since 1966. For a long period this was compensated by an increase in capacity. Generally, most
of the fishers agree with the view that the stocks can be overfished. At the same time, they have
serious doubts about the capability of biologists to make adequate predictions.
− Investments in fleet capacity and modernisation have been - whether deliberately or not stimulated by tax deduction schemes, investment premiums and improper use of decommission
schemes.
− Partly as a result of these conditions, banks discerned the fishing sector as a profitable business,
and decided therefore, to furnish fishers with favourable loans.
Confronted with these favourable circumstances and faced with uncertainty, both about the
amount of fish in the sea, government regulations and market conditions in the future, most fishers
considered having the biggest ship possible as the best guarantee for the continuation of their business
in the near and distant future.
During the eighties, the first obstacles for this growth path appeared. In 1983, the CFP came
officially into being, a policy which made the Dutch government responsible for quota compliance.
The ministry was obliged to close the fishery earlier in the year if there was proof that the national
quota had been caught, even in the event that individual fishers had some of their own quota left
(De Wilde, 1993). Since everyone knew that fishing could be closed any day, uncertainty spread. The
outcome, the fisher’s race for fish, became even more stimulated than before. That enforcement
regulations could easily be circumvented, made this even worse.
Halfway through the eighties there was a growing political concern about the non-compliance to
the quota-regulations. A growing awareness occurred that the involvement of the public authorities in
47
the continuation of illegal behaviour could no longer be tolerated. As a result monitoring and control
measures were extended. This resulted in increasing tensions between enforcement officers and
fishers. Over the years the Fisheries Directorate started to realise that the ITQ-system could not do the
job alone. The point of view, which is ascribed to a high civil servant within the Ministry of
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This paper does not deal with the political turmoil that was caused by the fishery sector in the
second half of the eighties. It finally led to the resignation of the Minister of Agriculture in september 1990.
Within the agricultural sector it is still seen as a traumatic experience that the (in the agricultural sector highly
respected) minister had to resign over an issue related to the relatively small fishery sector.
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Agriculture, that it was of no concern to the government if a fisher catches his quota with a 'Mercedes'
or a 'deux chevaux', did not hold in practice (De Wilde, 1993).
As a result, supplementary command-and-control measures were taken during these years. In
1985, a licensing system for the sector was introduced. Fishers received a license for a maximum
engine capacity. An old wish of a part of the fishery community was fulfilled in 1987 when a
maximum engine capacity of 2 000 hp for new ships was fixed. This meant that there was set a
maximum not only to the total fleet capacity, but to the individual vessel as well. Other capacityrelated measures included a days at-sea limitation (based upon the relation between individual vessel
capacity and catching rights) and a limit of the ship's beam width of maximally twelve meters (LEIcountry study). The exit options for vessels were enhanced by means of EC and Dutch decommission
grants.
The quotas became less the instrument to attain an objective, but more and more a yardstick to
control if other measures had functioned effectively.
As a result of these measures, quotas were less often exceeded. Fishers who did not have enough
ITQs, felt the necessity to buy extra rights or to finish their business. The end of the eighties was a
period with a high trading activity in quotas. They were transferred for prices far above the net present
value of future proceeds. On the whole, the measures resulted in a reduction in ships and in total
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capacity from 1988 onwards. In 1993, the beam trawler fleet was reduced to 473 vessels, 491 000 hp
capacity and 2 168 persons in 1993. The selling and buying of quota's and the total capacity reduction
led to a situation in which catching capacity and catching rights at the level of individual vessels were
more balanced.
Seen from the perspective of compliance to the quota-regulations, the policy measures in the
second half of the eighties can be seen as reasonably successful. The success cannot be accredited to
the policy measures alone. Other factors are the possibility for quota-hopping ('omvlaggen'),
especially to Great Britain. It is suggested that the HP reduction in the Netherlands is compensated by
the growth in Dutch vessels, fishing under the British flag and British regulations. This would imply
49
that there has been no real 'exit' out of the North Sea flat fishing sector.
Also in an political-administrative sense, the relative stability in the Dutch beam trawler sector
has it price. The disadvantages of the de facto command-and-control regime that was developed,
became clear to the Fisheries Directorate as well as to the fishers. On the one hand, the Fisheries
Directorate felt that it had become too highly involved in decision making processes that strictly
speaking belonged to the discretion of individual fishers or the fishery sector itself. on the other hand,
the fishery sector felt that they had lost control and the flexibility to react effectively on the changing
and in many ways unpredictable conditions at sea.
It is interesting to show the way the Fisheries Directorate analysed the situation in its 'structuurnota' of 1993. The Directorate recognised that the government had to bear the costs monetary and
otherwise, for the monitoring and enforcement of the quota-regulations that protected the economic
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The 1985 licensing system made it possible to obtain a license if there was a investment
commitment for a new ship. This escape clause resulted in a investment boom in 1987/1988.
49

Quota-hopping and/or omvlaggen is of great importance for the European North Sea flatfish policy
for two reasons. The first is that it has effects on the actual capacity that is fishing for flatfish on the North Sea.
In the second place, it puts pressure on the relative stability principle, one of the fundamentals of the CFP.
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position of the fishers. However, the fishers benefited and received the extra proceeds that were
created as a result of these regulations.
"The long term vision that forms the basis of economic fish conservation management
collides with the short term interests of the fishers (...) This directly results in a difficult
enforcement of the regulations. Enforcement-measures, however intensive, cannot offer
enough counterweight. The curious situation has come about wherein the government tries
to reach a sustainable, profitable fishery, while the fishery sector hardly wants to cooperate. One can observe that this situation exists since the first quota-regulations, based
upon the NEAFC-suggestions in 1975." (own translation structuurnota (1993) 42).
The Fisheries Directorate felt that it had become too involved in the management of the fisheries
sector. At the time the political-administrative stability had returned in the fishery sector, and the
balance between capacity and catching rights was re-established, the Ministry found the time ripe for a
re-allocation of management responsibilities in the fishery sector. The Ministry retrenched from the
micro-responsibilities it little by little had entangled itself into since the start of the quota-measures in
1976. For this reason a beginning was made with a co-management regime. Between the public
authorities and the individual fisher, fisher’s organisations were constructed. Their objective was to
take over some of the public responsibility for the management of the fisheries.
In 1992, a commission of representatives of the Ministry of Agriculture, the fishery sector and
the trading and processing industry developed a new management regime in which responsibilities for
the annual quota-management were transferred to eight 'management groups' consisting of 50 to 100
vessels. The 'Biesheuvel-regime', named after a former prime-minister who chaired the commission,
started in 1993 and had two objectives:
− Compliance with the EU quota-regulations in an effective and efficient way, and without
ongoing adversial relations between the fishery sector and public authorities.
− Improvement of the economic performance of the fishery sector within the limits set by the
quota-regulations.
The management groups are administered by a board, mainly consisting of fishers but chaired by
an independent chairman. The primary task of the management groups is to control the quota of their
members in a flexible way. Fishers were free to choose their group, or to stay out completely if they
wanted to. The groups are organised on the principle of membership, based upon regional or national
fisher’s organisations. Participation in a management group was stimulated by giving extra days-atsea to the groups. The groups are responsible for the division among their members. Within these
groups the individual fishers pool their individual quota and their days-at-sea. Fishers remain the
owners of their catching-rights and days-at-sea. Within the group they can easily and on short term
buy, sell or lease quotas and 'days-at-sea’, this in the event that they have a shortage or a surplus. In
this way the individual fishers gain more short term flexibility and have more options to react to
unexpected events. Fishers have to deliver a 'fish plan' to the board. The plan must show how they
want to spread there days-at-sea and their catches. Furthermore, group members have committed
themselves to sell their fish by auction only. The public character of the auction will ensure that
quantity and price of landed fish can be controlled at all times.
It was hoped that it would be possible to co-ordinate the fishing effort in such a way that the fish
landings would become more evenly spread over the year. A price-increase effect and higher, annual
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revenues were aimed at. Without co-ordination it often occurs that fishers supply an abundance of fish
in periods when demand is weak and vice versa.
Some steps are made in the direction of collective management within the fisher’s group.
However, government control is still strong. The Fisheries Directorate determines the conditions
under which the groups are allowed to manage their own affairs.
From the point of view of compliance, the new system gives cause for some satisfaction. Fishers
appreciate the increase in flexibility they have at present. Some of them feel that "fishing has become
a rational calculation". Fishing is no longer an activity under very uncertain circumstances, in which
fish must be caught as much and quickly as possible. They could begin to think about questions such
as: 'What is the best way to spread the catching of my individual quota over the year,' and 'How much
capacity do I need for my quota?' In a recent conference, which evaluated the new regime, it became
clear that fisher’s organisations appreciated their regained 'freedom within limits'. They did not want
to return to the strained relations as they were in the second half of the eighties. For the first time
since the start of the quota-regulations in 1976, there is administrative and political stability in and
around the sector. All the involved, important parties have an interest in supporting the new regime.
The Ministry of Agriculture, because it has kept fisheries issues off the political agenda for some
years now; the fishery sector because they are no longer considered as potential criminals; and the
enforcement agencies because they can do their job under less inimical circumstances.
However, there are some serious 'clouds in the sky' that could have a strong effect on the
Biesheuvel-regime.
Fishers were persuaded to participate in the new system with the prospect that the profitability of
the sector would increase under the new regime. This, in the first place, as the result of a better
average price. In practice neither the higher prices nor the increase in economic results occurred. For
various reasons, both the flatfish sector and the related industries are in an economic malaise and the
prospects for the coming years are bleak. The prices as well as the quantities of landed fish (especially
plaice) decreased, something which resulted in decreasing (real value) gross proceeds since 1987 (LEI
country report).
Two causes in particular are mentioned for the currently low prices. The first factor is the
influence of fish imported into Western Europe by the former Eastern block countries. The second
factor is that the prices of important substitutes, such as meat and chicken have also fallen in the
50
recent years.
As mentioned above, biologists argue that the low supply of fish is the result of the ample quotas
in the previous years. Some biologists cynically suggest that compliance and the politicaladministrative rest is bought off with far too lenient taco’s. This could have a very negative impact on
future proceeds. At present North Sea plaice is in a critical zone. That is why some biologists are
highly sceptical about a policy in which the government only holds the responsibility for stock
conservation (Corten, Visserijnieuws, 28 April 1995). Dutch fishers are gradually becoming aware of
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Fishers seem to give more attention to the first cause. Therefore they sometimes ask for a
'Rebuilding the Wall-Strategy' in order to protect them against Eastern European import. This strategy is not
very promising, since it does not reckon with other competing products. It is certainly not very consistent for
an export-oriented industry.
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this effect. Notwithstanding the serious reductions in the national quota for plaice since 1990, this
51
quota is not fully caught.
Since the Dutch fleet is highly specialised on sole and plaice, the fishers have not many
possibilities to switch over to other species. Because of the difficulties with 'finding the fish', it is
sometimes suggested that at present the most important management problem is the catching of too
much, relatively small, sole. Sole quota and catches have strongly increased in the first years of the
nineties and compensated for decreasing plaice-landings. However, as sole catches are now at or over
the top, fishers need to catch enough sole to keep their businesses going. In 1994, the landings of the
smallest class of sole was exceptionally high (although this could partly be explained by biological
factors, fishers themselves do not hesitate to point at illegal fishing methods). Beside long term effects
on the stock, LEI-economists K. Taal and Wil Smit have calculated that 35-55 million Dutch guilders
are lost (per annum) by preventing these small soles to grow first and catch them later (Visserijnieuws,
4/11/94).
IV. Analysing market-based regimes and co-management
In the previous sections we showed a strange paradox between theory and practice in the policy
sciences. Market based regimes are supposed to be theoretically stronger than co-management. But in
practice co-management is often opted for. The Dutch case illustrated the paradox on the practical
level. The Dutch introduced ITQs in the beginning of the eighties. The introduction of ITQs did not
become the starting point of a strategy to implement a market based regime. In the beginning of the
nineties a change was made towards co-management. In this section, we will try to dissolve the
paradox. We will try to construct some arguments that will theoretically downgrade market based
regimes a bit and upgrade co-management. The purpose of the argument is of course not to totally
renounce the usefulness of the market for policy-goals. The purpose of the argument is to show some
pitfalls in the market based perspective, that are often overlooked by its advocates and that, to our
opinion, seriously hamper the theoretical adequacy and practical usefulness of defences for market
based regimes.
Pitfalls in the theory behind market-regimes
Put in a nutshell, the advocates of market-based regimes claim that markets are a superior way to
achieve public goals, because private and public interest are reconciled on the market. The
government can therefore attain its goals in a much more efficient and effective way if it makes use of
the market. The applicability of this argument to the fisheries has been doubted by fisheries scientists,
such as J.A. Wilson (Wilson, 1982) . Wilson claims that in the case of the fisheries, 'real market
situation' can not be constructed. On the one hand, there is too much uncertainty, for example about
the biological state of the stocks of fish. On the other hand, the nature of the fisheries with its
inescapable common property elements, impede the construction of 'real property rights'. Wilson
suggests that because of these historical and unique characteristics, the market-based strategy might
not work well in the case of fisheries. Creating markets in the fisheries will only lead to an enormous
governmental exertion, that will be costly and ineffective.
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The Dutch plaice quota reached an all time high in 1989 with 94,5 million kilos, to be reduced step
by step to 51 million kilos in 1995. The uitputtingspercentage was in 1992, 1993, and 1994: 65%, 64% and
72% (jaarverslag produktschap 1993 en Visserijnieuws, 7 april 1995, p.3).
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The first theoretical consideration that we would like to lay at the doorstep of the advocates of
market based regimes links up with Wilsons' argument. Our point is that the advocates of market
based regimes insufficiently realise that the restoration of the market does not diminish, but only
shifts the need for governmental action. Unlike Wilson, we think that this problem of market based
regimes is not particular to the fisheries; nor do we think that it is an application problem. The market
and governmental regulation (the state) are theoretically linked in any situation. Both constitute the
two sides of one and the same coin.
The theoretical insight that a perfect market presupposes a perfect government, is often
overlooked by advocates of market based regimes. They tend to speak of the market and the
government as opposite ways to organise public policy. This idea is basic to their argument that the
government would be more efficient and effective, if it made more use of the market. But the creation
of markets would not diminish the task of government. It would only shift it. The government would
be saddled with the enormous job to reconcile the public and the private interest. As only the example
of market-imperfections makes clear, the market can not be conceived of as a sphere in which the
private and the public are naturally and automatically reconciled. The market can only work in a
benign way with the help of a autonomous actor, that constantly adapts the incentive structure of all
individuals.
Nowadays the government has great problems with compliance and implementation. In a market
based regime the government would be freed of these problems. But new and maybe even greater
problems would take over the empty space in a perfect market-based regime. There the government
would have the task to constantly reconcile the private and the public interest. This of course,
constitutes an enormous job. On the one hand the government would need full information of all
developments, and a perfect intelligence to interpret all this information in the right way. On the other
hand, the government will have to be so powerful, that it can constantly change and develop
institutions and tax-structures, in such a way that the private and public interest remain reconciled (at
least at an aggregated level). This means that market-based regimes are in fact less useful in repairing
the governmental crisis than it is supposed by its advocates. In a market based regime the government
will still be in crisis. But it will be a crisis of information, interpretation and reconstructing
institutions.
Wilson correctly points out that some 'traditional' advocates of market based regimes will reply
to this argument that it does not fit. In their eyes the constitution of property-rights will automatically
solve all economic and non-economic problems, that have something to do with the divergence of
private and public interest (Wilson (1982) 419).
Pearse and other advocates of market-based regimes, make it clear that this rebuttal is not only
traditional; it is also naive and harmful to the advocacy of using the market for governmental goals. It
creates a strawman, that can be easily criticised. Pearse notices correctly that not many advocates of
market-based regimes are this naive nowadays. No reasonable advocate considers a market that
satisfies the classical conditions for a perfect market such as perfect competition and private property,
a panacea against all public problems. Such a market might have great advantages, but it will not
solve all collective problems. Some 'market imperfections' might still be there, others might even be
aggravated. The government should therefore restructure the conditions of the market in such a way
that all problems are taken care of.
Pearse's comment mitigates the unfettered optimism of some advocates of property rights, and
thereby strengthens the case of the advocates of market based regimes. But his view also creates a
problem that is not well perceived by many advocates of market based regimes. If the government
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constantly has to intervene to reconcile the private and public interest in the market; the market in fact
becomes parasitic upon a very well organised government.
Other advocates of market-based regimes might reply to our argument that they have already met
with our objection. Studies by institutionalist, such as Hodgson (Hodgson, 1988) have made it clear to
them that the creation of markets does not in fact do away with all implementation and compliance
problems, and they have revised their theories accordingly (Wilson, 1982). We do not believe that this
argument suffices as a rebuttal to our argument. We do not only claim that there will still be a need
for a government in a perfect market, such as Hodgson does. The perfect market is in need of an
enormous government, although this government acts somewhat differently from the government as
we know it. Nowadays the government tries to conduct our behaviour 'at the end of the pipe'. In a
society in which the public and private interest do no longer divert, the government acts on a precautionary basis.
Related to the first theoretical weakness of market based regimes, there is a second one.
Advocates of market based regimes seem implicitly to be working with two different concepts of the
market. The market is conceptualised as a normative and an empirical concept at the same time. The
unexplained relationship between these two concepts generates a great tension in the theory behind
market based regimes.
As an empirical concept, the market denotes an empirical sphere in society, with definite
empirical characteristics, such as perfect competition, full information and exclusive, perpetual,
divisible and transferable property rights.
The empirical or descriptive use of the market is quite common and can be traced back to the
theories of Pareto and Walras. They used the concept of the market exactly in this empirical sense,
and claimed that any sphere, which fulfilled the empirical conditions of the perfect market, would
have the quality to transform the private interest into the public benefit (on the aggregated level).
Despite popular myths however, they did not, provide us with any historical or systematic evidence.
‘Walras realised that the theory, if it was to be maintained at all ... must be proved more
satisfactorily than has hitherto been done. "Il faudrait prouver que la libre concurrence procure le
maximum d' utilité". And this view was in fact the starting point of his own work in economics. It is
almost tragic, however that Walras, who was usually so acute and clear-headed, imagined that he
had found the rigorous proof, which he missed in contemporary defenders of the free trade dogma,
merely because he clothed in a mathematical formula the very arguments which he considered
insufficient when they were expressed in ordinary language' (Wicksel, 1934).
The idea that a sphere, fulfilling the empirical conditions formulated by Walras and Pareto will
automatically produce the public benefit, is no longer thought of as valid today. Pigou was one of the
first scientist who showed in a systematic way that a society that would organise itself according to
the advice delivered by Pareto and Walras, would plunge itself into misery, due to all kinds of
'market-imperfections' (Pigou, 1935).
Pigou did not use this insight however, to rid himself of the idea that markets produce the
general public benefit. In which case he would have concluded that, however socially benign the
market may be, we need other institutions as well for certain problems. Instead, he developed a new,
normative concept of the market. As a normative concept, the market denotes a sphere where the
private and public interest should be reconciled with regard to all possible problems. This means, that
when we use the concept of the market in a normative sense, we soak off its empirical characteristics.
We no longer have an prefabricated image of what a market looks like. Its empirical characteristics
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constantly change, because in history, our insights of what constitutes the public good change, as well
as the nature of the collective problems that we have to deal with. Pigou recognised this fact, for he
almost never uses the word 'market' in an empirical sense. He constantly speaks of regulating the
working of self-interest in socially benign ways.
Pigou (and other economists who lived at the beginning of this century) thus revolutionised the
concept of the market by transforming it from an empirical into a normative concept. As an empirical
concept it had definite characteristics; as a normative concept it had lost these. Instead, as a normative
concept the market becomes a sphere that must operate in a certain way, and if it does not so in
practice, we should change it in such a way that it does.
What this historical expose makes clear, is that the two conceptualisations of the market stand in
a tense relationship towards each other. We may use the concept in an normative sense, but then do
not know what characteristics the market should have in a certain historical situation. We may also
use the concept in an empirical sense, but then we can not claim that the market produces the public
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benefit .
The funny thing about modern advocates of market based regimes is that they use both
interpretations in an unclear manner at the same time. Pearse provides us with a good example. Pearse
often uses the concept of the market in an normative sense. "The challenge is to devise a system that
will make the incentives of those who have the right to fish converge with the public interest" (Pearse
(1995) 87) This is not some idiosyncratic dissipation of Pearse. The normative concept of the market
is very dominant, in fisheries related sciences as elsewhere. The whole idea of market-imperfection
refers to the normative concept.
As has been shown, if we use the market as a normative sense, the main question we have to
answer, becomes: what does this market look like, given our problem and our historical situation?
Answering this question is not an easy matter. It is in need of serious (historical) investigation. Pearse
(and the other advocates of market based regimes) however, is able to evade all these difficulties by
using the market in an empirical sense as well.
After he has traced the problems of the fisheries while using the concept in a normative sense, he
is able to give an easy solution by using the concept of the market in an empirical sense. For the
empirical concept denotes that markets always fulfil certain specific characteristics.
Theoretically this often taken step is not warranted. If we use the market in a normative sense,
we may not take a short cut to the empirical denotation. The two concepts do not refer to the same
thing. In fact, if we know one thing for sure, it is that the market as envisaged by Pareto and Walras
will not solve our problems. This very concept of the market is the one that forced Pigou and other to
develop the normative one.
Both these theoretical weaknesses force us to conclude that the market-based strategies are in fact
theoretically less strong than they are supposed to be. This conclusion should not be interpreted as a
total dismissal of the advocacy of using the market for the achievement of policy goals. Markets
sometimes are a good instrument. Our argument is directed against theoretical shortcuts and easy
solutions, that sometimes take hold of advocates of market based regimes. Its also an argument
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Even if Walras and Pareto had provided us with some proof. The collective problems of our time
(and accordingly our 'public benefit') are quite different from theirs.
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against the idea that the market is an all purpose-instrument, an idea that easily captures people if they
are caught by the all to convenient arguments of some advocates of market-based regimes.
The exposition of some weaknesses of market-based regimes is also not directed at It’s as an
instrument per se. Again, it is directed against the idea that the 'reconstruction of the market' will
solve all problems in the fisheries.
One argument in favour of co-management
The theoretical weaknesses that we have tried to produce, have already dissolved our paradox to
a certain extent. The paradox between theory and practice rests upon an overstated appreciation of the
theoretical strength of market-based regimes. If we take a close look, it does not seem to be so
superior. In order to dissolve the paradox even more, we will show that there are in fact some strong
arguments in favour of co-management. The length of the paper forces us to keep this elaboration
short.
At the beginning of this paper, we noticed that the crisis in the fisheries is an expression of a
more general crisis of governability that hampers the modern society. Many social scientists have
devoted their attention to this problem, from public administration to political philosophy (Stone,
1975; Mainz, 1976; Pressman, 1977; Drazyk, 1987; De Swaan, 1989; Maus, 1993)
The analyses of all these scientist differ on many aspects. But there are some common
denominators as well.
One of these common denominators is that the function of government has changed since the
beginnings of modernity. The state has become much more involved in and entangled with society.
The state has become an achievement state. This transformation of the state seems irreversible to a
great extent, since these changed are linked to the changing nature of collective problems.
A second common denominator is that the law has its shortcomings in the achievement state. The
law is a limited instrument, especially on the micro-level where the law often is too tight or too loose.
Often the law is ridiculous, because their are so many laws that constantly change.
A third common denominator is that the legitimacy of the government is a major problem in
modern society. Some of the reasons for its lack of legitimacy are its ineffectiveness and inability, its
half-heartedness, its seemingly unnecessary bureaucratic performance, and the distance that has grown
between the citizen and the public authorities,
A fourth common denominator reads that all this does not imply that the government should beat
the retreat. That will not solve the collective problems of modern society. New ways and strategies
have to be found to cope with the need for regulation.
Co-management does not cut a poor figure in the face of these common denominators. One of
the leading ideas behind it is that the meso-level of society has to reactivated again, and that a less
legalistic way of governing has to be found. Both these ideas fit very well to the idea that the law has
its limits. Furthermore, co-management also considers the lack of legitimacy as a serious problem,
and explicitly tries to tackle it by involving citizens and stake-holders by the formulation and
implementation of public policy.
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V. Summary: the future of co-management
The crisis in the fisheries is here analysed as a crisis of governability that is not particular to that
sector. Ungovernability is a more general phenomenon in western society. The governmental crisis
seems to linked up with the fact that the governments are currently structured as command-and control
regimes, both with regard to its organisation and instruments.
Market based regimes and co-management are two regimes that are often put forward as
alternatives to command-and-control. The fisheries are no exception to that rule. Market-based
regimes and co-management are strongly debated here. As everywhere, the comparison between the
two is a difficult matter, since market-based regimes focus on the instrumental level and comanagement on the organisational level.
With regard to this comparison a paradox was formulated. Market-based regimes seem to be
theoretically very strong. The arguments in favour of it are often called compelling. The theoretical
back-up of co-management does not seem to be that strong at first hand. The ideas of transferring
responsibility is easily interpreted as an excuse for weak government. In practice however, comanagement is often opted for and the experiences are not at all bad. The Dutch case has been
analysed as an illustration.
In the latter part of the paper, the paradox has been resolved, by showing that we can challenge
the theoretical wisdom of market-based regimes and give some good arguments in favour of comanagement.
The theoretical upgrading of co-management buttresses the recent Dutch shift of policy. At the
same time it confronts us with the question how we can enlarge the co-management regime in the
fisheries. Two questions should be separated here. First, we have to consider the question how the
Dutch Biesheuvel-policy can be improved, without fumbling with its current tasks or purpose. The
second question is, how this Biesheuvel-policy can be extended to a 'real' co-management regime, in
which more stake-holders are involved, and some more responsibilities are transferred to the mesolevel.
Here we will only elaborate a bit on three aspects related to the first question, since this is the
one most relevant in the current Dutch discussion. In this elaboration we work from the assumption
that the Dutch flatfish fishing is being endangered by overfishing, both in the biological and the
economic sense.
The Biesheuvel policy was born under a favourable star. Many people think that the new policy
has not really been tested as to its ability to cope with 'bad weather'. We think that there is a certain
truth in this supposition. One might question if the management-groups can cope with a situation in
which quotas are so low that some fishers will swerve to illegal conduct. The problem is that the
boards of the management-groups will be exposed to a lot of social pressure not to mete out fines.
More often than not, they are acquainted with the people they have to punish. They may even be
neighbours or relatives.
A possible solution to this danger might be on the one hand to make the board in some way
liable for good performance; and on the other hand create a more community-independent institution
to which they can turn to with their 'difficult cases'. This might create a setting in which the boards of
the management-groups can operate a bit more smoothly. They will be able then to work from a
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principle by which a lot collisions between social and formal roles are harmonised. They will be able
to say: sorry, but we do not have another choice.
The case-study was concluded with the assessment that the economic prospects of the Dutch
flatfish sector are meagre. The fat years with rising prices and growing quantities of sole and plaice
seem to be over. This means that some day the slumbering economic overfishing problem will
become acute.
This poses a major threat to the Biesheuvel-policy, because it is very likely that the economic
crisis will divert the fishers. If anything is disastrous to the Biesheuvel-policy, it is that the fishers are
no longer willing to work with each other. The changes that an acute economic crisis will have this
effect, are the more likely so because that economic crisis will strike each fishers in a different way.
Some will loose some income; others may be threatened in their economic survival as fisher.
Especially this last group will probably not prepared to pay such a high price if others only pay a
dime.
Therefore is seems necessary that the fishers develop a consensus now, about how they will
collectively cope with a possible economic crisis. If they completely leave it up to Fortune to decide
how the crisis will effect them individually, Biesheuvel may come in a heavy storm. Biggest obstacle
to the development of such a strategy now, is the unwillingness of the fishers to discuss the subject.
This unwillingness should somehow be broken.
But the preparation for a possible economic crisis, does not only have to be defensive. There's
also an opportunity for a pre-emptive strike. Now that it is no longer possible to catch more fish, the
fishers could try to earn more money on each fish by a quality strategy. Possibilities for such are
strategy are surely there, in the flatfish fisheries. The product has good qualities and the technical and
logistical infrastructure are already there.
The management-groups could take the lead by developing this quality strategy, for Biesheuvel
would be very much served by good economic performance. One of the priorities related to
developing a quality strategy should be the integration of the whole fishing chain. For integrated chain
management is a prerequisite for any quality strategy.
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Hake fisheries
State of the stock
For study purposes ICES considers that there are two management units stocks of Merluccius
merluccius in the Northeast Atlantic: the North stock in areas IVa, sub-area VI, VII and areas VIIIa
and b; and the South stock in areas VIIIc and IXa.
The stock exploited in Portuguese and Spanish waters by the Portuguese and Spanish fleets is
called "South stock".
Total catches of this stock have decreased since 1983 from 25 000 t. to 10 900 t. in 1993
(Table I.1). Between 1983-93, Spanish catches fell from 16 000 t. to 7 000 t. and Portuguese catches
from 8 100 t. to 3 900 t.
In the second half of the 80s, considering the drop in catches and yield rates (C.P.U.E.) and the
large proportion of young fish in the catches, the ICES recommended reducing the capture of young
fish and increasing the length of the trawl mesh to 80 mm.
The continuous reductions in catches to what were considered very low levels after 1988 and the
successive diminishing of the spawning stock biomass and of recruitment led the Advisory
Committee for Fishery Management (ICES) to consider that, in 1992 and 1993, the stock was outside
safe biological limits.
Consequently, it recommended drastic reductions in the fishing mortality which, in 1993,
exceeded the Fmax and the Fmed.
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However, considering the multi-specific nature of fisheries, it was said that such accentuated
reductions would bring serious socio-economic implications.
Meanwhile, the TAC were always set at higher levels than those recommended by scientists.
Table I.1. Estimated hake landings (in mt) in areas VIIIc and IXa in the 1974-93 period
Year
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993

Artisanal*
5 800
7 800
6 900
3 400
3 600
4 000
7 300
6 400
7 000
9 568
10 598
6 998
6 370
6 909
5 649
4 368
4 438
4 024
3 937
4 360

Spain (8c + 9a)
Trawl
Total
8 300
14 100
11 200
19 000
10 000
16 900
5 800
9 200
4 900
8 500
7 200
11 200
5 300
12 600
4 100
10 500
4 400
11 400
6 994
4 296
4 915
15 513
5 334
12 332
4 861
11 231
3 501
10 410
3 715
9 364
3 920
8 288
4 131
8 569
3 632
7 656
3 788
7 725
2 671
7031

Portugal (9a)
Artisanal Trawl
Total
5 100
3 500
8 600
6 100
4 300
10 400
6 000
3 100
9 100
4 500
1 600
6 100
3 400
1 400
4 800
3 900
1 900
5 800
4 500
2 300
6 800
4 100
1 900
6 000
5 000
2 500
7 500
5 185
2 859
8 044
4 296
1 219
5 515
3 768
2 052
5 820
3 159
1 788
4 947
3 470
1 328
4 798
4 303
1 714
6 017
2 736
1 847
4 583
2 261
1 138
3 399
2 710
1 245
3 955
3 773
1 325
5 098
3 042
870
3 912

Stock total
22 800
29 500
26 100
15 500
13 400
17 000
19 400
16 500
18 900
12 340
21 028
18 152
16 178
15 208
15 381
12 871
11 968
11 611
12 823
10 943

* Contrary to the trawl fleet, the vessels used in artisanal fisheries are multi-purpose, the main gears used being the
longline and the gillnet (anchored gillnet and small trammel nets). In Spain these are used mainly in area VIIIc
(representing about 95% of the landings for this type of fishing).
Source: Spanish Oceanographic Institute, Vigo and ACFM, 1993.

Hake fisheries regulations
At present, the EU is responsible for regulating hake fisheries. It stipulates conservation
measures for stocks, organisation of the market and structural adjustment.
The EU annually sets the TACs for hake per area, technical measures being established
beforehand as regards inputs, namely the size of the mesh in the trawl nets and the outputs (minimum
authorised size for landings and commercialisation). So far no more concise regulations than these,
leading to a better definition of fishing rights, have been established.
Community norms on market organisation are applicable to hake, but structural policy measures
also have an impact, particularly those regarding the Pluri-Annual Orientation Programs (POPs). The
aim, essentially, is to adapt efforts made with trawlers which are important in this type of fishing.
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TACs and quotas
The hake TACs and quotas between 1986 and 1995 are shown in Table I.2. The distribution key
between Portugal, Spain and France is, respectively: 29.9%, 64.0% and 6.1%.
Table I.2. Hake TAC and quotas (VIIIc, IX, X, copace 34.1.1) - 1986-1995
(unit: mT)

TAC R.*
TAC
POR
SPA
FRA

1986
15 000
29 300
8 750
18 750
1 800

1987
15 000
25 000
7 470
16 000
1 530

1988
15 000
25 000
7 470
16 000
1 530

1989
15 000
20 000
5 970
12 800
1 230

1990
15 000
20 000
5 970
12 800
1 230

1991
10 000
18 000
5 370
11 520
1 110

1992 1993 1994
1995
10 300 1 000 2 000
16 000 12 000 11 500 10 000
4 780 3 580 3 430 2 990
10 240 7 680 7 360 6 400
980
740
710
610

* TAC recommended by ACFM. 1992 was a precautionary TAC. In 1993 it corresponds to maximum catches which
would restore SSB to the 20000 t. level in 3 years. In 1994, it was recommended that a maximum figure restoring
SSB to the 1986-1988 level should not be exceeded.
Source: ACFM, 1994 and 1993.

Note that the agreed TACs, which are always higher than the figures recommended by ACFM,
have exceeded the catches.
Technical conservation measures
− Minimum landing size for Area 3-27 cm, so as to reduce the percentage of undersized fish in
catches.
− 60 mm is the minimum mesh size for trawl nets. This can be adapted to a minimum size of
27 cm. as selectivity tests carried out with this mesh indicated L50% between 19.5 and 34.4 cm.
There are some derogations however:
• for crustacean fisheries the mesh is 55 mm (or 50 mm in the case of selective nets), in which
a 30% catch of protected species (including hake) is allowed;
• for pelagic fisheries (mackerel, horse mackerel, blue whiting and pelagical Cephalopods)
where the minimum mesh is 40 mm, with a 10% catch of protected species allowed; and
• 40 mm in the Gulf of Cadiz, east of Cape S. Maria, for all species except protected species,
where 10% is the maximum catch percentage allowed.
− Closed season areas regulated after 1991 establishing areas in which it is forbidden to trawl in
3 stock distribution areas: Cape Prior (1 September to 31 December), Cape Corrubedo
(1 October to 31 December) and Arrifana (1 December to last day of February).
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Some specific measures
PORTUGAL
− Trawl fishing forbidden less than 6 miles from the coast.
− Closed season to protect spawning stock, during which it is forbidden to use gillnets and
trammel nets in one area of the North coast (Esposende).
− 80 mm minimum mesh for gillnets and 100 mm for trammel nets, except in one area of the
South coast, where 60 mm gillnets and 80 mm trammel nets are allowed.
− The height and length of the gillnets and trammel nets are limited in height (10 m for gillnets
and 3 m for trammel nets) and length (depending on the vessel's GRT). In some cases minimum
operating distances from the coast are also fixed.
− Individual quotas per vessel for coastal vessels after June 1993.
SPAIN
The regulations were less strictly defined when Spain joined the European Community in 1986,
which had certain reflections on stock although, after 1983, more precise measures in line with
European directives were enacted and since then there has been progressive adaptation.
The Autonomous Communities in Spain can also adopt economic measures relating to fishing
which affect fisheries development and the behaviour of economic agents. Recently, for example, the
Xunta de Galicia employed legal measures to enforce a certain weekly rest period on trawlers in the
ports of Galicia, which had affected the effort, commercialisation and labour aspects of hake fishing.
At the same time, inspections were carried out on the sizes commercialised.
As for the separation of competences, it can be considered that whilst on the one hand it will lead
to a better adaptation of regional circumstances in each case, on the other it may originate different
and sometimes ambiguous indications to fishermen.
Hake fisheries fleets
PORTUGAL
Portuguese white hake fisheries of the “South stock” mostly takes place in national waters except
as regards some vessels which, under the terms of the Treaty of Accession, are permitted to catch up
to 850 tonnes of hake in Spain, with trawl nets. In exchange, an equal limit was fixed for the Spanish
fleet which may fish in Portuguese waters.
Nowadays, it cannot be said that Portugal has an important hake directed fishing activity, but
rather that there are multi-specific fisheries, where hake is an important component particularly in
terms of landed value (Table I.3).
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Table I.3. The importance of hake (areas VIIIc and iIXa ) in the catches
of the Portuguese fleet (1986-94)
Year
1986
1987
1988
1989
1990
1991
1992
1993
1994

Trawl
7.8%
4.5%
4.1%
3.8%
2.5%
3.2%
3.7%
2.1%
3.6%

Artisanal
8.9%
7.9%
6.4%
4.5%
3.7%
4.2%
4.7%
4.3%
4.0%

As a percentage of the total volume landed for each segment of the fleet.
Source: Statistical Bulletins, GEPP and DGP.

The fleet that capture hake can be divided into two major groups: the trawl fleet and the multipurpose fleet. The average percentage of hake catches for each of these two groups regarding total
catches is 25% for the trawl fleet and 75% for the multi-purpose fleet (1990-94 average).
The multi-purpose fleet includes vessels which operate with different fishing gear either
simultaneously or at different times with different gear. The main fishing gear employed in catching
hake is the gillnet, the trammel net and the fish hook.
This group embraces an enormous variety of situations. The multi-purpose fleet is normally
divided into two: the local fleet, in which the vessels are under 9 m. long, and the coastal fleet, which
has larger vessels. This fleet has about 940 vessels with an average GRT of 26.1 and an average
power of 114.3 kw (CCE, 1994).
In 1993, only 4% of the hake catches in multi-purpose vessels was carried out by the numerous
local fleet vessels. In the same year, the relative weight of hake landed by the multi-purpose local fleet
was only 0.9% in weight and 2.7% in value. The conclusion, therefore, is that the catch is
predominantly carried out by the multi-purpose coastal fleet.
Trawling acts at depths up to 300 m., but more frequently on the continental platform (up to
200 m.). The main species landed are horse mackerel, blue whiting, octopus, pout, mackerel and
monkfish.
The trawl fleet fishing for crustaceans, in operation since 1983, catches Norway lobster, prawn
and red shrimp but also other, economically valuable fish such as monkfish and hake at greater depths
up to 600 m. This fleet fishes predominantly off the coast of the Alentejo and Algarve, has about
37 vessels with an average GRT of 94 and average power of 490 kw (CCE, 1994).
The trawl fleet fishing for fish has 115 vessels with an average GRT of 153 and an average
power of 547 kw (CEE, 1994).
The fleet had diminish in the last years (Table I.4)
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Table I.4. Evolution of the Portuguese coastal fleet (1981-1993)
1991
151
12 777

Trawl
Artisanal

1992
145
10 853

1993
135
9 931

Source: DGP.

SPAIN
The vessels used in the fisheries of the “South stock” of hake have been also grouped into two
basic sub-groups, the trawl and the artisanal fleets, as shown in Table I.1. However, it should be made
clear that the heading "artisanal" includes different types such as longlines and gillnets which can be
used indiscriminately by some vessels and which have been allocated to one type only.
The Spanish trawl fishing fleet (VIIIc, IXa) had 727 vessels, none of which has been destroyed in
the last few years (Table I.5).
Table I. 5. Evolution of the Spanish fleet in areas VIIIc and IXa 1989-1993)

Trawl
Artisanal
. longline
. gillnet

1989
274
1 270
696
574

1990
268
1 252
691
561

1991
280
1 224
694
530

1992
278
1 240
678
562

1993
297
1 247
678
569

Source: IEO, Vigo.

This fleet also catches other species such as Norway lobster, blue whiting and horse mackerel.
As can be seen in Table I.6, the hake landings in this fleet have a relatively reduced weight
(below 10% throughout the 1986-93 period). However, in view of the fact that these last species have
smaller quotas in terms of value, hake represents somewhat more (for example, 22.7% in 1989-90).
This fleet will presumably be reduced following application of POP 93-96. In turn, certain
autonomous governments foresee reductions in those plans with the same objective. The Galician
Government, for instance, foresees a reduction of 20% than the POP.
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Table I.6. The importance of hake (areas VIIIc and IXa) in the Spanish fleet (1986-1993)
Year
1986
1987
1988
1989
1990
1991
1992
1993

Trawl(1)
8.7%
5.5%
5.7%
5.8%
6.6%
6.3%
7.2%
4.3%

Artisanal (2)
28.2%
30.9%
29.7%
29.7%
34.3%
35.8%
33.7%
29.5%

(1) % of total catch volume of the trawl fleet.
(2) % of total catch volume of the artisanal fleet.
Source: IEO, Vigo.

The trawl fleet consists of vessels with an average size of 150TRB, 425Hp, each having an
average of 15 crew (Table I.7, data from Galicia). The artisanal fleet is more numerous, but the
vessels and their capacity is inferior. In 1993, 1 247 vessels of this type were registered in Spain for
areas VIIIc and IXa, 678 of which were allocated to longline fishing and the remainder to gillnet
fishing. No significant variation was noted in the last period.
Table I.7. Average technical characteristics of the fleet

Average GRT
Average HP
Average N° of crew

Trawl
150
425
15

Artisanal
32.5
145
4

Source: IEP, Vigo and Xunta de Galicia.

These vessels can catch different species, although hake is fundamental as it represents about
one-third of the landings in weight (between 28.2% and 35.8% in the 1986-93 period) which can
mean more than half the value of the catches of this fleet (51.7% in 1989-90).
POPIII does not contemplate reductions for this fleet in Spain. However, the Xunta de Galicia
foresees a strong reduction in the total number of vessels in the Plano de Ordenación de los Recursos
Pesqueros y Marisqueros de Galicia. On the other hand, the number of this type of vessels has
dropped in the Basque Country since 1990.
Fisheries production in the south stock of hake
Catches, prices
The hake landings estimated by the scientists show that areas VIIIc and IXa have, since 1983
(Table I.1) a decreasing tendency which is linked to the state of the stock. Thus, Spanish landings in
1993 were only 42.4% of the 1983 figure. If we include Portugal this figure rose to 44.5%.
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PORTUGAL
In the 1974-93 period, Portuguese catches varied but showed a decreasing trend, with a
maximum of 13 800 t. in 1973 falling to a minimum of 3 944 t. in 1993.
The artisanal fleet was always responsible for most landings and its relative importance grew in
the 1974-1993 period, corresponding to a 41% reduction in the trawl catches in 1974 to 29% in 1993.
Total values of hake landed per tonne for the 1986-1994 period are shown in Table I.8.
Table I.8. Prices per tonne of south stock hake landings 1986-94
(constant price based on 1986)
Years
1986
1987
1988
1989
1990
1991
1992
1993
1994

Current prices
477 000
557 430
688 100
733 944
793 399
759 911
751 714
839 464
896 488

Constant prices
477 000
509 534
573 895
543 662
518 223
445 696
404 800
424 401
430 797

Source: DGP, GAE.

Although it has not been possible to detail the various classes by size, hake is normally divided
into large, medium (marmota) and small (pescadinha) hake, with correspondingly lower sizes and
prices.
The hake caught by the artisanal fleet also sells better at the fish auction than that caught by the
trawling fleet (perhaps because the fish caught in the artisanal fleet are bigger).
SPAIN
Trawl fisheries contributed to more than half the total quantities landed during the first years of
the 1974-79 period. Since 1980, however, it is the artisanal fleet which has landed most catches.
Tables I.9 and I.10 show the evolution of the average price per tonne of small hake (pescadinha)
and hake landed in Spain during the 1976-1985 period, the only period in which it was possible to
obtain official, disaggregated information for this species per region. This data was used in later
calculations.
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Table I.9. Annual small hake (pescadinha) prices - 1976-85
Year
Spain
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

116 225
163 703
205 668
209 313
251 261
267 618
280 081
339 312
365 556
439 029

Current prices
Cantabria
NW
143 433
224 139
269 039
376 113
385 576
433 655
491 523
492 786
564 412
647 557

124 845
191 838
216 538
254 697
317 498
309 874
315 108
324 806
338 053
483 572

South
Atl.
95 409
126 053
167 880
151 152
178 010
152 575
150 222
237 287
266 099
232 347

Constant prices (1992 basis)
Spain
Cantabria
NW
South
Atl.
630 627
778 260
677 402
517 684
713 303
976 639
835 897
549 249
748 155
978 678
787 698
610 696
658 217 1 182 744
800 934
475 320
683 704 1 049 187
863 941
484 380
635 824 1 030 304
736 218
362 496
581 564 1 020 604
654 294
311 923
628 007
912 060
601 158
439 177
608 044
938 809
562 297
442 613
671 093
989 846
739 181
355 162

Source: Table collated from data in the Maritime Fisheries annual (Ministry of Agriculture, Fisheries and Food M.A.P.A.). Several years.

Table I.10. Annual hake prices - 1976-85
Year
Spain
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

187 248
268 341
362 800
409 077
450 426
512 598
535 967
579 047
586 964
608 100

Current prices
Cantabria
NW
195 476
293 813
365 543
423 861
483 131
552 370
594 213
621 858
630 992
781 535

206 577
297 663
369 447
418 925
416 837
514 695
518 046
591 114
555 670
548 146

South
Atl.
148 523
198 891
339 286
349 978
414 402
340 835
406 204
405 039
501 956
483 722

Spain
1 015 993
1 169 243
1 319 751
1 286 405
1 225 650
1 217 862
1 112 888
1 071 714
976 321
929 533

Constant prices (1992 basis)
Cantabria
NW
1 060 643
1 280 231
1 329 730
1 332 897
1 314 643
1 312 354
1 233 831
1 150 949
1 049 555
1 194 642

1 120 874
1 297 008
1 343 932
1 317 374
1 134 251
1 222 845
1 075 676
1 094 048
924 267
837 888

South
Atl.
805 876
866 627
1 234 217
1 100 561
1 127 625
809 777
843 447
749 655
834 924
739 410

Source: Table collated from data in the Maritime Fisheries Annual (M.A.P.A.). Several years.

Costs
PORTUGAL
Owing to the absence of available official data we were unable to consult any statistics on
operating costs and investments.
However, Tables I.11 and I.12 containing the costs for the total crustacean trawl fleet will serve
as an example to give an idea of the relative importance of the different variable and fixed costs.
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Table I.11. Estimates of the average year administrative costs (10^3 pte) per vessel,
for the different vessel class (based in the hp of the vessels), 1991

Group of fixed costs
Crew Insurance
Vessel insurance
License Fee
Vessel Amortisation
Adminst. Insurances
Adminst. Salaries
Adminst. Supplies
Interest
Total Fixed

Cl. A
(250-350)
424
592
22
3 145
341
2 471
1 442
2 983
11 430

Cl. B
(350-450)
524
836
22
3 434
438
3 178
1 854
3 836
14 122

Cl. C
(450-550)
641
1 013
22
7 334
535
3 884
2 266
4 688
20 383

Source: E. Cadima - personal communication.

Table I.12. Estimates of the average year variable costs (10^3 pte) per vessel class
and variable cost group - 1991

Group of variable costs
Fuel and Lubrification
Supplies and Services
Repair and Maintenance
Crew Salaries
Food Subsidies
Social Security
Sales Taxes
Total Variable
Fishing days

Cl. A
(250-350)
5 375
2 523
1 992
14 917
1 248
3 352
3 090
32 496
279

Cl. B
(350-450)
6 133
2 014
1 742
15 911
1 005
3 856
2 694
33 354
230

Cl. C
(450-550)
11 307
2 289
2 250
19 779
1 208
4 561
4 112
45 505
295

Source: E. Cadima - personal communication.

SPAIN
Table I.12 gives us an idea of the structure of production costs: it shows the distribution per
types of costs associated with the hake catches for the Galician trawl and artisanal fleets. As the
Galician fleet is the most numerous and therefore the most representative, this information is
sufficiently significant. It should be underlined, however, that these fleets are multi-specific and that
the costs are also attributable to the catch of other species.
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Table I.12. Distribution of the costs assigned to hake catches in the trawl and artisanal fleets of
Galicia, 1990-92 average

Personnel Costs
Wages
Social Security
Fuel Costs
Cost of other inputs
Financial costs
Amortisation’s
Insurance
TOTAL
Cost per mT of hake caught by each fleet
Cost per fishing day
Annual average of fishing days/ vessel

Trawl (%)
50.48
40.39
10.09
16.29
18.35
3.51
4.49
6.88
100.00
200 617
30 109
92.6

Artisanal (%)
53.29
39.61
13.68
7.77
32.12
4.31
1.33
1.18
100.00
644 646
81 532
67.5

Source: Developed personally.

In both cases, we can see that wages constitute more than 50% of total costs which to a great
extent is predetermined by the special wages regime of the fishing activity. Fuel and other inputs (the
fishing gear basically) are important components; there is the particularity that the cost of fuel is
significantly higher in trawl fishing but, on the contrary, in artisanal fishing the cost of the fishing
gear takes up a higher percentage of total costs.
Applied bioeconomical model
Theoretical model
Generally speaking, a manager wishes to determine the optimum fishery operation trajectory
taking into account the stock biological restriction (x). By employing the functional expressions of
C.W.
Clark and G. Munro's model (1975) and taking the same hypotheses we have:
∞

max ∫0 ∏ [x(t), h(t)] e-δt ∂ t
•

x = F(x) - h(t)
0 ≤ h(t) ≤ h max
0 ≤ x(t)
Profit is defined by the following expression:
Π (x,h) = ph - c(x) h = [p-c(x)] h
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where p is the price per unit of fish, h(t) catches at moment t and c(x) the cost per catch unit
which depends on the stock biomass (x), δ the social discount rate and F(x) a natural growth function
of the fish population.
Our problem lies in finding the optimum management of a fishery which has two types of
commercial fleets fishing the same stock, a trawl and an artisanal fleet (the latter with longline and
gillnet). The fundamental difference between both lies in the fishing method used and naturally in the
characteristics of the respective capital inputs. Consequently, the cost per catch unit differs from one
fleet to the other.
If we employ the notes and hypotheses of R.C. Bishop and K.C. Samples' model (1979), we note
that ci(x) and cj(x) are the unit costs per catch for fleet i (trawl fleet) and fleet j (artisanal fleet), with
c`(x)< 0 in both cases. H(t) represents the amount of hake caught in each moment t, resulting from the
activity of the two fleets.
We will then have H(t) = Hi(t) + Hj(t), where:
0 ≤ Hi (t) ≤ Hi (t) max and Hi (t) = H (Ei,X); 0 ≤ Hj(t) ≤ Hj(t)max and Hj (t) = H(Ej,X); Ei and Ej
represent the effort made respectively by the trawl fleet and the artisanal fleet at each moment t.
The manager should determine quantities caught which will maximise the total updated flow of
benefits (profits) obtained from the fishery, taking into account the growth dynamics of the species.
We will thus obtain:
∞

max ∫0 ( ∏ i + Πj ) e-δt ∂t
•

x = F(X(t)) - Hi(t) - Hj(t)
x(0) = x 0
where pi (for i, j) represents the price per catch unit per fleet i which is considered as being
constant.
If we employ the Hamiltonian function (H) and apply Pontryagin's principle maximum we obtain
the following necessary conditions:

1.

~
∂H(.)
 = 0
∂ Hi

⇒ pi - µ* = ci (x*)

(1)

~
∂ H(.)
_____ = 0 ⇒ pj - µ* = cj (x*)
∂ Hj

(2)

where the variables marked with an asterisk represent their optimum values.
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•

2.

µ + µ [ F’ - δ] = c´i H i + c´j Hj

(3)

~
3. ∂ H(.)
•
 = x = F (x) - Hi - Hj
∂ µ (t)

(4)

The equation system (1) - (4) will determine the optimum values of Hi, Hj, x and µ.
Let us first suppose that the variables Hi and Hj simultaneously maximise the value of the
Hamiltonian function;

Case I:

~
~
∂ H(.)
∂ H(.)
 = 
∂Hi
∂Hj

=0

In this case, once the optimum trajectory has been reached both fleets would fish for hake.
c´ i H*i + c j´H* j
δ = F´ - 
p i - c i (x*)

(5)

(5) will determine the stock biomass corresponding to the singular solution ( x*). Should the
initial stock level be lower than the optimum stock level (x0 < x*) the optimum policy will be “not
fishing” (Hi = Hj = 0) to enable the stock to be replenished as quickly as possible in order to reach the
optimum trajectory. In the opposite case (x0 > x*) as much fish as possible should be caught (Himax
and Hjmax) until the biomass reaches the optimum level after which the singular controls Hi = Hi* and
Hj = Hj* should be applied. Once the optimum trajectory has been reached the level of total catches F
(x*) will be divided in such a way that the net biomass growth is zero ( x = 0).
On the other hand, the division of that optimum level of catches F( x*) will be such that the
marginal profit of fleet i equals that of fleet j.

Case II :

~
∂ H(.)
 =/=
∂Hi

~
∂ H(.)

∂ Hj

This alternative implies that one of the quantities fished does not maximise the Hamiltonian
value and in most cases the corresponding fleet will not fish once the optimum trajectory has been
reached.
Let us suppose that the quantity fished by fleet i is the only one which maximises the
Hamiltonian value. In this way conditions (1) and (2) cannot occur simultaneously and (5) becomes
the following:
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^

^

c´i (xi ) F (x j )
δ = F’ (x) - 
^

(6)

^

p i - c i (x i)
^

^

^

with F (xi) = Hi and H j = 0
^
^
where xi and Hi are the optimum values corresponding respectively to the stock level and to the
amount fished by fleet i.

Application of the model
In order to apply the theoretical model we must introduce some hypotheses and a set of
simplifications. Let us suppose that the logistic growth of the fish population can be expressed as
2

F(X) = aX - BX .
Consequently, taking the information 1 on the stock and the catches contained in Table 1 we can
estimate the parameters of that equation.
53
By applying a method of ordinary minimum squares we obtain the following result :

^

•

X = 0.7983 X (t) - 0.000010486 X (t)2 - H (t)
In our exercise these estimated parameters are taken to be valid. As regards the fishery's
production function, let us take Schaefer's simplifying hypothesis. Thus for each fleet we will have:
Hi (t) = qi Ei (t) X (t) and Hj (t) = qj Ej (t) X (t)
where q is the capturability coefficient.
With this supposition we can calculate the functions of the individual catch costs of each of the
fleets based on the level of stock. Given that:
ci Hi (t) = ci qi Ei (t) X (t) = wi Ei
cj Hj (t) = cj qj Ej (t) X (t) = wj Ej

and

we get cj (x) = wi / qi X (t) and cj(x) = wj / qjX (t) where wi and wj represent the unit costs of the
fishing effort of each fleet which, as can be seen in Tables I, are approximately equal to:
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The technical data for calculation are: Adjusted R2 = 0.7585; statistical F = 225.2; statistical t for (l+a) =
8.437 and for b = -2.231 (both significant at 90%): statistical Q(1) = 0.46 and statistical LM = 5.9712.
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Wi = 30.000 ptas (1992) per day's fishing on a trawler
Wj = 80.000 ptas (1992) per day's fishing in an artisanal boat
where the average unit cost for the whole of the fleet (Wm) is approximately 60.000 ptas (1992)
per day's fishing.
On the other hand, the approximate average prices of hake landings at the markets were as
follows:
Global average price = pm = 900.000 ptas. per tonne
Average price of the artisanal fleet = pj = 1.100.000 ptas per mT
Average price of the trawl fleet = pi = 700.000 ptas per mT
For global management of the fishery the optimum values could be estimated employing
equation (1). Tables II.1, II.2 and II.3 show the results for the different discount rates, prices and
54
costs .
The optimum stock values vary between 35.000 and 52.500 tonnes whilst catches vary between
13.000 and 15.200 tonnes. If we consider greater discount rates optimum solutions will be reached for
lower stock levels and higher catches. If we consider a higher price/lower cost the optimum levels will
again be reached for even smaller stock levels and higher catches.
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We have differentiated three scenarios based on the catch coefficient (q) which appears in Schaefer's
production function. In the first case we used a quotient q=0.000004 which can correspond approximately to that of
the artisanal fleet's production function. We then used q=0.000007 corresponding approximately to the trawl fleet's
production function. The third case, where q=0.0000055, could be considered the intermediate situation.
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Table II. 1. Optimal solutions for q = 0,000004
δ

w

p

X*(Ton)

H*(ton)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

30 000
30 000
30 000
60 000
60 000
60 000
80 000
80 000
80 000

700 000
900 000
1 100 000
700 000
900 000
1 100 000
700 000
900 000
1 100 000

43 422.2
42 231.7
41 474.1
48 779.3
46 398.4
44 883.2
52 350.8
49 176.2
47 155.9

14 892.7
15 011.6
15 071.8
13 989.9
14 465.5
14 706.2
13 053.7
13 899.1
14 327.1

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.00
0.05

30 000
30 000
30 000
60 000
60 000
60 000
80 000
80 000
80 000

700 000
900 000
1 100 000
700 000
900 000
1 100 000
700 000
900 000
1 100 000

41 651.3
40 340.1
39 501.5
47 471.4
44 899.2
43 250.8
51 294.6
47 898.1
45 719.9

15 058.8
15 139.4
1 517.2
14 265.9
14 703.9
14 911.7
13 358.4
14 179.8
14 579.2

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

30 000
30 000
30 000
60 000
60 000
60 000
80 000
80 000
80 000

700 000
900 000
1 100 000
700 000
900 000
1 100 000
700 000
900 000
1 100 000

39 933.3
38 495.7
37 571.2
46 221.7
43 458.8
41 675.2
50 291.4
46 677.9
44 342.8

15 157.1
15 191.7
15 191.1
14 496.0
14 888.6
15 056.9
13 626.2
14 415.8
14 780.4

a = 0,7983; b = 0,000010486; q = 0,000004
w = constants Ptas. from 92 /day fishing; p = const.Ptas from 1992/Ton.
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Table II. 2. Optimal solutions for q = 0,000007
δ

w

p

X*(Ton)

H*(Ton)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

30 000
30 000
30 000
60 000
60 000
60 000
80 000
80 000
80 000

700 000
900 000
1 100 000
700 000
900 000
1 100 000
700 000
900 000
1 100 000

41 126.3
40 446.0
40 013.1
44 187.5
42 826.9
41 961.1
46 228.3
44 414.3
43 259.8

15 095.4
15 134.2
15 153.9
14 800.6
14 955.9
15 034.5
14 494.9
14 770.9
14 910.7

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.00
0.05

30 000
30 000
30 000
60 000
60 000
60 000
80 000
80 000
80 000

700 000
900 000
1 100 000
700 000
900 000
1 100 000
700 000
900 000
1 100 000

39 115.3
38 357.8
37 874.2
42 490.4
40 996.7
40 040.9
44 714.9
42 738.5
41 472.9

15 182.1
15 192.8
1 593.3
14 988.3
15 103.5
15 152.7
14 730.0
14 964.6
15 071.9

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

30 000
30 000
30 000
60 000
60 000
60 000
80 000
80 000
80 000

700 000
900 000
1 100 000
700 000
900 000
1 100 000
700 000
900 000
1 100 000

37 143.9
36 303.2
35 764.3
40 848.6
39 216.7
38 166.4
43 259.6
41 118.5
39 738.3

15 184.8
15 161.1
15 138.2
15 112.4
15 179.8
15 193.6
14 910.7
15 095.9
15 164.3

a = 0,7983; b = 0,000010486; q = 0,000007
w = constants Ptas. from 92 /day fishing; p = const.Ptas from 1992/Ton.
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Table II. 3. Optimal solutions for q = 0,0000055
δ

w

p

X*(Ton)

H*(Ton)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

30 000
30 000
30 000
60 000
60 000
60 000
80 000
80 000
80 000

700 000
900 000
1 100 000
700 000
900 000
1 100 000
700 000
900 000
1 100 000

41 961.1
41 095.3
40 544.4
45 857.3
44 125.6
43 023.7
48 454.7
46 145.9
44 676.6

15 034.5
15 097.4
15 129.2
14 556.9
14 808.5
14 935.8
14 061.8
14 508.3
14 735.3

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.00
0.05

30 000
30 000
30 000
60 000
60 000
60 000
80 000
80 000
80 000

700 000
900 000
1 100 000
700 000
900 000
1 100 000
700 000
900 000
1 100 000

40 041.0
39 080.9
38 467.6
44 311.6
42 422.7
41 213.3
47 121.8
44 625.2
43 025.2

15 152.7
15 182.8
15 191.9
14 784.5
14 994.5
15 089.7
14 333.5
14 742.4
14 935.7

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

30 000
30 000
30 000
60 000
60 000
60 000
80 000
80 000
80 000

700 000
900 000
1 100 000
700 000
900 000
1 100 000
700 000
900 000
1 100 000

38 166.4
37 105.9
36 425.2
42 824.2
40 774.9
39 454.0
45 847.5
43 162.9
41 430.2

15 193.6
15 184.0
15 165.5
14 956.2
15 116.7
15 173.4
14 558.6
14 921.1
15 074.5

a = 0,7983; b = 0,000010486; q = 0,0000055
w = constants Ptas. from 92 /day fishing; p = const.Ptas from 1992/Ton.
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Fishery administration and management should consider the existence of two clearly different
types of fleet. Based on the theoretical results of the corresponding model we can find the following
possibilities:
Case 1: Only the artisanal fleet maximises the Hamiltonian value. In this case, the manager must
not allow fishing with the trawl fleet and must apply a fishing policy to reach stock and catch levels of
equilibrium as shown in Table II.1 for p = pj = 1.000.000 constant ptas. based on 1992 values per
tonne and w = wj = 80.0000 constant ptas, based on 1992 values per day's fishing.
Case 2: Only the trawl fleet maximises the Hamiltonian value. In this case the manager must
forbid the artisanal fleet to go fishing and must apply a fishing policy to reach optimum stock and
catch levels as shown in Table II.2 for p = pi = 700.000 constant ptas. at 1992 values per tonne and
w= wi = 30.000 constant ptas. at 1992 values per day's fishing.
Case 3: Both fleets can jointly maximise the Hamiltonian value. In this case the manager must
apply a policy to reach constant optimum levels as per Table II.3 for the average values of the price of
fish and the cost of the effort (pm = 900.000 constant pesetas based on 1992 values per tonne and wm=
60.000 constant ptas. at 1992 values per day's fishing).
Socio-economic reality advises us to ignore the first two cases. Thus, the problem for the
manager will now be to establish a division of the optimum catches between the two fleets in
question.
To solve this problem we must return to condition (5) of the model for the two fleets,
considering that H* = Hi* + Hj. The manager could no doubt decide on the division of the fleet by
introducing some social criterion which would enable the fishery to adopt the optimum solution based
on a real situation, in a calm way. One of the possible ways of introducing these social criteria in the
decisions would be to suppose that both the fleets operate with the same catch coefficient (in our case
q = 0.0000055) which would benefit the artisanal fleet (which has more vessels but less fishing
means). In this case, the rule of decision which would finally be adopted in our example, where H* =
Hi* + Hj, would be the following:
wi
-  H*i 2
q X*

wj
 (H* - H*i )
q X*2

δ = (a - 2bX*) - 
wm
p m - 
q X*
Table II.4. shows the solutions of this equation for the following values: wi = 30.000; wj 80.000;
pm = 900.000; wm = 60.000.
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Table II 4. Optimum catches and distribution between both fleets

X* (Ton)
H* (Ton)

δ = 0.00
44125.6
14808.5

δ = 0.05
42422.7
14994.5

δ = 0.10
40774.9
15116.7

H* i (Ton)
H* j (Ton)

5932.6
8884.9

5997.8
8996.7

6046.6
9070.1

a= 0,7983; b= 0,000010486; q= 0,0000055; wi = 30000; wj = 80000;
wm = 60000 const. Ptas. from 1992/day fishing and pm = 900000 const. Ptas from 1991/Ton.

As can be observed from this table the division of the total share (H*) would slightly benefit the
artisanal fleet (in the three cases mentioned Hj*〉 Hi*) corresponding to the real situation. It should be
added that on achieving this optimum state the catches of both fleets would be slightly higher than the
ones in fact obtained in the last years, which would facilitate the applicability of the regulation.
The solutions presented would correspond to stationary conditions where it is supposed that the
stock has returned to its optimum level. From data supplied by biologists who are specialised in
marine species there is no doubt that the spawning biomass is deteriorated which will force
management to adopt a transitional policy of approximation to optimum stationary solutions. We can
assume that an approximation based on bang-bang controls is not socially and politically feasible: to
refrain from fishing until the stock returns to optimum level, a process which could take between one
and two years, assuming that X(0) = 21.225 mT. With these suppositions, one of the possible
approximation routes would be to established Total Admissible Catches (TACs) to enable the growth
of the biomass of the hake population. Depending on the capacity and the criteria of the manager this
transitional policy could last more or less time. Table II.5 shows the different possibilities according
to the TAC in question. As can be observed, this transitional adjustment process would last between
three and six years for TACs between 5.000 and 10.000 tonnes per year.
Table II.5. Duration of the transitional state depending
on the different TACs adopted
TAC (Ton)
5 000
6 000
7 000
8 000
9 000
10 000

X(1)
28 445.0
27 445.0
26 445.0
25 445.0
24 445.0
23 445.0

X(2)
37 668.2
35 456.0
33 222.8
30 968.6
28 693.4
26 397.3

X(3)
47 860.2
44 578.2
41 170.5
37 634.2
33 966.1
30 163.4

X(4)
57 047.8
53 327.1
49 263.1
44 825.9
39 983.6
34 702.4

X(5)

56 141.8
51 540.2
46 138.7
39 777.5

X(6)

60 648.8
54 940.4

a= 0,7983; b= 0,000010486; q= 0,0000055;

These results have been estimated using the approximation: Xt+1 = [(1+a)-bX(t)] X(1) - TAC(t);
and X(0) = 21225.0 Tonnes, data corresponding to the hake spawning stock biomass furnished by
ICES for 1993 (last available year).
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Commercialisation of hake
Commercialisation, consumption levels and circuits
PORTUGAL
Portugal is the Common Market's largest consumer of fish.
Table III.1. Per capita consumption of fish in the European Community
(1986-88 average)
Member state

Amount available
(kg/year)
10.6
18.3
19.6
38.0
29.0
18.0
17.7
19.7
8.1
60.1
19.2

Germany
Belgium-Luxembourg
Denmark
Spain
France
Greece
Ireland
Italy
The Netherlands
Portugal
United Kingdom

Source: Report of the Commission to the Council and to Parliament, 1991.

By type of product, dried fish - cod - (45.3%) is the most important component followed by fresh
fish (37.3%) and frozen fish (17.4%) (Table III.2)
Hake is an important species in fresh and frozen fish, constituting about 6.1% of consumption,
particularly as it fetches a very good price on the market and is consumed throughout the year.
The hake caught along the continental coast is mostly eaten fresh. Moroccan and Mauritanian
hake is kept refrigerated and sold as fresh at the fish auction and in recent years it has become
common for hake to be sold gutted or headless.
In 1993, the frozen hake landed came from catches in the Falkland area, as opposed to previous
years when most of the hake was caught in the South Africa area.
The hake commercialisation circuits are relatively complicated (see Graph III.1 below) and the
price varies tremendously between the fish auction (1st. sale) and the price to the consumer. Hake
registers differences in excess of 40% between the auction and the final market prices; the prices on
the Porto market are usually lower than the Lisbon market (915$ at auction for 1316$ in the Porto
market and 1680$ in the Lisbon market in 1994).
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Table III.2. Fish consumption in Portugal (1993)
(thousand of mt)
Product

Total consumption

Total per capita

Fish Products

581.0

58.1

Fresh/refrigerated and frozen

318.0

31.8

Fresh/Refrigerated fish
Hake
Sardine
Horse-mackerel
Others

217.0
5.1
9.2
39.8
162.9

21.7
0.5
0.9
4.0
16.3

Frozen Fish
Cod
Hake
Redfish

101.0
27.8
30.5
7.6

10.1
2.8
3.1
0.8

Fish, dried, salted or
in brine (cod)

263.0

26.3

56.9
24.4
32.5

5.7
2.4
3.3

Molluscs and Crustaceans
Fresh
Frozen
Source: DGP.
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Graph III.1. Fish commercialisation circuits in Portugal
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SPAIN
Fish consumption in Spain is in excess of 30 kg per year per inhabitant which means that
together with Portugal and Iceland the Spanish market is one of the most important in Europe in
relative terms (Table III.1). This global figure can be differentiated for some years at least, both by the
type of product and by the categories or location of the consumers.
As can be seen from Table III.3, of the total quantity almost half is fresh fish (48.34%), as
opposed to frozen fish (31.62%), canned fish (6.14%) and molluscs and crustaceans (23.90%).
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Table III.3. Fish consumption in Spain (1988)
(thousands of mt)
Product

Total consumption

Fish Products
Fresh/refrigerated and frozen
Fresh fish
Hake
Sardine and Anchovies
Tuna and Bonito
Truit
Others

Total per capita

1177.1
823.5
569.0
145.9
134.6
22.3
24.8
241,4

30.1
21.1
14.6
3.7
3.4
0.6
0.6
6.2

Frozen Fish
Hake
Sardine and Anchovies
Tuna and Bonito
Truit
Others

254.5
174.3
2.3
1.6
0.6
75.7

6.5
4.5
0.1
0.1
0.0
1.9

Canned Fish
Sardine and Anchovies
Tuna and Bonito
Truit
Others

72.3
11.5
36.1
0.2
24.5

1.9
0.3
0.9
0.0
0.6

281.3
156.0
18.2
3.6
103.5

7.2
4.0
0.5
0.1
2.7

Molluscs and Crustaceans
Fresh
Canned
Cooked
Frozen

Source: Ministry of Agriculture, Fisheries and Food (1989).

In terms of weight and, given its high price, in terms of value, hake is an important species
(3.73 kg per inhabitant) within the different species of fresh fish.
In regions where fishing occurs people tend to eat more fish (the North, Northeast and
Andalusia), whilst the Mediterranean areas and the Canaries register a lower consumption, except
perhaps for the metropolitan areas.
By income levels there are no great differences in the total amounts of fish consumed, although
the upper and upper-middle classes eat less frozen fish and have greater access to the more expensive
products.
Finally, there is less domestic fish consumption during the Summer months, and prices are
higher in the Christmas season.
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Fish is mostly bought by families in traditional or specialised outlets (fishmongers) which, until
recently, had an 80% market share. Supermarkets and take-away accounted for 11.6%; hypermarkets,
travelling salesmen and self-consumption less than 3% each. These figures vary, however, in
metropolitan areas with a greater number of commercial areas.
Before arriving at the final consumer fresh fish in particular has quite a long circuit to travel,
although with some variations. In the more relevant cases, after the first sale at auction the buyers
(exporters) place the product at central markets, large wholesalers or forwarders who are the essential
point of reference in view of the operations they carry out. From there, the fish is channelled to the
consumer via retail sales. It is only via local markets or large supermarkets that the circuit can be
shortened (Graph III.2).

Graph III.2. Commercial channels for fresh product in Spain
Fisheries sector

Auction
Auction

Exporter
Exporter

Wholesaler

Supermarkets

Forwarding or
central market

Packer

Retailer

Retailer

Industry
Consumer
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SPAIN: THE QUOTIENT OF CONVENIENCE:
ESTIMATION OF THE COST RELATIVE TO RESPONSIBLE FISHING

Introduction
The aim of this research project is to define the economic impact of public regulations protecting
living marine resources in the fisheries activity.
Public intervention is essential in the exploitation of every activity of renewable resources in
open access to correct for market failures. These failures are produced when the externalities are not
taken into account in the decision process. As a consequence, resources are over-exploited. This
generates economic inefficiencies, social and environmental problems in the medium term. Thus, the
intervention in these cases aids both a better allocation of the economic resources and efficiency of the
market.
Fishing activity regulations decrease the negative effects of the externalities, which characterise a
resource in free access, through mechanisms which result in additional costs. The study tries to derive
an approach (first, in a conceptual way and after an application to a specific case), of what has been
called Quotient of Convenience. This Quotient of Convenience is an indicator which makes a
comparison between the economical weight of regulations' cost and the incomes of the regulated
fleets.
This Quotient of Convenience is sustained from systematising and defining the nature of the
Costs of Responsible Fishing (CRF). Responsible Fishing by an individual enterprise takes into
account the externalities that the fishing exploitation generates when the resource is caught.
The problem of Responsible Fishing appears when the fleets, as independent economic units,
have the freedom to abide by, or ignore regulations. Although this phenomenon can come out in
different forms in the territorial waters of each country, in international waters there are different legal
regulations and more confusing management. In these waters, the freedom of the fleet is larger,
creating a problem of international administration of the marine resources. It is the problem of flags of
convenience, which appears when a ship sails under a flag of a country not linked to multilateral
conservation agreements.
As a consequence, only through a delimitation of the costs components of a System of
Responsible Fishing one can clearly evaluate who supports those costs, what is its economic impact
and what are the management instruments that should be implemented to correct a distorted allocation
of resources for the preservation of the marine resources.
Although the study has a theoretical and conceptual approach, these concepts will be illustrated
in a empirical evaluation of cases where the Spanish fleets have to deal with problems of unfair
competition with vessels under flags of convenience. In these cases, the evaluation of the Quotient of
Convenience (QC) will be attempted.
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The Quotient of Convenience is the concept in which the study is centred so its discussion and
theoretical definition are presented in Part II. Part III. carries out a description of the management
systems based on Responsible Fishing in Spain, as a frame of reference for this kind of regulations
and the justification and principles on which Responsible Fishing in Spain are based. Part IV includes
the theoretical definitions of the components of cost used for the calculation of the Quotient of
Convenience, as well as the Costs of Production and the Costs of Responsible Fishing. Part V
empirically calculates the Quotient of Convenience for a specific case: the codfish fisheries in NAFO.
Costs of a responsible fishing - theoretical approach.
To define the Costs of a Responsible Fishing, it is necessary to determine the components which
will be included in this cost. In a preliminary approach to the Costs of a Responsible Fishing, they are
qualified as those costs added to the fishing activity as a consequence of the protection of the
resource. This is applied through national or international regulations.
The structure of costs is composed on the one hand by the costs of production of goods and on
the other hand by other specific costs which we call Cost of Responsible Fishing (CRF), that are a
consequence of additional costs which increase the total cost by internalising the externalities that are
generated in the exploitation of a renewable natural resource. These costs are due to regulations
assuring that the resource is not over-exploited. In the following sections we will examine the
elements that compose these costs in the case of fishing exploitation.
Costs of production
We define the costs of production only as those that result from the use of productive factors and
materials, that is to say, those in which it is unavoidable to incur during the normal practice of the
fishing activity. We use the common classification of fixed costs and variable costs.
Table 1. Composition of the structure of total costs of the responsible fishing
Fixed cost
Costs of production

Variable costs

Fleet cost
Costs of responsible fishing
Social cost

Opportunity cost of investment
Cost of the fuel
Cost of materials
Labour costs
Financial costs
Licences
Technical cost
Reduction of catch (loss of productivity)
Institutional costs of the regulation.
Costs of the reconversion of fleets
Unemployment
Control cost

“Lucrum cessans”

The fixed cost basically reflects the opportunity cost of maintaining the whole investment
(vessels, gears, etc.). The Opportunity Cost of the Invested Capital is derived from the use of fixed
assets in the economic exploitation, whose economic life goes beyond the fiscal year. In the case of
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the fishing activity, they are basically the ships. This cost is not only the opportunity cost of the
capital initially used (purchase of ships), but also the annual expenses of maintenance of the ships.
The valuation of the vessels should be done through an economic, but not through an accounting
approach, that is to say, through the estimation of their sale price. However, other ways of evaluation
must be considered as the value of the vessels can increase or decrease.
The most common method of evaluation may be carried out starting from the purchase price of
each ship subtracting economic depreciation, and the value of withdrawal. The economic depreciation
can be calculated through the linear distribution of the price of purchase or through the initial
investment along the economic life of each ship. With that, the evaluation of the costs corresponds to
the real use of the vessels.
The necessary investments for the conservation of the ships will be considered annually as the
highest value of the used capital.
With regard to the variable costs, the following four kinds of expenditure can be distinguished for the
fishing activity: cost of the fuel, cost of materials, labour costs and financial costs.
The composition of these are easy to describe:
−
−

−

−

−

The fuel costs equal the amount use per trip to the fishing ground.
The cost of materials is the price of purchase of the materials necessary for the practice of the
activity, such as nets, boxes, chords, etc.
The labour costs are the costs of the other essential factor of production in the activity. They are
dedicated to the remuneration of the labour force, including the social charges paid by the
company. The labour costs can vary according to the activity and gear, so a classification is
necessary to be able to measure them through the average cost per crew member. In addition to
labour costs, there are salaries and wages, company payments to the Social Security and to the
retirement funds and any item commonly considered as a social charge.
The financial costs are interest payments for borrowed money used for the development of the
activity of the fishing enterprise and the costs of financial administration.
The costs of production have different characteristics for the purpose of the study.

First of all, upon undertaking the problem of Responsible fishing from the point of view of added
costs, the costs of production would be those in which that all the fleets incur regardless of their
compliance or not of the international regulations in the waters where they fish. That is to say, these
costs would be the only ones which would endure in the absence of regulations.
Secondly, and as a consequence of the previous point, the costs of production are attributive to
each fleet. This implies that there are not external costs which affect the rest of the society or the other
fleets fishing in the same waters. This kind of costs are closely linked to the comparative
competitiveness of each fleet, but the possible differences which may appear through international
comparisons which are not interesting for the study, because they relate to the enterprises and the
institutional characteristics of the country that they belong to.
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As a consequence, the costs of production are not connected to any international regulation. From
the point of view of the estimation of the Coefficient of Convenience, the fleets can, if it is necessary, be
treated as homogeneous in their costs of production. This hypothesis solves the problem of measuring the
cost of production for the unregulated fleets because the data is not available.
We establish the costs of production as the basis for the study and we consider the additional
costs as the Costs of a Responsible Fishing.
Costs of responsible fishing
The Costs of Responsible Fishing (CRF) are additional costs which are necessary to internalise
the externalities of the fishing activity, which affect the fleets and society.
The Costs of Responsible Fishing appear because of public intervention, which establishes the
management measures necessary to internalise the externalities of the exploitation of a resource in free
access.
− Regulations protecting the resource always restrict fishing access. Let us emphasise some
characteristics which explain this perculiarity: namely the necessity of avoiding the overfishing
to allow the exploitation at the same rate of reproduction of the resources. Because of that fact,
the regulations, while restrictive of the possibilities of production, mean higher costs.
− The regulative activity of the States in its maritime territory (EEZ) is hardly avoidable by national
fleets. However, this does not happen in international waters where those regulations are articulated
under multilateral agreements between states and by definition the countries which do not sign these
agreements are not linked to them. This is the problem of the fleets under flags of convenience.
− The difference which exists between the two kinds of fleets in international waters has its economic
explanation through the concept of externalities. Externality are those negative or positive effects of
an economy activity over other activities or agents.
In this case, the fact that a fleet is, and another is not, subject to a regulation regarding the
exploitation of a same resource, has a negative effect of the last ones over the first. The economic
effect which is produced by the regulations is the internalisation of the externalities in terms of higher
costs.
Since it is possible to avoid these externalities by means of a flag of convenience, an important
difference is produced between the fleets. From the point of view of the firm, the regulated ones are in
a situation of comparative disadvantage. An incentive to change flags is generated and the regulated
measures lose effectiveness.
Finally, this affects both firms and society.
In a direct way, the Costs of the Responsible Fishing are supported not only by the fleets but also
by the society which finances the necessary public resources to the management of the resources in
international waters and to the adaptation of the fishing sector.
In a more indirect way, (in this study it will be only enunciated because of the empirical
difficulties of quantifying it) the non-internalisation of the CRF reduces stock by overfishing in the
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short term. This means the destruction of a natural resource and will have effects over the final
consumption (prices, stable supply of food, etc.).
Costs of responsible fishing: Fleet Cost, Social Cost and lucrum cessans. However, it is
necessary to take into account that the three kinds of costs are part of a global concept and that this
classification is only used to give a clearer and more systematic explanation. In the following lines we
will describe every component.
− Fleet cost. Regulations in international waters have as an objective the elimination of the
overfishing and the preservation of the resources. These regulations will mean the decrease of
the capturability through the decrease of the fleet or through technical measures (size of nets and
mesh, days of fishing, etc.). In both cases, that means an increase in the operative costs of the
regulated fleets. Basically, these additional costs are: payments of licences and sanctions,
support of some technical costs and loss of productivity. In the following lines let us comment
on each aspect of the Fleet Cost.
• Licenses: The license is an administrative authorisation, which is given to a specific vessel, to
fish in a certain conditions. Often, to get the licence means a payment for the right to fish. No one
can practice the activity without a licence. Because of its cost (which includes the cost of its
management and its purchase by the firm) is unavoidable to the regulated fleets.
• Technical Costs. We define these technical costs of responsible fishing as those which the
firms must support to adapt their procedures of fishing to the regulation's rules of
responsible fishing. This chapter defines expenditures as those derived of the change of
gears, of the purchase of instruments of localisation, of the maintenance of observers, etc.
• Costs of the decrease of the catch: We define the costs of the decrease of the catch as the
economic effect which is supported by the firms because of the under-utilisation of the capital
when it is due to the existence of regulations assuring responsible fishing. These costs reflect a
decrease of the catchability by unit of effort: a loss of productivity of the fleet that follows
working under conditions set by regulation. It must be noted that this does not include the cost of
the total reduction of the fleet (decrease of the total number of vessels) only includes the loss of
productivity of vessels that continue working. This loss has different origins.
On the one hand, there is a loss of catchability in relation to the technical regulations that induce
a loss of the potential catches. These regulations are limitation of quotas of fishing, limitation of the
fishing days, limitation in gears (mesh, size of nets, etc.), geographical limitation (closed areas), etc.
There is also a loss of catchability because of the negative externalities of the unregulated fleets
in the same waters. Its activity affects the fleets which respect the Multinational Agreements because
they cannot complete their assigned quotas.
The Cost of the Decrease of the Captures considers both reasons of increase of the used capital's
“inefficiency”. Fishing firms with the same capital and the same fixed costs have a lower economical
profit when they comply to regulations.
− Social cost. This part of the Costs of the Responsible Fishing includes the expenditure of the
Administration in relation to a specific regulation. In this case, the firms do not support this cost but
the Public Administration (local, regional, national, supranational). It is dealt with as a Social Cost
because there is a cost of opportunity of the Public Expenditure to society. These funds could be

233

aimed to other functions if the externalities of the exploitation of the marine resources were not to be
corrected.
This epigraph must also consider effects which harm the society such as the reduction of the flow
of food, the increase of the costs of production to the consumer or the social effects of unemployment.
Those effects are very difficult of quantify. We limit our analysis to consider that part of the Social
Cost is in the budgets of the Administrations.
With this criterion we distinguish the following epigraphs: institutional costs of the regulation,
costs of the fleet's reconversion, cost of unemployment and cost of control. We are going to exam the
nature of each one.
• Institutional cost of regulation. It comprises the cost of administration and management of
the measures of regulation, including public research. In the case of Spain, they are costs
supported by the Central Administration of the State, the Autonomous Communities and the
European Commission.
The quantifying of these costs can be obtained from the budget when the items are clearly
assigned to a specific aim which is affected by the regulation of a fishery. When the assignation from
the budget was attributed to a larger aim it will be necessary to use weighting systems. For instance,
the administrative costs of the specific fleets regulation can be estimated from the attribution of the
percentage over the total administrative expenditure that the regulated fleet represents in the total.
• Costs of reconversion of fleets. The social costs of reconversion of fleet are those the
administration incurs to adapt to the new conditions that are established with the regulation.
The larger items of this kind of cost subsidise the dismantling of vessels and finance the
temporary mooring of the fleets which are waiting for the stocks to recover.
The quantifying of the stocks is directly obtained from the budget, which clearly determines the
valuation of this kind of program.
• Cost of unemployment. The reconversion of the fleets which means the dismantling of
vessels and temporary stops, is a source of elimination of employment in the fishing sector.
The social disturbance which is produced by unemployment is very difficult to measure.
However, it is possible to make an assessment of the public resources aimed at the
maintenance of the incomes of the workers in the fishing sector. Because of that fact we will
consider this cost as that which is supported by the administration as the payment of the
unemployment subsidy aimed to finance the dismissed workers due to the reconversion.
• Control Costs. They are the costs which the administration has, due to the maintenance of
control and supervision structures to assure the compliance of the regulations. They include
the maintenance of inspectors team, the control at sea and, in a general way, all those items
directly linked with the tasks of control and compliance of agreements and regulations.
− Lucrum Cessans. Fleet reduction plans decrease of size of the fleets. That means a undercapitalisation of the fleet as a whole. This exit of capital of the fishing activity means the loss of
a possibility of investment which previously generated some benefits. That means a lucrum
cessans to the investors who have to leave the sector. That is to say a loss of benefit
opportunities has been lost. This loss is especially deceitful in the case of the existence of
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unregulated fleets which are in the productive space of those fleets which have been obliged to
leave the activity.
This “cost” is not supported by those fleets which continue in the activity, but by those which
leave it. The social cost resulting from lost incomes due to the departure of the activity affects all of
the society which loses a possibility of productive and profitable use of the capital.
There are ways of estimating this cost. The difference between the capital which existed
previously and currently one can be multiplied to by the current average rate of benefit and get the
lucrum cessans caused by the reduction of capital. That is to say, we would be reflecting the added
benefit which we would obtain if we would not have reduced our cessans fleet.
However, the formulation of the lucrum cessans is more theoretical than empirical. In practice is
not evident that by maintaining the fleet in its preceding level, the rate of benefit would be stable. It is
difficult to make an estimation of the real dimension of the Lucrum Cessans. Because of that fact, we
have preferred not to evaluate it in the empirical part of the study. We will limit the analysis to
consider the Fleet Cost and the Social Cost. With that, we under-estimate the effective dimension of
the CRF but we will assure a greater amount of accuracy of its estimation.
The systems of responsible fishing: Spain and the European Union
Spain is traditionally an important consumer of fish, with a largely deficitary market; this has
aided the development of the fishing activity with the aim of satisfying this demand. In the 60s the
Spanish fishing fleets worked both in national waters and in international fishing zones.
Although the development was exponential, the management system (of traditional base) avoided
collapses in the fisheries of national waters. However, several factors occasioned an important crisis in
international waters during the 70s.
Firstly, the expanse of the EEZ to 200 miles was enacted. This made it necessary to negotiate for
access to waters where Spanish fleet worked before. In some cases, the negotiation occasioned the
exclusion from those waters. Secondly, Spain lost its sovereignty over the Occidental Sahara in 1973.
This was an important fishing zone in the African Atlantic. Finally, the technological changes caused
an important increase of the productivity (of fishing capacity) of the current fleets.
The Spanish fleet was heading for a necessary reconversion in the 80s in the context of the
Spanish entry to the European Community. In 1986, the entry of Spain into the EC meant following the
CFP's directives and taking part in international agreements as a Community member. The basic
instruments of management used by the EU and Spanish administrations are:
− TAC (Total Allowable Catch): This assures the preservation of the fish stock. Every year the EU's
Administration establishes a TAC for every regulated species and geographic areas. After it is divided
between the different states. Inside every state, the Administration distributes these quotas depending
on its own criteria.
− Licences: It is the necessary permit for the fishing activity. Licences mean the obligation to adopt
technical and specific measures for each case.
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− Technical measures: The most important are: minimum size of the captured species, identification of
closed areas (to prevent the capture of juveniles or to protect the reproductive stock) and limits in
fishing days and other technical market measures.
− Pluriannual orientation plans: In the EU's frame, the Pluriannual Orientation Plans (POP) for the
fleet reduction are established. These plans help make concessions for restructuring of the fishing
sector. They scale down the capacities of fishery. From 1986 to 1993, the POP has enable the scaling
down of part of the fleet. This process will continue during the next 6 years throughout the IFOP. The
funds for this aim will increase. In last few years, the Spanish fleet not only has stopped its expansion
but also it has reduced its size to adapt to the possibilities of catch in the different fisheries where they
are working.
These regulations are applied in an effective way inside of the waters of the EU with the
participation of the control systems of all the states. It is clear that there are secondary difficulties in
the exact compliance of the rules, as shown by the existence of some sanctions, but from a general
point of view, the rules are applied and the vessels under flags of convenience do not operate inside
these waters. Because of that fact, the fleets internalise the cost of the responsible fishing according to
the directives of the European CFP.
The Spanish and the Community Administration know the necessity of adapting the fishing
exploitations to the possibilities of the maritime environment, and they support the concept of Responsible
Fishing defined in FAO's frame. The global objectives are:
− to adopt effective planification and regulation of the fisheries;
− to develop professional formation;
− to promote an optimal level of decentralisation between Administrations;
− to ensure the supply of sea products and to guarantee quality and sanitary conditions;
− to adopt necessary measures to protect the environment.
In the case of the international waters, the management is made under multilateral agreements. The
EU's commission acts like a juridical subject. Temporary permits to the Spanish vessels which fish in those
waters are required. As it is pointed out in the introduction, the main problem is the appearance of fleets
under flags of a country that has not signed the agreement i.e. the flag of convenience problem.
Nowadays the main objectives of Spanish fishery policy, in line with those of European Union, are:
− to scale down the fishing fleet to a sustainable level;
− to encourage capital investment so as to keep up a modern competitive and efficient fleet;
− to safeguard the social and economic stability of those whose livelihood depends on the exploitation
of fishery resources;
− to diversify fisheries activities by means of market structure reforms and improvements;
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− to organise the EU's market in such a way as to ensure a steady supply of high quality fishing
products.
Those measures mean a cost. Not respecting them creates some externalities. One of the main
problems of the community fleets respecting these principles in community waters is the distortion that
results from competition with unregulated fleets. A competition which is settled in the EU market and
which are more open according to the agreements of GATT. This unfair competition threatens to invalidate
the meaning of the multilateral agreements because it stimulates the change of flag and opens the productive
space to fleets which do not support the externalities which are incorporated by the fleets of the signing
countries. In the following paragraph, we will try to see how from a theoretical perspective the dimension of
distortion to the free competition can be measured through what we call Quotient of Convenience(QC).
The quotient of convenience
The Costs of the Responsible Fishing, understood as those resulting from the sustainable utilisation of
the fishing resources, are difficult to estimate. It will be necessary to contrast in an empirical way if its
quantification is the more accurate or on the contrary, if it is possible to elaborate indexes which show more
accurately the additional costs that the fleets should endure in order to get a sustainable and efficient
exploitation of the marine resources.
Obviously, this evaluation of costs only refers to those fleets subjected to regulations. In the case of
the international waters, responsible administration implies the compliance of the multilateral agreements.
But in those waters, there are also fleets of countries that have not signed the agreements and that do not
endure the costs that they imply.
Despite that fact, the quantification of the Costs of Responsible Fishing (in absolute terms) is not
interesting for the international management of the marine resources because, in order to determine the
economical weight of the regulations, it is necessary to establish a relation between the Costs and some
other magnitude, working with comparable indicators. It is here where the concept of Quotient of
Convenience appears.
We define the Quotient of Convenience (QC) as the relation between the Costs of the Responsible
Fishing of a fleet and its total income.
We understand for Total Costs the algebraic addition of the Costs of Production and the Costs of the
Responsible Fishing. In the case of fleets which do not belong to a flag of a country which has signed the
agreement the CRF will be equal to zero.
If we consider the Relative Costs in relation to the Income we will have:

RC =

CP + CRF
TI
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RC Fleet of Convenience (fc), if CRF =0 we will have that:

RCfc =

CP + CRF CP CRF CP
=
+
=
TI
TI
TI
TI

RC Responsible Fleet (rf), we will have:

RCrr =

CP+ CRF
TI

Then the responsible fleet, in comparison to that of convenience has a difference in the structure of
costs which could be expressed as a difference in comparative terms to the total revenue. This difference, as
a percentage of the income, is what we call Quotient of Convenience which shall be expressed as:

QC = RCrf - RCfc =

CRF
TI

QC:

Quotient of Convenience

Rcrf:

Relative Costs of the responsible fleet

Rcfc:

Relative Costs of the fleet of convenience

CRF:

Cost of Responsible Fishing

TI:

Total Income

This quotient will be defined through the type of fleet considered:
Responsible Fleet:

CRF > 0 → TC = CP + CRF

QCR > QCI
Irresponsible Fleet:

CRF = 0 → TC = CP

The measurement of the competitive disadvantage of the fleets which practice responsible fishing is
determined, consequently, through the difference of costs endured in the fishing activity.
Because of this cost difference, measures of compensation and protection to the Responsible Fishing
could be proposed. The Quotient of Convenience allows the establishment of a reference for the calculation
of the charge that the fleets under flags of convenience should support. Thereby, those fleets would
internalise the costs of the externalities that they generate when they sell their production to markets of
countries that do not accept the internalisation of costs and which are jointly responsible for the regulation
of the fishing resources exploitation.
Being a quotient in relation to the total income, that is to say, with the obtained catch, the QC can be
referred to the obtained production. That is to say, it is possible not only to determine the CRF for a
concrete fleet, but also for a tonne of capture.
That way, we not only have an theoretical instrument but also an instrument to evaluate the
compensatory rates which (through a tariff or another kind of measure as the prohibition of discharges, etc.)
could balance the economical impact of the unregulated fleets activity.
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In this case, the measure is seen as a dissuasive technical instrument which contributes to limit the
flags of convenience problem through the economical pressure with the purpose of forcing countries to
respect the multilateral agreements for responsible fishing in international waters.
Empirical analysis: cod fishing fleet in NAFO
In this epigraph we will try to show that the QC is empirically measurable and at least there are
some cases in which its dimension has an important economic relevance that can produce a distortion
in the free competence of the firms. To this study, we have chosen the cod fisheries in the area of
NAFO where the problem of the flags of convenience was present and it was possible to access to the
necessary information and data in an accurate way.
Spanish fleet in NAFO - historical evolution
NAFO ( Northwest Atlantic Fisheries Organisation ) is situated in international waters of the Atlantic
Ocean beyond the 200 miles of Canadian jurisdiction. Fishing-grounds are placed in the Bank of Flemish
Cap and in the external zones named nose and tail of the Terranova's Great Bank. In Map 1 it is possible to
see the area where the waters regulated by NAFO to the East of Canada are placed, while Map 2 shows the
division between Canadian and international waters. The productive areas are approximately in zones with a
depth lower than 200 miles (continental platform). Because of that fact, the NAFO agreement regulates the
external zone to Canada of the platform of Terranova.
In 1974, the Spanish cod fishing fleet, which worked at the Great Bank's waters, was constituted of
140 vessels. The main seaports were Pasajes and Vigo, where 113 of the cod fishing vessels resided,
although la Coruña was important, too. Despite having district seaports like Cadiz, some ships made their
landings in Pasajes. It must be said that the EEZ was not established until 1976 and fishing was possible in
all the Terranova's Great Shoal freely. From 1976, this possibility was reduced with the establishment of the
200 miles of waters of the exclusive economic zone of Canada. In 1981, a census of the cod fishing fleet in
Vigo, La Coruña and Pasajes was made.
In 1986, the cod fishing fleet was made up of 69 vessels. This means 71 ships less than in 1974. The
main seaports continue being Pasajes and Vigo, although some vessels appear in districts such as La
Coruña, Cádiz and Huelva. The average horse power and the average GRT are both similar in 1974 and in
1986.
Nowadays, there are only 11 pairs of ships, which belong to 9 different enterprises assembled in two
associations of shipowners located in Pasajes and Vigo, respectively. The biggest number of landings is
made in Pasajes. These vessels fish in the modality of pair-trawl. We note that a strong scaling-down of the
fishing effort has been carried out following the Fishery Policy of the Community. It has had a reduction in
the catch possibilities not only because of the TAC before the entry of Spain in the Community but also of
the fishing moratoriums in various zones because the resources were low. This means that in the current
year, the Spanish vessels can only fish in zone 3M.
The characteristics of this fishery: practice of responsible fishing, economic signification,
disposition of catch and costs, etc., make it suitable to make a specific evaluation of the Quotient of
Convenience.
It is clear that this Quotient is not equal for all the fisheries in international waters. It is necessary
to justify the calculation and note the weight of this component in the final price of the product. In the
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following lines we will try to evaluate what is the difference of costs between the vessels which fish
under the current multilateral agreements and the vessels which sail without respecting these rules i.e.
vessels under flags of convenience.
In the case of NAFO, most of the ships which sail without signing the agreements fly flags of Panama,
Caiman Islands, St. Vicente and Uruguay.
Costs of production
In spite of its calculation not being necessary, the quotient of convenience is interesting to
comment on to understand better the cod fishing fleet which works in NAFO.
Fixed Costs of production
As it has been explained in the introduction of this empirical analysis, there are 22 Spanish vessels
which fish in NAFO nowadays. The most of them were built in the 70s. There are only a couple of ships
constructed before. Nowadays, a new perfectly prepared vessel has a value of Ptas. 2 000 millions.
At the moment of selling a cod fishing ship, the fishing rights are sold with it. The fishing rights'
prices range in a significant way.
The vessel prices ranged in a fixed average according to their age. If the vessel is older than 15 years
(the economic life of a cod fishing ship) the price decreases in an 1.5% for every year that exceeds. On the
contrary, if the vessel is younger than 15 years, the price increases by 1.5% for every year that lacks to
complete that time. Economic life is estimated in 15 years.
Variable Costs of production
Costs of fuel, material and maintenance. The costs of fuel and material, taking in account that
the vessels which practice the responsible fishing have a changed of gear, are between Ptas. 1 500 000
and Ptas. 2 000 000 per day of sea. A “campaign” lasts a minimum of 80 days and does not surpass
the 110 days. It is important to say that this restriction of time does not exist for the vessels which do
not practice responsible fishing. They stay in the fishing-grounds the period of time that they wish
without any limitation.
The cost of maintenance have an annual import of 30 millions of pesetas by pair of vessels. This
figure includes other items as the mooring in seaport, the insurance when the ship is working and the
vigilance costs of the vessel in seaport.
Labour costs. To value the labour cost, the problem of the differences of wages according to the job's
category must be assessed. The salary of the cod fishing vessel's crew is constituted by two different parts:
one fixed and another variable. The variable part is a ratio of the sale. This ratio ranges according to the
category of the job and according to the place (for example, in Galicia is lower than in Basque Country).
The variable part of the salary is around the 0.3% of the catch. As well, the paid quota to the social security
must be added which is a percentage marked by the law over the fixed part of the salary. The crew of a
fishing-cod vessel ranges between 24 and 36 people. The fixed salary ranges according to the categories but
the average salary is around Ptas. 176 000.

240

Financial Costs. The Financial Costs must be added to the preceding costs. The financial costs
are those which the shipowner incurs to finance the fishing operations or temporary stops of their
vessels and crews.
As the costs of production, fixed or variable, are supported by all fleets: responsible or not, its
calculation has no relevance for this study. They are pointed out here to show the cost involved in the
capital that these kinds of fleets represent.
Responsible fishing costs
With the adopted methodology, it is only necessary to know the Cost of Responsible Fishing
(CPR) to estimate the Quotient of Convenience.
The process of calculation begins by evaluating the different aspects of the CFR, to associate it to
each captured amount and to the obtained total income. As it was pointed out before, the CRF is
composed of different aspects which will be developed in the next lines to the specific case in which
we are centred. In Table 2, the obtained outcomes that we will discuss in the following paragraphs are
shown:
A first Chapter of the CFR is the Fleet Costs.
The Fleet Costs of exploitation of responsible fishing are: licences, sanctions, Technical Costs of
regulation and the cost in relation to the decrease of captures.
In the case that concerns us, there is not a cost of licences because the shipowners do not pay any
amount for that concept to the Administration.
In 1993, the technical costs of the regulation were basically the cost of maintenance of the
observers and the cost of communication. In other periods, there has been cost of change of material
(nets) and equipment (systems of communication and control, etc.). In 1993, the cost of the observers
was low to the shipowner because their salary was charged to the Administration and is taken into
account in other epigraph. The shipowner only paid the keep of the observers while they stayed on
board his ship. This approximately represented an amount of Ptas. 1 200 per day. The total of this
item, from the ownerships sources, was in 1993, Ptas. 204 000.
We understand as costs of communication those caused by the obligation of contacting with the
Administration every time that a vessel enters or exits in any zone of NAFO. This way in the zone the
ship is and the number of fishing days in every zone is registered. These costs have a relative weight
due to the distance of the fishing-ground, from the ownerships sources, it reached a total of
Ptas. 3 300 000 in 1993.
Finally, in this section, the cost of the decrease of catch, is the most complex of estimations.
Here, the losses due to the under-utilisation of the capital because of the existence of a TAC, the cost
of the “discards”, losses due to the decrease of the fishing days and losses for stopping the fishing
activity when a high percentage of juveniles is found, will be included. This last situation occurs when
a volume higher than the 15% of fish which are undersized is found, the activity must be stopped and
moved 5 miles from that place.
As the Spanish fleet did not suffer these restrictions in 1974, it is possible to make a comparison
between this fleet and the fleet which nowadays sails under flags of convenience. Because of that fact,
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to obtain the difference of costs (Costs of Responsible Fishing) we calculate the difference between
the captures by GRT in 1974 and the captures by GRT in 1993. This difference is multiplied by the
current price and by the current GRT.
The outcome is the potential incomes which nowadays the vessels lose because they restrict their
potential captures to a specific norm (TAC, technical measures, etc.). In 1993, it represented
Ptas. 1 770 340 000.
The outcome means that this epigraph is the most significant in relation to the costs of
exploitation associated to responsible fishing. The figure which is obtained is relatively small in
relation to the total income (2.5%). This means that the fleet has kept itself operative finding the
means to not lose profitability despite of the adverse conditions which it has found.
Social Cost. In 1993, the most significant part of the CRF is found in the Chapter that makes a
reference to the Costs of Responsible Fishing to the society. That is to say, those which do not
directly bear on the shipowner. The Social Costs are composed by the Institutional Cost of
Regulation, cost of reconversion of fleets, Unemployment and Control Cost.
Institutional Cost of the Regulation. These are costs of administration and management of the
activity of the fishing fleet and of the POP. The costs of research are included. In the case of NAFO,
these costs are managed by the State and not by the Autonomous Communities as it happens in other
fisheries. The percentage of administrative costs which are supported by the European Union aimed to
NAFO, should be included.
This is calculated through the establishment of a percentage of the cod fishing fleet's GRT in
NAFO with regard to the total of fleet administrated by the SGPM. This gives a result of 2.38%. This
percentage is multiplied by the administrative expenditure of the SGPM which includes civil servants,
expenditures of functioning, expenses allowance and travels, etc. The total of the State administrative
expenses attributable to the cod fishing fleet in NAFO is Ptas. 66 450 000. It is necessary to add the
amount which was invested in research by the Instituto Español de Oceanografía (IEO) in this fishery.
This amount was Ptas. 80 000 000. The expenses of the EU are not included due to difficulties of
estimation in their budget. Because of that, the total amount of administrative expenditure which was
Ptas. 146 450 000 underestimates the real institutional cost.
Cost of reconversion of fleets. Here, the expenditure that the Administration of the State and the
EU has paid to reduce the fleet, is included. This is basically subventions for temporary mooring and
for definitive stoppage. In 1993, a subvention of 50 million was given to every pair of vessels for
temporary mooring. The total amount was Ptas. 700 million. Another subvention of
Ptas. 1 300 million was given for definitive stoppage.
Unemployment. In spite of the difficulty to measure the social unrest that the unemployment
causes, the social wage can be used like an indirect estimator. The social wage is understood as a
compensation of all the negative consequences of unemployment. This cost is the minimum social
wage of unemployment which is Ptas. 960 000 per year and per seaman. The unemployment affected
959 people of 2 600 people who were affected by the reconversion. The amount in 1993 was
Ptas. 920 640 000.
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Control Cost. During the last two years, Spain has kept an average of two observers in NAFO.
We take into account the expenditure made by the Administration in these observers and in the
information process, which supposed Ptas. 22 416 000 and Ptas. 13 997 000, respectively.
In quantifying the cost of convenience, the “lucrum cessans” has not been taken into account.
The “lucrum cessans” would be an estimation of the amount which the shipowner loses because of
fleet reduction. That is to say, it reflects an opportunity cost to the shipowner. This figure will
increase the percentage of the cost of convenience. Because of that fact the cost of responsible fishing
will be underestimated.
Through the calculations which have been explained above, we have the outcomes in the Table 2
in 1993. The addition of Responsible Fishing Costs to the Fleets and society gives a result of
Ptas. 3 284 041 000.
With the formula of the Quotient of Convenience (QC) which considers the proportion with
regard to the Total Incomes of the Spanish cod fishing fleet in NAFO we obtained a QC of around
46.9 per cent.
The Cost of Responsible Fishing have a structural component and another relating to the current
situation. The components relating to the current situation are those associated to the process of
reconversions which must be maintained while the sector and society have not adapted the new
regulations. This basically implies that the excess fleet disappears and the unemployed have been
absorbed by the productive net in fishing or in another sector.
The studies fleet is in this process of reconversion for 10 years and the current costs are very high
(in 1993).
On the other hand, there are some structural costs that, despite definitively closing the process of
reconversion, will be supported by the fleets and by the society which work under a framework of
responsible fishing: loss of productively, cost of control and management, etc.
In Table 3, we present the QC in different situations. On the other hand, the QC which was
supported in 1993 is 46.9 per cent. An important part of this is given by current costs such as
unemployment, subventions for mooring and for dismantling.
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Table 2. Costs of responsible fishing of the Spanish cod fishing fleet in NAFO in 1993
1. FLEET COST
Licences
Technical Cost

0
observers keep
communication

204.000
3.300.000
3.504.000

Reduction of Catch
m= captures per GRT
1974
n= captures per GRT
1993
d= decrease of captures
per GRT

a=captures 1974 153.255
c= TRB 1974
119.000

m= a/c=

1,2876

e=
captures 13.993
1993
f= TRB 1993
13.618

n= e/f =

1,0275

d=m-n=

0,2601

b=price 1993
p= d*p*f=

500.000

177.034.000
180.538.000

TOTAL FLEET COST
2. SOCIAL COST
Institutional Cost of
Regulation

146.450.000
Research
expenditure IEO
Administrative
Cost

80.000.000
66.450.000

Cost of reconversion
of fleets

2.000.000.000
temporary
mooring
subvention
stop subvention

700.000.000

1.300.000.000

Unemployment
Control Cost

920.640.000
36.413.000
Observers
Information

22.416.000
13.997.000

TOTAL SOCIAL
COST

3.103.503.000

TOTAL
RESPONSIBLE
FISHING COSTS
(RFC)
TOTAL INCOMES
QUOTIENT OF
CONVENIENCE

3.284.041.000

6.996.500.000
46,9%

CPR/IT
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Subtracting these components of 1993 and only considering the structural ones, the Costs of
Responsible Fishing would be 5.2%.
Table 3. Structural and relating to the moment components
Structural Costs in 1993

363 401 000

Costs relating to the moment in 1993

2 920 640 000

Total Incomes in 1993

6 996 500 000

Real QC in 1993

46.9%

Structural QC

5.2%

Conclusions
As we have pointed out before, the QC is useful to indicate the part, as a percentage of the incomes
which come from the sale of the fishing product, which is due the Cost of practising a Responsible Fishing.
To assure free competition between the fishing firms of any country and to assure the maintenance of the
fishing resources through regulations, it is necessary that all the fleets internalise the externalities. In this
case, the externalities are evaluated as the Costs of the Responsible Fishing.
To reach this aim there are different alternatives. One of them would be regulation resulting in fishing
in a regulated way. This solution is non-viable in international waters. A more effective way is to use
regulatory measures ranging from prohibiting the importation of products of non-regulated fleets to
interventions through compensatory tariffs.
The QC allows a theoretical demonstration of the use of this type of measure. That is to say, the QC
allows the calculation of a tariff to internalise the cost of responsible fishing. This way, the regulated fleets
are in the same conditions as the non-regulated ones because the incentive to the change flags and to the
non-subscription of the multilateral agreements are stopped. The possibility of using a compensatory tariff
would probably allow to dissuade from non-compliance of the regulations.
Finally, we have seen how it is possible estimate the costs of responsible fishing and the QC for a
period. However, There is an open aspect when we are considering the costs relating to the specific
moment: these costs can be taken into account in the period when they are produced or be distributed in
larger periods. Because of that fact, there is an important scope of political discussion about how the costs
relating to the moment should be imputed. In this case, some factors such as the duration, the social cost
and the importance of the reconversion’s process, the necessities of internal consumption must be taken into
account.
Anyway, we know that the QC has a minimum (the one which is considered by the structural costs).
This minimum is significant in the studied case and probably in any practice of responsible fishing. There is
a maximum, too. This maximum is obtained via the addition of the costs to assure the practice of
responsible fishing to preserve the resource and to maintain the stability of the production in the long term.
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MAP 1. General view of the area where is situated the zone regulated by NAFO
to the East of Canada
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ICELAND: ON DISCARDING OF CATCH

1. Introduction
A fundamental axiom of economics states that economic agents strive to maximise their
objective functions subject to the constraints under which they operate. This axiom is of course
supposed to apply to fishing firms no less than other economic entities. This suggests that the
principal goal of fisheries management theory should be to identify an institutional (or regulatory)
framework with the property that the efforts of individual fishing firms to improve their fortunes
result in the maximisation of the common good.
Many fisheries management frameworks induce behaviour that, while individually profit
maximising, is collectively sub-optimal in the sense of being Pareto inferior. The prime example of
this is the free access, common property fisheries management system55. More generally, it is
important to recognise that all fisheries management regimes, even those specifically designed to
alleviate the common property problem, are subject to the above-mentioned fundamental axiom of
economics. Irrespective of the particular fisheries management regime adopted, fishers are constantly
seeking ways to increase their individual returns within (and sometimes without) that particular
management framework. Under an ideal fisheries management regime (which may not exist) these
efforts only serve to maintain and further the objectives of management. In less favourable cases,
these efforts tend to subvert the intended effects of the fisheries management. In extreme cases,
attempts by individual players to improve their individual lot will completely frustrate the objectives
of the fisheries management.56
The individual transferable quota system (ITQ) appears to be one of the most promising fisheries
management system to alleviate the common property problem and to improve the efficiency of ocean
fisheries57. Economists have long suspected that this system encourages excessive discarding of
catch. Thus Rettig (1986) regards the possibility of increased discards as a great concern with ITQ
programs58. The issue is further explored in Squires and Kirkley (1991) and in greater detail in
Anderson et al. (1992)59. None of these references, however, present a formal analysis of the issue.
In Iceland, where a comprehensive individual transferable share quota system (ITSQ) has been in
effect for some years, opponents of the system sometimes assert that the system generates a great deal
of waste through discarding of catch. Measurements of discarding in the Icelandic multi-species
*
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A version of this paper is due to be published in Marine Resource Economics in 1994.
The basic reference here is Gordon (1954). For a more modern analysis see Clark and Munro (1982).
Examples are provided by attempts to increase economic rents in fisheries by total quota management
regimes and effort restrictions. See e.g. Scott and Neher (1981), Arnason (1986) and Hannesson (1993).
See e.g. Arnason (1990).
See also Rettig (1989).
See also the other volumes of the National ITQ Study Report, NOAA (1992).
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demersal fisheries have not produced much evidence in support of this assertion. Thus a recently
published study60 found no discernible increase in discards under the ITSQ system compared to the
previous limited effort fisheries management system. Under both system discards ranged from 1-6%
of total catch volume depending on gear and vessel type.
Casual empiricism as well as economic intuition suggests that discarding of catch may take place
under most fisheries management systems. In fact, some discarding may actually be economically
optimal. This suggests that research into the discarding issue should focus on the possible existence of
excessive incentives for discarding associated with different management regimes, the magnitudes
involved and possible remedies.
This paper deals with these questions. In particular, it attempts to investigate whether there is an
increased tendency toward discarding in an ITQ fisheries management system compared to the free
access alternative and to identify the factors responsible. The paper proceeds to present numerical
examples to throw light on the potential magnitude of the problem. Finally, possible remedies of the
problem are briefly discussed.
2. Basic model
The analysis of discarding requires a model slightly more detailed than the standard, aggregative
fisheries model61. Discarding, as will be shown below, only makes economic sense in what may be
referred to as the differentiated fishery. This is a fishery that is characterised by more than one
economic grade of the catch.
Any volume of catch hauled aboard a fishing vessel may be composed of a number of economic
grades. Typically these grades reflect different landing prices of individual fish, different handling
costs aboard the vessel etc. To be relevant for discarding, the grades must be detectable by the fishers.
This means that the relevant grades are normally associated with physical appearance of individual
fish such as its size, skin damage, colour etc.
Let the index i refer to economic grades in the catch. Clearly the number of grades relevant for
discarding is at most equal to the number of individual fish in the catch. Let this number be I and refer
to catch of grade i as y(i), i=1,2,..I. Aggregation of catch over grades yields total catch as y≡∑i y(i),
where the summation is over all grades i=[1,I]. To the extent that different grades of catch derive from
features of the biomass, we correspondingly have x(i) representing biomass of grade i. In order to
focus on the essential aspects of discarding, however, the analysis will proceed in terms of aggregate
biomass defined by x≡∑ix(i).
Let instantaneous harvesting be determined by the following strictly increasing, jointly concave
harvesting function:
(1) y≡∑i y(i)=∑iY(e,x,i), for all i and e,x≥0, Y(0,x,i)=Y(e,0,i)=0
where y(i), as mentioned, denotes harvesting of fish of grade i and x the aggregate biomass . The
variable e represents fishing effort. This is assumed to be undifferentiated by grades. All variables are
functions of time.
60
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See Nefnd um Motun Sjavarutvegsstefnu (1993).
As expressed for instance in such classic texts as Scott (1954) and Clark and Munro (1982).
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It is worth noting that the harvesting functions in (1) constitute examples of joint production
functions. The economic input, e, cannot be differentiated according to grades. Therefore, the vessel
will have to harvest whatever grade composition of catch that is produced by e given the aggregate
biomass, x.62
Aggregate biomass develops according to the usual rule in aggregate fisheries models:
(2) x=G(x)-y, for e,x≥0,
where the natural biomass growth function, G(x), is assumed to have the usual shape with
G(0)=G(x1)=G(x2)=0 for 0≥x1<x2 and Gxx<0.
Finally harvesting costs are given by the strictly increasing convex cost function:
(3) CE(e), for e≥0, CE(0)≥0.
Apart from disaggregation of catch into grades, expressions (1)-(3) are essentially identical to the
standard aggregate fisheries model.63 Adding to this model the option of catch discarding we have the
identity:
(4) l(i)≡Y(e,x,i)-d(i),
where Y(e,x,i) represents the harvest of grade i at time t as specified above, l(i) retained or landed
harvest and d(i) the discarded harvest of grade i. A negative level of discarding would be harvesting.
Therefore we assume that d(i)≥ 0, all i. Also, since fisheries are characterised by non-negative
landings, we impose the restriction l(i)≥ 0, all i, in this model64.
There would generally be economic costs associated with landings and discarding. Let us
represent those by the non-decreasing, convex cost functions:
(5) CL(l(i),i), for l(i)≥ 0, all i, CL(0)≥ 0,
(6) CD(d(i),i), for d(i)≥0, all i, CD(0)≥0.
The CL( ) functions represent various costs associated with retaining catch of grade i and
landing it. These costs include the cost of preliminary fish processing aboard the vessel; handling,
gutting, storing, preserving etc., as well as the actual landing costs.
The CD( ) functions represent the costs associated with discarding of fish of grade i. As
discarding is generally relatively easy, these costs would in most cases be small. Notice, however, that
62
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The case were fishing effort can be differentiated according to fish grades at a cost is interesting. This
can be modelled in a straight-forward manner by employing a 1xI vector of fishing efforts, i.e.,
e=(e(1),e(2),...,e(I)) and a corresponding vector of cost functions, c=(c(e(1)),c(e(2)),...,c(e(I))). Again,
however, in order to focus on the essential elements of the discarding issue this particular avenue is not
pursued in this paper.
See e.g. Clark and Munro (1982).
Negative landings, however, appear to have an interesting interpretation e.g. in terms of ocean ranching
and waste disposal.
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if discarding is illegal or socially frowned upon, discarding costs would tend to be correspondingly
higher65.
Given the specifications in (1) to (6) we may write the instantaneous profit function of the fishery
as:
(7) Π(e,d;x;p) =∑i p(i) l(i)-CE(e)-∑iCL(l(i),i))-∑i CD(d(i),i),
where p(i) denotes the price of one unit of landings. The (1xI) vectors d and p represent
discarding and quay prices of different grades of fish, respectively. In this profit function fishing
effort, e, and discarding, d, are natural control variables. Biomass, x, is a state variable and the fish
prices, p(i), are parameters.
Before proceeding a few additional limitations of the model should be observed. First, note that
(2) contains the implicit assumption that discarded catch does not revert to the biomass. In many
fisheries, especially deep sea ones, this is empirically accurate. In others, e.g. some inshore crab and
shellfish fisheries, a substantial fraction of the discarded catch survives and is, thus, not lost from the
biomass. A more general formulation of equation (2) allowing for this possibility is:
(2') x=G(x)-y+α ∑i d(i), 1≥α≥0,
where α is a survival parameter.
Second, the structure of the model presupposes that landings, harvesting and discarding may take
place simultaneously, while in reality harvesting is more like a prolonged affair interspersed with
landings. In a later section, this particular assumption is relaxed and the implications for discarding
investigated.
3. Optimal discarding
The social problem is to adjust fishing effort and the vector of discards so as to maximise present
value of profits from the fishery. More precisely:
(I) Max ⌡0∞ π(e,d,x;p) exp(-rt)dt
e,d
Subject to:

x=G(x)-∑iy(i),

e,d≥
≥0,
where r denotes the rate of discount. As before, e and x represent fishing effort and biomass
respectively and d and p (1xI) vectors of discarding and prices corresponding to different grades. The
functions y, G(.) and π are defined in equations (1), (2) and (7) above.
Among the necessary conditions for solving problem (I) are:
(I.1) πe-µ∑i Ye ≡∑i (p(i)-CLl) Ye-CEe-µ∑i Ye≤0, e≥0, e (πe-µ∑iYe)=0,
65

On the expected costs of engaging in illegal activity see Arnason and Neher (1994).
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(I.2) πd(i) ≡ -p(i) + CLl(l(i)) - CDd(d(i)) ≤ 0, d(i)≥ 0, d(i) πd(i)=0, all i,
where æ is the so-called costate variable or imputed (shadow) value of biomass.
Condition (I.1) is the usual fishing effort efficiency condition in fisheries models. Thus, (I.1)
requires that for positive fishing effort instantaneous marginal profits of effort, taking full account of
the value of fish in the sea, should be zero.
Condition (I.2) gives the rule for socially optimal discarding of catch. In a slightly more
convenient form the discarding rule is:
(8) d(i)>0 if p(i)+CDd(0,i)<CLl(Y(e,x,i)-0,i)
The left-hand-side of the second inequality of the discarding rule, namely p(i)+CDd(0,i),
represents the marginal costs of discarding. This cost consists of two parts; the unit price of landed
catch foregone by discarding, p(i), and the direct marginal costs of discarding evaluated at zero
discarding, i.e., CDd(0). The right-hand-side of (8), CLl(Y(e,x,i)-0,i), represents the marginal benefits
of discarding (or marginal costs of retaining) catch also evaluated at zero discarding. Thus, the
discarding rule expressed in (8) is very simple. Catch of grade i should be discarded, i.e., d(i)>0, if the
marginal benefits of discarding exceed the costs.
There is a couple of things to notice about the discarding rule. First, since fishing effort and
biomass, i.e., e and x, appear in the discarding rule and the vector of discarding, d, appears in (I.1), it
is clear that the optimal levels of the two control variables, e and d, are in general interdependent. This
means that the optimal level of fishing effort depends on the discarding vector and vice versa.
Second, the discarding rule does not involve æ, the shadow value of biomass. The reason is that,
under the current specifications, discarding does not affect the biomass in any way. Thus, while
biomass influences the decision to discard via the harvesting function, there is no reciprocal impact. In
this sense the stock dynamics of the problem are exogenous to the discarding rule.
It follows that the decision to discard is essentially static. This, of course, significantly simplifies
the analysis. It is important to realise, however, that this property is solely due to our specification of
the model and does not constitute a general feature of the discarding problem. As discussed in the
previous section, the model specifications contain the implicit assumption that once a unit of biomass
has been harvested it cannot be restored by discarding. Thus, discarding has no effect on biomass. If
the reverse were true, i.e. equation (2) was replaced by equation (2') the shadow value of biomass
would appear in the discarding rule, encouraging discarding and complicating the analysis.
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Let us for convenience refer to the expression
(9) Γ (i)=CLl(y(i)-0,i)-p(i)-CDd(0,i)
as the discarding function for grade i. If the discarding function for a particular grade is positive,
marginal catch of that grade is discarded. If Γ(i) is negative, catch of grade i is retained. Notice that
the discarding function is not equivalent to the quantity discarded. It may, on the other hand, be
interpreted as the tendency to discard.
The discarding function shows that the optimal decision to discard depends directly on (a) the
quay price, (b) the marginal landing costs and (c) the marginal discarding costs of the grade in
question. It seems empirically likely that CLl(y(i)-0) is increasing in the catch rate, y(i), at least for
y(i) above a certain level. In that case, the discarding function implies that the tendency to discard
increases with the catch rate. This, in fact, appears economically plausible. Moreover, as catch
increases monotonnically with biomass and fishing effort, the tendency to discard also generally
increases with these variables, ceteris paribus. On the other hand, the tendency to discard a particular
grade diminishes with the price of catch, p(i), and the marginal cost of discarding, CDd(0). This also
appears economically plausible.
In an attempt to provide a partial visual image of the discarding function its dependence on the
price of catch is illustrated in Figure 1.
Figure 1. The discarding function: The effect of price
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The discarding function as a function of grades may in principle have any shape. One example is
illustrated in Figure 2.
Figure 2. A discarding function
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For concreteness, the grades in Figure 2 may be thought of as fish size. The discarding function
drawn suggests discarding at small and large sizes with catch being retained for middle sized fish.
The analysis so far suggests three seemingly interesting propositions concerning optimal
discarding:
Proposition 1
In an undifferentiated fishery discarding of catch is not optimal. Proof:
In an undifferentiated fishery the number of catch grates is unity, I=1. Assume that d(1)>0. Then,
according to (I.2), p(1)-CLl(1)=-CDd(1). Substituting this into (I.1) yields -(Cdd(1)+µ) Ye(1)-Ce ≤0.

But the right hand side is actually strictly negative because profit maximisation requires µ≥0.
Consequently, by (I.1) e=0. Thus, there is no catch to discard and d(1)=0.66 This contradiction proves
the proposition.

66

It may be noted, however, that discarding might be positive if CDd<0, i.e. the act of discarding is
economically beneficial.
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Proposition 2
Discarding of catch may be socially optimal.
Proof:
This is immediate. For I≥2 it is clearly possible to select p(1), p(2) , such that e>0 and Γ(2)>0 for
given x, CLl(y(i)-0,i) and CDd(0,i).
Proposition 3
In a differentiated fishery no discarding may be optimal.
Proof:
Again, this proof is immediate. For a given number of grades, I, x, CLl(y(i)-0,i) and CDd(0,i)
simply increase all p(i) until Γ(i)<0 for all i.
Free access, competitive fisheries
Let us now briefly consider discarding in a free access, competitive fishery. Under this fisheries
regime an arbitrary firm, j, will attempt to solve the following problem:
(II)

Max ⌡0∞ π(e(j),d(j),x;p) exp(-rt)dt
e(j),d(j)
Subject to:

x=G(x)-ΣkΣtY(e,x,i),

e(j),d(j)≥ 0,
where as before r denotes the rate of discount, e(j) firm j's fishing effort, x biomass and d(j) and p
are (1xI) vectors of discarding and prices corresponding to different catch grades. π(e(j),d(j),x;p)=
represents firm j's profit function corresponding to equation (7) in section 1. The summation, Σk, is
over all firms in the industry.
A solution to this problem includes the discarding rule:
(10) d(i,j)>0 if p(i)+CDd(0,i,j)<CLl(Y(e(j),x,i,j)-0,i,j), all i,
where d(i,j) is firm j's discarding of catch of grade i.
Comparison of the competitive discarding rule, (10), with the socially optimal one, (8) in the
previous section shows that the two are formally identical. In fact, formulating the social problem in
terms of the same number of fishing firms yields the same discarding rule.
This result is not difficult to understand. Competitive utilisation of fish stocks deviates only from
the optimal one due to the stock externality. The discarding activity, at least as formulated here, does
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not generate any external effects.67 Hence, competitive profit maximising discarding rule should be
optimal. It is important to realise, however, that this does not mean that the level of competitive
discarding is socially optimal. Competitive discarding is only socially optimal conditional upon the
existing competitive catch and biomass levels. These, however, are generally sub-optimal as is well
known.
4. Individual transferable quotas
We will now turn our attention to catch discarding under ITQ fisheries management systems. We
will first analyse the issue within the theoretically more convenient continuous ITQ system and then
briefly consider discarding under a discontinuous ITQ system.
4.1. A continuous ITQ system
Consider a continuous individual transferable quota (ITQ) system of the type specified by
Arnason (1990). The essentials of this system are as follows: The fishing firms hold a stock of
permanent ITQs. These ITQs refer to aggregate catch volumes and are not differentiated according to
grades. Let q(j) denote firm j's quota holding by firm j at time t. At each point of time quota holdings
must at least equal the firm's rate of catch. However, if discards are not counted against quota, as is in
fact generally the case, firm's j instantaneous quota constraint is:
(11) q(j) ≥Σil(i,j) ≡Σi[y(i,j)-d(i,j)],
where l(i,j) denotes the instantaneous landings of catch of grade i by firm j, y(i,j) the
instantaneous catch and d(i,j) the corresponding discard.
Quota holdings can be adjusted by trading, z, at a market price, s. Thus, quota holdings move
over time according to the equation:
(12) q = z.
Now, under quite unrestrictive assumptions, in particular that the quota price is positive68, the
total quota (TAC) determined by the quota authority equals total landings. The actual development of
biomass, however, depends on natural growth and total catches including discards. I.e.,
(13) x=G(x)-Q-ΣkΣid(i,j),
where Q represents the total quota issued and, as before, Σk denotes summation over all firms in
the fishery.

67
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Discarding would, however, produce an externality (presumably a positive one) if some fraction of
discarded catch survived and thus constituted additions to the biomass.
See Arnason (1990).
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Within this management framework fishing firm j attempts to solve the following problem:
(III)

Max V = ⌡0∞ [π (e(j),d(j),x;p)-s z] exp(-rt)dt
e(j),z(j),d(j)
Subject to: q = z,
x=G(x)-Q-Σk Σid(i,j),
q ≥Σi[Y(e,x,i) - d(i)] ≡Σil(i,j),
e(j),d(j)≥ 0,

where the instantaneous operating profit function for firm j, π(e(j),d(j),x;p), is as specified in (7)
above.
It appears convenient to express a relevant current value Hamiltonneian function for this problem
as:
H = π(e(j),d(j),x;p)-s z+µ(j) z+δ(j) (G(x)-Q-Σk Σid(i,j))+σ(j) (q-Σil(i,j)),
where µ(j) and δ(j) are costate variables or dynamic Lagrange multipliers corresponding to the
state variables q and x, respectively and σ(j) is the Lagrange multiplier associated with the quota
constraint. Along the optimal path σ(j) measures the instantaneous marginal profits of quota holdings
to the firm.
A solution to problem (III) includes the discarding rule for firm j:
(14) d(i,j)>0 if p(i)+CDd(0,i,j)<CLl(Y(e(j),x,i,j)-0,i,j)+σ(j)-δ(j), all i.
This discarding rule is similar to the socially optimal and competitive ones expressed in
equations (8) and (10) above. The only formal difference is the inclusion of the two Lagrange
multipliers, σ(j) and δ(j), in (14).
The Lagrange multiplier, σ(j), represents the instantaneous imputed shadow price or marginal
value of quotas to firm j. Since quotas can be freely left unused, maximisation of profits requires this
term to be non-negative.69 Thus, landing of catch represents a cost to the firm amounting to σ(j).
Hence, σ(j) normally encourages discarding of catch.
To provide another view on σ(j) it may be remarked that σ(j) equals the opportunity cost of
holding a unit of quota. More precisely, it can be shown that σ(j) = r s-∂s/∂t. Now, s is the price of a
permanent quota. Therefore, r s represents the instantaneous interest foregone by holding a unit of
quota sometimes called quota rental. ∂s/∂t represents the capital gain (loss) of holding such quota. In
equilibrium σ(j) = r s, where, of course, r s is the instantaneous or the rental price of quota. Thus, in
equilibrium, σ(j) is represents the instantaneous gain foregone by using the quota for landings instead
of discarding the catch and renting the quota.
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For the mathematical details consult the Kuhn-Tucker theorem, see e.g. Takayama (1974).
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The other Lagrange multiplier, δ(j) represents firm j's shadow value of biomass. More precisely,
δ(j)= ∂V(j)/∂x. The appearance of this multiplier in the discarding rule reflects the fact that in spite of
the quota restriction, firm j can influence the path of the biomass via discarding of catch. Since higher
biomass is normally economically beneficial to the firm70, δ(j) is usually positive. Hence, δ(j)
represents a disincentive to discarding. δ(j), in other words, works against the quota price incentive to
discard represented by σ(j). In a fishery composed of many firms, however, δ(j) is comparatively
small. More precisely, in equilibrium δ(j)=∝(j) σ(j), where ∝(j)ε[0,1] is firm j's share in the fishery.71
Thus, for many practical purposes δ(j) is negligible and may be ignored.
Let us now for convenience refer to the quantity σ(j)-δ(j) as Ω(j). Ω(j) ≡ σ(j)-δ(j), thus represents
the deviation of the discarding rule under an ITQ system from the optimal one represented by (8) and
(10). A positive Ω(j) represents an excessive incentive for discarding under an ITQ system and vice
versa. In most commercial fisheries, Ω(j) would be expected to be non-negative. As previously
indicated, Ω(j) is closely related to the instantaneous quota price provided there is a reasonably large
numbers of firms in the industry. In fact, in equilibrium, Ω(j) is approximately equal to the present
value of this price.
The ITQ discarding function corresponding to (14) is:
(15) Γ(i)=CLl(y(i)-0,i)+Ω(j)-p(i)-CDd(0,i).
Since Ω(j) is normally positive there is, for any given level of catch and price, y(i) and p(i), an
added incentive for a profit maximising firm i to discard catch under an ITQ system compared to what
is socially optimal and a profit maximising firm would elect to do under a competitive fisheries
regime.72 Alternatively we may say that the discarding function under an ITQ system, for given
levels of p(i) and y(i) strictly dominates the socially optimal one.
We formalise this result as the following proposition:
Proposition 4
Under the ITQ system described above and when there is more than one fishing firm there is
generally an excessive incentive for discarding catch.
The result expressed in Proposition 4 is economically quite intuitive. Under a competitive
fisheries management regime, a fisher contemplating whether or not to retain a particular fish will
obviously elect do so if the net return (measured as the sum of its quay price and discarding costs less
the landings costs) is positive. Under an ITQ system, this net return must be compared to the
alternative benefits of discarding the fish and selling the corresponding quota. More precisely, the net
return of landing the fish must exceed the quota price.
Notice, however, that the result expressed in Proposition 4 does not necessarily mean that there
will be excessive discarding under an ITQ system. There may be corner solutions. This means that if
there is no discarding under a competitive fisheries management regime, there may possibly be no
70
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Yx(e,x)>0.
For arguments to this effect see Arnason (1990) pp. 634-5.
As evidenced by equations (9) and (10).
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discarding under an ITQ system as well. On the other hand, if there is discarding under a competitive
regime, there will almost certainly be excessive discarding under an ITQ system.
Why does the ITQ system that is designed to eliminate the common property problem in
fisheries by allocating private property rights introduce a new inefficiency in the form of excessive
catch discarding? The problem does not appear to be the ITQ system as such. The problem appears to
derive from the imperfectness of the quota property rights as modelled in this paper or, alternatively,
the enforcement of these rights.
To the extent that the quota restriction applies to landings rather than catch, the quota property
rights are incomplete. Enforcing the quota restriction by monitoring landings is clearly a case of
regulating the wrong target. Fishing firms can still impose stock externalities on each other by
discarding catch. In that way they undermine the economic value of the quota property rights. The
situation is not dissimilar to a property rights system on land where theft is illegal but vandalism is
allowed.
To the extent that the ITQs refer to the aggregate volume of catch, the associated property rights
are also incomplete in another respect. Different grades of catch represent economically different
commodities. Quotas, on the other hand, are not differentiated by grades. Consequently, different
grades of catch cannot correspond to different quota prices. This, of course, is the familiar problem of
missing markets. The theoretical solution is to issue quotas by grades.73 This, however, may not be
practical.
Comparison of the discarding rules under the competitive and the ITQ regimes suggests that
empirical inferences on the basis of observed differences in discarding are by no means straightforward. Discarding depends inter alia on vessel catch rates and fish prices. Both of these may differ
across the two management regimes. Compared to a competitive arrangement, an ITQ managed
fishery may be expected to involve a higher catch rate per vessel. If the landings cost function, CL(l),
is convex, this induces a higher rate of discards under the ITQ fishery. This increase, by itself, is not,
however, evidence of excessive discarding. On the contrary. It is, in fact, socially optimal. Clearly,
this observation has significant implications for the design of official campaigns to curtail discarding
of catch.
4.2. A discontinuous ITQ system
Most actual ITQ systems are not continuous. Continuous ITQ systems are simply not very
practical. In most ITQ systems the quota restriction only constrains the integral of catches over a
period of time. Moreover, the quota holdings are only adjusted for catch at the time of landing. This
particular practice of ITQ systems slightly modifies but does not materially affect the results derived
above. We will now briefly investigate this:
Consider now a ITQ system where the quota constraint has to be satisfied at the time of landing.
Under this kind of a discontinuous ITQ system the profit function for a fishing trip lasting for the
period [0,T] may be written as:
(16) π=Σi p(T) l(T) exp(-rT)-∫0T [CE(e)+Σi(CL(y-d)+CD(d))+s z] exp(-rt)dt,

73

This was in fact suggested by Helgason (1989).
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where to simplify the notation redundant indices and arguments have been suppressed.
The variables e, d(i), i=1,2,..I, and z in (16) are control variables. l(t), q(t) and x(t) are state
variables. l(t) represents the accumulated retained catch at time t. Clearly Σi p(i,T) l(i,T) is the value of
the landed catch at time T and Σip(T) l(T) exp(-rT) the corresponding present value. q(t) represents the
quota holding at time t and x(t) the biomass level. However, as the shadow value of the biomass
normally plays a minimal role in the behaviour of private firms74, we will ignore the biomass
constraint in what follows. The integral in (16) represents the present value of operating costs during
the fishing trips including the costs of retaining and discarding catch of the various grades.
During the fishing trip l(t) clearly accumulates according to the equation:
(17) Σi∂l(i)/∂t=Σi[Y(e,x,i) - d(i)]
The path of quota holdings, q(t), is given by (12) above. The quota constraint is now simply the
terminal condition:
(18) q(T)≥Σil(i,T).
Firm j seeks to adjust e(j), d(j) and z(j) to maximise (16) subject to the constraints expressed in
(12), (17) and (18) and the non-negativity constraints q(t),e(j),d(j)≥ 0.
The solution to this problem includes the discarding rule:75
(19) d(i,j)>0 if CLl(y(i)-0)-CDd(0,i)>[p(i)-σ(T)] exp(-r(T-t)), all i,
where å(T) is the shadow value of the quota constraint at time T.
The discarding rule expressed in (19) slightly modifies the discarding rule for the continuous ITQ
system discussed above. The modification consists of the addition of the discount factor exp(-r(T-t)).
This term clearly increases in t. Thus, according to (19), the tendency to discard is at a maximum at
the beginning of a fishing trip and diminishes as the time of landing approaches. This appears to be
economically plausible. At the landing time, t=T, the quota constraint becomes effective and the two
discarding rules (19) and (14) coincide.
5. Numerical examples
The socially optimal discarding function is given by equation (9):
(9) Γ(i)=CLl(y(i)-0,i)-p(i)-CDd(0,i)

74
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See the arguments concerning ë(i) in the previous subsection.
Another noteworthy feature of the maximising solution is that quota holdings during fishing trips require
that the quota price path follows the Hotelling rule, i.e., Zs/Zt=rús.
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Similarly, the discarding function for the continuous ITQ system is given by equation (15):
(15) Γ(i)=CLl(y(i)-0,i)+Ω(j)-p(i)-CDd(0,i),
where, ignoring firm j's imputed value of biomass, Ω(j) represents the firm's shadow value of
quota. To illustrate the application of this equation let us resort to some simplifying assumptions.
The instantaneous profit function of firm j under an ITQ system may be written as:
π=Σi p(i) l(i) - CE(e)-Σi(CL(l(i),i)-CD(d(i),i)-s z
Now, landings correspond to quota use. This latter variable has been previously referred to as q.
Clearly,
Σil(i) ≡Σi(y(i)-d(i)) ≡ q.
Consequently, we may write the instantaneous marginal profits of quota use as:
∂π/∂q=Σi p(i) ∂l(i)/∂q - CEq -ΣiCLl∂l(i)/∂q,
where CEq ≡Cee ∂e/∂q, where e=E(Σi y(i),x) is the fishing effort necessary to harvest the total
volume of landings, Σil(i).
Ignoring capital gains and losses on quota holdings, the firm's instantaneous marginal profits of
quota use equals its instantaneous shadow value. More precisely:
Ω(j) = ∂π/∂q
Now, the term ∂l(i)/∂q indicates the grade distribution in the marginal aggregate landings, q.
Clearly, Σi ∂l(i)/∂q=1. Consequently the (∂l(i)/∂q)s are weights. Correspondingly we define the
(landings) weighted averages:
p° ≡Σi p(i) ∂l(i)/∂q
CLl° ≡ΣiCLl ∂l(i)/∂q
Given all this, we may rewrite Ω(j) as
Ω(j) = ∂π/∂q = p°- CEq - Cll°
Substituting this expression for Ω(j) in (15), firm j's discarding function may be rewritten as:
(15')

Γ(i) = [p°-p(i)]-[CLl°(i)-CLl(i)]-Cq-CDd(i).

According to (15'), the decision to discard function depends on four sets of variables; (a) the
price of landings of grade i compared to the weighted average price over all grades, (b) the handling
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and landing costs of grade i compared to the weighted average of this cost over all grades, (c) the
marginal cost of harvesting and (d) the marginal cost of discarding. In accordance with economic
intuition, the tendency to discard catch of grade i decreases with its price, marginal harvesting costs
and discarding costs and increases with its handling and landing costs.
Let us now employ (15') to illustrate further the quantitative nature of the discarding function
under the ITQ management regime. For the purpose of illustration let us assume that the cost terms in
(15') are all independent of grades as follows:
(i) Cq = a p°, aε[0,1]
(ii) CDd(i) = b p°, bε[0,1]
(iii) [CLl°(i)-CLl(i)(i)] = c p°, cε[0,1]
Given these assumptions, it is a simple matter to calculate the p(i)/p° ratios that make the
discarding function zero. The relevant equation is:
(20) p(i)/p°= 1-a-b-c.
Plugging the appropriate values for the parameters a, b and c into this equation yields the p(i)/p°
ratio that makes the discarding function zero. Thus, for instance assuming that for a specific grade
a=0.4, b=0.1 and c=0.1, equation (20) yields p(i)/p°= 0.4. This means that the fisher would be
indifferent between keeping and discarding fish of this grade if the price was 40% of the weighted
average price over all grades. A slightly lower p(i) would imply discarding.
For a final illustration, let us compare examples of discarding functions for the two management
regimes, i.e., the competitive fishery defined by equation (9), and the ITQ managed fishery defined by
equation (15'). For this purpose let us consider a stylised version of the Icelandic cod fishery.
The Icelandic cod fishery consists of many year classes. Landing prices depend inter alia on fish
size. In fact, the smallest fish, consisting of the youngest year classes fetch a very low price at the
quay side. In addition, the very large cod, being difficult to process, also carries a slight negative price
premium. In the Icelandic cod fishery, approximate values for the relevant entries in the two
discarding functions may be taken to be:76
(i) Cq = a p°, a ≈ 0.4
(ii) CDd(i) = b p°, b ≈ 0.01
(iii) CLl(i) = d p°, d ≈ 0.2
(iv) [CLl°(i)-CLl(i)(i)] = c p°, c ≈ 0.0
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The parameter values employed are based broadly on official publications on the economics of the
Icelandic cod fishery. See especially National Economic Institute (1991) and the Fisheries Association
(1992).
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Given these specifications, we may rewrite the discarding functions for the competitive and the
ITQ fishery respectively as follows:
(9') Γ(i)/p° = 0.19 - p(i)/p°,
Γ(i)/p° = 0.59 - p(i)/p°.

(15'')

Note that the dependent variable of these two equations, Γ(i)/p°, has the convenient property of
being independent of units of measurement. We refer to this variable as the discarding value. A
positive discarding value implies discarding of that particular grade and vice versa. More generally,
the numerical value of the discarding value may be regarded as a measure of the tendency to discard
or keep catch of the grade in question.
Data on cod prices by cod size may be obtained from official and private fish market sources.77
Given these estimates of the p(i)/p° ratio, discarding values for this stylised example of the Icelandic
cod fishery are easily calculated. The results are illustrated in Figure 3.

Figure 3. Discarding functions for two management regimes: A stylised
version of the Icelandic cod fishery
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These data are only to a limited extent available in official publications but may be obtained from e.g.
Verdalgsrad Sjavarutvegsins and Faxamarkadur.
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As shown in Figure 3, the ITQ discarding function strictly dominates the competitive one. In fact
the difference is quite pronounced. In this respect, however, the very approximate nature of both our
model and the quantitative data should be kept in mind. Due to gear selectivity in the Icelandic cod
fishery very few cod younger than 3 years are actually caught. Consequently there appears to be very
little tendency to discard even under the ITQ system. This is in accordance with the available
measurements on discarding in the Icelandic cod fishery discussed in the introduction to this paper.
6. Potential remedies
The usual ITQ fisheries management systems create a tendency for excessive discarding of catch.
The magnitude of the inefficiency depends on the parameters of the situation but may be substantial.
Excessive discarding of a particular grade of fish generally decreases with the relative price of the
grade and harvesting and discarding costs. It increases, on the other hand, with the relative handling
and landing costs of the grade in question.
Three rather obvious remedies of the discarding problem may be suggested:
1.

ITQs by grades

If ITQs are issued for each grade, the quota price for each grade will reflect the relevant
economics of harvesting, processing and marketing that grade. In that case, the quota prices will never
induce excessive discarding of catch. For instance for a marginal grade -- i.e. a grade that would be
marginally discarded under a competitive fishery -- the quota price would obviously be zero. Hence,
the quota price would constitute no extra incentive to discard that catch.
The issue of ITQs by grades, however, is hardly a practical solution in most cases. There are
many problems. First, the grades may be numerous and probably time variant as well. Second, as the
number of grades increases, the market for each may become very thin. Third, enforcement of quota
rights by grades may easily prove prohibitively costly.
Nevertheless, ITQs by catch grades appear to constitute an interesting option. In some fisheries,
especially those with few, easily detectable grades, such a system may turn out to beneficial.
2. Taxes and subsidies
Catch discarding is an externality problem. Therefore, the Pigovian solution of imposing the
appropriate taxes and subsidies may be economically justified.
The construction of such a tax system must be done with proper care, however. In particular,
reduction of the quota price by imposing landings or quota use taxes is probably not going to work.
The reason is that this method reduces both sides of the of the discarding inequality, i.e. p(i) and Ω(i)
equally. On the other hand property taxes on quota values or selective price subsidies on inferior
grades will in theory do the trick. The problem, as always in the case of Pigovian taxes, is to select the
(approximately) correct tax or subsidy rate.78
3. Enforcement
78

It is quite easy to make matters worse by the imprudent imposition of Pigovian taxes.
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Excessive discarding may be regarded as violation of fishery property rights. In fact, irrespective
of whether it is excessive or not, it often seems to be regarded as such. From this point of view, the
problem becomes one of enforcement. The problem of the enforcer is to select the socially optimal
combination of enforcement effort and sanctions. This raises a range of issues some of which are
discussed in Arnason and Neher (1994). For instance, to be able to select the socially optimal
combination of enforcement effort and sanctions the enforcer must know the response function of the
fishing firms to enforcement activity. Since this information requires, among other things,
measurements of the actual level of discarding, it is in general very hard to come by. A more
promising approach is to attempt the design of a market generated enforcement activity.79
Given the intricacies of the discarding problem it appears unlikely that one general solution
exists. It may well be the best practical line of action is to employ a mix of some or all of the methods
discussed above.

79

This is further discussed in Arnason and Neher (1994).
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JAPAN: SELF MANAGEMENT AND CO-MANAGEMENT
OF COASTAL FISHERIES IN JAPAN

Part I. Various Forms of Fisheries Management
1. Introduction
2. An outline of the present situation
2-1 Number of management-oriented fisheries and relations with fisheries
2-2 Propagation of management-oriented fisheries
3. Theoretical background of self-imposed fishery management
3-1 Management of renewable resources
3-1-1 MSY as target
3-1-2 Conditions for MSY management
3-2 Management of recruited stocks
3-3 Effective utilisation of farming stocks
3-3-1 Management-oriented fisheries and farming stocks
3-3-2 Economic characteristics of stock farming and its issue
3-3-3 Farming stocks and natural stocks
3-4 Effective utilisation of dominant year class
3-4-1 Motives for management fisheries
3-4-2 From volatile catches to stabilised catch
3-5 Fishery management for maintenance of fish prices
3-5-1 From price maintenance-oriented management to stock management
3-5-2 Management system for marketing
3-5-3 Construction of new distribution system
3-6 Effective utilisation of fishing ground
3-6-1 Promotion of efficient use of fishing ground
3-6-2 Specific instances and management methods
3-7 Issues of investment, labour and fishing effort
3-7-1 Relations between stock size and fishing revenues
3-7-2 MSY and MEY
3-7-3 Trend for excessive investment
3-7-4 Evasion from excessive investment
3-7-5 Effectiveness of total cessation of operation
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4. Government's measures to promote stock management-oriented fisheries
4-1 Legal system concerning self management
4-1-1 Revision of the Law concerning Promotion of Development of Marine Fishery
Resources
4-1-2 Revisions of the Law concerning Fishery Cooperatives
4-2 Establishment of comprehensive projects to promote stock management-oriented fisheries
4-2-1 Formulation of stock management policy by prefectural governments
4-2-2 Formulation of stock management program by fishers
4-2-3 Implementation of related projects
4-3 Instances of stock management programs
5. Discussion
5-1 From which management pattern to start and how to combine
5-2 Equality, flexibility and diversity of management
Part II. Case studies of fishery management in Japan
− Significance of the pooling system.
− An economic theory behind the Japanese coastal fisheries management policy on fishing rights
in relation to the license system for off-shore and distant-water fisheries.
− Scallop fishery management in Sarufutsu area in Hokkaido.
− Self management of mantis shrimp fishery in Yokohama.
− Sand lance stock management.
− Fishery management of olive flounder.
− Self-imposed management of vertical long line fishery in alfonsino fishing ground off Katsuura,
Chiba prefecture.
Self management and co-management of coastal fisheries in Japan
This paper consists of two parts. Part I presents a summary of a series of discussion at the
divisions concerned of the Fisheries Agency, including the International Division, the Planning
Division and the Coastal Fisheries Division, as well as Fisheries Management and Economy Division
of the National Research Institute of Fisheries Sciences, based on Akira Hasegawa (1993): "Various
Forms of Fisheries Management" (published by the National Federation of Fisheries Cooperative
Associations (Zengyoren)). The purpose of this series of discussion was to examine, assess and
categorise specific cases of fishery management with a view to clarify the total picture of fishery
management in Japan. The issues were broadly classified into (i) reproduction and (ii) correction of
unreasonable harvesting practice. In the latter, further categorisation was made into (a) fishing ground
management-oriented fishery, (b) fish price maintenance-oriented fishery, (c) recruited stock
management-oriented fishery and (d) optimisation of investment.
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Against the background of important economic theory in implementing this fishery management,
discussion in Part II focused on the pooling system and fishing-right fishery, for which discussion in
Part I did not seem to suffice.
In Part II, representative cases of implementation of fishery management in the coastal area in
Japan are given also as follows: scallop as a case of farming stock management in common fishing
right fishery, mantis shrimp as a case of fish price maintenance-oriented management in Governorlicensed fishery; sand lance as a case of reproduction stock management in Governor-licensed fishery;
olive flounder as a case of recruited stock management and farming stock management in Governorlicensed fishery and Minister-licensed fishery; and alfonsino as a case of fishing ground management
in unrestricted fishery.
Although the title of this paper is self management and co-management of fisheries, the issue in
this paper is focused more on co-management as will be explained later. As cases of self management
of fishery enforced without any connection to the national legal system or regulations, one can point
to stock and fishery management of shore-based stocks (e.g. abalone and seaweed) enforced by local
communities during the feudal period before the Meiji Era (1868-1912). Such a practice should be
regarded as the self fishery management in the proper sense of the word.
Having this type of fishery management as one pole, and assuming as another pole the
"institutional (top-down) management" based on the concept that fishery management can be
implemented thoroughly only through fishery system, it is considered that the actual fishery
management is located somewhere between these two poles. Since the Meiji Era, fishery management
under the improved legal system based on well-documented fishery laws had been enforced and put
into in practice mainly by fishery cooperatives. Even in the case of management of shore-based
stocks, it is categorised as fishery management under legal system as common fishery rights. As the
community based fisheries management (to be described in Part I) is mainly enforced by fishery
cooperatives, it contains many potential elements of self fishery management in the process of
formation of consensus on management measures because of its historical background. However, it
takes the form of community based fishery management based on the legal system, administrative
measures and information, as stated in Chapter 4.
In actual implementation of fishery management, some changes could occur when the weight of
self management (or conversely that of co-management) becomes larger, depending upon actual
processes. As a general trend in the implementation of fishery management, in many cases, fishers
first undertake to know the present status or forecast of fishery stocks and consumption and
distribution with the help of fisheries research institutions or administrative offices. Then fishery
management is started as co-management incorporating improvements of the system, and eventually
transition is made to self management.
The fishery management implemented by fishery management organisations, as defined in the
8th fishery census, is considered to be self management. But, it is treated as a form of co-management
in this paper because it is supported by the central and prefectural governments and has a basis in the
fishery system, although it is enforced by voluntary organisations of fishing communities. Comanagement may be a management to be practised by fishers (and/or fisheries organisation and
government together.
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JAPAN: PART I. VARIOUS FORMS OF FISHERY MANAGEMENT

Akira Hasegawa
Fukui Prefectural University
1. Introduction
In Japan various forms of community based fisheries management have been implemented based
on regional fishery cooperatives which depend on the fishery system including fishery laws. This
paper is intended to present a comprehensive picture of community based fisheries management as
they stand now and to describe its various forms, contents and related economic structure.
Community based fisheries management in Japan are organised and implemented by fisher’s
groups on a voluntary basis in a way to suit their situation. Therefore, the contents vary distinctly
according to types of target stocks, growth stages, types of fishing gear and fishing methods,
characteristics of fishing communities involved and business performance (1). Consequently, it is
rather necessary to formulate new forms or procedures so as to meet the types of target species,
growth stages, types and scale of fishing gear and fishing methods as well as the characteristics of
fishing community and business milieu.
This paper first describes in Section 2 about the present situation and characteristics of fishery
management enforced in Japan by fisher’s self-determination on the basis of the results of the 8th
fishery census and other data. It also discusses the background of economic theory of fishery
management based on sustainable production in fisheries. In Section 3, it deals with the management
of recruited stocks, management for maintaining fish prices and management method for fishing
ground utilisation. In Section 4, it purports to take up the issue of stock management programs (which
are termed as co-management) to show the roles played by the nation's fishery system and the
Administration, with a view to elucidate the general picture of self-management and co-management
now being implemented in Japan.
2. Outline of the present situation
2-1. Number of management-oriented fisheries and its relations to fisheries
The situation of community based fisheries management was first brought to light by the 8th
fishery census (conducted in November 1988). There exist diverse views on community based
fisheries management and varying definitions. In the census, survey items were selected on the basis
of the following three requirements (2) on the assumption that "stock management organisation"
constitutes the core of community based fisheries management:
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− It is an organisation established to manage stocks, fishing grounds, and harvests collectively.
− It is established by active and subjective will and agreement of fishers.
− There are not only be "certain arrangements" but management in accordance with those
arrangements is implemented by the organisations concerned.
As a result of this survey, it was made clear that management organisations pursuant to the above
provisions throughout Japan as of November 1988 numbered 1,339.
This increased to 1 524 in 1993 (3). This number is not small in view of the total number of
fishery cooperatives of 2 000 along the coast of Japan (effective January 1995).
The relation between management organisations and fishery cooperatives is shown in Table 1.
The table shows that 90% (both for 1988 and 1993) had some immediate organisational relations with
fishery cooperatives organised by village and municipal unit, and others are also related with another
fishery cooperatives. This means that there exist no management organisations fully independent from
fishery cooperatives. The most basic characteristics of self-management in Japan is that stock
management-oriented fisheries has been advanced based on fishery cooperatives.
2-2. Spread of management-oriented fisheries
Establishment of 1 339 "management organisations" is as follows:
− Before the high economic growth period in Japan ( -1956)

31%

− High economic growth period in Japan (1957-1972)

29%

− After the high economic growth period in Japan (1973-1988) 41%
Establishment of "management organisations" increase after the introduction of the 200-mile
exclusive economic zone. During this decade, 30 new organisations were created. The period from
1988 and 1993 witnessed an increase of 185, showing a growth at the same pace.
However, it does not mean that management organisations are distributed uniformly nation-wide.
There exist marked differences regionally, as shown in the organisation distribution rate by sea area in
Table 2. The term "fishery area" used in this table is a statistical term employed by the Minister of
Agriculture, Forestry and Fisheries and more or less corresponds with the area used by fishery
cooperatives. Therefore, it is plausible to replace the figure in the table with the number of fishery
cooperatives.
As is clearly shown in the distribution rate in (c) of the Table, the distribution rate along the
northern Pacific coast including Hokkaido and Sanriku is around 90%, i.e. some kind of management
organisations exist in virtually all fishery cooperatives. By contrast, distribution rate in the western
part of Japan is relatively low, with that in the Setonaikai Inland Sea area standing at 22%. There are
some areas of low distribution, where a lot of fishery cooperatives do not yet have management
organisations. As for increase of management organisations by area for 1988-1993, higher increase
rates are observed for the western Sea of Japan area and the East China Sea area as compared with the
national average. However, the increase in the Setonaikai Inland Sea area is lower than the national
average, showing the low-key distribution rate in the area.
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Rather, a more important issue requiring closer attention from the viewpoint of promotion is the
difference between types of fisheries. As seen in the participation rate of management organisations of
business units (Table 3), management organisations has been thoroughly circulated among shellfish
gathering centering on shore-based fishery and coastal trawling. But in the case of small-type
trawling, target species are sedentary stocks such as shellfish, the rate of participation is lower at 64%.
The participation rate shows a conspicuous decline when the target species are pelagic fish stocks.
The rate of participation in management organisations by all fishery entities as estimated from
the census come to around 50%. In order to have the community based fisheries management play a
leading role in the production, it is necessary to make a shift from the present management of adjacent
fishing grounds to management of more extensive fishing grounds and stocks. Here more extensive
organisation going beyond the extent of fishery cooperatives. According to the 8th census, a total of
134 extensive organisations encompassing two or more fishery areas have been formed. Of them, 38
are large-sized organisations controlling five or more areas. Although still a minor portion in the total,
we see some instances foreboding the next step forward to community based fisheries management.
3. Theoretical background of self-imposed fishery management
3-1. Management of renewed stocks
3-1-1. MSY as target
The most important motive for fishers in making a shift to community based fisheries
management is to restore the harvest to the previous high level and maintain it constantly year to year.
As MSY (Maximum Sustainable Yield)--a term often used as target level of community based
fisheries management pertains to "sustained" production, the relations between parents and offspring
within a given stock, i.e. the issue of biological reproduction, are essential for its realisation.
3-1-2. Conditions for MSY management
Although the attainment of MSY is basic and important target of stock management, it is equally
necessary to know that it has some difficult problems from social and economic viewpoints.
Three important issues are identified as follows:
First, the required target areas become very extensive. The management system naturally needs
to cover the entire area of reproduction of the resources. Sedentary stocks could be covered within the
fishing grounds of the regional fishery cooperatives, but mobile stock it is not covered. In the latter
case, not only the boundaries of fishery cooperatives but those of prefectures can be surpassed in most
cases. However, unlike the case of fish, it is not easy to expand the range of human activities. It is
difficult to extend the activities beyond the boundary of fishery cooperatives and more difficult that of
prefecture. This is reflected explicitly in the scarcity of extensive fishery management organisations
described in the previous chapter.
Secondly, in many cases, one must be prepared that considerable amount of time is required for
the attainment of MSY. The realisation of MSY depends on the quality of target resources and the
degree of over-exploitation as well as the intensity of management measures. But as it envisions to
recover and increase the stock through the fishery management which depends on generational
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relations between parents and offspring, it tends to be a project that require a span of one year or, for
some fish species, encompasses more than 10 years. In the case of the recovery of northern sea prawn
at Notsuke in Hokkaido (4), a stringent measure of prohibition of fishing in autumn for three years
(1984-1986). This period is not long, when viewed as a mere natural phenomenon. However, from the
viewpoint of fishers who support their family, it is an unacceptably long period of non-activity.
Further study is needed on the basis of new data obtained from management results, while
enhancing scientific predictability.
It is because of the foregoing reasons that the present author said that it is difficult to attain
MSY. To advance the project with the sole aim of achieving MSY involves too many difficulties in
most cases for fisher’s self-imposed management under the market economy system, although it could
be promoted with less difficulty at the government's responsibility. The MSY management is
considered to be the ultimate objective. While keeping this objective in mind, it is advisable to start at
a easier level, and after accumulating capability, challenge the final objective. Examining case studies
in various places from this viewpoint, we find that fishers themselves have practised fishery
management of a variety of contents. With that in mind, we will start with the issue of effective
utilisation of "recruited stocks."
3-2. Management of recruited stocks
Fishers engage in productive activities using certain water surface within the framework of
institutional restriction and technological characteristics. Therefore, seen from fisher’s viewpoint, the
most productive activity is to harvest recruited stocks migrating to adjacent fishing grounds from
outside. More often, little attention has been given to the issue of reproduction of stocks. However,
there are tasks to be implemented as regards stock management. While it is not possible to increase
the number of fishes migrating to the fishing grounds, it is possible to take management measures to
increase the weight of individuals on the basis of the number of fishes migrating in a certain year.
This is the stock management actually implemented in many fishing villages.
Under the unrestricted fishing system, fishers tend to compete to harvest ahead of others with the
aim to secure pre-emptive merit. Thus they tend to catch fishes to the smallest possible commercial
size. Catching larger fishes available as a result of management will not necessarily prove
advantageous for fishers. There exists the so-called optimum marketable size. There is also possibility
of stock decline due to natural mortality and dispersing to other fishing grounds. The latter, in
particular, will have strong impact. If fishes swim to other fishing grounds when they grow, there
arises a need to expand the harvesting area so that the results of management can be properly
retrieved. The key to enhancing the effectiveness of stock management is whether it is possible to
establish effective management organisation encompassing several cooperatives or how the resource
allocation among cooperatives or individual fishers (which is a prerequisite for such a measure) can be
adjusted and reorganised. On the other hand, an imminent realistic issue is the delay in the increase of
weight of targeted fishes. While some species grow at a rapid pace in the span of months, others
increase slowly in the span of several years. Based on calculation of economic efficiency of fishery
management, it should be noted that there exist substantial differences according to fish species.
Needless to say, the rate of success is incomparably higher when launching with the fast growing
species, meaning that the key to success lies in the selection of species. In this respect, olive flounder,
which has been made target of management in various parts of Japan in recent years, is certainly one
of the most eligible species.
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3-3. Effective utilisation of farming stocks
The previous section presented a general description of recruited stock management. This section
deals with the issue of farming fishery which has the same characteristics in terms of the contents of
management. The issue here is effective utilisation of liberated seeds, i.e. artificially propagated
stocks, as contrasted with those grown in purely natural environment.
3-3-1. Management-oriented fisheries and farming stocks
Farming fishery is harvest and collection of fish after producing seeds artificially and releasing
them into natural environment for subsequent growth. The process of harvest and collection overlaps
with that of community based fisheries management. In this sense, it is said that these two types of
fisheries are related inseparably.
This was clarified by the 8th fishery census which surveyed community based fisheries
management. Table 4 shows each type of management implemented by fishery management
organisations which constitute the core of management-oriented fisheries by type of fisheries. The
percentage of organisations that implemented the management to the total number of organisations
has been calculated based on type of management contents (the lower part of the table) so that the
degree of introduction of management contents can be clarified.
In the table, the organisational ratios of "harvest management" (encompassing regulations on
fishing seasons, fishing method, the number of fishing vessels, etc.) and "fishing grounds
management" (integrating provisions for using fishing grounds, management of fishing grounds, etc.)
occupy 90% or more in every case because both are implemented in a complex way in most of the
organisations. In the case of "propagation of stocks (farming)," the ratio is not so high as for the two
cases. But more than 60% of all the organisations are practising it, showing a considerably high
circulation rate. More importantly, a ratio as high as 65% is observed for "small-type trawling" for
which area utilisation is more open, not only for "shellfish gathering" centering on shore-based
fisheries. This illustrates the fact that the presence of farming stocks is playing an extremely
significant role in the development of community based fisheries management not only for adjacent
fishing grounds but also for offshore areas.
3-3-2. Economic characteristics of stock farming and its issues
There exist decisive economic differences between artificially harvested stocks and those
supplied from natural environment even if they are of the same biological quality. In the case of
farming stocks, certain level of expenses are required for liberated seeds (i.e. recruited resources), and
economic losses are suffered in production even when surplus is observed in terms of harvested
amount. It does not suffice only to liberate seeds, but corresponding efforts should be made in order to
realise a productivity level capable of generating economic surplus.
To illustrate this case, Table 5 shows the situation of collection of Kuruma prawn seeds (by
group of liberation) released at Chita Peninsula in Aichi Prefecture. The collection rate (the harvested
number/seed number) range from 1.0% to 7.3%, with the collection value (harvest value/seed number)
ranging from YEN 1.9 to YEN 9.5. As the cost for seed liberation including mid-term fostering
expenses is estimated between YEN 2 to YEN 3 per prawn, it can be assumed that, in the case of
liberation groups IV-VII, certain level of income was acquired even after discounting harvesting cost.
By contrast, a deficit will result in the case of liberation groups of I-III.
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The seed liberation project is no easy task. In the collection ratio alone, the following factors are
considered to influence the outcome:
− mortality of seeds during mid-term fostering period
− mortality at the time of liberation
− natural mortality during the period until the juveniles grow into large shrimp in the area
− rate of dispersion to outer fishing grounds
− harvesting rate from targeted shrimp stocks
When the best figure for these factors are assumed based on various types of scientific
information, a collection rate as high as 20% could result. In the worst case, however, there is a very
stringent possibility that each factor could reduce the final collection rate to zero. In short, effective
utilisation of farming stocks is characterised by the fact that production effects becomes larger
concomitantly when each process from mid-term fostering, seed release to collection is organised
rationally as a system and implemented efficiently.
In connection with this aspect, autonomous efforts are needed to examine which seed liberation
affected the production on a continuous basis in the light of the corresponding catch results amid
seasonal and annual fluctuations of the natural environment and to ensure the improvement of the
farming system as a whole. This aspect is obviously missing in the present situation. In many cases,
the aspects of seed liberation and harvesting are separated, and there exist no motive to advance
liberation techniques. In that respect, it is necessary to build up a system to have fishers (who are
observers of the seed liberation results) are directly involved in the processes of fostering and
releasing of seeds so that there is stimulus for improvement of release techniques.
3-3-3. Farming stocks and natural stocks
When optimum harvesting size is calculated concerning Kuruma prawns by integrating
biological parameters such as natural mortality, growth rates and market prices by size, the overall
harvesting value becomes largest at the start-up harvesting size of 13-14 cm. This size was a
calculation of released shrimps and the criteria for optimum size can be applied to shrimps grown in
the natural environment. Both harvesting stocks and natural stocks of the same fish species could
stand on the same management basis.
In the case of Japanese coastal fisheries where fishing grounds are being used in a complicated
manner by various types of fisheries, fishers are generally passive concerning changing of the
conventional fishing method. This is true even if it is clear that introduction of new fishery
regulations would lead to an increase in earnings from the subject stock for the entire regional fishery.
This is because problems regarding cost which occur in correlation with "changes" (for example,
changing of fishery tools and changes in working style) and the existence or difference in degree of
management merit between fishers create discord and interfere with the concluding of the agreement.
With this in mind, the necessities for introducing new regulations to heighten the economic effect of
large volume stock discharging has the power to persuade all fishers and it often becomes the effective
means to overcome such obstacles.
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3-4. Effective utilisation of dominant year class
3-4-1. Motives for management fisheries
Transition to community based fisheries management cannot be advanced by concept and
slogans alone as it is closely related to, the working and living conditions of fishers. Some realistic
motives that prompt a majority of fishers to manage their fishery are necessary. Then what constitute
those motives in the existing management-oriented fisheries? These points were surveyed in the 8th
census.
Table 6 shows the results. The answers to a question about the motive of launching fishery
management are documented under seven items (multi-response form). The predominant answer was
"to preserve and manage fishery stocks," with 82% of 1,339 management organisations citing it. A
closer look reveals that 3 items other than "equal use of fishing grounds" and "elimination of
competition over fishing grounds" are all related to "preservation of stocks," whether they be
"measures for reducing catch amount," "effective utilisation of fishing grounds" and "elimination of
competition among fishers." Although they differed in specific aspects, they had in common the
termination of over-exploitation.
While admitting that the most basic motive is related to fisher’s harsh experience of overexploitation as shown in the foregoing, there seem to be at least two other important motives. One is
introduction of seed liberation project and the other is the measure related to "dominant year class."
As regards seed liberation, refer to the previous section. As stated in the foregoing, 60% of
fishery management organisations are implementing stock propagation projects. Seed liberation
projects contributed significantly to the remarkable increase in the number of fishery management
organisations in the latter half of the 1960s, as it provided motive for such establishment.
The other, the "dominant year class" is a fish school of the year of extremely large recruitment.
One example is the case of Japanese tilefish at the start of fishing season in KOGISASHIAMI (one
method of gill-nets) fishing ground at Wakasa Bay in Fukui prefecture. The changes are shown in
Figure 1, with a large fluctuation at an interval of 3-5 years. The fish group forming the highest peak
is the dominant year class. It has been analysed that the catch quantity in the past 20 years as shown in
the figure has been supported mostly by five dominant classes occurring in 1959, 1964, 1968, 1971
and 1976.
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Examination of the motives of transition to management-oriented fisheries in the cases in various
regions show that in many cases fishery management was launched in the wake of emergence of
large-volume catch by the occurrence of dominant year class and sharp market price decline resulting
from it. In other words, the transition is characterised by the fact that measures such as catch
restriction to maintain fish prices and prohibition of catch of small-sized fishes showing an extreme
price fall are implemented as a consensus of fishers involved who launch on management.
3-4-2. From volatile catches to stabilised catches
In the case of Japanese tilefish in Figure 1, there have been regular emergence of dominant year
class as the shape of stock fluctuation shows. However, not all of them are species showing clear-cut
frequency as this species. Prediction is difficult because the time of occurrence is irregular and there
are considerable number of stocks with extremely large fluctuation range. There are a large number of
typical species having similar characteristics among shellfishes such as scallop and little clam (i.e.
sedentary stocks in adjacent muddy water areas).
On the other hand, there have been efforts to overcome such natural fluctuations. Species such as
scallop came to be harvested in large amount through farming by means of seed liberation staying at
high and stable levels. Further, in the shellfish fisheries which depend solely on natural stocks,
instances have been observed in which seasonally landing restraint is effected in various parts of the
country through fishery management to ensure relative stabilisation of production. Table 7 shows the
changes in Sakhalin surf-clam catch from the latter half of the 1970s based on reports from four
fishery cooperatives in the northern part of Fukushima Prefecture.
At present, there is no other way than to assume irregular large fluctuations in natural stocks for
Sakhalin surf-clam fishing. The production volume in the table represents the period from 1977 when
fishers started harvesting from large emergence of resources in 1975. Although there were some
regulations by fishery cooperatives, Isobe Fishery Cooperative that launched the fishery management
by introducing the pooling calculation system--an equitable distribution system of landing value
through joint operation--since 1977 was the only fishery cooperative that could control the harvesting
amount at that time. The effectiveness of its management is shown clearly in the duration of the
Sakhalin surf-clam harvesting level. As seen in the indices in the lower part of the table (1977 as the
bench mark year), harvest volume in the sixth year was maintained in the order of 40% of the initial
year in the case of Isobe Fishery Cooperative. By contrast, in the case of other fishery cooperatives,
the entire stocks were harvested in the first year, or exhausted in four years at the longest. The
extension of production period should have given enormous economic effects to fishers in Isobe when
growth and enlargement of shellfish is considered.
Another example is management of pen shell stock at Konagai-cho Fishery Cooperative in
Nagasaki Prefecture. Fluctuation of this shellfish stock was also drastic and it was believed that
juvenile shellfish occur only once in three to five years. Therefore, when the stock was harvested to its
maximum limit, population was naturally subject to large fluctuations as in the case of tilefish in
Figure 1. However, pen shell fishery by Konagai Fishery Cooperative has been remarkably stabilised
in recent years both in term of landing volume and value (Table 8). Landing volume stayed within
10% range for a decade since 1979, assuring the achievement of "sustainable production." Needless to
say, this is not the outcome of natural development, but of the effort of fishers over many years which
included:
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− establishment of exclusive management system (1968) and monitoring system (1979) for pen
shell stocks in Isahaya Bay;
− Limitation on fishing hours in compliance with rational utilisation of resources. (Operation
period has been gradually shortened from "sunrise to sunset" before 1968 to about 2 hours from
10:00 to 12:00 since 1968; and
− acquisition of price forming capability through such measures as fishing hours adjustment (in
recent years).
In order to realise long-term stable harvesting, it is required, with an equal importance, to
reinforce stock reproductive capability and develop plans for utilisation on the basis of annual
recruitment size. The example of Konagai Fishery Cooperative demonstrates clearly that the approach
from the latter viewpoint is especially important and efficient in the stock management for utilisation
of the dominant year class.
3-5. Fishery management for maintenance of fish prices
3-5-1. From price maintenance-oriented management to stock management
A close examination of specific cases of stock management-oriented fisheries in fishing
communities reveals that the contents of the program are not aimed to increase stocks but primarily to
maintain fish prices. But it does not mean that they should be entirely separated from stock
management-oriented fisheries. Although the direct motive lies in price issues, the fact that a fishery
management system to prevent decline of fish prices was established and thereby overall harvests in
the region can be adjusted and coordinated means that a potential was acquired which can be
converted into a stock management organisation. In the present situation of the over exploitation of
coastal fisheries, when we trace the movements of such management organisations, we find that the
stock management, even if it started with the purpose of fish price maintenance, will not stay always
at the same measure, but gradually move toward reinforcement and stability of fishery production by
expanding its functions. In the last analysis, measures vis-a-vis stock issues are often incorporated in
the objectives of the organisation.
3-5-2. Management system for marketing
There are numbers of management organisations whose primary purpose is to maintain fish
prices. Each has acted in its own form and contents and accumulated a variety of experience. One
example is the management of sardine boat seine fishing at Toyohama, Aichi Prefecture.
The pooling system (i.e. joint operation with equitable distribution of landing value) was first
introduced in the engine-powered boat seine fisheries in Toyohama area. The system covered all the
vessels of 14 groups in 1984 as compared with five groups at the outset. For the boat seine fishers
who have low productivity in terms of quantity to survive the period of mass production, it was
imperative to enhance the shipping rate of edible sardine with high-grade freshness (priced much
higher than the prices for sardines used as feed in aquaculture). However, that cannot be achieved in
competitive harvesting, where fishers should be devoted to harvest ahead of others and keeping
freshness was left as a secondary concern. The pooling system was introduced to restrain competition
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and realise most effective production from the viewpoint of fishery business management in harmony
with daily migration of fish schools and supply-demand situation of the sardine market.
Major characteristics of boat seine fishing in Toyohama are as follows:
− The pooling system is enforced from spring to autumn which is the fishing season for spot line
sardines and anchovy. Outside this season, fishing entities go back to another fishing, engaging
in operations such as sand lance fishing and sea bream surrounding seine fishing.
− The period of adopting the pooling system is set to be renewed in the span of a week to ensure
being an organisation based on voluntary agreement. For this reason, meetings of shipowner are
held weekly to discuss this week achievements, and issues as well as the plans for the next week
and the plausibility of continuing the pooling system.
− management organisations, fishery cooperatives and processors/wholesalers have regular
trilateral meeting to formulate production plans on an annual, monthly basis as well as for each
fishing day.
− Following steps are taken as regards daily routine
• Persons responsible for offshore work and land work are assigned to make decisions on
whether to continue or suspend harvest taking into account the shipment and processing
situation.
• Transport vessels of each entity are used to shorten the period to transport the harvest as
much as possible.
• Water with ice is installed in the hold of transport vessels to enhance cooling effects of live
sardine.
All these have been realised because of the presence of new management system based on the
pooling system.
At any rate, fishery management at Toyohama has been functioning as a positive measure to
create new merchandise value exceeding the negative stage of only preventing the decline of fish
prices through restraint of harvesting volume. In this sense, therefore, it is more aptly called "quality
enhancement" rather than "fish price maintenance."
3-5-3. Construction of new distribution system
Probably due to the concept of illegitimate pushing up of fish prices through restraint of supply
volume, criticisms are often levelled against fish price-related measures in community based fisheries
management.
In point of fact, there is no reason to recognise unconditionally everything performed by fishery
management organisations. We should be always aware of criticisms and assessments by other parties
concerning the social plausibility of their activities. However, regrettably, there are no fishery
management so large as to control market prices in a nation-wide scale. Management oriented toward
maintenance of fish prices in various parts of the country is contained within the framework of
regional supply-demand adjustment, and is under subordinate price fluctuations in relation to national
prices.
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As regards national prices, there is a serious problem that fish and shellfish which constitute the
axis of fish price forming have been overwhelmed by imports and Japanese fishers cannot realise sales
prices commensurate with production costs. Considering the task facing fishers to face competition
from imported fish and overcome it, here emerges anew the possible large role of community based
fisheries management.
The presence of consumer preference cannot be denied as the reason for increase of imported
fish. But larger cause is the fact that the Japanese fisheries, including coastal fisheries, could not cope
properly with the merchandise needs (fixed quality, fixed amount and fixed prices, etc.) sought by
new distribution system such as supermarkets. If fishers are allowed to catch as much as they could
and leave the subsequent processes entirely to the market, they are not in the position to face the
competition from imported fishes which trading houses and other market participants take heed to
standardise fish products on a world-wide scale. As in the case of boat seine managers at above-cited
Toyohama Fishery Cooperative, it will become necessary to make a shift to management-oriented
fisheries using resources in a more positive and planned way while meeting the needs as regards
consumption, distribution and processing.
Recently some moves related to distribution are visible days such as the fact that the larger
percentage of live fish has become a great strength in promoting management-oriented fisheries, and
distributors are collaborating in not buying undersized fishes. It seems that time is near when the great
task of building up new production and distribution system incorporating community based fisheries
management will be challenged.
3-6. Effective utilisation of fishing grounds
3-6-1. Promotion of efficient use of fishing grounds
The economic system concerning utilisation of fishing grounds will be outlined briefly to
facilitate understanding of the need for fishing ground management. In the case of fisheries targeting
at production of mobile fishes, the common operation method of fishing vessels has its own
rationality in the context of stock utilisation. However, on the other hand, it is not necessarily a
method to produce the best results, if economic achievement for overall fishing grounds is considered.
This assertion is elucidated in Table 9. The table shows changes in productivity when the number
of fishing vessels increase gradually in the two different areas--one with higher abundance and the
other with lower abundance. Column b in the Table shows the limit production for each of
participating vessels and Column d shows average yield per vessel. If this is the case for agriculture,
each entity possesses land (i.e. fishing ground), each value in Column b becomes production value for
them, creating differences to one another. However, as mentioned earlier, in the case of fisheries, it is
made equal in the process of common operation, ending up in the production value shown in Column
d.
Assuming the daily per-vessel production cost (including labour cost for family members) for 8
fishing vessels in the Table at YEN 20,000, this fishing village will naturally chooses to use only
Fishing Ground A. When operation takes place in Fishing Ground A by 8 vessels, the average
production amount to YEN 20,000, thus making the operation economically viable. However, in
Fishing Ground B where abundance is lower, production value amounts to only YEN 18,000 even
when only one vessel is operated, thus resulting in losses.
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Here a question can be raised whether there are ways to increase fishery revenues. It is advised
that the proper number of fishing vessels be allocated to each fishing area so as to make limitation
production equal for all fishing areas. From that viewpoint, it is advised to utilise efficiently the
fishing grounds with low abundance. Demonstrating that as regards Table 9 on the assumption that
eight vessels operate, revenue from the entire fishing ground is maximised when five fishing vessels
are allocated to Fishing Ground A and three to Fishing Ground B. The balance calculated is shown in
Table 10. Considerable income and profit increase is realised as compared with the utilisation of
Fishing Ground A alone.
3-6-2. Specific instances and management methods
As a typical instance corresponding to such an economic system, one can cite management of
Pacific cod fishing grounds, which trawl fishers at Hokubu Fishing Cooperation in Akita Prefecture
launched in the latter half of the 1970s.
Around that time, 19 trawling vessels in this fishing village were engaged in cut-throat
competition in one prime sea area called "taraba (cod ground)" in the peak period of January and
February. This corresponds to concentration in Fishing Area A as shown in Table 9. In order to
eliminate various negative effects arising from that situation, the pooling system of landing value was
introduced. Under the system, a general commander was elected, under whose instruction all the
fishing vessels were to operate. In operation results in January 1977--the first year of introduction of
this system, the vessel allocation to "taraba" ground were only 6, with the remaining 13 being
assigned to several other surrounding fishing areas because it had been known clearly from past
achievements that harvest volume would not increase to a meaningful extent. On the other hand, the
harvest by 13 fishing vessels to which fishing areas of low abundance were allocated contribute to the
increase of overall revenue even when they individually suffered losses, and, as fishing cost of 19
vessels remain unchanged, the overall balance will be improved drastically. By way of reference,
records show that harvest value of the month had doubled the level a year earlier.
In this case, trawl fishers of Hokubu Fishery Cooperative did not necessarily start with the
special theory of allocation of fishing vessels based on limitation principle. They only attempted to
dissolve uneconomical concentration of fishing vessels in prime fishing grounds. However, the step
taken is said to have been effective. It enabled a large increase in revenues (as shown in the results of
operation), although it did not represent optimum fishing vessel allocation in the strict sense of the
word.
Economic effectiveness of such fishing ground management is visible when migrating stocks are
abundant and there exist excellent fishing grounds. However, conversely, this presents a serious
problem in implementing management because it creates a big gap in production between fishing
vessels allocated to excellent fishing areas and those allocated to other fishing areas. In the case of
trawling at Hokubu Fishery Cooperative, they decided on adopting the pooling system after studying
various other methods. The barrier was overcome in this instance by separating revenue of each
fishing vessel from its catch achievements and distributing the former equally with no regard to the
latter.
Besides the pooling system, another common management method practised nation-wide is the
rotation system. Under this method, fishers use fishing areas with differences in abundance (centering
on excellent area) by rotation through self-established rules.
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In the pooling system, products are centralised and then redistributed, directly enabling equal
fishing income, in order to obtain agreement among participating fishers. On the other hand, the
rotation system is designed to ensure equal income directly by allowing equal opportunities for using
prime fishing areas. While the differences in capability among individual fishers tend to be dismissed
under the pooling system, the rotation system is characterised by its recognition of the differences in
capability and technological progress.
Looking at an actual case of application of the rotation system, it is often used in fisheries which
use certain areas exclusively, such as small-type coastal long-lining. The reason is that certain type of
management system should be taken because harvesting itself becomes difficult because of
concentrated use of fixed-nature fishing gear in prime fishing grounds. However, in point of fact, it is
necessary to understand in the background of the rotation system which have been motivated solely
by physical or technological reasons, one can point out the presence of economic efficiency (which
has been elaborated in the foregoing). Further corroboration of the contents of the rights, though
consideration of these points, is expected so that a greater management results may be achieved.
3-7. Issues of investment, labour and fishing effort
3-7-1. Relations between stock size and fishing revenues
As shown in the forgoing sections, maximum sustainable yield (MSY) is a very demanding task
for the fishery management. From the viewpoint of having supply of abundant and less expensive
fishery products as the primary goal, MSY is the excellent objective. However, this is not the case for
community based fisheries management which is implemented as voluntary campaign by fishers
because increase in income realised by management is the basic motive for fishers to resort to it. The
experience of the United States and Canada in the stock management of Pacific halibut provides a
very useful lesson in this regard. The two countries established a joint stock management organisation
in 1924, starting in 1932 stock management centered on the limitation of harvest amount based on
research and analysis results. The stock size increased about 2.5 times by the latter half of the 1950s,
with total harvest expanding nearly 1.5 times. The management organisation assessed that harvests
around 1960 more or less reached the MSY level. However, as its results were remarkable, so were
conspicuous the issues surrounding stock management aimed solely at the realisation of MSY. One
symbolic incident was fluctuation between fishing seasons. The operation days throughout the year
were shortened year by year. In one of major fishing areas, the operation days were curtailed to 21
days in 1954 from 206 in 1933, and in another from 268 days to 52 days.
The reason for this outcome is clear. It is because the number of fishing vessels and fishers
increased in response to the expansion of allowable harvest volume, and harvesting efficiency also
improved. The number of fishing vessels increased about twofold (as against the bench mark year of
1933), with the number of people engaged in fisheries expanding 1.8 times. As a result, the allowable
catch size decided by the management organisation were exhausted in a short period, with the
remaining period being virtually closed. Thus the form of fishery operation became very unbalanced.
The possibility of income increase which was expected from maximum sustainable harvests were
more than offset by increasing costs which exceeded the income. This caused emergence of lowincome fishers who could barely support their living throughout the year by unemployment
allowance.
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3-7-2. MSY and MEY
The term MEY (maximum sustainable economic yield) was first used by Gordon (1953, 1954).
In short, it calls for setting management objectives at "maximisation of economic net production" and
not "pursuit of maximum harvest volume, i.e. maximising profit (harvest value minus fishing costs).
The stringent reality surrounding Pacific halibut stock management apparently prompted him to come
upon his initiative.
Figure 2 shows an illustration of Gordon's theory. The bell-shaped curve in the Figure indicates
harvest value curve (y)--sustainable yield multiplied by fish prices, with its apex corresponding to
MSY. On the other hand, fishing costs are shown with diametrical line (c) here as simply
proportionate to fishing effort (horizontal axis). Fishery profit or income (calculated as y-c) is
represented as the diagonal line part in this Figure, with its maximum point being MEY. The level of
fishing effort used in realising MEY is generally lower than effort points of MSY, with the two not
corresponding to each other. However, more important than this gap in actual fishery stocks is the fact
that fluctuation patterns of fishery costs largely differ depending on management methods.
Cost line c (solid line) represents fluctuations in fishery costs when adjustment of catch effort is
implemented through "fishing vessel reduction" method. In the case of "fishing vessel reduction," as
the number of fishing vessels is reduced to zero when catch effort is zero, line c is described with
diagonal line from the origin of the coordinate axes. If the same fishing effort adjustment is
implemented through "limitation of fishing days," then the shape of cost lines differs greatly. The
reason is that only fuel and material costs fluctuates from day to day with the number of fishing
vessels and workers remaining constant. As a result the range of fluctuation is narrowed.
Even in case fishing effort is zero at fixed costs, the line does not pass through the origin,
resulting in a loose slope. (It becomes c' if, in crossing of fishing cost line through "fishing vessel
reduction" and harvest value curve, the fluctuation of harvesting cost on the basis of "operation day
limitation method" also crosses.)
Even if the effects of fishing effort on living stocks are the same, great differences arise in the
economic attainment of management-oriented fisheries due to differences in costs. Based on
examination of these points, management procedures fitting subjective conditions should be selected
after sufficient analysis of attained effects.
3-7-3. Trend for excessive investment
Fisheries are typically accompanied by excessive investment. The problem is that equipment
investment for boosting fishing capability does not cease even when there is no longer any prospect
for increase of overall harvests from the viewpoint of stock limitation. In the case of fisheries, there is
always attempt to invest to enlarge one's own share from limited stocks as the stocks are common
property of each fishing vessel. The problem here is that increase in harvest by some entities will
cause decline in the catch by others. To counter this situation, other vessels are forced to introduce
new harvesting method. Quick spread of new technology is one of the characteristics of fisheries.
When this situation is assessed on the basis of effective utilisation of stocks, such a move often ends
up in futile technological improvement and useless investment.
Table 11 shows the changes in fisheries by coastal fishing vessels in 20 years since 1970.
Conspicuous increases in fishing vessel horsepower and depreciation rate (the rate of depreciation
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costs in fishery expenditures) per fishing entity suggests reinforcement in production facilities, but
harvest volume remained the same level. In other words, overall harvest volume declined in
proportion to the decline in the number of fishing entities. It thus corresponds to what was pointed out
in the foregoing.
At the same time, it would be necessary to point out the following points. Seen from a different
viewpoint, the present situation of over-exploitation and excessive investment in fisheries means that
there is ample room for improving business management. Especially, production shows increase when
investment is scaled down, and there is an ample possibility that economic effects will increase when
it is realised. It is shown in the rapid increase of revenue in Figure 2 when the level of fishing efforts
is moved from point o toward point m.
3-7-4. Evasion from excessive investment
Broadly, there are two methods of reducing the above investment scale. One is to optimise the
harvesting capability of each fishing vessel from the viewpoint of stocks and economy on the basis of
the number of existing fishing vessels (called Method A hereafter). The other is to optimise the
number of fishing vessels on the basis of harvesting capability of each existing fishing vessel (called
Method B hereafter.)
Method A encompasses reduction of total tonnage and horsepower of fishing vessels and
reduction of light power of fish gathering lamps. In manufacturing industry and agriculture,
rationalisation of investment in such equipment can be attained autonomously by entities through
market economy-oriented approaches. However, this is not the case in fisheries where the "preemptive competitive principle" is dominant. The decline in harvesting capability tends to cause
distinct disadvantage in production and creates demerits which largely offsets merits of cost savings.
In order to curtail excessive capability, (a) all the fishing vessels should reduce harvesting
capability or (b) a special arrangement will be needed, such as granting certain premiums (preferential
measure in terms of fishing season or fishing grounds) to the fishing vessels participating in fisheries
ahead of others during the period until all the vessels complete harvesting capability reduction. Hence
there arises a need to establish fishery management organisations to realise and implement an
agreement. In other words, transition to a kind of community based fisheries management will be
needed.
However, as scale reduction in accordance with Method A is liable to largely affect fishery
management in a long-term range, its implementation is not so simple. In point of fact, there have
been no full-scale implementation of this method, even the instances of community based fisheries
management have increased significantly. Rather, conversely, there are not a few cases where higher
efficiency is sought for updated fishing vessels with unnecessary equipment investment being made in
the group of fishers where equality of distribution is ensured by the pooling system. From various
consideration, reduction of tonnage and horsepower reduction is a very high hurdle for fishers to
overcome. It is one of the major tasks left unresolved in the substantial advancement of community
based fisheries management.
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Then what about Method B (fishing vessel reduction)? A considerable number of fishing vessel
curtailment has been conducted under the government's subsidy and institutional measures. But,
curtailment of fishing vessels as a means of community based fisheries management, in other words,
fishing vessels reduction implemented under a fully voluntary agreement, is difficult both in terms of
selection of the fishing vessels to be reduced and the necessary financial arrangements.
It may be necessary to point out, on one hand, that not only the fishing vessel reduction to
prompt elimination of fisheries in question as stated above. But, on the other hand, fishing vessel
reduction on the assumption to allow survival of all fishers involved is actually implemented. Among
several instances, production method used in shell dredge net fishing by Kaisou Fishery Cooperative
at Kujukuri, Chiba prefecture can be cited as a representative case.
As a background of introducing this new method in fisheries, one can point to the fact that the
fishing grounds for ark shell (standard Japanese name: Satougai) has been narrowed and its population
became very scarce as the stock was depleted drastically as a result of massive increase of fishing
vessels targeting at this species in late 1970s (5 areas with 84 vessels). There was no other way than to
accommodate to the fishing grounds for common shield clam and periwinkle. The fishery cooperative
established a body called "Kaimaki Sendan (shell fish fishers organisation)" through which following
pooling-based production system (joint utilisation of stocks by group of fishing vessels and equal
distribution of landing value) was adopted.
− Reduce the number of crew per vessel from 3-4 to one (only shipowner) in the course of several
years of transitional period.
− Divide 84 vessels into three groups (30, 31 and 23 vessels) by regional unit, and organise subgroups of 4-6 vessels. The first and second groups consisted of six sub-groups each, with the
third group consisting of five.
− As a principle, one group goes out for fishing in a day. One vessel-in-charge is selected from
each of six (five) groups, and a total of six (five) fishing vessels take part in daily operation. All
the crew of the group get on board the vessel-in-charge, and the crew of other vessels to operate
on the day get on board other vessels.
− A three-day cycle with three groups is employed in the operation. Each group in charge uses, by
rotation, the fishing vessels belonging to the organisation.
− The production under joint operation system targets at producing 2-3 tonnes of common shield
clam a day. The day's operation is decided based on such factors as weather, sea and fishing
conditions as well as market trend and comparisons with possible income fishers could earn
from other industry sectors.
− The balance of fishery income based on the pooling system is conducted every three days
following the cycle in (c). The landing value minus fuel, transportation and sorting work, etc.,
will be distributed as dividend to each (shipowner.)
As in the foregoing, the decline in the number of operating fishing vessels, which was realised
through new production system, was of a large scale reduction of over 90%, that is, from 84 vessels to
6-5 vessels. That was probably by far a larger reduction than that based on selection through free catch
competition and would have probably contributed more to saving of fishing cost. Further, planning of
harvest was conducted and proved to be more efficient from the viewpoint of stock utilisation. It is
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important to note that diminishing production method of this shell dredge net fishing at Kaisou differ
greatly from vessel reduction effected by means of policy (or by external coercion), which aim only at
the reduction of vessels now operating.
3-7-5. Effectiveness of total cessation of operation on production
As a move to shrink excessive allocation of capital and labour to the stocks, the most active steps
deserving attention in recent years are all-out suspension of fishing or setting of a regular non-fishing
period. Although the direct motives differ from shipment adjustment or improvement of labour
conditions, the largest obstacle in implementing these measures is the decline in harvest which result
from non-operation. In this connection, it may be necessary to confirm anew that fisheries, unlike
industrial production, the curtailment of working hours does not parallel with the decline in
production volume, but conversely show an increase as shown below.
Figure 3 shows the relations between fishing effort (proportionate to catch coefficient in the
figure) and catch amount for olive flounder, one of the main target species of one hundred and several
tens of small-type trawlers in the northern Niigata Prefecture. As is clearly seen in the comparisons
between the present point and the highest point in catch curve in the figure, catch amount becomes
largest when fishing effort is reduced by about 80% from the present level. As operation days can be
proportioned to fishing effort, nearly total suspension of operation (not only two days a week) causes
the olive founder catch amount to rise about three times than when operation is allowed for all days.
However, this needs some explanations. The harvest amount shown in this figure can be realised
through sustainable catch amount--i.e. through parent-offspring relations of the stocks concerned--and
it requires several years until the reduction of fishing effort level causes increase in corresponding
sustainable level. The outcome to be enjoyed after several years offer little attraction to fishers who
are ageing and whose largest concern is whether they can maintain their operation for the coming
year.
As regards the effect of suspension of operation to the year's harvest, Figure 4 shows them for
production of olive flounder calculated under the same stock conditions as in the above (i.e. on the
assumption of the same number of olive flounder stocks is recruited). Calculation is based on the
present level of fishing efforts, harvested number and weight as against the bench mark level of 100,
and the effects of the fishing effort reduction can be compared with those levels.
− Of course, the number of harvest declines gradually in line with the reduction of fishing effort.
However, more importantly, it is characterised by the simple proportional relations but is due to
the fact that the rate of decline of the harvest is relatively small. In the case of the Figure, the
decline rate of harvest numbers as a result of a day's suspension of operation (a reduction of
14% of fishing effort) is 5%, and 10% for two days' suspension in a week (i.e. a reduction of
25%).
− As regards the harvest weight, the relations between the two is subject to further changes. It is a
situation peculiar to the "wildlife industry" that, despite shrinkage of fishing effort, harvest
weight increases because the growth and gaining weight of fish evading harvesting begin to
produce effects. As seen in the Figure, the harvest weight gradually increases until it reaches the
level of about 30% of the fishing days at present, with an anticipated increase of maximum
40%.
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However, it should be noted at the same time that all the above factors do not necessarily apply
to fisheries but emerge only on the assumption of various conditions as follows.
Firstly, fishing intensity vis-a-vis stocks is excessively enlarged, causing harsh fishing conditions
in which there is no hope for any further increase in harvesting. The phenomenon of above (a) is due
to this reason. When the degree of harsh fishing is large, the positive effects of cessation of operation
is significant.
Secondly, those stocks which do not have high mobility and can be utilised by fisher’s
community on an exclusive basis are naturally ensured to have effectiveness and agreement on
cessation of operation can be more easily obtained among fishers involved. Mobile species such as
pelagic fish is not suited for total cessation but not for suspension at regular intervals at least.
However, the relations between stocks and the measures taken by fishers are quite relative. When
fishery management organisations cover the highly extensive migrating range of stocks and the
interest of various strata of fishers over the utilisation of fishing grounds can be adjusted, suspension
of operation for mobile species at regular intervals will not be impossible.
Thirdly, the growth and death of fish types each have their own characteristics and it is necessary
to consider that the natural growth rate of each stock has surprising levels of difference. In addition,
the halibut covered in the same Figure is seen to belong to a type that has the greatest management
effects among those types that are managed.
Summing up the information concerning total or regular suspension of operation now being
implemented nation-wide, one can find many cases of introduction in small-type trawling (in terms of
types of fisheries). In terms of effectiveness, in many cases, harvests do not increase while not
showing any conspicuous decrease. No change in harvest is what generally happens and there is
nothing unusual about it because several negative factors concerning harvesting can be considered
such as downward trend of habitat density of fish in pace with the growth and dispersion of fish from
the fishing grounds concerned. However, whatever the case, it should be emphasised that alleviation
of labour by means of regular operation suspension system and formulation for operation plans or
curtailment of harvesting costs are linked with improvement of stock utilisation through reduction of
fishing effort, which should be incorporated in the effort to realise management-oriented fisheries.
Figure 5 represents an example of implementation of two-day fishing suspension since June 1986
where the largest amount of data including effects on stocks have been accumulated. It shows the
annual changes in harvesting volume by species in small-type trawling at Anji Fishery Cooperatives
in Kagawa Prefecture.
4. Government's measures to promote community based fisheries management (6)
In earlier sections, we have discussed the community based fisheries management. In this section
we will focus on legal systems as well as measures and projects which the Administration is
implementing in promoting fishery management. These measures came to be enforced, following the
adoption of a "resolution concerning the establishment of community based fisheries management" at
the Agriculture, Forestry and Fisheries Committee of the House of Councillors in 1983.
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4-1 Legal system concerning self-management
4-1-1. Revision of the Law concerning Promotion of Development of Marine Fishery Resources
In 1990, a clause authorising the Minister of Agriculture, Forestry and Fisheries to establish
basic policy concerning self-management of marine fishery resources was incorporated into the law,
together with another clause authorising fisher’s organisations to establish voluntary measures to
manage marine fishery resources. Further, in 1991, pursuant to this law, the Minister of Agriculture,
Forestry and Fisheries established a basic policy (envisaging a period of approximately five years) for
development and rational utilisation of marine fishery resources based on the opinions of the Central
Fisheries Adjustment Council.
As a result the following two items were added.
− basic policy concerning the object, method and duration of marine fishery stock management in
order to ensure appropriate and effective implementation of self-management of marine fishery
resources by fisher’s organisations.
− basic items concerning subjects and methods of surveys conducted by the government-related
organisations with a view to promote self-management of marine fishery resources by fisher’s
organisations.
In certain sea areas, the following are provided: conclusion of agreement on self-management of
fishery resources (stock management agreement) by fisher’s organisations and recognition of the stock
management agreement by the Administration as well as intermediary actions by the Administration
for participation in the stock management agreement.
4-1-2. Revisions of the Law concerning Fishery Cooperatives
In 1993, a new clause was incorporated in the Law concerning Fishery Cooperatives so as to
allow fishery cooperatives to establish their own stock management provisions.
Also introduced were provisions concerning implementation of projects concerning fishery stock
management by fishery cooperatives and management methods and duration for management of
fishery resources as well as authorisation of stock management provisions by the Administration.
4-2. Establishment of comprehensive projects to promote community based fisheries management
In 1991, comprehensive projects to promote community based fisheries management was
launched by centralising projects aimed at promoting community based fisheries management
implemented since 1984. The mainstay in the project were: (a) formulation of guidelines including
forecast, when stock management is introduced by the execution of the fishery management
simulation model, developed since 1984, which is linked to three models of fishery, resources and
business management, and (b) voluntary programs of fishers for stock management and fishing
ground utilisation, implemented since 1985, for the purpose to maintain operation at optimum level
and realise joint and cooperative operation.
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4-2-1. Formulation of stock management policy by prefectural governments
In order to realise self-stock management by fishers, the prefectural governments hold meetings
of councils of administrative officials, researchers and fishers, and present to the fishers the results of
related surveys on resources and economy, taking into account the forecast obtained from fishery
management simulation models. The prefectural government formulates guidelines for stock
management, including specific measures such as re-liberation of small-sized fishes and expansion of
mesh size.
As regards the regional stock which can be properly managed by one prefecture, such as abalone
and kuruma prawn, each prefectural government formulates its own stock management policy. On the
other hand, as regards the stocks which migrate across extensive areas covering several prefectures,
such as olive flounder and red sea bream, seven Areas are established throughout the nation and stock
management policy is developed for each of these blocs.
4-2-2. Formulation of stock management program by fishers
Fishers involved hold meetings to discuss the stock management policy presented by the
prefectural government, and formulate the stock management policy including specific measures
which they implement on a voluntary basis. The plan is determined at a general meeting of the fishery
cooperatives' association, to which the fishers concerned are members. The decisions at the meeting
need to be endorsed by the Governor.
In the current annual plan, it is expected that 224 stock management plans will be formulated by
1996, of which 43 covers the stocks of extensive migration and 181 cover regional stocks. The central
government is backing up and expanding the projects with a view to prop up these stock management
programs and enforce and establish stock management in a wider area.
4-2-3. Implementation of related projects
As supportive measures for fishers implementing stock management plans, the following related
projects are being implemented.
− Improvement of promotion system-- study on ways to promote community based fisheries
management and guidance and circulation, collection and compilation of stock management
case studies, and development of the system to provide information on stock management.
− Support for technological development--Development of statistical procedure for management
of seed liberation and construction of forecast system for migration volume of pelagic fish
stocks.
− Improvement of propagation facilities--Improvement of seed production facilities in the area
where community based fisheries management is being implemented as well as creation of
propagation grounds
− Measures for management stability--financial assistance in the effort of fishers (engaging in
community based fisheries management) in reducing the number of vessel and loans to offset
declining income.
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4-3. Instances of stock management programs (6)
We will take an example of stock management agreement in Hokkaido. Agreement on stock
management of pollock, small mouthed sole and point head flounder was concluded as a unified
agreement among coastal fishers and offshore trawlers in Hokkaido in March 1994. Later, a steering
committee for stock management was established, which became the main promoter of the agreement
in various parts of Hokkaido. It will enter into full-scale implementation toward the fishing season
from autumn 1994. Consultations about conclusion of an agreement for six species by sea areas,
including olive flounder, shrimps, and horsehair crab, which coastal fishers formulated under the
overall project to promote community based fisheries management.
Full-scale consultations regarding the agreement started in July 1992, in which the Fisheries
Section of the Hokkaido Prefecture presented a draft agreement and both coastal trawling and offshore
trawling held respective internal consultations to make necessary adjustment. Coastal fishers made
active discussion on such issues as introducing collateral system for compliance with the agreement.
In the course of the discussion, attention was raised to the suspected offshore trawling operation, as
characterised by the pollock juvenile catch in the offshore area of eastern Hokkaido Pacific coast
which arose around the time of the start of the consultation. In the final analysis, agreement was
effected based on the understanding that it would constitute a step forward to protection of stocks as
well as evaluation of the holding of consultations with offshore trawling representatives about the
issue of stock management in the process of talks about agreement.
This includes agreement on pollock stock management in Hokkaido and provisions against
violations by stock management steering committee.
Such stock management plans have been formulated for olive flounder, rock oyster, red sea
bream, white croaker, small mouthed sole in Yamagata Prefecture; olive flounder, red sea bream in
Kumamoto Prefecture; and olive flounder, red sea bream and pink shrimp in Niigata Prefecture.
5. Discussion
5-1. From which management pattern to start and how to combine
In earlier sections, various types of fishery management patterns were introduced. Fishery
management was categorised into six types on the basis of economic advantages as follows:
− fishery management based on management of fishing effort
− fishery management based on fishing ground management
− fishery management based on fish price maintenance
− fishery management based on recruited stock management
− fishery management based on harvest stock management
− fishery management based on reproduced stock management
What is important in these measures is that, unlike recruited stock management and reproduction
stock management, the three patterns of management: fishing ground management and the fish price
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maintenance-oriented management, and fishing effort-based management can achieve economic
results while leaving the stock status as it is same level. In other words, the increase of harvest value
obtained by the dispersion of fishing ground allocation for fishing vessels to avoid excessive
concentration of fishing effort in the prime fishing grounds can be achieved even assuming the current
stock size. Further, the same applies in that case of fishery management intended to restrain and
disperse excessive temporal fish landing to prevent wild rise in prices. We can consider that each of
these management patterns can produce effects on the first day when the stock management was
launched by establishing appropriate production system, including the pooling system and individual
quota system.
The immediate effectiveness which characterises fishing ground management-oriented fisheries
and price maintenance-oriented fisheries constitutes a very advantageous first step toward
management-oriented fisheries. It is the "self-imposed" management, in which all the risk involved
should be borne by fishers. The first barrier which community based fisheries management overcome
is the year-long mentality of fishers characterised as "taking 50 for today in place of 100 tomorrow."
As noted in 3-1, in the management of reproductive capability of resources targeting at increase
of the number of individuals, much time is required before management effects become visible (in the
span of years ) because propagation from parent to offspring should be repeated over several
generations. It is in this sense that fishers are requested to put aside "today's 50 for the sake of
tomorrow's 100." By contrast, in the case of recruited stocks, the issue for the time being is the
biological growth within one generation and the effects of management can be obtained at an early
stage. One can anticipate reasonable achievement through harvest restriction for several months unless
the highest mark is pursued. The burden inflicted on fishery management differ qualitatively between
withholding operation for several years in the former case and that for several months in the latter.
In this way, from the viewpoint of emergence of effectiveness alone, we can know that the
degree of difficulty in executing management differ substantially depending on established targets.
However, on the other hand, sharp decrease in annual migrating number will erode management
effects realised through implementation of the fishing ground system, market measures and
management of recruited stocks. Pursuing increase or stabilisation of recruited amount is an ultimate
task for management-oriented fisheries. The issue of stock reproduction should be coped with no
matter how difficult it is. Therefore, as specific procedure, it seems appropriate to take the following
three steps.
− start with management of fishing ground use and management of fish price maintenanceoriented management;
− improve contents of management of recruited stocks or farming stocks, and on the basis of it;
− challenge management of reproduction stocks.
In this connection, in the case of the management of effort, one can think of several stages
starting from regular non-fishing day (once a week), gradual extension of the number of days, and
making of appropriate vessels in terms of tonnage and horse power reduction. Appendix 1 shows for
reference the materials prepared by the Fisheries Agency of Japan concerning the percentage of
organisations by management content to the entire number, their characteristics and representative
methods and cases. In Part II, detailed presentation and analysis are given concerning fishery
management of scallop, olive flounder, mantis shrimp, alfonsino, and sand lance.
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5-2. Equality, flexibility and diversity of management
Regulations in community based fisheries management have their own characteristics which
distinguish them from those effected under governmental management based on legislative system.
First is the equality of management effects vis-à-vis participating fishers. As long as the regulations
are self-imposed, a consensus among participants is prerequisite. There are no fishers in the presentday fishing villages who agree to a management proposal under which his own share of the results
under the new fishery regulation stays smaller than that of others. In the debate concerning the
launching of management-oriented fisheries and debate on management draft, the issue of equal effect
for all individuals was raised. Various initiatives have been taken throughout Japan. They include the
procedure to realise equality in production (through rotation harvest and operation in the fishing
grounds) and the higher-level procedure to make stock distribution equal (quota system per vessel and
the pooling system of landing value). By way of reference, the 8th census shows that the number of
fishery management organisations adopting the pooling system was 147, or 11% of the total. The
largest percentage of adoption was found among management organisations targeting at sedentary
stocks in the muddy areas, with 22% (See Table 12).
The second characteristic is the flexibility of management. In so far as the object of management
is the wildlife subject to wide-ranging fluctuations, no effects of management can be expected unless
corresponding measures are taken. For example, in the case of sardine boat seine fishing at
Toyohama, Aichi Prefecture, mentioned in 3-5-2, discussion on the plausibility of continuing the
pooling-based management system was conducted on a weekly basis. The need for weekly
consultations is felt to adjust confronting views arising from the differences of management
conditions of participants on the basis of the recognition of changes in the stock's migration patterns
and to ensure "consensus" for continuing management.
Another example is the management of olive flounder gill net fishing in Kuji Area of Ibaraki
Prefecture. Here, operation of the day is decided through voting by all participants. This provides a
typical example of flexible management.
The third characteristic is the diversity of management forms. As mentioned at the outset, there
are several kinds of achievements of management goals. Moreover, there are various procedures to
ensure to achieve effects on an equal basis, in addition to "flexibility of management administration."
On the other hand, the organisation of community based fisheries management is left to
voluntary consensus of participants. fishers select most appropriate procedure based on the
management conditions and awareness of management conditions and correctiveness. As a result, the
forms of fishery management become very diverse. This is the reason we encounter differing
management procedures from organisation (fishery cooperative) to organisation even when they are
located adjacently and the fish species they pursue is the same.
Put simply, "fishery management organisations differ in characteristics and forms among
themselves and there is no two single organisations that are identical." This is necessary to restrain
management cost and maximise the effect and make efficient use of all conditions surrounding
fisheries. We should note here the tenacity and potential for future development which is essential for
furtherance of community based fisheries management in a variety of management organisations
which, at first sight, appear to be disordered and inordinate.
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Notes

(1)
Kaneda Yoshiyuki defines stock management-oriented fishery in the Comprehensive
Dictionary of Fisheries (Seizando)(1985) as "a fishery procedure to implement appropriate
management of fishery resources and ensure their effective utilisation in the future." In the present
paper, the discussion was limited to the stock management-oriented fishery implemented by "stock
management organisations" as stipulated by the 8th census (See 2-1).
(2)
The Country Report of Japan described about Japan's fishery system and the framework of
its fishery management. As shown in that report, fishery license for coastal resources has been granted
historically as joint fishing right arranged based on common property of regional communities. In this
joint fishing right, the fishery cooperative has a preferential right to the license. Membership of the
fishery cooperative requires resident-ship of the community, and heritage of the right to execute the
fishing right has been recognised. It is deemed that fishery management organisation which we will
deal in the following sections were developed against the background of these factors. Furthermore,
through stock management plans mentioned in Section 4, we will touch on the subject of joint fishery
management by fishery cooperatives and the Administration including the central and prefectural
governments.
(3)
The present author intends to argue here about fishery management implemented by these
organisations. Therefore, the topic is limited to fishery management established at the initiative of
these organisations. The fishery management not involving such organisations are excluded from the
discussion. Even in the case of joint fishery, the organisations is always taken to be based on selfdetermined organisations.
(4)
The 9th census was conducted as of November 1993, and its preliminary results were
published in September 1994. Detailed reports based on various types of analyses are expected to be
published in succession. Unless otherwise stated, analyses in this paper are based on the results of the
8th census for which data are complete.
(5)
Personal communication with Takaaki Mori, Fisheries Promotion Division, Coastal
Fisheries Section, the Fisheries Agency of Japan.
(6)
Sagesaka Takeshi (1994): The present situation of stock management-oriented fisheries and
related issues. Fishery Cooperative Management 9; and Association of Cooperatives for Guidance
Fisheries in Hokkaido (1994): Agreement on operation for stock management in Hokkaido, Fishery
Cooperative Management 9.
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Table 1. Composition ratio by promoter of stock management

Organisation
Single fishery cooperative
(Fishery Cooperative itself is the main management
promoter.)
Subordinate bodies to fishery cooperative (subordinate
groups of fishery cooperative such as the groups by type of
fishery or young member’s group.)
Arbitrary organisation within a fishery cooperative
(management organisation made by cooperative members in
the fishery cooperative on a voluntary basis.)
Others
(Federation of fishery cooperative, fishery producers’
unions, and unions by type of fishery.)

Annual percentage (%)
1988
1993
32
30

40

39

18

21

10

10

Data: Compiled based on “the 8th census” and “the 9th census” conducted by the Ministry of Agriculture, Forestry and
Fisheries.

Table 2. Circulation rate of fishery management organisations by area
Area

Total
Hokkaido
N. Pacific
W. Japan Sea
N. Japan Sea
Central Pacific
S. Pacific
East China Sea
Setonai Sea

Fisheries district
(a)

Number of districts
where management
organisations exist
(b)
924
128
163
95
68
149
60
159
102

2 217
139
183
174
167
407
186
497
464

Organisation rate
(%)
(b)/(a)
41.7
92.1
89.1
54.6
40.7
36.6
32.3
32.0
22.0

Data: Compiled based on “the 8th census” conducted by the Ministry of Agriculture, Forestry and Fisheries.
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Table 3. The percentage of the entities participating in stock management
organisations to the entire number of entities
Type of fisheries

Total no. of
entities
(a)
51 143
354
21 171
41 165
50 739
963
556
40 917
10 426
569
5 163
14 572
3 053
57 424
1 760

Shellfish gathering
Coastal trawling
Small-type trawling
Other fisheries
Coastal gillnet
Boat seine of drawers type
Offshore trawling
Seaweed gathering
Small-type set net
Coastal tuna longlining
Boat seine
Coastal longlining
Coastal lift net
Coastal pole-and-line
Coastal purse seine

Participating
entities
(b)
61 008
345
13 594
15 343
16 197
204
116
6 725
1 466
63
551
736
79
1 033
22

Participation
rate (b)/(a)
119.3
97.5
64.2
37.3
31.9
21.2
20.9
16.4
14.1
11.1
10.7
5.1
2.6
1.8
1.2

Data: Compiled from “the 8th census” conducted by the Ministry of Agriculture, Forestry and Fisheries.
1.
The participation rate surpassed 100% in the case where a fishery entity participates in more than one
“management organisation”.
2. “Others” in types of fisheries was changed to “coastal”.

Table 4. Number of organisations and adoption rate by type of management
in major fisheries
Management contents
No. of organisations
Harvest management
Fishing ground
management
Stock propagation
(farming)
Adoption rate (%)
No. of organisations
Harvest management
Fishing ground
management
Stock propagation
(farming)

Small-type
trawling
183
181
161

Gillnet

Others

Total

275
275
252

Shellfish
gathering
496
494
475

385
383
348

1 339
1 333
1 236

119

100

422

200

841

100.0
98.9
88.0

100.0
100.0
91.6

100.0
99.6
95.8

100.0
99.5
90.4

100.0
99.6
92.3

65.0

36.4

85.1

51.9

62.6

Data: Compiled from “the 8th census” conducted by the Ministry of Agriculture, Forestry and Fisheries.
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Table 5. Collection rate of kuruma prawn discharged and farming cost per prawn
(Chita, Aichi Prefecture, discharge performance for 1980-83)
Discharge No. farming

(Date of discharge)

No. of
prawn
discharged
(1)
(1 000)

I (Aug. 1980)
II (Jul. 1990)
III (Aug. 1981)
IV (Jul. 1982)
V (Aug. 1982)
VI (Jun. 1983)
VII (Aug. 1983)

6 794
2 700
3 920
3 690
2 350
3 120
2 950

No. of
prawn
recaught
(2)
(1 000)
96.9
35.3
38.9
162.0
171.5
153.5
103.7

Farming
costs (3)

Collection
rate

Cost per
prawn

(2)/(1)
(%)
1.4
1.3
1.0
4.4
7.3
4.9
3.5

(3)/(1)
(¥)
1.9
2.6
1.9
4.4
7.5
5.0
5.1

(1 000 ¥)
13 000
7 092
7 327
16 083
17 564
15 529
15 116

Data: Provided by Aichi Fish Farming Promotion Association (1981, 1982 and 1984).

Table 6. Motives to start fishery management
Motives

Total
Maintenance and management of stock
Measure taken to direct stock decline
Effective use of fishing grounds
Exclusion of competition among fishermen
Equal use of fishing grounds
Exclusion of competition over fishing grounds
Others

No. of fishery
management
organisations
1 339
1 092
849
700
605
500
390
31

Composition
ratio
(%)
100.0
81.6
63.4
52.3
46.2
37.3
29.1
2.3

Data: Compiled from “the 8th census” conducted by the Ministry of Agriculture, Forestry and Fisheries.
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Table 7. Changes in production of four fishery cooperatives in Fukushima Prefecture
Year
Fishery
cooperative
A
B
C
Isobe
A
B
C
Isobe

1976

1977

1978
1979
1980
(real number, unit: tonnes)

1981

1982

14
45
73
162

161
355
340
657

62
50
347

57
37
292

9
13
14
25

100
100
100
100

66
20
9
237
234
146
70
68
85
618
542
448
(index: 1977 = 100)
41
12
6
67
66
41
13
13
16
94
82
68

17
9
53

16
7
44

Data: Provided by the Fukushima Prefecture Fisheries Experimental Station.
1. Isobe Fishery Cooperative started the pooling system in 1978.

Table 8. Changes in pen shell landing value
(Kongai Fishery Cooperative)
Year

No. of entities

1979
1980
1981
1982
1983
1984
1985
1986
1987
1988

31
31
33
34
34
34
38
42
42
42

Volume
(tonnes)
100
90
109
72
98
93
76
85
97
92

Data: Surveyed by Konagai Fishery Cooperative.
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Value
(in million ¥)
198
200
319
206
294
338
312
230
238
234

Table 9. Relation between the number of fishing vessels operating fishery
production in the area where abundance is high (Area A) and the area
where abundance is low (Area B)

Fishing ground

(a)
No. of vessels
operating

Area A

1
2
3
4
5
6
7
8
1
2
3
4

Area B

(b)
Increase in
production for
one increased
vessel
80 000
40 000
20 000
10 000
5 000
2 500
1 500
1 000
18 000
10 000
5 000
3 000

(c)
Production
value for all
vessels
(total of b)
80 000
120 000
140 000
150 000
155 000
157 500
159 000
160 000
18 000
28 000
33 000
36 000

(unit: ¥)
(d)
Average pervessel
production
(c/a)
80 000
60 000
46 667
37 500
31 000
26 250
22 714
20 000
18 000
14 000
11 000
9 000

Note: When 5 vessels are allocated in Area A and 3 in Area B (a total of 8 vessels), the production value per additional
vessel (b)” is an equal amount of /5 000 for the two areas. The added sum of /188 000 for “production value of
all vessels (c)” is the maximum value for production by 8 vessels.

Table 10. Differences in economic achievements by pattern of fishing ground use
Pattern

Area A
(No. of
vessels)
Concentration
8
Dispersion
5

Fishing
vessel
allocation
Area B
(No. of
vessels)

Gross
production
value

Total cost

Net profit

Profit/productio
n

(/1 000)

(/1 000)

(/1 000)

(%)

0

160

160

0

0

3

188

160

28

15
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Table 11. Trend of excessive investment in coastal fishing vessel fishery
Item (unit)
(per entity)
Vessel tonnage
(tonnes)
Vessel horsepower
(ps)
Depreciation rate
(%)
Harvest volume
No. of entities

1970

1975

2.0

2.3

1980
2.7

12

18

25

19.0

18.4

22.5

9695
142795

9423
140990

1985

9505
138820

1990

2.8

2.7

32

38

8.8
9574
132595

32.0
9673
123639

Data: Compiled from “the 8th census” conducted by the Ministry of Agriculture, Forestry and Fisheries.

Table 12. Percentage of fishery management organisations using the pooling system
No. of organisations
Stock
Shore-based stocks
Bentic
stocks
in
maddy area
Migratory stocks
Comprehensive multispecies management
Others
Total

(A)/(B)

(A)
751
266

No. of pooling system
organisations
(B)
63
58

229
46

17
9

7.4
19.6

47
1 339

147

11.0

300

(%)
8.4
21.8

Figure 1. The relationship between stock and catch quantity of Akaamadai (Kitahara 1981)
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Figure 2. The relationship between the catch effort and the catch amount of money

302

Figure 3. The sustainable yield of flounder (Niigata prefecture, 1991). The report of large scale
fisheries oriented resources management in Niigata
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Figure 4. The relationship between the catch effort (days of fishing boats on the sea) and catch
quantity and number of small scale bottom trawl net at Niigata

(index: present situation = 100.)

Figure 5. The effect of the 2 days-off fishing on the small scale bottom trawl net (Kagawa
prefecture ANJI fisheries cooperative association)
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JAPAN: PART II-1. SIGNIFICANCE OF THE POOLING SYSTEM

Osamu Baba
Tokyo University of Fisheries
Introduction
Amid the trend to promote "community based fisheries management" in recent years, fishery
management centered on the system to pool landing value is often introduced as an advanced case of
fishery management. This paper is intended to focus on the pooling system, examine its economic
effects, the background leading to its introduction, and conditions for its continuation based on actual
cases, thereby describing the significance of the pooling system in fishery management.
The cases cited in this paper pertain to fishery management based on the landing pooling system
in small-type coastal fisheries. In considering the general characteristics of the pooling system, it
seems more appropriate to take up coastal fisheries because a larger number of cases of actual
application exist. Although there are cases of management by means of the pooling system in offshore
fisheries, the number is by far smaller than in coastal fisheries.
There has been no formal attempt to present definition or principle of the pooling system. In this
paper, summing up the results of analyses made so far, the pooling system is described as having the
following characteristics. Competitions among fishers intensifies due to interaction of such factors as
fishing ground space, resources abundance and harvesting capabilities. Additional investment of labor
and capital does not contribute to increase in landing but rather creates pressures on management.
Under such circumstances, collective or joint operation is introduced.
In the pooling system, the entire landing value by members is accumulated first and then
reallocated equally among members. It is aimed to rectify the differences in landing which could
occur regardless of fisher's intention. As effects of this system, prices can be maintained and the
operation system to ensure conservation and protection of resources can be realised.
In this way, the pooling system was primarily aimed at securing profit at the time of
introduction. But it did not end up as a mere means to secure profit but various effects emerged after
its introduction.
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1. Instances of management based on the pooling system in various areas
Given in what follows are several instances of "community based fisheries management"
reported to date, in which the pooling system functioned as the core of the management.
CASE 1. Stardust shrimp trawl fishery in Suruga Bay, Shizuoka Prefecture
In Suruga Bay, stardust shrimp trawl fishery, which is a Governor-licensed fishery, is being
operated. This fishery targets at stardust shrimp in the mid-water trawling by pair trawlers (about
5 tonnes each) per one unit. About 60 units (with 120 boats) from three areas are permitted to operate,
all of them currently in operation. The fishing season consists of two periods: the spring season from
late in March to early June and the autumn season from November to December.
In this fishery, the density of target fish schools largely influences the assessment of harvests.
When trawling is conducted on low-density fish schools, sizeable mixing with other fishes occurs and
visible damage is inflicted on stardust shrimp being trawled, causing deterioration of products. On the
other hand, in the high-density fish schools, high-quality catch of relatively small mixing of other
fishes can be realised, contributing to higher prices of products. Therefore, under the unrestricted
fishing system, all the fishing vessels were compelled to engage in a cut-throat competition to secure
operation ground in pursuit of preferential fish schools in the fishing grounds. As a result, troubles
among fishing vessels occurred frequently on the sea, giving rise to an imminent need to alleviate
this situation.
Further, price declines triggered by mass harvests occurred frequently. Measures were taken to
limit harvest volume to alleviate the situation, but they did not prove sufficiently effective. Through
this procedure, collective operation system, centering on planned allocation of fishing vessels in
fishing ground, was taken in order to exclude excessive concentration of fishing vessels in specific
fishing grounds. Under the planned allocation, some kind of income reallocation system became
necessary to resolve the differences in landing among fishing vessels caused by the conditions of
allocated fishing ground. The pooling system of landing value was introduced as a system to
implement it.
Operation under the pooling system is implemented as in the following procedure. First, landing
volume target is decided on the daily meeting of ship owners and skippers throughout the fishing
season. The day's operation is terminated and landing is effected when each fishing vessel fulfilled its
targeted harvest volume under collective operation. The combined landing value of 120 boats minus
operating costs such as fuel and ice costs is divided among ship owners and crew based on a certain
proportion, and each value is allocated equally among ship owners and crew.
The pooling system had not been accepted without any resistance from fishers from the outset.
Initially, there was a mounting dissatisfaction among fishers toward the pooling system in which the
differences in effort and capabilities among fishing vessels were ignored. There were periods of
trial-and-errors, in which the pooling system was implemented only intermittently. In the meantime,
however, the price maintenance effects brought forth by the landing adjustment under the pooling
system came to be evaluated highly by fishers. This led to the establishment of the pooling system,
and the system has been implemented for about 25 years to-date.
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CASE 2. The pooling system in shell dredge net fishery at Kashimanada Fishery Cooperative
in Ibaraki Prefecture
In the shallow water area along the Kashimanada coast, hard clam and Sakhalin surf-clam are
harvested by shell dredge net fishery, which is one type of small-type trawling. As there were limited
fishing ground where these shell-fishes occurred in sufficient abundance as to allow harvest,
limitation on fishing ground had been practised, and the pooling system had been enforced for
Sakhalin surf-clam for which there was severe competition. The system was eventually expanded to
the entire landing in shell dredge net fishery including hard clam, and has been practised to the present
time. The following background factors can be pointed out for introduction of the pooling system to
the entire shell dredge net fisheries at that time. Before the introduction of the pooling system,
operation hours had been regulated in order to check the price decline caused by excessive landing. In
this case, direct measures such as limitation of landing volume was taken temporarily, but the landing
volume was not adequately monitored, and violations such as hiding landed harvests occurred. This
led to the indirect restriction of landing volume by means of operation hour regulation for which
mutual monitoring among fishers was easy. However, the competition among fishers over favorable
fishing ground escalated under the operation hour regulation, and attempts were made to trawl the nets
at a faster pace in a bid to achieve the largest possible harvests within an allotted time limit. This
resulted in massive landing of what fishers call "Bero-kui" shellfish--as shellfish tends to close shells
quickly in reaction to strong external stimulus, it tends to cut its Bero (which corresponds to legs),
causing deterioration of commercial value of products. This naturally caused price declines. This
phenomenon was pointed out by middlemen and was recognised as a problem.
In order to avoid such competition over harvests among individual fishers, the need was felt for
an income reallocation mechanism in which individual landing may not directly affect income. The
pooling system was introduced to cope with such a need. As a result, not only troubles among fishers
over securing fishing ground decreased but also "Bero-kui" was reduced, raising both quality of
products and prices.
The pooling system in this instance in not pooling calculation for all the shell dredge net boats,
but fishing boats are divided into three strata by their scale, and pooling calculation is made for each
stratum.
Seven boats belong to the stratum of less than 2 tonnes, 8 boats to the 2-3 tonne stratum and 89
boats to 3-5 tonne stratum, and landing is calculated in each pooling of the strata. The calculation
method is as follows: 5% commission is deducted from the total sum of landing by member boats.
Seventy percent of the remaining value is allocated as vessel fee, and 30% as the fee for crew
(including ship owners on board the vessels). The fee per boat is the total amount for boat fee
discounted by the number of vessels operated, and the per-capita crew fee is the amount of total crew
fee discounted by the number of crew on board the boats operated.
CASE 3. The pooling system in shell dredge net fishery at Kaisou Fishery Cooperative in Chiba
Prefecture
At Kaisou Fishery Cooperative facing the coast of the Kujukuri beach in Chiba Prefecture, ark
shell, hard clam, dambei-kisago (a species of conch) and other shellfish are harvested by shell dredge
net fishery, which is a type of small-type trawling. The shell dredge net fishery in this area has been
operated mainly on ark shell, and in view of the size of the stock, about 30 shell dredge net boats
operated.
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During the high-level period of ark shell landing which continued until 1982, vessel construction
for replacement was promoted, with most of the boats now operating being built around that time.
However, in 1983, the stock of ark shell suffered a collapse of unknown cause, making it virtually
impossible for ark shell dredge net fishery to subsist. This forced fishers to shift to harvest of hard
clam and dambei-kisago, which had not been pursued until that time. However, these stocks were not
of the scale to sustain harvests by 60 fishing vessels both in terms of stock size and fishing ground
space. As fishing ground is formed in the limited range of the area of water depth of 2-5 meters, it was
not ample enough for two boats to operate in parallel in this belt-like fishing ground, and the length of
the fishing ground belt was also limited. High-level landing was recorded at the time when operation
was shifted to hard clam and dambei-kisago. But increasing harvests tended to cause price collapses
due to the nature of demand and price forming of these products. In the meantime, production
adjustment was attempted by restriction of harvesting volume and operation time, with effort made to
maintain price levels, but that did not lead to effective restraint in competition among individual
fishers. A need was keenly felt to introduce some effective measures. Thus, in 1984, the pooling
system for landing was launched with 84 boats--61 boats mainly engaging in shell dredge net fishery
and 21 engaging in that fishery concurrently with boat-seine fishery.
The system under the pooling system is operated as follows. The 84 boats were divided into
three groups, and only one group operates in a day while the other two groups engage in fisheries
other than shell dredge net fishery (or on land). Other groups operate by rotation. When the catch of
shell dredge net operation by three groups are completed, the landing value for the three days are
added up. Sales commissions and fuel and other costs were deducted from the sum, and the remaining
value, discounted by the number of boats operated (84 if all the vessels operated) is allotted to each
vessel.
After the introduction of the pooling system, it became possible to maintain prices at a high level
and secure landing value at a similar level as previously with a lower level of landing. For this reason,
it became possible to reduce the number of operation days for shell dredge net fishery, and instead
increase the operation days for gill net fishery or angling as concurrent operation. As a result, many
fishery households were reported to be enjoying in-creasing income.
CASE 4. The pooling system in small-type purse seine fishery at Susa Fishery Cooperative in
Yamaguchi Prefecture
Susa Fishery Cooperative in Yamaguchi Prefecture has five units of small-type purse seine
fishery mainly targeting at sardine, horse mackerel and mackerel for cooked and dried products. A
fleet, with a crew of six, is generally composed of three boats--a net boat, a transport boat, a lamp boat
(the former two are used concurrently as lamp boats).
In this area, conversion of fishing method started around 1970, triggering the use of efficient
purse seine fishing method which is currently employed. For two years after conversion to purse seine
fishing, individual competition system was employed, but competition for harvest intensified in pace
with increasing capabilities. The departing time of fishing vessels was quickened in a bid to secure
good fishing ground, which also quickened time of landing. This caused quickening of operation time
in a bid to secure the best possible fishing ground, also quickening the time of landing. But the
freshness of the product deteriorated by the time auction started, causing decline in auction prices. (As
the harvests are small-sized sardine for cooked and dried products, the deterioration of freshness is
fast.) Further, as transport boats returned with full harvests in a bid to offset the declining prices with
corresponding volume, the decline of commercial value of products were further accelerated. Under
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such circumstances, fishery entities came to face a very severe environment caused by skyrocketing
fuel prices in the wake of the first oil crisis. At the suggestion of some ship owners, transition was
made to joint operation system based on the pooling system, which was aimed at cost saving and
excluding useless competition.
The calculation of landing value is conducted every 10 days. The total landing value of five
entities for the 10 days are added up and allocated on an equal basis. Each vessel deducts 30% from
this value as sales commission and boat fee and further deduct expenses (the total expenses of five
entities discounted equally) for each entity from the remaining amount. The remaining amount is
allocated equally among crew members. The allocation among crew members is equal, with no
special commissions paid to fishing masters and skippers.
2. Effectiveness and significance of management based on the pooling system
The fishery management based on the pooling system can be regarded as an ideal form of fishery
management because of such factors as (1) elaborated joint operation system realised under it,
(2) stringent harvest control, and (3) positive involvement of producers in the process of price setting
of the harvests. However, analysis of actual cases show that fishers have not necessarily introduced
the pooling system positively based on evaluation of its effectiveness. In the four instances cited
above, the following common characteristics can be pointed out as background factors to introduction
of the pooling system. In each case, there was competition over limited fishing grounds with favorable
conditions. Therefore, how to exclude excessive labor and investment used for such competition was a
serious issue. As countermeasures, such steps as landing volume restriction and operation hour
regulations were enforced in many areas. But regulations did not produce sufficient effectiveness
because of violations due to insufficient enforcement of monitoring.
Then, as measures to exclude futile competition among fishers, the following two options were
adopted: A) take rigorous collective operation system under centralised instruction system, and
B) apply relatively loose framework as regards operation by individual fishers, and take steps to
eliminate competition within this framework.
As instances of A, we can cite stardust shrimp fishery in Suruga Bay Case 1 and shell dredge net
fishery in Kaisou Fishery Cooperative in Case 3, and as instances of B, shell dredge net fishery at
Kashimanada Fishery Cooperative in Case 2 and small-type purse seine fishery at Susa Fishery
Cooperative in Case 4.
In the case of A, individual fishing vessels are allocated in fishing ground under instruction of
the collective operation system, without any regard of the intention of individual fishers. Therefore,
there arose a need for pooling-based system of calculation of landed harvests in order to rectify the
differences in landing volume among fishing vessels which occur as a result of compulsory allocation
of fishing ground. As a matter of course, such stringent collective operation system could be realised
because calculation of income under pooling of landed harvests was assumed.
In the case of B, there is a room left for competition among individual fishers because the degree
of freedom in the choice of fishing ground or labor used is larger than in the case of A. Here a system
to re-allocate income (the pooling system) so that landing by individual fishers may not affect their
own income was adopted in order to exclude competition.
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Both A and B (whichever is chosen) have it in common that considerably stringent "asceticism"
in operation is imposed on fishers. Then, a question is raised why fishers could accept such options.
What is common in the above four cases is that the stock made target of harvesting is relatively small
as compared with the number of fishing vessels and harvesting capability, and the increase of landing
by means of additional allocation of labor or capital investment can be barely secured. In face of this
situation, important management steps to cope with this situation are to restrain the use of labor and
capital so that profit can be raised efficiently. Such an approach actually leads to the introduction of
the pooling system.
As stated in the foregoing, protection or preservation of resources was not always pursued
directly in the process of the introduction of the pooling system. It is certain, however, that in each
case, reduction of fishing effort was made a professed goal under the pooling system-based
management, and as a result, an operation system directed toward protection or preservation of
resources came into existence. Further, it deserves evaluation that, as such management system
continued, fishers came to recognise the need to protect or preserve stocks, and new management
measures aimed at those goals have been adopted.
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JAPAN: PART II-2. AN ECONOMIC THEORY BEHIND THE JAPANESE COASTAL
FISHERIES MANAGEMENT POLICY ON FISHING RIGHTS IN RELATION TO THE
LICENCE SYSTEM FOR OFF-SHORE AND DISTANT-WATER FISHERIES1
Yoshihiro Kuronuma
National Research Institute of Fisheries Science,
Fisheries Agency, Ministry of Agriculture, Forestry and Fisheries
1. Introduction
In general terms, the first priority of the introduction of licences was to achieve a rational
reduction in fishing effort (limited entry) in order to achieve a sustainable target level of stock and an
improvement in the economic efficiency of fisheries. Through the introduction of this scheme, fishers
and/or fishing boats were given artificial user rights (usufruct rights) to the resources. If licences were
transferable under a total allowable catch scheme, they could theoretically provide an effective tool for
a further reduction of fishing effort and the extraction of potential economic rent.
There are many countries which have introduced licence schemes, and Japan is one of them.
Despite the above-mentioned general objectives of the management, it seems that the licensing system
was introduced to counter Japanese domestic problems, rather than to regulate fishing effort and/or
manage off-shore and distant-water fisheries resources as a first priority. In the coastal zone of Japan,
fisheries policy just after World War (WW) II was basically to create full employment opportunities
and exclude efficient fisheries. The policy with regard to off-shore and long distance fisheries, on the
other hand, was to transfer excess harvesting capacity from the coastal zones, and to rationalise the
fisheries through effective production under open-access conditions. This seems to indicate that the
Japanese licensing scheme for off-shore and distant-water fisheries was not introduced for purposes of
resource management at the early stage of its implementation, but to bring about adjustments in
employment. It should be noted that, in principle, fishing licences are not legally transferable in
Japan.
In order to understand an underlying philosophy of Japanese fisheries management, it is
necessary to examine the concept of economic maximisation given the constraint of a fixed number of
fishing vessels. The conventional fisheries economic theory outlined in the Gordon model (1953,
1954), assumes that fishing effort (or the number of fishing vessels) should be reduced under openaccess equilibrium. In the real world, however, it may not occur. This is because a reduction in the
number of vessels requires a reduction in fishing labour, which may lead to compensation and/or job
transfer problems. Some fishers may be strongly attached, both psychologically and culturally, to
certain fisheries. In addition, optimal allocation of fishing vessels will differ from season to season,
due to the changing pattern of abundance of the resource at different times. Under the given
constraint of a fixed number of fishing vessels, one issue which should be addressed by economists is
that of what allocation of fishing vessels between fishing grounds will maximise producer surplus.
This is likely to be a common problem.
2. An Economic Theory Behind the Coastal Fisheries Management
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One case study involving group usership of a fish resource was outlined by Hasegawa (1985). It
was based essentially on the experience of some Japanese coastal fisheries. Hasegawa suggested that
the optimum allocation of fishing vessels would be obtained when the marginal revenue product was
equal for all fishing grounds. He assumed that there were four fishing grounds (A, B, C, D),
including a marginal fishing ground D. He assumed first that fishing operations had reached an openaccess equilibrium in each fishing ground. The question he then addressed was how fishing boats
should be allocated between different fishing grounds in order to improve efficiency from an openaccess perspective, given the constraint of a fixed number of fishing vessels. Figure 1, particularly
Figure 1(c), shows Hasegawa's model. Costs are shown on the vertical axis, and the number of
fishing vessels is shown on the horizontal axis. Subscripts indicate average revenue product (AR1,
AR2, AR3, AR4) and marginal revenue product (MR1, MR2, MR3, MR4) for each of the fishing
grounds. Although Hasegawa (1985) did not specify this, MC(=AC) seems to be equal in all fishing
2
grounds in his discussion . Given this condition, it is clear that the total number of fishing vessels is
E1+E2+E3 in an open-access equilibrium situation where AR = MC = AC for all fishing grounds
[Figure 1(a)]. MEY would be obtained where the total number of fishing vessels is E1' + E2' + E3'
in the Gordon model [Figure 1(b)]. Removal of some fishing vessels is a necessary condition to
achieve MEY. Given the constraint of a fixed number of fishing vessels, Hasegawa (1985) suggested
the relocation of some vessels from higher abundance grounds such as A and B to lower abundance
grounds such as C and D [Figure 1(c)].
The number of fishing vessels to be allocated to C and D would be expressed as:
(E3" - E3) + E4" = (E1 - E1") + (E2 - E2").
Then, the total revenue generated in this model would be:
TR" = {(a1 * E1") + (a2 * E2") + (a3 * E3") + (a4 * E4")}.
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Figure 1. Allocation of fishing vessels between different fishing grounds with known resource
abundance

313

Hasegawa concluded that this would improve the open-access situation because:
TR (total revenue of open access) < TR" (TR': MEY)
i.e. * (E1+E2+E3) < {(a1 * E1")+(a2 * E2")+(a3 * E3")+(a4 * E4")}.
Hasegawa's model aims to 'maximise' (or maintain) rent (subject to the total fishing effort being
constant) by allocating a smaller proportion of fishing effort to the more resource-abundant fishing
3
grounds, and by expansion of effort in the less resource-abundant grounds . As a result, the same
amount of labour (and possibly more) would be employed, with a better economic outcome than in
the open-access equilibrium `non-profit' situation. However, this would not be a desirable allocation
of resources from the standpoint of individual fishers, because it would lead to a different distribution
of incomes. The economic returns from fishing operations in fishing grounds C and D would be
negative in this case.
Although this method of allocation of fishing vessels has the above-mentioned disadvantage, it
also has several advantages under group usership of the resource:
− the same number of fishing boats could be used as in an open-access equilibrium situation (i.e.
the same number of fishers could be employed) with better economic performance (TR < TR");
− the concentration of fishing boats in more resource-abundant fishing grounds would be avoided;
− competition would be avoided within fishing grounds (this implies an improvement in working
conditions, and secures fisher’s equity in their fishing grounds);
− the marginal fishing grounds would be utilised, thus causing some expansion of other fishing
grounds;
− expansion of other types of fishing (or utilisation of other fishing resources) may be possible in
order to utilise the excess capacity of fishing boats (This flexibility may be important in order to
obtain different fish from different resource-abundant grounds according to the season and price
fluctuations).
In order to overcome inequality of income distribution, the so-called `common pool' method has
been introduced by some Japanese fisheries. The basic idea of this `common pool' method is that
collective management allocates income in order to achieve the same income for all participants.
Thus, close cooperation between participants is a necessity for the management of fishing operations
as though they are being exploited by a single resource user. Several research reports can be found on
this issue in Tokyo Shinkokai, ed. (1985). It should be stressed that Hasegawa's method may only
4
apply in the case of group management as a single resource user . Again, the objective is the relevant
economic `maximisation' given a fixed amount of fishing effort, not the achievement of MEY in the
sense of the Gordon-Schaefer model.
While the above-mentioned management scheme has been applied on fisheries in Japan's coastal
waters, the policy regarding off-shore and distant-water fishing was to transfer excess harvesting
capacity from coastal waters and to manage these by taking advantage of open access conditions, with
the rationalisation of fisheries by encouraging productive fisheries. Thus, Japanese fisheries
management involved two sets of policies depending upon whether the fisheries concerned were
inshore, off-shore or distant-water fisheries. In other words, coastal management policy primarily
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aimed at maximising employment opportunities after WW II, while off-shore and distant-water
5
fishing policy has aimed at encouraging productive fisheries . Distant-water fishing, including tuna
6
fishing, was managed as open-access fishing, although licences have been introduced .
3. Philosophy Behind Licence System
It seems that by the early 1960s, for example, parental biomass of southern bluefin tuna
resources were being fully exploited and the fishery had reached open-access equilibrium (Kuronuma,
1988, 1992). Because of the lack of profitability in tuna fisheries as a whole, there was a conscious
reduction of around 20 per cent in the total number of long-line fishing vessels through cooperation
between the fishing industry and the government in 1981 and 1982.
During the first oil crisis in 1973, Japanese firms in the tuna and skipjack fisheries were able to
cope with the high costs of fuel oil primarily because of higher fish prices. This meant that fishing
firms and the Government did not need to make any major adjustments to their operations. However,
the second oil crisis in late 1978 and the introduction of 200 nm EEZs caused a significant decline in
the profits of fisheries, so that output prices were not high enough to cover expenditure on fuel and
other inputs (Kuronuma, 1983). The losses of firms in the tuna and skipjack fisheries grew as a result.
There was therefore a need to initiate reforms in these industries in order to reduce costs and thereby
increase profits.
For this reason there was a reduction of around 20 percent in the number of long-line fishing
vessels. This was made possible by the joint efforts of the fishery industry and the Government. The
planned reductions were accomplished in two years (1981-1982), and as a result 169 distant-water
tuna long-line fishing vessels were withdrawn from operation. This represents a reduction of 18.5%
and 21% in the number of vessels and total gross tonnage respectively. According to Hirasawa
(1982), the following procedure was followed:
− Priority for vessel removal was given to those firms with poorer performance and management
compared with other applicants (at most one vessel per firm).
− Having selected the priority vessels from the said firms, their total tonnage was subtracted from
the required tonnage reduction, which corresponded to 20 per cent of the total tonnage in the
industry. Any further tonnage reduction was achieved by withdrawing vessels belonging to
other firms which had better performance than the priority firms.
− In the event that there were not enough applicants to achieve a 20 per cent reduction in the
number of vessels, other applications would be called for, mainly from those firms which
wanted to transfer from long-line to purse-seine operation.
As there were more than enough applicants, the third step was not taken. The owners of the
remaining operating vessels paid due compensation to the operators of the 169 tuna vessels withdrawn
7
from the industry . These payments were made possible through the cooperation of government and
private finance companies with the owners of the remaining vessels. Around 80% of the total amount
8
of compensation was lent to the owners of the remaining vessels by the municipal treasury . The
9
other 20% of the compensation was paid from the private capital of the remaining vessels' owners
(Kuronuma, 1983).
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It seems that the reduction in fishing effort in 1981 and 1982 occurred because of action by the
fishing industry, rather than because of the licence system. This indicates that the underlying
philosophy seems to have been similar to that employed for coastal water fisheries. The industry tried
to optimise its profits by reducing fishing effort, and compensated owners of tuna boats who left the
industry. The difference between coastal-zone fisheries and tuna fisheries is that tuna operators do not
use the 'common pool' method for their fishing operations. It may therefore be concluded that
Japanese tuna fisheries are trying to achieve optimum economic returns within the constraint of a
fixed number of fishing vessels which is formally allocated by the Japanese Government. This
implies that distant-water fisheries, including tuna fisheries, may still be operating under open-access
conditions from an economic theoretical viewpoint.
4. Concluding Remarks
Japanese fisheries basically involve group (or collective) management. Their major objectives
were the maintenance of employment opportunities and the management of resources in order to
10
optimise ('maximise') the incomes of fishers after WW II . This concept of group management is
exemplified by the number of Japanese fisheries' cooperative associations all over Japan, and
members of cooperatives are given the Fishing Rights to operate in the coastal waters.
This underlying philosophy of group management seems to have been very similar to the
management of Japanese off-shore and distant-water fisheries. In the case of tuna fisheries, for
example, the Federation of Japan Tuna Fisheries Cooperative Association (JTF) is the principal
11
organisation . The Japanese licence system is therefore not exactly the typical licence system in
general as discussed in the introduction.
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Notes

(1)

This paper is a revised version of part of Kuronuma (1993).

(2)

Although Hasegawa (1985) did not specify that MC = AC should be equal in all fishing
grounds, it seems that he assumes this in order to simpligy the model; however, in practice,
it need not be so.

(3)

It seems that Gordon (1953, 1954) has considered this case to some extent; however, he did
not explore its full implications.

(4)

This statement holds only from a theoretical standpoint. This is because substantial success
cases can only be found in some fisheries cooperatives.

(5)

It should be noted, however, that the objective of maximisation of employment seems to
have also heavily influenced Japanese distant-water fishing policy. This may be one of the
reasons why Japan was strongly against the introduction of 200 nm EEZs at the series of
UNCLOS III in the late 1970s in order to ensure employment opportunities in those waters.

(6)

It should be remembered that the creation of employment opportunities was the first priority
for Japanese Government policy after World War II due to its potential over supply of labour
in coastal waters when the licensing system was introduced. With the advent of 200 nautical
miles Economic Exclusive Zones (EEZs) and together with international cooperations,
however, there are many marine living resources which have been managed through
Japanese license system under related institutional arrangements of the international
common property.

(7)

The standard was set at 150 million Yen for 278 gross tonnes of fishing vessels, which
comes to 540 000 Yen per gross tonne.

(8)

It was made payable over 15 years at 5% interest.

(9)

Most of the remaining owners borrowed from the Norinchuo Kinyu Kouko and the loans
were repayable over 5 years at 8.5% interest.

(10)

It should be noted that food security and earnings of foreign currency were also very
important factors when we examine Japanese fisheries management just after World War II.
In this context, this statement may be over simplified.

(11)

Although the JFT does not follow the “common-pool” form of management for tuna
fisheries, their underlying philosophy seems to be the same for their coastal management
policy.
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JAPAN: PART II-3. CASE STUDY OF FARMING STOCK MANAGEMENT IN FISHING
RIGHT ON COMMON FISHING

Right Fishery - Scallop Fishery Management in Sarufutsu Area in Hokkaido
Katsuhiro Miki
National Research Institute of Fisheries Sciences,
Fisheries Agency¸ Ministry of Agriculture, Forestry and Fisheries
1. Introduction
In Part 1, management of scallop fishery is classified as a form of farming stock management
from the viewpoint of effective utilisation of farming resources. However, as efficient use of fishing
grounds is an important part of management method, this fishery management is also said to have the
aspect of fishing ground management.
This paper aims to outline the historical development of scallop fishery management and
management contents, using Sarufutsu area along the Okhotsk Sea coast of Hokkaido, which has been
(1)
forerunner in this type of fishery management .
2. Outline of scallop production
Before farming and propagation techniques were established, production of scallop used to take
the form of gathering fishery targeting at scallop stocks originating in the natural environment. Since
the middle of the 1960s, full-scale farming and propagation of scallop was made possible as a result
of mass production techniques of large-size seeds. This enabled scallop production to make a
transition from the stage of gathering fishery to production through farming and propagation by seed
liberation in adjacent seas. As a result, the production volume of scallop saw a rapid increase
(Figure 1).
At present, scallop production in Japan is largely divided into two groups:
− production by aquaculture in major production sites in the Hokkaido volcanic bay areas and the
Mutsu Bay in Aomori Prefecture and
− production by means of seed liberation in adjacent sea in major producing sites along the coast
of the Okhotsk Sea. Scallop production in 1992 amounted to 402 000 tonnes, of which farming
production accounted for 208 000 tonnes and that by seed liberation 193 000 tonnes.
As a result of increase in production, the price of scallop has shown a downward trend since the
1970s. In face of declining scallop prices, aquaculture entities attempted to bolster their activities by
increasing production volume through expansion of fishing grounds with higher density of stocks
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since the 1970s. In recent years, however, falling prices are causing a strong impact on aquaculture
entities because of the limitation in fishing grounds expansion and aggravating shortage resulting
from production scale expansion and other issues. Against this background, aquaculture business is
deemed to be facing increasing difficulties in recent years. In production through seed liberation, on
the other hand, there seem to be more advantageous conditions for production in terms of cost as
compared with aquaculture production because the former largely depended on natural productivity in
most of the production processes, although there are problems of over-density in fishing grounds as a
result of excessive seed liberation. For this reason, it is anticipated that scallop production through
seed liberation in adjacent waters will enjoy a greater advantage over aquaculture production in the
years ahead.
3. History and present situation of scallop fishery management
3-1. Historical development of scallop fishery management
Sarufutsu area is a fishing community in northern Hokkaido with a coast line of 33 kilometers
facing the Okhotsk Sea. In pre-war days, scallop production took place predominantly along the coast
of the Okhotsk Sea. Particularly, the coast of Sarufutsu area was one of the most abundant scallop
fishing ground. Owing to such beneficial environment, scallop fishery constituted the basic fishery of
Sarufutsu area from olden times. As scallop fishery depended solely on the stock in the natural
environment, there were large fluctuations in harvest volume, but production had stayed at around
10,000 tonnes until the first half of the 1940s (Figure 2). As a result of uncontrolled over-exploitation
that ensued, production volume started decline since the peak year of 1942 (13 800 tonnes), and
receded into a minor fishery sector by the middle of 1950s to the extent that it ceased to be a viable
fishing activity. In Sarufutsu village, not only the number of fishers decreased but also village
(2)
economy deteriorated, prompting outflow of population out of the community .
Under such circumstances, harvesting of scallop was prohibited from 1965 to 1971. But as no
stock recovery was observed, Sarufutsu village fishery cooperative decided to implement local scallop
seed liberation project in 1970. The project was implemented for three years from 1971 to 1973. This
project was promoted mainly by the fishery cooperative but was supported largely by Sarufutsu
village government in financial areas. Further, fishery laboratories of Hokkaido Prefecture played a
(3)
major role in the technological areas .
The main pillar of this project is mass liberation of large-size seeds and propagation and
management of liberated seeds. Its technological bases include (a) mass production technology of
large-size seeds, (b) concentrated elimination of starfish--a natural enemy of scallop--before seed
liberation, and (c) implementation of catch rotation system in seed liberation and harvesting. The joint
management of scallop fishery as a result of the formation of scallop producers' organisation is
deemed to have played a major role in realising this project. It should be noted here that such
technological foundation or organisational formation began 30 to 40 years prior to the realisation of
this project (as a matter of fact, the origin of the catch rotation system dates as far back 76 years) and
(4)
have been accumulated over a long span of period .
Local scallop seed liberation project in Sarufutsu area was backed up by such technical and
organisational measures as well as massive concentrated investment. From 1974 onward, the year in
which seeds liberated in 1971 were to be harvested, a conspicuous increase in scallop production was
observed. Further, as scallop fishery management continued even after this three-year project was
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completed, scallop production in this area saw a remarkable growth since then, reaching the peak level
(5)
of 41 000 tonnes worth \7.7 billion in 1984 .
However, production volume saw a large decline from 1986 to 1988. This decrease was ascribed
to the restraint of the number of seeds liberated since around 1980 as prefectural research institutions
and other entities pointed out in the latter half of the 1970s that fishing grounds had been shifting to
saturation.
But as production slowed down in subsequent years, the number of liberated seeds was increased
again, following the establishment of the culling system after new fishing grounds were created for
transferring excessive scallop in the latter half of the 1980s. Further, as a measure to cope with
excessive density in the fishing grounds, the 4-round rotation system was shifted to the 5-round
system in 1986. Against this background, scallop production was restored to a recovery path since
(6)
1989 .
3-2. Technology of scallop fishery management
Scallop fishery management at Sarufutsu area consists of two main pillars:
− liberation and propagation of seeds; and
− management of seeds through efficient utilisation of fishing grounds. Scallop seed liberation has
been conducted on a continuous basis since 1936. The seed liberation scale then was small at
100 000-1 000 000 pieces and the seeds were small-size not undergoing mid-term fostering
period. This made it difficult to realise visible effects of seed liberation. In 1971, scallop
production began to register a rapid growth as mass seed liberation of large-size seeds was
enforced: 16 million pieces in 1971, and 50-60 million pieces since 1972. Scallop seed
liberation occupied the predominant portion of expenditures, accounting for about 80% of the
overall project expenditures of \230 million for the three-year period.
The background leading to mass liberation of large-size seeds was the establishment of the
technology for mass production of large-size seeds (which consisted of mass-scale seed collection
technology and mid-term propagation technology) and full financial cooperation from village
administration in the purchase of seeds. Later, the number of liberated scallop seeds was restrained in
1980-82, be-cause of the warning of over-density of fishing grounds as a result of excessive seed
liberation. However, when production decline was observed, the number of liberated seeds saw an
(7)
increase again, exceeding 100 million pieces annually since 1987 (Table 1) .
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Table 1. The number of juvenile scallop liberated (Sarufutsu village fishery cooperative)
(unit: 1,000 pieces)
1971
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

14 000
60 000
60 000
60 000
60 000
70 000
60 000
50 000
40 000
27 000
13 000
76 000
13 000
4 000
10 530
35 290
270 390
132 900
181 560
174 620
132 750

Data: K Horiguchi, T Kato, N Itakura: "Scallop fishery management in the Okhotsk Sea areas centering around Sarufutsu area".
Report of survey on stock management-oriented fisheries guidance and circulation project for fiscal 1993. (The National Federation
of Fishery Cooperative Associations (Zengyoren)) 1993

In propagation and management of liberated seeds, on the other hand, creation of fishing grounds
and the catch rotation system constitute the main pillars. Regarding the creation of fishing grounds,
actions are taken in this area to eliminate starfish which is natural enemy to scallop prior to seed
liberation since 1971 with the aim to improve the effectiveness of seed liberation.
In previous years, elimination of starfish taken incidentally in fishing operation had been
conducted during the fishery operation. Since 1971, however, under the guidance from the Fishery
Laboratory, concentrated starfish elimination was conducted before seed liberation, and it proved very
(8)
effective. This practice has been continued since then .
Since 1971, scallop fishing grounds in Sarufutsu area have been managed through catch
rotation--a system designed to ensure effective utilisation of fishing grounds. Specifically it envisions
to implement seed liberation, propagation and harvesting in a planned manner by dividing into several
sections the fishing grounds where disorderly harvesting tend to occur. This will enable management
of fishing grounds density and efficient harvesting. In the 4-round system, for example, a fishing
ground is segmented into four parts, and seed liberation is conducted in one of them a year by
rotation, and allow three-year harvesting after the seed liberation also following the designated order.
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The catch rotation system was started in the form of the 3-round system in 1895, but had been
suspended since then. In 1971, it revived as the 4-round system, and was shifted to the current
5-round system since 1986. Figure 3 shows the model of fishing ground under the current 5-round
system. In the Figure, seed liberation and harvesting are conducted in fishing grounds from (a) to (e),
and fishing grounds from (f) to (g) are used as grounds to transfer scallop in excess to prevent
(9)
over-density of fishing grounds .
3-3. Organisation and administration of scallop fishery management
By 1970, scallop production in Sarufutsu area had been conducted by individual entities under
the management of joint fishing right by fishery cooperatives. In 1974, however, scallop fishery joint
enterprise was organised as an organisation of scallop producers, enabling joint business management
(10)
of scallop production in place of the previous business management on an individual basis .
The fishery cooperatives and the joint enterprise have their own roles. The fishery cooperatives,
as the main promoter of management of joint fishing right fishery, institutes qualification for
participation as well as authorisation of participation of applicants in scallop production through seed
liberation in adjacent waters. Further, as commissioned function from the joint enterprise, it engages
in overall services for scallop production through seed liberation in adjacent waters such as seed
liberation, fishing grounds creation, harvesting, processing and distribution. On the other hand, the
joint enterprise, as the main agent of business management of scallop production through seed
liberation in adjacent waters, engages in managerial administration such as fund appropriation, fund
for aquaculture and propagation, fishing grounds creation, fishing labor, operation and allocation of
(11)
surplus fund .
The co-management of scallop fishery by the joint enterprise is deemed to have played an
important role in the implementation of fishery management in promoting effective use of fishing
grounds and smooth promotion of fishery management. As regards efficient use of fishing grounds,
competition for preemptive right, which had presented a serious issue until then, was resolved,
making possible the planned use of fishing grounds and planned production. Thus planned
management of propagation of liberated stocks, prevention of over-exploitation and reduction of
operation costs to a minimum scale were ensured. Further, one can point out that scallop fishery
entities were centralised by the realisation of joint management of scallop fishery, enabling smooth
planning of fishery management and facilitating compliance with various decisions.
As stated in the foregoing, the organisation of the joint enterprise appeared to have played a
significant role in the implementation of scallop fishery management. It is considered that the basis of
such a unity is the "organisation achieved in a joint defensive move by scallop fishers in the area
against fishers from other areas. The examples include co-management of scallop fishery implemented
to counter the advance of commercial capital in the Kitami area in the 1930s and the move taken by
scallop fishers in Sarufutsu area in 1955 to exclude the access of fishers from other areas to the fishing
(12)
grounds .
Under the joint business management system, individual scallop fishers receives profit (landing
value minus expenses) from the joint enterprise as "scallop dividend." The dividend consists of
"allocations" given to all members of the joint enterprise and "allowance for increased production"
given only to the crew of scallop fishing vessels. As method of distributing "allocations," each fishers
is given numerical rating from the joint enterprise according to his contribution to scallop seed
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liberation in adjacent waters project, and get paid according this rating. The allocation through the
(13)
numerical rating system of "scallop dividend" takes into account equality among scallop fisher-men .
Through scallop fishery management, fishers obtained by far larger profit-making opportunities
as compared with other fishers or workers in other industries in the region. As a result, there arose a
conspicuous difference in the revenues between the former and the latter. This phenomenon naturally
prompted new applicants for participation in scallop fishery. But the fishery cooperative set certain
conditions for such new applicants. This condition is to cooperate with the scallop stock propagation
at least five years as a full-time member of the fishery cooperative.
Furthermore, in order to become a full-time member of the fishery cooperative, the applicant
should come from Sarufutsu area and should have at least five years experience in fisheries. Those
from outside the area are required to have experience in fisheries for more than seven years. Thus an
interval of 10 years or more is required to make an new entry into this fishery, and for more than five
years of that interval, the applicant is required to make financial contribution to scallop seed liberation
in adjacent waters. This time length requirement before participation constitutes a de-facto barrier to
new participation but these conditions are considered to be a means to guarantee initial investment by
(14)
the present right-holders (initial participants) .
4. Conclusion
Scallop production along the Okhotsk Sea coast of Hokkaido witnessed a remarkable growth by
introduction of farming-based fishery management (production through seed liberation in adjacent
waters), enhancing visibly the living standard of scallop fishers in the area. As background or factors
leading to such remarkable "achievements" in scallop fishery management, we can cite among other
things, the following points:
− As is clear from the fact that the coastal area of Sarufutsu area used to be prime fishing grounds
for scallop, the area has been gifted with scallop fishing grounds both in terms of stock
abundance and space.
− As scallop fishery is a joint-fishing-right fishery, exclusive management by fishery cooperatives
(the main administrator of management) was possible.
− In pace with the progress in seed production technology, mass producing technology for
large-size seeds for seed liberation had been established by 1971 when the scallop seed
liberation project was launched in Sarufutsu area.
− Fishery management techniques such as seed liberation, fishing grounds creation and catch
rotation had been accumulated in the area over a long span of time.
− There was financial support enabling concentrated introduction of these fishery management
techniques.
− Fisher’s organisation (joint scallop fishery enterprise) which played a substantial role in the
implementation of fishery management has been organised.
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Notes

(1)

The present paper is based on the following materials. especially on the studies of Dr. Kazuo
Sakai of the Hokkaido Federation of Fishery Cooperative Associations, who has studied the
issue of management of scallop fishery for a long time.

(2)

F. Nagasaki: "Stock management-oriented fisheries" (Japan Association of Fishery Resource
Protection) 1983

(3)

F. Nagasaki: "Stock management-oriented fisheries "(Japan Association of Fishery Resource
Protection) 1983
K. Sakai: "fishery management for scallop along the Okhotsk Sea coast” “Suisan Shinko"
Vol. 295 (Tokyo Fisheries Promotion Association) 1992

(4)

K. Sakai: "Fishery management for scallop along the Okhotsk Sea Coast” “Suisan Shinko"
Vol. 295 fishing grounds (Tokyo Fisheries Promotion Association) 1992

(5)

K. Horiguchi, T Kato, N Itakura: "Scallop fishery management in the Okhotsk Sea areas
centering around Sarufutsu area"<<Report of Surveys for the Advanced Area for Guidance
and Promotion of Stock Management-oriented Fisheries in 1992>>(The National Federation
of Fishery Cooperative Associations (Zengyoren)) 1993

(6)

K Horiguchi, T Kato, N Itakura: "Scallop fishery management in the Okhotsk Sea areas
centering around Sarufutsu area"<<Report of Surveys for the Advanced Area for Guidance
and Promotion of Stock Management-oriented Fisheries in 1992>>(The National Federation
of Fishery Cooperative Associations (Zengyoren)) 1993

(7)

F Nagasaki "Stock management-oriented fisheries "(Japan Association of Fishery Resource
Protection)1983
K Horiguchi, T Kato, N Itakura "Scallop fishery management in the Okhotsk Sea areas
centering around Sarufutsu area"<<Report of Surveys for the Advanced Area for Guidance
and Promotion of Stock Management-oriented Fisheries in 1992>>(The National Federation
of Fishery Cooperative Associations (Zengyoren)) 1993
K Sakai: "Fishery management for scallop along the Okhotsk Sea Coast” “Suisan Shinko"
Vol. 295 (Tokyo Fisheries Promotion Association) 1992

(8)

K Sakai: "Fishery management for scallop along the Okhotsk Sea Coast” “Suisan Shinko"
Vol. 295 (Tokyo Fisheries Promotion Association) 1992

(9)

K Horiguchi, T Kato, N Itakura: "Scallop fishery management in the Okhotsk Sea areas
centering around Sarufutsu area"<<Report of Surveys for the Advanced Area for Guidance
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and Promotion of Stock Management-oriented Fisheries in 1992>>(The National Federation
of Fishery Cooperative Associations (Zengyoren)) 1993
"Manual on scallop production, processing and distribution" (Hokkaido Suisan Shimbunsha)
1992
(10)

K Sakai: "Fishery management for scallop along the Okhotsk Sea Coast” “Suisan Shinko"
Vol. 295 (Tokyo Fisheries Promotion Association) 1992

(11)

K Sakai "Fishery management for scallop along the Okhotsk Sea Coast” “Suisan Shinko"
Vol. 295 (Tokyo Fisheries Promotion Association) 1992

(12)

K Sakai: "Fishery management for scallop along the Okhotsk Sea Coast” “Suisan Shinko"
Vol. 295 (Tokyo Fisheries Promotion Association) 1992

(13)

K Horiguchi, T Kato, N Itakura: "Scallop fishery management in the Okhotsk Sea areas
centering around Sarufutsu area"<<Report of Surveys for the Advanced Area for Guidance
and Promotion of Stock Management-oriented Fisheries in 1992>>(The National Federation
of Fishery Cooperative Associations (Zengyoren)) 1993

(14)

K Horiguchi, T Kato, N Itakura: "Scallop fishery management in the Okhotsk Sea areas
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JAPAN: PART II-4. CASE STUDY OF FISH PRICE MAINTENANCE ORIENTED
MANAGEMENT IN GOVERNOR-LICENSED FISHERIES

Self management of mantis shrimp fishery in Yokohama
Katsuo Taya
National Research Institute of Fisheries Sciences
Fisheries Agency , Ministry of Agriculture, Forestry and Fisheries
1. Introduction
The Shiba Branch of Yokohama Fishery Cooperative of Kanagawa Prefecture engages mainly in
small-type trawling targeting at mantis shrimp, concurrently operating conger eel case fishery and
gillnet fishery.
Small-type trawling is Governor-licensed fishery. Before the management was introduced, the
harvests from licensed fishing vessels were so large as to often cause price collapses in the market.
This prompted fishers of this branch to resort to taking self-imposed regulations in pace with the
changes in stocks and market, after a series of consultations.
As specific management procedures, overall landing volume is regulated on a daily basis and fish
price is maintained by regulating fishing days and limiting production per fisher. Further, quality
control is implemented for vulnerable mantis shrimp to realise high quality and high prices.
Another characteristic is that management procedures are revised and improved each year based
on discussion among fishers.
2. Outline of fisheries at Shiba Branch
Yokohama Fishery Cooperative of Kanagawa Prefecture is composed of three branches: Shiba,
Kanazawa and Honmoku.
As these three branches are made of different communities both historically and geographically,
patterns of their fishery practices also differ to one another.
A total of 54 trawling vessels of 3 to 5 tonnes belong to Shiba Branch, with engine power of 25
horsepower in MAFF. The vessels have more or less the same structure. As small-type trawling is
Governor-licensed fishing, the number of vessels is limited to the current level.
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Average landing value per day (namely, average of the days on which landing occurred) is about
YEN 150 000. The total operation days being about 180 days, the total annual landing value per
vessel amounts to YEN 20 million. As the number of crew is 2-3, a considerably high level of income
is being achieved. Because of high-level income, there are many willing successors. Sons of some
fishers return to fisheries even after working in a big company for some time after graduating from a
university. The fishery cooperative is limiting entry into this fishery, but the number is gradually
increasing as family members join in the two-crew fishing boats.
The overall landing value at Shiba Branch in 1992 was YEN 1 313 million, of which small-type
trawling accounted for YEN 1 110 million, or 84%, followed by conger eel case fishery with 12%
(see Table 1). In recent years, stable landing value of YEN 1.5 billion has been maintained from 1985
to 1990 when the stock and price situation was favorable. The decrease of harvest since 1991 has been
ascribed to temporary deterioration in stock status (See Figure 1.)
3. History of fishery management
As fishery management at Shiba Branch is closely related to historical background of the fishery,
a brief historical sketch will be given in the following.
In Shiba area, urban development was advanced from 1958 following the long-term development
program of the Kanagawa Prefecture. Coastal areas including old fishing port were largely reclaimed.
In 1968, a new long-term development plan was formulated, under which land reclaiming was further
advanced. In the meantime, fishery cooperatives abandoned their fishing rights in exchange for
comparable compensation. Most fishers were compensated and made a shift to other industry sectors.
Conversion of fishers was advanced at the time when the pollution of the Tokyo Bay rapidly advanced
and the future outlook for fisheries was gloomy.
By that time, fisheries in the region were mainly laver aquaculture, and small-type trawling
targeting at kuruma prawn. However, as the laver grounds were abolished, there was a need to convert
to new types of operation. As the stock of mantis shrimp showed increase from around 1975, the
remaining fishers converted their traditional trawling vessels to launch into mantis shrimp fishery.
In 1978, remaining fishers gathered to establish a new fishery cooperative. Around this time, a
system was established at Shiba Branch for a year-round operation of small-type trawling operation
centering on the catch of mantis shrimp.
3-1. "Landing volume limitation" system
In 1977, the fishery cooperative started restraining landing volume in order to hold in check the
price fall due to excessive harvests. The contents of this self management were as follows: the number
of cartoon that a fisher can boil and ship to the cooperative was limited to 200 a day for a 2-crew
fishing vessel and 250 for a 3-crew vessel, taking the difference of the number of crew into
consideration. These measures were adopted after full discussion in the cooperative.
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The conditions for voluntary fishery management to be established during this period can be
summarised as follows:
− First, Shiba Branch was the main operator of mantis shrimp fishery in the Tokyo Bay. This
enable it to use the fishing ground almost exclusively. Having a monopolistic or oligopolistic
command over the market or fishing grounds provides an advantageous condition in
implementing fishery management.
− Secondly, Shiba Branch could retain its monopoly in the market as supplier of highly fresh
peeled and boiled mantis shrimp because other producing places had to freeze the products for
shipment because of transportation distance. For example, the transaction of peeled and boiled
mantis shrimp at the Tsukiji Fish Market in Tokyo, the mainstay market for this pro-duct, in the
latter half of the 1970s was 710 tonnes, of which higher grade products were shipped from
Shiba Branch. When shipment from Kanagawa Prefecture centering on Shiba Branch exceeded
200 tonnes, price collapse followed.
3-2. The 2-1 system
The above mentioned restriction on landing volume was designed to maintain fish prices.
However, in order to cope with the rising fuel costs since 1978, the cooperative adopted the so-called
"the 2-1 system”--taking one non-fishing day after two fishing days, in addition to conventional nonoperation on Saturday--with a view to save fuel costs and promote "stock preservation." The
cooperative explains that the aim of introducing this system was (1) to reduce costs for fuel and other
areas and (2) to maintain its leadership position in price setting vis-a-vis the market by supplying a
certain amount of products on a stable basis. These aims have been virtually fulfilled.
Further, this system had other advantages in that (1) it enabled fishers to plan their days-off
beforehand and (2) fishers became active in their study activities because of increased no-working
days. Traditionally, fishers placed emphasis on how quickly to harvest resources, but they came to
discuss ways how to use the resources more properly by the fishery cooperative as a whole.
It is interesting to note that, as a result of the introduction of the "the 2-1 system", the number of
fishing days was halved from "institutional point of view" but the total number of fishing days
throughout the year remained more or less the same. This was enabled because operation was adapted
to plans by the adoption of this procedure. This procedure enabled landing on a constant basis,
contributing to the increase of annual harvests.
3-3. Price Assessment system
The landed fishery products are boiled and packed into cartoon by fishers. This is to maintain the
product quality by processing products expeditiously at the responsibility of each fisher.
Since 1978, processed and packed mantis shrimp undergoes quality test by inspectors selected
from among cooperative members and are shipped. The market evaluation of mantis shrimp declined
when the indicated size was found not matching the contents. Since 1985, in order to solve this
problem, the fishery cooperative introduced a price setting system based on size of the product by
changing the shipment price of the fishery cooperative and the purchase price from fishers so that
packing by cheating size may not produce any profit.
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Table 2 shows prices by size in fishery operation. But it also shows price by product size in
operation. It also shows shipment price in the upper column and purchase price in the lower. The
market characteristics of mantis shrimp is that there are few large-size ones, and they are marketed at
specially high prices. Previously, as fishers had been paid at the shipment prices of the fishery
cooperatives, they tended to put larger middle-size ones into large-size group. In order to solve this
problem, a pricing system by shrimp size was developed. The prices in the lower column of the table
represent prices after remedial arrangements were given.
As the size composition of the harvests is more or less the same for each fisher, the prices are set
so that the actual money received does not differ greatly with the prices in lower column as in the
upper. Under this price system, packing through cheating size does not generate any profit and there is
no room for foul play.
This system had the effect of alleviating the high grading issue (i.e. disposal of small-size fish).
3-4. Mesh regulations
Traditionally, small-size mantis shrimp with no commercial value were also harvested, and, even
when they are returned to the sea, their survival rate was low. The fisher’s study group conducted
research and developed more selective nets in collaboration of Tokyo University and the Fisheries
Laboratory of Kanagawa Prefecture. From May 1989, the mesh size of trawl nets was enlarged from
15.1 mm to 16.6 mm, enhancing the passing rate of small-size shrimps.
4. Assessment of Shiba Branch and discussion
In the foregoing, the development of self management of mantis shrimp fishery at Shiba Branch
was outlined in an historical order.
The self management which initially started as a measure vis-a-vis market was refined and
improved year by year.
The management contents are:
− restriction of individual harvest volume. This is assessed as the Catch Allocation system
(IQ system) by type of vessel also taking the number of crew into account.
− The introduction of regular non-fishing-day system (the 2-1 system) led to effective shipment
measures vis-a-vis the market, reduction of fuel costs by suspension of operation, proper
utilisation of recruited resources by season, and protection of small-size shrimps.
− It proved effective in such areas as maintenance of product quality through monitoring by
inspectors, appropriate process of packing by setting prices by size, and alleviation of discarding
of small-size fish.
The above-mentioned fishery management system requires participation by board members of
the cooperative and a group of young fishers who support them.
Management measures are decided by the talk among fishers and are observed strictly. Although
Shiba Branch is located in large urban area, it is, in its essence, a village of fisher’s group having a
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strong sense of solidarity. In this regard, it has, like other Japanese fishing communities, strong
regulations against violations of community rules. The community is said to stand by its own
management order.
Fishery management by Shiba Branch has been supported by some conditions, but some of them
are facing the risk of collapse. The community is now faced with the need to cope with this changing
situation.
First, as local fishing operation depends largely on mantis shrimp, there is a possibility that, as in
the past, the stock of mantis shrimp may drastically decline, causing visible setback in business
management.
Secondly, Shiba Branch has used mantis shrimp fishing ground in the Tokyo Bay on an
exclusive basis, having a large share of supply to the market. In that sense, it was in a condition to
make effective management fairly smoothly. However, now that other fishery cooperatives in the
vicinity are beginning to participate in mantis shrimp fishery, which could put an end to the
monopolistic use of fishing grounds and the market.
Thirdly, in order to move on to the next step, it can be argued that it might be more rational and
economically viable to reduce the number of fishing vessels to two thirds of the present level than
limiting fishing days as in the 2-1 system. However, this is not a realistic argument at present for the
following two reasons. (1) Fishing vessel reduction is unthinkable because of the hope of the fishery
cooperative to retain the fishing license for all the vessels as there is a possibility to shift to other
fishing sectors in the future. (2) If the number of fishing vessels is reduced to two-thirds of the present
level, there is a fear that conventional harvest amount cannot be secured because there may not be
sufficient operation days. The present non-fishing days include bad weather days for a considerable
part. (3) Establishing a non-fishing day after every two days of operation has a strong impact on the
market. If consecutive daily operation is realised, there is a chance of price collapse because of
expectation of large harvest the next day.
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Table 1. Landing value and volume by species in major fisheries, Shiba Branch of Yokohama
Fishery Cooperative, 1992
Type of fishery
Fish species
Small-type trawling (type 1, 2)
Mantis shrimp (peeled and boiled)
Mantis shrimp (boiled claw)
Marbled sole
Conger eel
Others
Sub-total
Small-type trawling (type 3)
Ark shell, etc.
Conger eel case
Conger eel
Takotsubo
Octopus
Gill-net
Marbled sole, etc.
Pole and line
hairtail
Total

Landing volume
tons

Lading value
million yen

%

575
104
91
70
226
962

589
8
160
81
180
1 114

45

3
161

1.4
163

0
12

12

16

1

7

8

1

9

4.8

0

1 154

1 313

100

12
6
14
85

Data provided by the fishery cooperatives.

Table 2. Price structure to prevent unfair fish size (examples)
Price per carton (YEN)
Size of mantis shrimp
Shipment price at fishery cooperative
Purchase price from fishers

LL
870
620

Data: Interview with the fishery cooperative in October 1994.

335

L
620
560

M
400
500

SM
300
450

S
release

Figure 1. Annual catch in value
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JAPAN: PART II-5. CASE STUDY OF REPRODUCTION-ORIENTED STOCK
MANAGEMENT IN GOVERNOR-LICENSED FISHERIES: SAND LANCE
STOCK MANAGEMENT

Shigeo Funakoshi
Aichi Fisheries Research Institute
1. Introduction
1-1. Outline of fisheries
In Aichi and Mie Prefectures, sand lance fishery is licensed by the Governor. The main fishing
grounds are the Ise Bay and the Mikawa Bay located in the central part of the Japanese archipelago
(Figure 1). This area constitutes one of the major producing grounds of sand lance in Japan, along
with the Tohoku area in northeastern Japan and Seto Inland Sea in western Japan.
In terms of fishing method, the sand lance fishery is categorised as two-boat seine fishery. A
fleet is composed of two net boats and two transport boats. This fishery is aimed at harvesting sand
lance (from juvenile to adults). Harvesting focuses on parent fish in January and February. Juveniles
of body size of 3 to 5 cm, called "shirasu," are harvested in March and April and immature fish are
caught in April-June. Over 90% of the catch is composed of shirasu.
Sand lance fishing ground is formed in an extensive area called "common fishing ground," where
operation can be conducted freely if authorisation of the Governor is obtained. As a result, 1 000
fishing vessels of about 270 fleets from 20 fishery cooperatives of Aichi and Mie Prefectures are
participating in sand lance fishery. As shown in Figure 1, the departing ports and landing ports for
sand lance fishing vessels are located all around the bay surrounding the common fishing ground.
Landing value in the main fishing season of March-April amounts to 1.5 to 2.5 billion. In stock
management in large-scale fisheries operated in such common fishing ground, agreement is needed
among various parties involved regarding adjustment of interest on such matters as regulations on
fishing seasons and fishing grounds.
1-2. Ecology
Sand lance in the Ise Bay and Mikawa Bay and their surrounding areas is a separate stock
reproducing independently from other stocks in the area. Life span is about three years, with the fish
reaching maturing and spawning within a year. Juvenile fish hatched in the spawning grounds at the
mouth of the Ise Bay in December-January are dispersed by the northwestern seasonal wind and
brought into the bay through sea currents, where they are harvested. The amount of sand lance
transported to the bay (which constitutes the main fishing ground) is affected by the intensity of
northwestern seasonal wind and the direction and intensity of currents which are under influence of
Kuroshio current which runs outside the bay. Main feed organisms are planktonne such as Copepoda
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and Cladocera. Sand lance is harvestable when they reach a length of around 3 cm from late February
and early March. The growth speed is fairly rapid at one millimeter a day, and the depth of its
distribution gets deeper in depth with the growth. Immature fish which passed the feeding period in
the bay where feed abundance is high gradually move from the interior part toward the mouth of the
bay, and enters into estivation in June-July when the water temperature exceeds 20 degrees centigrade
(Figure 1).
Estivation is an ecological characteristic proper to sand lance. During this period they stay under
the sand without consuming any feed. As natural mortality during the estivation period stays
relatively stable at around 10%, it is possible to manage the number of spawning parents for the next
year by controlling harvest before estivation. In other words, it is possible to manage reproduction of
stocks through decision made on the final day of operation. Estivation of sand lance comes to a halt
in November to December when the water temperature falls below 15 degrees centigrade. Then the
fish starts spawning at the temperature in the order of 12 degrees. During the estivation period sand
lance does not consume feed. It is important for sand lance maturing late in the estivation period to
accumulate as much nutrition as possible, as this affects the number of eggs spawned.
2. Outline of stock management
2-1. History of stock management
2-1-1. Experience of over-exploitation and fisher’s rising awareness of stock management
Generally, fisheries targeting at common property stocks are often accompanied by severe
competition for pre-emptive right, which often result in over-exploitation of the resources. In sand
lance fishing, engine horsepower was increased and the size of fishing gear enlarged at a rapid pace by
the mid-1970s, conspicuously improving catching efficiency. As a result, catch rate reached over
90%, causing extreme instability in stock reproduction. Consequently, the stock size saw a precipitous
decline since around 1977, and poor harvest of five continuous years ensued from 1978 to 1982,
coupled with deterioration of nursery areas and transporting conditions of larvae toward the bay area
caused by meandering of the Kuroshio current (Figure 2). This protracted poor harvest gave a severe
blow to fishery management. Many fishers came to be aware of the need of stock management, and
stock management became a keyword among fishers.
Thus the groundwork for forming consensus for stock management was laid, which was difficult
under free competition system.
2-1-2. Study on the know how of stock management
A big issue among fishers and researchers was how to recuperate the stocks which have
conspicuously decreased due to over-exploitation and deterioration of environment. Since then,
research and studies of sand lance were carried out in a full scale, leading to the procedure in which
fishers implement stock protection measures pursuant to the advice of researchers. In 1979, measures
were taken to regulate parent fish in the spawning period of December and January (Figure 2). In
1981, measures were taken to regulate taking of immature fish. These measures developed into
management of stock reproduction through establishment of the last fishing day (i.e. the day when
fishing season is closed.)
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However, an this stage, there was no adequate scientific information necessary to formulate an
overall stock management program, including the mechanism in changes of sand lance stock, and
operation method to maximise economic value.
By the middle of the 1980s, research on community based fisheries management was launched
for various fish species under the financial assistance from the Fisheries Agency, the Government of
Japan. In sand lance fishing as well, an entirely new research involving resources, fisheries and
economy was launched. Here the Aichi Fisheries Research Institute played the central role, and later
Fisheries Research Institute of Mie participated in this effort. This led to substantial research results
concerning stock management know-how such as mechanism of sand lance stock and the method of
effective utilisation of the stock. These results were taken into a simulation model called the "sand
lance fishery management model" (Figure 3), enabling calculation of economic effectiveness of
fishery management. Thus it became possible to provide fishers with stock management methods
based on scientific findings.
2-2. Approach in stock management and biological and economic evidence
2-2-1. Protection of spawning fish
The fishing season of parent sand lance, authorised by the Governor, starts on January 1st.
However, based on bitter experience of causing extraordinary poor harvest of yearling fish (occupying
over 90% of the harvest) because of the catch of parent fish before spawning, biological and
histological observations are made with the attendance of fishers and researchers of Aichi and Mie
Prefectures. Fishing season is opened after confirming that spawning has taken place.
2-2-2. Decision on the opening day which induces the maximum economic value from recruited
stocks
The economic judgement to decide the opening day on which many fishing vessels of 270 fleets
go out fishing at one time is based on forecast through "sand lance fishery management model" and
information on experimental operation. For this purpose, three sets of forecast data on stock size of
recruited yearling fish group which account for more than 90% of the harvest volume, growth speed
and fish prices are collected . These three sets of data will enable forecast of the opening day that can
draw maximum economic value from recruited group.
The forecast values for yearling fish stock size can be known through experiential formula from
juvenile collection density obtained through bongo-net survey by research vessels. The forecast values
for fish prices each year can be obtained from information of middlemen and market participants both
at producing and consuming places. The prices of sand lance fall rapidly in pace with the increasing
size up to 5 cm, but above that level, prices get stabilised (Figure 4A). On the other hand, as the
growth speed is stabilised in a range of about 0.8-1.2 mm per day for fish up to body length of 6-7 cm
(Figure 4B), and the estimate of growth speed performed by two methods considering the gear
efficiency. The growth speed up to 10 mm can be estimated from the results of bongo-net surveys by
survey vessels. As regards those of over 10 mm, it can be estimated from size data collected in the
experimental operation by fishers.
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In the "sand lance fishery management model”, in order to find the maximum value of "fish price
x landing volume”, forecast value of harvest volume by opening day is calculated (Figure 4C, dashed
line), followed by the calculation of the forecast value of landing value by opening day. The day on
which the maximum value is realised is set as the optimum opening day (Figure 4C, solid line).
Fishers decide on the actual opening day using this optimum opening day as a yardstick. During the
days when fishers depended on the sixth sense or experience in the decision of the opening day, there
were several cases of failures with fishers suffering from substantial economic losses. One of the most
typical case of them was that the fish body in the opening day was too small or too large to realise the
maximum value of "fish price x landing volume". There are no longer such cases of failures.
2-2-3. Management of stock reproduction by establishment of the closing day
As stated in the foregoing, it is possible to control the number of spawning parent fish for the
next year after estivation by managing catches before estivation. What is issue here is how many
immature fish should be left early June before estivation starts to enable satisfactory recruitment
amount for business management of sand lance fishing in the next year. Therefore, this is an issue
pertaining to clarification of reproductive relations.
If the number of recruited fish/the number of parent fish, is defined as "reproduction rate", this
value shows a high correlation with the density of feed organisms around the spawning grounds,
indicating changes in the scale of 1.6-72.4-fold (Figure 5). This shows that the number of recruited
fish is decided by two elements: density of feed organisms and the number of parent fish. In the
theory of stock management for sand lance, forecast is made based on probability as regards the
density of feed organisms which cannot be controlled artificially as they are decided by natural
conditions. On the other hand, as regards the number of parent fish, the closing date is decided in an
appropriate manner because it is controlled by the management of harvesting of immature fish before
estivation. In other words, recruitment volume is forecast from the number of parent fish and the
density of feed organisms estimated on a probability basis. Based on studies to date, three formulae of
reproduction has been drawn as relational formulae for the number of parent fish and the number of
recruited fish (Figure 6). The probability for the three reproduction formulae to be applied are
obtained from the frequency of occurrence of Kuroshio current route patterns which cause changes in
the density of feed organisms.
The maximum ceiling in the reproduction relations was set at 100 billion fish which was the
highest level of production in the past. This estimation of environmental carrying capacity will be
corrected from time to time based on implementation of fishery management in the years to come.
In the present situation, it is arranged to leave approximately 2 billion parent fish (immature fish
before estivation) in anticipation of the production of 40 to 50 billion yearling fish--a level to secure
stable revenue as sand lance fishing, based on the reproduction formula (p=50%) which has the
highest frequency of occurrence. In order to determine the closing date, it is necessary to monitor the
number of stocks, the number of fish caught and the number of remaining stock.
For this reason, research institutions are conducting monitoring activities in which the number of
remaining stocks are obtained, first by calculating the number of initial stock by De Lury method
from catch statistics of each operation day, and subtracting the number of catches to the present day.
When the number of remaining stock approaches 2 billion, the research institution notifies the
representatives of fisher’s organisations who start preparing for consultation to set the closing date.
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3. Management organisation and adjustment of interest
In the fishery management for species having an extensive migratory areas like sand lance, the
issue is the management of common operation of numerous fishing vessels belonging to different
fishery cooperatives. In other words, there is a need to adjust interest between prefectures, surpassing
the scope of fishery cooperatives. In sand lance fishing, voluntary fishery organisations of Aichi and
Mie Prefectures are assuming this role. These organisations representing interest of various sectors of
fisheries adjust various regulations including establishment of the opening and closing days, operation
hours and closed areas. Differing views will be adjusted by various organisations in the prefecture,
with representatives of each organisation coordinating opinions. Through this arrangement, fishing
vessels belonging to 270 fleets can engage in orderly operation in compliance with the rules.
The voluntary decision by fishers and strict observance is called "tomo-sengi." The decisions
under tomo-sengi are in some cases more effective than laws. In sand lance fishing which is
Governor-licensed fishing, the operation license is given to individual fishers from the Governor, but
no stock management can be implemented if individual fishers operate at their free will. Therefore,
decisions under tomo-sengi for stock management are designed to restrict the contents of the fishing
license. In the Japanese fishing communities, such communal regulations have existed from olden
times. In such self management, there is no need to spend enormous costs in implementing stock
management (such as enforcement costs). This is said to be an excellent measure to cope realistically
to the complex reality of the fisheries in Japan.
Figure 1. Life cycle of sand lance and distribution of the fishing and landing ports of sand
lance fisheries in Ise and Mikawa Bays
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Figure 2. Annual fluctuations of landings of the sand lance in and around Ise and Mikawa
Bays, special reference to the regulations of fisheries management, 1970-1993
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Figure 3. Flow of calculations in the fisheries management simulation model
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Figure 4. Schematic diagramme of the method of deciding the optimal opening of the fishing
season in sand lance fisheries
A: Relation between body length and price; B: Growth of sand lance; C: Example of calculation by
the fisheries management simulation model
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Figure 5. Relationship between abundance of prey of the sand lance in and around their
spawning grounds and the number of larvae produced by one adult fish, 1986-1992
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Figure 6. Relationship between abundance of adults and larvae of the sand lance
Numerals attached with each line indicate probability each expression will happen
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JAPAN: PART II-6. RECRUITED STOCK MANAGEMENT AND FARMING STOCK
MANAGEMENT IN GOVERNOR-LICENSED FISHERIES AND MINISTERLICENSED FISHERIES

Case Study - Fishery management of olive flounder (Paralichtys olivaceus)
Takashi Nakanishi
National Research Institute of Fisheries Science
Fisheries Agency, Ministry of Agriculture, Forestry and Fisheries
The management programs implemented by Aomori, Niigata and Fukushima Prefectures present
the case studies of fishery management of olive flounder in Japan. The management programs in these
three prefectures are based on the following three main subjects: (a) size limitation, (b) suspension of
operation and (c) cultured seed liberation. Regional situation is considered effectively in the process
of consensus formation and actual management techniques. In order to show common characteristics
as well as diversity in fishery management, management cases by these three prefectures concerning
identical species are presented(1).
1. Stock management programs of Aomori Prefecture
1-1. Background
Liberation of juveniles is not sufficient to realise effects of farming fishery of olive flounder
without fishery management including fish in natural environment. Aomori Prefecture compiled
information on ecology and fishery of olive flounder and implemented research on actual operation
and effects of seed liberation of olive flounder throughout the prefecture, and compiled necessary
information for stock management. In order to centralise opinions concerning fisheries and operation
regulations, efforts have been made to achieve a consensus, such as holding of several regional
council meetings for each region. It has been presupposed that stock management should be effected
by fishers themselves. The management guidelines are designed for fishers to conduct self-imposed
regulations pursuant to their awareness and responsibility.
Following points were discussed with fishers in the process of formulating stock management
guidelines:
− All fishers in coastal and offshore fisheries support the stock management.
− As the agents of stock management are fishers who accumulate fund and are responsible for
bearing operating costs, they should be fully convinced about the programs.
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− The restriction on olive flounder for which stock management is to be conducted need not to be
perfect from the outset. Rather, it is important to start from what fishers can cope by
themselves. This will help forming fisher’s awareness on the stock management.
Therefore, the contents of stock management guidelines were consolidated at the regional council
in a gradual step through exchange of views with fishers based on the original draft tabled by the
prefectural authorities. Although the original draft contained fairly wide-ranging and complex
regulations, a broad-based agreement was reached in the subsequent processes of consultations so that
fishers could cope with it on a reasonable basis.
1-2. Contents
Guidelines on stock management are divided into those for coastal fisheries and trawling:
− It is desirable to set the size limit to the level above the minimum biological size (45 cm for
female and 35 cm for male). But in view of the fact that fish below 40 cm now account for 79%
of the total catch, the size limit is set for the time being at 35 cm (which is the average size for
two-year-old fish). The limit will be used from 1995 after considering drastic decline in fishery
revenues and purchase of new fishing gear to ensure restricted value. In gill-net fishery for
which re-liberation is difficult from the viewpoint of fishery method, mesh size restriction is
enforced to protect small-sized fish.
− Harvesting by gill-net fishing, in which incidental taking of juvenile fish occurs, is restricted in
shallow areas of less than 10 meters depth for the period of August-October. Restriction is
enforced specially in areas where the density of juvenile fish is high.
− Restrictive measures are taken for protection of spawning fish during the spawning season
(June-July).
− Market participants are encouraged not to accept olive flounder below the restricted size.
Aomori Prefecture is enforcing market survey to grasp the compliance of stock management of
olive flounder, inspection of fishing gear at port and conducting meetings for extending
guidance.
A target harvest volume is set to attain 1 500 tonnes, as compared with 850 tonnes in 1983. For
the time being, an interim target of 1 175 tonnes (current harvest volume 850 tonnes + liberated fish
175 tonnes + natural increase of 150 tonnes) is set to be reached by 1998. In view of the present scale
of facilities, about 2 million fish of the size of 50 mm will be liberated.
2. Stock management program of Niigata Prefecture
2-1. Background
Harvest volume in 1990 were halved from about 400 tonnes around 1975. Around this time, the
Group to Protect Olive Flounder in Niigata Prefecture was established. As it was difficult to promote
recovery only through stock management of adjacent waters, Niigata Prefecture issued a stock
management promotion guidelines in 1992.
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Biological characteristics of olive flounder were examined at Fisheries Experimental Station and
based on the result, parameter for spawning and maturity were developed. The results of simulation of
management methods were presented to fishers. The Fisheries Experimental Station started giving
explanations about management method to each region from 1993.
The following three methods were incorporated in the simulation based on the survey results:
− Size restriction,
− Operation suspension system (non-operation on a weekly basis),
− Cultured seed liberation.
As abrupt enforcement of management affects livelihood of fishers, a 10-year simulation period
is allowed to help achieve the objective at a gradual pace in a longer period of time.
2-2. Contents
The results of simulations showed that the catch weight by size limitation declined by 37-66%
for small otter trawl in the first year of management, indicating increase in the second year onward.
Landing value declined by 14-31% in the first year, turning to increase in the third year onward. The
unit price for the fish of 25 cm or less was Y 500, with that of below 30 cm being less than Y 1 000
and that below 35 cm being less than Y 1 500. In the reduction of catch effort, results were obtained
that increase in harvesting weight and landing value is very slow compared with the limitation on fish
size even when two-non-fishing-days-a-week or 30-day non-fishing day is implemented during the
spawning season in June.
For example, catch quantity by small otter trawl fishery and small-type trawl fishery increased
1.4 times in five years after the commencement of management. With seed liberation alone, catch
quantity increased 1.2 times larger in five years. When complex management is enforced involving
liberation of 790 000 fish and size limitation, catch quantity in the initial year comes to 86% of the
present level, approaching to the present level in the second year, with harvest value mounting 1.6-1.7
times larger in the fifth year.
The following management programs have been formulated based on the above findings:
− Release of fish below the body size of 25 cm. (ensure that fish of this category is not caught,
sold, and consumed.)
− expansion of mesh size (expansion of mesh size of pocket in small-type trawling and gill-net).
− implementation of one-day suspension of operation in a week (establishment of regular nonfishing day for each fishery cooperative).
The important subject in fishery management is to establish organisational system and form a
consensus while adjusting differing interests among fishers concerning management contents. Niigata
Prefecture has been promoting consultations by introducing stock and biological data.
3. Stock management program of Fukushima Prefecture
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3-1. Background
In olive flounder harvesting in recent years, a large amount of the mass-originating year-class
have been harvested while the fish are still small-sized (about 90% being fish aged 1 year in some
regions).
Production and liberation of olive flounder seeds have been implemented since 1982. Large-scale
olive flounder juvenile production was launched at the Prefectural Fish Farming Center in 1987.
About 200 000 fish of about 10 cm are released each year. In order to identify its effectiveness, the
Fisheries Experiment Station monitors (almost on a daily basis) the number of landed olive flounder
after sorting them into those raised in the natural environment and liberated fish as well as by fishing
methods to a maximum practicable extent. The migration range of liberated fish was smaller than
anticipated. Collection rate (the harvest number/seed number) for the 1989 year-class was 30.9%.
As the follow-up surveys on olive flounder advanced, an outlook emerged that substantial
economic effects can be obtained by seed liberation if mass harvesting of small-sized fish stop.
Therefore, it has become an important task for the prefectural authorities to promote farming fishery
as their project. Especially the focal point was how to have stock management involved in this
project.
3-2. Survey on fisher’s awareness
One of the most important subjects among steps taken to reach a consensus was the opinion poll
among fishers that the Fukushima prefectural government conducted. As farming fishery and stock
management are practised by individual fishers, it is essential that measures should reflect their
intentions in that farming fishery necessarily involves benefit principle. Based on the recognition that
imposition from the government will not realise proper development of projects, Fukushima
Prefecture conducted opinion poll among fishers. A total of 1 024 persons were polled, of which 716
responded, with the response rate standing at 70.2%. The poll was conducted in two parts: "olive
flounder liberation project" and "olive flounder stock management." Given in what follows are some
important outcome of the survey.
To the question whether olive flounder seed liberation is effective, about 87% responded
affirmatively. Asked whether they have expectation to seed liberation, 93% answered they would
expect greatly. As regards the question whether they have hope in the farming project the prefectural
government intends to promote, 80% expressed support it while 3% were opposed. On the assumption
that the benefit principle is naturally expected in implementing seed liberation, 40% said they would
promote the project even bearing the cost, while 18% answered negatively. The opposition to the
benefit principle was below 20% even though the method, amount and scope of implementation of the
benefit principle were not presented. Based on this result, the prefectural authorities analysed that
there is a possibility of attaining a consensus depending on the contents of cost-sharing.
As regards stock management, to the question "what happens to coastal fisheries in the future if
it is left in status quo?", 85% replied that the situation will deteriorate. Further, asked if they knew the
term "stock management," approximately 90% of fishers emphasised that protection of small-sized
fish is essential for stock management. To the question what they think about various regulatory
measures taken for that goal, only 5% said they were straightforwardly opposed to them and had no
intention to comply with them, while a majority responded that they will comply if they are convinced
about the effectiveness of the measures.
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The survey results showed that many fishers are hoping to engage in farming fishery of olive
flounder and their awareness about stock management was quite high.
3-3. Program to increase olive flounder stock
Based on the results of the poll, the prefectural authorities presented to the industry the programs
to realise farming fishery project, and proposed approach to stock management. Under this program, it
was envisaged to increase the standard harvest volume (harvest volume on the assumption that the
present level of fisheries continue) from 250 tonnes to 500 tonnes by dividing the resources into
natural and liberated stocks, raising landing value from the present Y 600 million to Y 1 767 million.
In targeted harvest volume, management effectiveness worth 50 tonnes will be added if catch of
fish of less than 30 cm is prohibited under stock management. At the same time, the current average
unit price of Y 2 400 is expected to increase to Y 3 300 due to the enlargement of fish size. Therefore,
Fukushima Prefecture set an explicit goal on the expectation that harvesting of natural stock at 300
tonnes, with the harvesting value at Y 990 million.
As regards liberated stocks, if one million olive flounders of 10 cm now being liberated are
harvested by the present operation method, the total catch quantity will come to 100 tonnes. If catch
of fish below 30 cm is prohibited, a fairly high management effectiveness is expected because the
apparent growth of liberated fish is rapid, resulting in an increase of production of 190 tonnes.
Further, as average unit price will rise, an increase of Y 627 million can be anticipated regarding
liberated stocks. An agreement has been reached between the prefecture and fishers that the prefecture
would improve facilities for seed liberation project while it is actually managed by fishers. Fishers
supplied 5% of the total catch amount of olive flounder. A fund of Y 1 billion for olive flounder
fishery promotion was established in the Fisheries Promotion Fund (Prefecture and municipal
supplied 10% of the Y one billion) because 5% of landing value (Y 100 million and several tens of
million yen) will not suffice to enable smooth management of the project.
3-4. Process to formulate consensus
The role of Fishery Improvement Promotion Staff was very significant in formulating a
consensus. During the past few years, discussions were held among fishers in such forms as fishery
education programs and leadership training course for fishery improvement projects on the subject of
liberation and stock management of olive flounder to lay foundation to the project.
Substantial actions were taken for achieving consensus from 1992. Decisions were made at the
general meeting of fishery cooperatives and concrete actions were taken, including lobbying by the
prefectural association of fishery cooperatives for improvement of seed production facilities. The
decision at a meeting of the heads of fishery cooperatives marked start-up of the project. An
agreement was reached among leaders before formulating consensus among fishers. The agreement
involved establishment of a committee for promoting olive flounder farming project (the Promotion
Committee), which will discuss concrete measures for implementation. A secretariat consisting of
fishery cooperative members was set up under the Promotion Committee. The secretariat formulated
contents of stock management and measures for implementation, which were decided by the
Committee.
At the first meeting of the Promotion Committee, the contents of the management guidelines
presented by the prefectural authorities were adopted. The guidelines consisted of two main subjects:
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(a) the industry will take an overall charge in the implementation of olive flounder farming projects,
and (b) stock management will be implemented under which taking of olive flounder of less than
30 cm is prohibited. The industry made its own decision about collection of management fees. (Five
per cent of landing value of olive flounder is now being collected. This is based on effective precedent
of the collection of the comparable percentage of cost in salmon liberation project in the form of
cooperation fee.)
Apart from the above-mentioned actions, the prefectural authorities conducted briefing sessions
for fishers. Following the decision of the Promotion Committee, the officials concerned of the
Administration, fishery improvement promotion and fishery cooperatives attended the meetings of
fishery cooperatives, ship owners, ship captains and women's association of the fishery cooperatives,
whenever possible, to explain about the project with the help of materials. (The women's groups were
instrumental in ensuring strict implementation of fishery management, holding fast to the recognition
not to eat under-sized fish.) Members of the groups were encouraged to make their own decisions
about the implementation of the project at those occasions. Finally, at the third meeting of the
Promotion Committee, the system was completed. Moreover, at fisher’s voluntary request, the Seaarea Fishery Adjustment Commission issued an instruction to prohibit taking, possession and sale of
fish less than 30 cm.
Moreover, the Promotion Committee formulated provisions for stock management of olive
flounder as well as provisions for penalty (first violation: termination of fishing for one day. second
violation: termination of fishing for three days. Third violation or more: penalty is determined
through discussion at the Monitoring Committee) and those of the Monitoring Committee. The
prefectural authorities only instructed prohibition of harvesting fish of less than 30 cm and
implementation of seed liberation projects. However, in its internal consultation, the Promotion
Committee decided that penalty and observer system is also necessary, and in the course of the
discussion reached a conclusion that not only prohibition of harvesting but also prohibition of catch,
sale and consumption is essential. Thus a series of very stringent stock management programs were
developed through discussion among fishers. (The Soumaharagama Fishery Cooperative in
Fukushima Prefecture had its own fishing reef management committee. As an extension of this
system, inspectors selected from among fishers inspected landing of small-sized fish in the market in
the olive flounder fishery management). The concrete procedure to prohibit the catch of fish of less
than 30 cm is left to fishers because they are versed about the ways to avoid under-sized fish.
Concretely, in gill-net fishing, small-sized fish are released back to the sea, and in small-type offshore
trawling, the sea depth where small-sized fish are found is deliberately avoided.
The Fishery Improvement Promotion Staff confirmed the intention of fishers as a basic work,
and the Fisheries Experimental Station conducted comprehensive surveys. These two undertaking,
namely what fishers thought based on their experience and the results of surveys by the Fisheries
Experimental Station coincided. The Administration is now negotiating with parties concerned, and
staging enlightenment and promotion programs as well as publicity activities to fishers to realise mass
liberation of olive flounder seeds. (Both the Administration and fishers were of the view that fishers
themselves should be involved in fishery management if seed liberation is to be conducted.)
4. Effectiveness of management
Among effectiveness of management are (a) less damage on fish as a result of enlargement of
mesh size because of reduced number of small-sized fish and marine debris entangled in nets;
(b) meetings and other events can be scheduled as a result of introduction of non-fishing days;
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(c) increased harvesting volume despite decreasing operation days year by year; and (d) reduced
number of operation troubles because, as indirect effects, communications among fishers are
improved. This stimulated other fishers to follow suit in establishing similar organisations.
In Fukushima Prefecture, 18 187 fish of less than 30 cm were landed in 1992, prior to the
implementation of the management programs. In 1993, when the management programs were
enforced, landing was reduced to 139 fish of less than 30 cm (because market transaction was
prohibited). Thus the catch of small-sized fish has been virtually eliminated. There have been
expectations among gill-net fishers to use larger mesh-size gill-net in line with the increase of largersized fish.
Violators were mainly those who have no successors. There were no violations by those with
successors because of their awareness to leave abundant resources to their posterity.
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Notes

(1)
The National Federation of Fishery Cooperative Associations (Zengyoren) (1993): The
above description is based on Manual and guidance for fishery stock management -- stock
management-oriented fisheries for olive flounder -- stock management oriented fisheries guidance
series No. 3. The part pertaining to Aomori Prefecture has been written by Hitoshi Sugawa, and that
for Niigata Prefecture by Kazunori Kato, and that for Fukushima Prefecture by Yasuo Ogata.
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JAPAN: PART II-7. CASE STUDY OF FISHING GROUND MANAGEMENT IN
UNRESTRICTED FISHERIES: SELF-IMPOSED MANAGEMENT OF VERTICAL LONG
LINE FISHERY IN ALFONSINO FISHING GROUND OFF KATSUURA, CHIBA
PREFECTURE

Yoshihiro Kuronuma
National Research Institute of Fisheries Science,
Fisheries Agency, Ministry of Agriculture, Forestry and Fisheries
1. Introduction
Self-imposed management of vertical longline fishery of alfonsino (mainly Beryx splendens but
including some Beryx decadactylus) off Katsuura, Chiba Prefecture, is considered to be categorised as
the fishing ground-based management of the six management types enumerated in Part I of the Issue
Paper (see Appendix 1 of Part I). Further, in the context of the Japanese fisheries law system outlined
in the Country Reports, it is operated under the category of line fishery, which is a form of
unrestricted fishery not belonging to fishing-right fishery.
Unlike self-imposed management system implemented individually by each fishery cooperatives
in coastal area, the central role is played by Chiba Prefecture Small-type Coastal Fishing Vessel
Fishery Cooperative, which fishers established as a cooperative to extend self-imposed guidance for
fishing operation. Moreover, the fishery is based on the self-regulations developed at the initiatives of
fishers who belong to the Alfonsino Division of the cooperative. Basically, the cooperative manages
the fishing ground off Katsuura exclusively as regards fishery of alfonsino, an extensively migratory
species, with no assistance from the administration1. Self-imposed fishery management based on
fishing ground management in areas encompassing more than 10 fishery cooperatives in unrestricted
fisheries presents a special case in Japan.
This paper purports to elucidate and analyse the present case from socio-economic viewpoint and
clarify the background enabling fishing ground management for presentation to OECD member states.
For this goal, an outline and background of fisheries in the region are presented in Section 2.
Section 3 discusses the present situation of vertical long line alfonsino fishery and development
leading to the establishment of a management organisation. Section 4 examines the contents of selfimposed management in 1994.
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2. Outline and background of regional fisheries
2-1. Limitation of targeted fishing ground and areas
The reproduction structure of alfonsino still remain largely unclarified. It is a demersal fish
species occurring in the depth of 200-800 meters of rocky sea bottom. It is considered to concentrate
at the sea bottom during daytime and move to the top of the sea mountains at night (Kase 1986).
Distribution areas differ according to growth stages. Basically, immature fish up to the age of 4 are
found in the depth of 150-250 m (body length of the fish of the age 3-4 being 30 cm and weight 0.71.0 kg), and those of age 4 or over are mainly found in the depth of 250 m or less (body length of the
fish aged 6-7 are 60 cm and weight 1.0-2.0 kg). It moves and migrates from coastal areas to offshore
areas in pace with growth (Chiba Prefecture, 1993).
Abe (1975) estimated the distribution of alfonsino in the Pacific area south of the area off Ibaraki
Prefecture, Madeira and the Gulf of Mexico. In recent years, a new estimate was presented that it is
distributed in the sea bottom of fairly extensive area from the Pacific south of Aomori Prefecture and
the Sea of Japan south of Niigata Prefecture to Australia and New Zealand (Chiba, Tokyo, Kanagawa
and Shizuoka Prefectures, 1994).
The alfonsino in the coastal waters of Kanto region is considered to belong to one and the same
stock. The fishing ground off Katsuura is the area of approximately 600 square kilometers surrounded
by the line from 35'05" north of the Pacific side of Chiba Prefecture, to 140'20" E, 35'52" N, and
140'35" E (See Figure A). Over thirty fishery cooperatives exist along the coastline of about 200
kilometers from Sotobo (Choshi) to Nanbo (Shirahama) of the Pacific side of Chiba Prefecture. A
total of 14 groups of fleets of small-type coastal alfonsino fishery from Katsuura to Emi use the
fishing ground off Katsuura. They are (from north) Toyohama, Kawazu, Hamakatsuura, Katsuuraseibu, Ubara, Okitsu, Hamanamekawa, Ohsawa, Kominato, Amatsu, Hamahagi, Kamogawa, Futomi,
and Emi. This is a fairly limited area with the distance between Katsuura and Emi being about 40
kilometers. Along the coast 12 fishery cooperatives are dispersed: (from north) Toyohama, Kawazu,
Katsuura, Katsuura-seibu, Ubara, Okitsu, Hamanamekawa, Ohsawa, Kominato, Amatsu, Kamogawa,
and Emi. Further, the area is designated as the Minami-Boso Quasi-National Park which includes
Tainoura.
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One of the reasons that fishers of the above-mentioned areas can use the fishing ground off
Katsuura on self-imposed management basis is that, as shown in Figure 1, the fishing ground is
located in a geographical location to which it is difficult for fishers of other prefectures to make an
access. It can be said without reservation that, as mentioned in Section 1, the major reason for
exclusive use being allowed is the fact that self-imposed management is enforced by 14 fleets
belonging to the Alfonsino Division of Chiba Prefecture Small-type Coastal Fishing Vessel Fishery
Cooperative (hereinafter abbreviated as small-type Coastal Cooperative). This aspect will be discussed
in 3-3, 3-4 and 4 below, together with other factors.
2-2. Outline of alfonsino fishery in Sotobo area
As shown in Figure 2, the total harvest of entire Chiba Prefecture including the alfonsino fishing
ground off Katsuura show a rapid growth from 1972 to mid-1980s. As far as the fishing ground off
Katsuura is concerned, the rapid increase in harvest volume since 1974 to 1975 was largely ascribed
to increased number of fishing boats in the area. The conspicuous growth from 1980 to 1981 was
attributable to greater emphasis on alfonsino fishery due to poor harvests of other species like
mackerel. At the same time, the number of fishing vessels from other areas increased in a shift from
previous operation centered around fishing vessels from Amatsu and Kominato. In 1989-1993 seasons
(alfonsino seasons in these years had been set at November-June by Chiba Small-type Coastal Fishing
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Vessel Fishery Cooperative), landing value from the fishing ground stood at Y 750 million Y 900 million, with landing volume being 750-900 tonnes (Small-type Coastal Cooperative, 1994).

According to the statistics of Chiba Statistical Information Bureau of the Kanto Agricultural
Policy Office (1983,1993), the number of fishery entities owning fishing vessels of 1-10 tonnes in the
surveyed area from Katsuura to Emi, using alfonsino fishing grounds off Katsuura decreased to 532,
or about 14%, in fiscal 1992 (started April 1, 1992 and ended March 31, 1993) from 615 in fiscal
1982. The number of fishing vessels of this class also decreased 14% from 626 in fiscal 1982 to 543
in 1992. However, the pace of decrease in the number of fishery entities and fishing vessels in this
decade was gradual.
As shown in Table 1, operation by 1-to-10-tonne class fishing vessels (mostly 4-5 tonnes) is not
targeted at alfonsino alone but various species according to seasons. According to Chiba Prefecture,
the combination of operations mostly consist of vertical long line alfonsino fishery in November-June,
squid jigging in June-December, marlin longline fishery in January-March and skipjack trolling in
March-May. Further, in some areas, diving fishery targeting at abalone etc. is conducted in MaySeptember. In the southern part of the area under review, especially Emi and Futomi, fishing vessels
are at times used as recreational fishing boats.
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According to Chiba Prefecture (1993), about 80% of the fishery entities engaging in alfonsino
line fishery operating in the fishing ground off Katsuura (410 entities were subject to the survey
conducted by the prefecture) used fishing vessels of 4-5 tonnes in 1990. As regards the age structure
of fishers, about 30% each for the age bracket of less than 40, in their 40s and 50s, and about 10%
was 60 or over. The percentage of alfonsino fishery in fishery management as a whole differed from
area to area within the surveyed region. In the Higashiawa area (Kominato, Amatsu), about half of
one-to-10-tonne fishing vessels depended on alfonsino, while in Isumi area (Kawazu, Toyohama,
Katsuura, etc.), only 20% were found dependent on alfonsino fishery for over 50% (Chiba Prefecture,
1993). However, according to an interview survey conducted by the present author in November
1994, the weight of alfonsino in the fishery management is deemed to have been on the rise due to
decline in squid prices in recent years.
In the surveyed area from Katsuura to Emi, there are two cities (Katsuura and Kamogawa) and
one township (Amatsu-Kominato). As this area is located in the vicinity of Tokyo (in the range of 100
kilometers from central Tokyo), it is designated as a strategic resort development area of the
prefecture. Thus tourism constitutes one of the important local industries, along with fisheries.
Needless to point out, fisheries used to be the mainstay industry of the area before the resort
development was launched. Public expenditures for fisheries (including fishery promotion, fishing
port construction and fishing port administration costs) of each municipal government vis-a-vis the
total expenditures in fiscal 1994 were about 3% for Amatsu-Kominato Town, slightly below 4% for
Kamogawa City and about 6% for Katsuura City (based on interview surveys at each city and
municipal offices.)
3. The present situation of vertical long line alfonsino fishery and the background leading to
the establishment of self-initiated management organisation
3-1. Outline of operation and fishing gear
Alfonsino fishing vessels leave the fishing port at around 3:00 a.m., arriving at the fishing
ground in about one to 1.5 hours. First the presence of fish school is detected and confirmed by fish
finder, and vertical long line fishing gear is cast from tide side as shown in Figure 3. In this fishing
gear, branch lines and hooks (alfonsino hook No. 8) are installed to the main line at an interval of
1.6m, with a sinker of 2-3 kilograms attached at the bottom. The first line cast of the day (asanawa) is
to take place between 4:00 and 6:00 a.m. although precise timing is set for each season. Even after the
sinker touches the sea bottom, main line is extended within the regulated range of 1 200 meters so that
the gear does not detach from the sea bottom. The line is hauled when strike is confirmed. The latest
operation hour is set at between 11:30 and noon according to seasonal regulations. The number of
hooks to be used in the first cast should be up to 150, with 70 for the second and 50 for the third. The
number of line casts is three to five times a day. The bait used is frozen squid, cut in pieces of 10 cm
and tinted red and salted. The vessels generally return to the fishing between 1:00 and 2:00 p.m.
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3-2. Status of vertical long line alfonsino fishery under the fishery legislation of Japan
As stated in Section 1, as alfonsino fishery is line fishery using vertical long line, it is
categorised as unrestricted fishery not belonging to fishing-right fishery in the context of fishery
legislation in Japan (see Country Reports, B-2-5). For this reason, its activities are characterised by
the absence of any legal right background. Generally, unrestricted fishery tends to find itself in a
weaker position because of the lack of legal support when competition occurs with other legal rightbacked fisheries, such as licensed fisheries and fishing-right fisheries (for example, over the same
species or fishing ground). However, it is worthwhile to draw attention to the interpretation that, in
the context of the Japanese fishery law system, the "unrestricted fishery" is placed within legal
framework and is not identical with "free fishery" in the strict sense of the word.
The fishing ground self-management in the alfonsino fishery off Katsuura presents an
extraordinary case of fishery management in Japan, while being an unrestricted fishery without any
legal right background. We cannot dismiss the presence of favorable geographical conditions for
establishing such management system. However, other factors were closely involved, such as fishing
ground adjustment originating from dispute over the fishing ground north of this area and the
operation pattern of alfonsino fishery, and unrestricted revision of provisions to meet the actual
situation of fishery because of the merit of unrestricted fishery. We will consider these factors in the
following section.
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3-3. Background of the establishment of management organisation and its transformation
Tracing back the origin of the Chiba Prefecture Small-type Coastal Fishing Vessel Fishery
Cooperative (hereinafter referred to as Small-type Coastal Cooperative), which constitutes the core of
the self-imposed management in the alfonsino fishing ground off Katsuura at present, we find that it
saw its origin in a small-type coastal fishing vessel cooperative set up in Isumi in March 1949. The
major characteristics of this cooperative was that its purpose was to extend fishery guidance and
would not engage in economic activities. Mr. Takigawa, the present head of directors of the Smalltype Coastal Cooperative, said that, as the area along the Kujukuri coast of Sotobo was designated as
drilling area for U.S. Air Force after the World War II, there arose a need that fishers should negotiate
for fishery compensation not individually but collectively. The cooperative was established as an
arbitrary organisation mainly for that purpose. In other words, it started as a line fisher’s organisation
for negotiation for fishing ground compensation only for Isumi area (which did not include
Higashiawa area, now the center of alfonsino fishery). The cooperative thus had not been related to
alfonsino fishery at its outset. According to Mr. Takigawa, the fishing ground compensation lasted
until around 1956, and one third of the compensation was used as administrative cost of the
cooperative, with the remaining two thirds being distributed among cooperative members.
This cooperative which was arbitrary organisation obtained approval of Chiba Prefecture in
March 1966 and changed its name to the present Small-type Coastal Cooperative. In the background
of this move, we can find the operation adjustment which arose in the wake of dispute with purse
seine fishery in mackerel fishing ground in Tonneekawajiri since 1964, which provided the motive for
expanding the area for the Small-type Coastal Cooperative. The number of vessels that joined the
Small-type Coastal Cooperative then was somewhere around 800 (interview with Mr. Takigawa,
1994). Solidarity among fishers was formed over the issue of fishing ground compensation in
connection with the military drill of the U.S. Air Force. It was further corroborated as a cooperative of
the one and the same fishery (i.e. line fishery) in the wake of the need to adjust operation over
mackerel fishing ground with purse seine fishery.
The cooperative became the main negotiator in the matters related to Tonneegawajiri mackerel
fishing ground. Since a memorandum on operation adjustment with large-, medium- and small-type
purse seine fisheries was signed in 1967, purse seine fishing in the area south of eastern line of island
light-house (the largest in Chiba Prefecture), including the current alfonsino fishing ground off
Katsuura, was placed under control (Kaneda, 1979), and was secured as fishing ground for line
fishery. According to Mr. Takigawa, the Small-type Coastal Cooperative took the leading role in the
campaign to prohibit large mesh driftnet fishery in the area since 1972, and succeeded in realising a
2
substantial curtailment of this operation . Further, in 1978, closed area for harvest of demersal fish by
offshore trawling was established following the occurrence of problem of over-exploitation of those
3
resources by trawlers .
Looking back into the history of Small-type Coastal Cooperative, it is obvious that the
cooperative has played a leadership role to coastal small-type fishing vessels with a view to protect
the fishing ground. As explained in the previous section, we can observe here serious and concerted
efforts of fishers engaging in unrestricted fishery, who did not have support of legal background and
were in a weaker position to protect the indispensable fishing ground for their livelihood. As of
December 1994, the number of fishing vessels belonging to the Small-type Coastal Cooperative stood
at 609. The Small-type Coastal Cooperative has four divisions: squid division (about 600 vessels),
demersal fish division (about 100 vessels), alfonsino division (about 300 vessels), long-line division
(about 100 vessels). The activities cost of the Small-type Coastal Cooperative is about Y 7.2 million a
year based on membership fee (Y 12 000 per vessel).
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3-4. Changes in alfonsino fishery and use of fishing ground in alfonsino fishing ground off
Katsuura and Small-type Coastal Cooperative
It has been reported that the discovery of fishing ground off Katsuura was prompted by incidental
catch of large-sized alfonsino by a tuna longline fishing by based in Odawara, Kanagawa Prefecture,
in early 1930s (Shimizu, Kanetaka, 1993). In the pre-war years, unlike the fishing patterns shown in
Figure 3, alfonsino fishery was secondary operation (January-March) to the mainstay mackerel fishery
which was conducted between April and December. However, Amatsu and Kominato held a central
role in alfonsino fishery, as they do now.
After World War II, alfonsino fishery recovered gradually from around mind-1950, and in 1953,
vessels based in Misaki, Kanagawa Prefecture, conducted night operation using fish gathering lamps.
However, night-time operation was prohibited through consultation with Amatsu and Kominato
fishers, which was resulted the withdrawal of Misaki-based vessels from the fishing ground off
Katsuura (Shimizu, Kanetaka, 1993). Since 1955, there arose a segregation between vessels based in
Amatsu and Kominato in the fishing ground off Katsuura (see Figure 1).
According to Mr. Motoyoshi (former director of the small-type Coastal Cooperative), congestion
of fishing vessels in this fishing ground already began from that time. The segregation between
fishing vessels based in Amatsu and Kominato in the fishing ground off Katsuura occurred as a
natural consequence that, owing to the nature of vertical long line fishing, when fishing line was
entangled it was more advantageous to settle the incident (in terms of allocation of harvests) among
fishing vessels of the same area (Interview survey in 1994). The trend for segregation can be observed
even today. Basically, the left side of A in Figure 1, (the area near fishing ground off Katsuura) is
allocated to Amatsu and the right side (offshore side) to Kominato. However, this is a natural
segregation arising from characteristics of fishing gear, and there are no regulations enforced. This is
practised in major fishing ground for each group and entry in each other's grounds is not prohibited.
What is noteworthy to observe here is that the vertical long line originated from the awareness of
professional fishers that it is shameful for their fishing line to get entangled with those of other fishing
vessels. Initially, the need was felt to form a consuetudinary gentlemanly order in the use of fishing
ground among fishers. In addition, it was easy to adjust among fishers in the same area to settle the
issue of fishing line entanglement.
Under these circumstances, consultations appeared to have been continued by gradual steps
between Amatsu and Kominato over the issue of the order of operation in the alfonsino fishing ground
off Katsuura. Minamiawa (including Amatsu and Kominato) joined the Small-type Coastal
Cooperative around the middle of 1960 in connection with the issue of mackerel purse seine fishing
mentioned in 3-3, and the overlapping of stingfish ground with Isumi area. As a result, an overall
consultation on the issue of adjustment of alfonsino fishing ground was made possible. We must also
point to the background factor that the need arose for self-regulations in fishing ground because
fishing gear such as bottom line came to be used along with vertical long lines in another fishing
grounds. As a first step, the Small-type Coastal Cooperative decided to limit the number of hooks to
200 (Shimizu, Kanetaka, 1993). In 1969, the operation hours (from sunrise to sunset) and on taking
self-imposed restrictive measures on the use of fish gathering lamps in the form of "request from
Small-type Coastal Cooperative" for the first time. In 1972, self-imposed restriction on reducing the
number of hooks to 180 on a nominal base. Further, in 1977, further measures were taken to decide on
operation procedure and fishing season (November 1-June 15), establishment of non-fishing day (first
and third Saturdays) as well as prohibition of access of recreational fishing boats to the fishing ground
(Shimizu, Kanetaka, 1993). However, according to Mr. Takigawa, the regulatory measures taken to
that date were those basically based on arbitrary consultations. It was only after September 1978 when
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those measures were endorsed as formal operation rules concerning alfonsino fishery in the Smalltype Coastal Cooperative.
We have to skip details of provision revisions which occurred since then. But it may be
worthwhile to point out that, during 26 years until September 1994 since January 1969 when the
documentation started, as many as 18 revisions were made to the provisions, resulting in application
of fishing ground management meeting the requirement of each time. As stated in 3-2, this speedy
application was made possible because of the nature of unrestricted fishery. In this sense, it is
considered to be an advantage which is hard to be realised in other fisheries having legal right
background. At present, the Small-type Coastal Cooperative has four divisions. The alfonsino division
was formalised only in October 1987. In short, fishers united to protect their own fishing ground by
sector of fisheries, and this developed into a division of the Small-type Coastal Cooperative.
4. Contents of self-imposed management (the case of 1994)
The provisions for operation, as revised on September 18, 1994, consist of 14 points--12 items
plus supplement and appendix. Basically, these provisions stipulate operation methods and other
conditions in order to ensure conservation of fishery resources and an order in fishing operation in the
alfonsino fishing ground off Katsuura and to realise permanent fishing ground as sustainable
production ground (Item 1). The fishing season is set to start on November 1 and end June 30 of the
ensuing year (Item 2), the position of the fishing ground is about 600-square-kilometer area limited
under 2-1 (Item 3). Provisions regarding operation in Items 4-7 are detailed provisions designed to
respond to the actual requirements, such as operation hours to best meet the seasonal conditions as
well as limitation of fishing gear and methods (see 3-1). Item 8 provides for adjustment and allocation
of harvests in the case of line entanglement based on year-long experience of fishers. Prohibitions in
Item 9 include regulations on fishing gear and non-fishing day (first and third Saturdays) for
preservation of fishing ground. As a supplementary measure, prohibition of operation during the
closed season (July 1-October 31) in continental shelf area outside the fishing ground off Katsuura
and the prohibition of access of recreational fishing boats to the fishing ground off Katsuura is
prohibited. Penalties are shown in Item 10, which was applied only once in the past. As an Appendix,
protection of one-year-old juvenile, listed in the provision for the first time, is stated explicitly. This is
evaluated as a first step from self-imposed management of fishing ground toward stock management.
As it was observed, in the self-imposed management of alfonsino fishing ground off Katsuura,
the provisions have been considerably improved over the span of more than 25 years and it is
implemented based on the order established within the fishing ground. As stated in 3-4, it succeeded
in protecting fishing ground through exclusion of other fisheries and fishing methods. The settlement
of competition and dispute with mackerel purse seine and mackerel line fisheries constituted external
conditions leading to protection of alfonsino fishing ground.
It is worthwhile to make two points which are not raised in the present provisions. The first point
is self-imposed restraint on transaction of small-sized fish (with body size of below 18 cm as
stipulated in the provisions) at Amatsu Fishery Cooperative. This step is aimed at realising external
effect taking advantage of psychology of fishers to move to operation when price is set. This is
considered to be an effective means to implement stock management. The second point is the move to
pool harvests, which is also practised at almost all fishery cooperatives in Chiba prefecture. Under this
system, harvested alfonsino is not auctioned for each fishing vessel, but are divided into five groups
according to size of fish. Auction takes place when all the alfonsinos are landed, and payment is made
for a total value, i.e. price per each size multiplied by the harvests by size for each vessel. This
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system, different from the so-called "pooling system" discussed in Part II-1 and II-2, could provide a
key to future fishery business management.
5. Conclusion
At present, about 300 of the 600 fishing vessels belonging to Small-type Coastal Cooperative are
operating in the alfonsino fishing ground off Katsuura. The present author was allowed to get onboard
the fishing vessel (about 5 tonnes) owned by Mr. Kanetaka (director of alfonsino division, small-type
Coastal Cooperative) in November 1994 and observed about 200 vessels operating on the day in a
very limited space of sea area. As stated earlier, the fishing ground off Katsuura extends only 600
square kilometers, with key fisheries points being strictly limited. The need for fishery adjustment
amid such congested operation by fishing vessels was just a natural outcome. At the same time, there
was substantial effort of Small-type Coastal Cooperative members and fishers in the process of
developing self-imposed fishing ground management. The exclusive use of the fishing ground, as
practised at present, was made possible as a result of regulating other fisheries and fishing methods
under advantageous conditions where a framework of fishing ground projection has been formed by
external factors to a certain extent. In other words, management of alfonsino fishing ground off
Katsuura is said to be a case of fishery management where the order of fishing operation in the fishing
ground was established with Amatsu and Kominato playing the central role, while protection of the
fishing ground was enabled as a result of the settlement of dispute over fishing ground in which the
Small-type Coastal Cooperative was involved. Although it is difficult to generalise, the present author
dares to conclude that exclusive use of fishing grounds exist as a necessary condition to establish
stock management in unrestricted fishery, and that adjustment of fishery operation and other matters
are necessary based on the establishment of an organisation of fishing ground users.
In the case of fishing ground management off Katsuura, coordination about the dispute over
fishing ground between Small-type Coastal Cooperative and coastal small-type offshore trawling
fishery was brought to a halt by around 1978, making protection and exclusive use of fishing ground
possible. Regulations of alfonsino fishing ground off Katsuura by Small-type Coastal Cooperative
was also approved in 1978. Against this background, the present author believes it safe to assert that
the period ranging from about 1955 to 1978 was the period of formation of the self-imposed fishing
ground management and the period from 1978 to 1993 is the period of establishment. Further, the
present author observes that, along with the established self-imposed fishing ground management, a
new period of formation of self-imposed stock management has started in 1994. This observation is
based on the fact that re-liberation of 1-age fish was provided in the 1994 provisions and is actually
implemented and self-imposed restraint on transaction in the market was started.
The present author stated at the outset of this paper, this paper is aimed to clarify the
background leading to the realisation of self-imposed fishing ground management off Katsuura based
on the recognition that it is an extraordinary case in the Japanese fishery management. He believes
that examination and analysis so far have contributed to elucidating major factors. However, we
should not overlook the fact that, in the background of self-imposed management, there existed,
among fishers, a communal solidarity and social milieu to protect the fishing ground from which they
derive their means of livelihood under the cooperation of members of the Alfonsino Group of Smalltype Coastal Cooperative. Moreover, we need to point out serious posture of each fishers toward their
fishery. This has become the motive force for forming a gentlemen's fishing ground order among
fishers in unrestricted alfonsino fishery off Katsuura and the greatest key to enabling the present selfimposed fishing ground management. In addition, we place a high expectation on the further efforts of
in developing high-grade self-imposed fishery management by fishers who are responding openly to
community based fisheries management now being promoted in Japan.
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Notes

1)
The prefectural government does not directly give exclusive use rights to fishery groups, but
it does place priority on the agreements or arrangements between fishery groups which resulted from
past disturbances. Also, there are fishing ground area regulations attached as collateral conditions on
round haul net permits. This exclusive use is “exclusive use resulting from experience” and so it is
not supported by the law. In other words, the rights are not directly given for Bdryx splendent single
hook fishing but support is given in which self-management of the fishing grounds off Katsuura is
given priority and other fisheries are regulated. Thus, fisheries other than those prohibited by law in
the permit conditions can freely enter the fishing grounds off Katsuura. For example, although there
are only a few cased of this, recreational vessels enter fishing grounds to catch other types of fish.
However, in actuality the main fishing is the local Bdryx splendent single hook fishing.
2)
The Chiba Sea-area Fishery Adjustment Commission supported that renewal of permits will
not be accepted at the time of permit renewal and the permission for offshore large mesh drift net
fishing was gradually reduced.
3)
Areas in which operations are prohibited are roughly set as collateral conditions of the
permits given by the prefectural governor for small trawling and by the Minister for offshore trawling.
However, other detailed arrangements are set in the operations agreement concluded among the
respective fishery organisations annually. Although this agreement is not supported legally, parties
from the Offshore Fisheries Division of the Fisheries Agency, Chiba Sea-area Fishery Adjustment
Commission, Chiba Prefecture and others attend the meetings held among fishers’ groups and place
priority on the agreement concluded there. This is the result of their customary valuing of matters
voluntarily agreed upon in the private sector that matches the current situation and is respected as the
voluntary adjustment and control of the respective fishers.
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JAPAN: APPENDIX 1

Classification of stock management-oriented fisheries in Japan
Fishing effort management-oriented fishery
Objective:
− curtailment of excessive fishing effort and expenses.
Characteristics:
− Introduction of regular non-fishing period has been expanding rapidly.
Representative method:
− regular non-fishing period, operation by rotation, regulation on horsepower of fishing vessels
and fishing gear.
Representative cases:
− operation by rotation system in shell dredge net fishery (for hard clam, etc.) in Kaiso Fishery
Cooperative in Chiba Prefecture, and the pooling system and two-non-fishing days per one
week small-type trawling (for flatfish, etc.) at Anji Fishery Cooperative in Kagawa Prefecture.
Fishing ground management-oriented fisheries
Objective:
− promotion of efficient use of fishing grounds and maintenance of the operation order
Characteristics:
− This is often practised in fisheries targeting at sedentary stocks such as shellfish and spiny
lobster and fisheries which occupy fishing grounds for a considerable long duration such as
long-lining and gill-net fisheries. This system has no function to limit catch volume.
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Representative method:
− the pooling system, the use of fishing grounds by rotation, and planned allocation of fishing
vessels
Representative cases:
− the pooling system and vessel allocation for trawling (Pacific cod) in Kitabe Fishery
Cooperative and the use of fishing ground by rotation for floating long-lining at ONKAI and
NENJURAN branches of the Yamagata Fishery Cooperative. Self imposed management of
vertical long-line fishery of alfonsino fishing ground off Katsuura, Chiba Prefecture.
Price maintenance-oriented fisheries
Objective:
− prevention of low profitability because of large harvests; stabilisation and enhancement of fish
prices.
Characteristics:
− This fishery is often practised in fisheries targeting at mass-harvest species like sardines.
Basically it take the form of harvest-quantity limitation.
Representative method:
− the pooling liquidation system, restriction of overall harvest volume, individual allocation to
harvesting volume.
Representative cases:
− individual allocation system for mantis shrimp small-type trawling at Shiba Branch of
Yokohama Fishery Cooperative, Kanagawa Prefecture; and the pooling system and restriction
of overall harvest volume for star-dust shrimp trawling at Yuigahama Port and Oigawa Fishery
Cooperative in Shizuoka Prefecture.
Recruited stock management-oriented fisheries
Objective:
− effective utilisation of recruited stocks of natural resources
Characteristics:
− This fishery management centres on protection of small fish, specifically aimed to increase
harvest volume by the growth of individual fishes.
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Representative method:
− re-liberation of small-size fishes (regulation on size), expansion of mesh size
Representative cases:
− Re-liberation of small-size fish (Back Fish Campaign) for small-type trawling (targeting at flatfish, etc.) by the group of young fishermen of the Settsu-Harima Fishery Cooperative of Hyogo
Prefecture; and expansion of mesh size for gill-net fishing (for olive flounder) at Kujihama
Maruko Fishery Cooperative in Kujicho, Ibaraki Prefecture.
Farming stock management-oriented fisheries
Objective:
− effective utilisation of farming stock
Characteristics:
− The management contents are the same as the recruited stock management-oriented fisheries but
differ in that the recruited volume is boosted by means of cultured seeding.
Representative method:
− fish seed liberation and re-liberation of small-size fish (size regulation); expansion of mesh size
and prohibition of harvest in liberation area and nursery ground.
Representative cases:
− re-liberation of small fishes, mesh size expansion and establishment of closed area in Aomori
Prefecture; harvest by rotation in four years in shell dredge net fishery (scallop) at Sarufutsu
Fishery Cooperative in Hokkaido Prefecture; and size regulation in shellfish gathering (scallop)
and establishment of closed areas by Nanbu Fishery Cooperative in Akita Prefecture.
Reproduction stock management-oriented fishery
Objective:
− securing the number of spawned eggs necessary for maintenance and increase of stock size
Characteristics:
− It is mainly aimed at protection of spawning fishes. There are many cases of this type of fishery
being conducted on the level of prefectural federation of fishery cooperatives or the prefectural
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governments as it requires measures encompassing extensive areas due to migratory nature of
the stock.
Representative method:
− prohibition of taking of spawning fishes and re-liberation of fishing having eggs.
Representative cases:
− Re-liberation of egg-having swimming crab in small-type trawling (scorpion fish) by the
federation of young members of the Settsu-Harima Fishery Cooperative of Hyogo Prefecture, 3year prohibition of taking of sandfish in Akita Prefecture, and prohibition of spawning sand
lance in trawling in Aichi and Mie Prefecture.
(Note) Although the denominator for percentage indication was 140 cases, the total exceeded
100% due to duplication. Enhancement of added value, increase of non-fishing days, and curtailment
of fishing effort are included in stock management-oriented fisheries, but they were excluded from
this classification.
Data:
− The Office of Stock Management Promotion, Coastal Division of the Fisheries Promotion
Department of the Fisheries Agency.
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NORWAY: MULTI-SPECIES RESEARCH AND MANAGEMENT

Norwegian experiences
1. Introduction
The most important traditional fisheries in Norway - cod, herring and capelin - have shown great
variations in catches and estimated stock sizes over the years. The stock of Norwegian springspawning herring was almost extinguished by 1970, and the fishery was stopped until recent years.
The stock of capelin in the Barents sea collapsed in 1985, then increased until a new collapse in 1993.
Likewise, the estimated stock of Norwegian arctic cod has shown great variations with peaks in 1976,
1986 and 1993. These variations have been of a less magnitude than for herring and capelin.
Furthermore, stocks of birds living on fish have deteriorated, while stocks of seal seem to have
developed above the carrying capacity in some years.
These changes have been rather dramatic, causing great variations in the private and social
profitability of the different fisheries. Of course, great interest have been put into detecting the causes
of these changes, both from fishers, managers and researches.
Traditionally, biological fisheries research has studied each specie in isolation. Both the analysis
of population dynamics and the recommendations and decisions about catch sizes have been based on
this single-species approach. For a long time, however, it has generally been suspected that interaction
between species may be an important factor behind the dramatic changes in fish stocks. These
interactions may have different forms. For instance, two species may be competitors for the same
source of food, or they may enter into a predator/prey relation. From this it is clear that in matters of
analysis of population dynamics and of management, one should ideally consider systems of
interacting species.
It goes without saying that such biological interrelations have great economic implications.
Different groups of fishers may harvest different stocks which interact, thus causing conflicts of
interests of a more complicated nature than when different groups compete in harvesting a single
stock. And from an overall social point of view efficiency and distributional problems in principle
should be viewed by considering the total system of interacting species. Of course, this raises difficult
research problems. But, granted that some sort of management must take place to cope with the
negative effects of unregulated fishery, such management will explicitly or implicitly influence the
interaction between species and the biological, economic and other consequences of that.
For several years the Institute of marine research in Bergen has had a multi-species research
program, trying to model the rather simple system of fish stocks and marine mammals in the Barents
sea. Parallel to this some research has been going on to develop an economic multi-species model.
This has mainly been done at the Norwegian school of fisheries at the University of Tromsø.
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In 1990, the then Norwegian fishery research council (now incorporated in the Norwegian
research council) established a national research program in multi-species management. The content
of the program has mainly been based on the two research activities mentioned above. The program is
terminated at the end of 1994, and reporting of results is now under way. It may be added that several
topics in the multi-species program will be included in a new national program - Management of
marine resources. This program is started up in 1995 and is expected to last for 5 years. The program
has a broader scope, but further work on multi-species systems will be carried out. Also, research in
different fields will be included. In addition to biology and economics oceanography and
mathematics/statistics will be included.
2. Biological research
2.1. The MULTSPEC model
Model structure
The cornerstone in the biological research is the MULTSPEC model developed at the Institute of
marine research in Bergen (IMR). This is a model of the interaction between the most important
species in the Barents sea:
− capelin
− herring
− cod
− harp seals
− minke whales.
In some cases the stock of a given specie is divided into substocks. Furthermore, the stocks are
divided into age groups, length groups and sexes. In the model there is also an area division.
An overview of the model structure is given in figure 1.
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1. MULTSPEC
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At the basis for modelling of fish stocks development and interactions is oceanographic input
which includes currents and temperature. These are used mainly as exogenous input in the fish
models. The currents models determines both the drift of plankton and larvae. These mechanisms
determine the supply of food for plankton feeders. This, in turn, determines growth, and migration of
plankton feeders. Growth in length is generally taken as proportional to the feeding level. To
determine the population dynamics of these, one, of course, has to take into account fishing mortality
and "natural mortality". In principle natural mortality may be taken as a proxy for factors not included
in the model, and also as a result of random elements. In a model of interaction between species,
natural mortality also includes predation from other species.
Apparently, recruitment is one of the most puzzling factors in fish population dynamic models of
this type. So far only a simple relation between stock size and recruitment has been implemented.
The interaction between the species is of course the fundamental element in models of this type.
This interaction is has two forms: competition and predation. Competition between plankton feeders
is modelled by assuming that the total food supply divides by stocks by biomass.
As for predation, most of the work so far has been to analyse the predation by cod, but recently
predation by sea mammals has been included in the model. The predation of one specie on another is
generally assumed depending upon the number of individuals of the two species present. Cannibalism
is also taken into account.
Estimation problems
It goes without saying, that huge estimation problems are included in model building of this
type. In addition to traditional estimation problems in single-species models, like estimation of
recruitment functions and growth functions, one has to estimate the effects of the two abovementioned forms of interactions between species. As mentioned above, a simple theory is included in
the model as far as competition between species is concerned.
Considerable work has been put into the estimation of predation. The basic source of information
on this is the analysis of the stomach content in the catches of different species. This type of
information has been collected for a long time for species in the Barents sea, both by Norwegian and
Russian marine researchers, and these are cooperating and exchanging data.
An illustration of the information which can be obtained from these stomach content is given in
Figure 2 below.
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Figure 2. The diet to Norwegian-arctic cod (% of weight of different preys) and estimated total
consumption 1984-1992
Year
Prey
Capelin
Herring
Cod
Haddock
Redfish
Amphipodes
Shrimps
Other
Total
consumption
(1000 tonnes)

1984

1985

1986

1987

1988

1989

1990

40
3
2
2
15
1
19
18

55
5
1
1
6
3
5
24

30
4
4
3
8
27
4
19

11
1
1
+
13
35
8
29

18
+
+
+
8
43
6
25

30
+
+
1
8
28
5
27

51
+
1
1
5
4
4
35

2 183

3 570

3 498

2 360

2 727

3 068

4 604

1991
69
+
1
+
8
1
3
18

1992
59
9
1
4
4
1
6
16

5 885 5 150

Interesting as these figures are, they can only be meaningfully assessed by relating them to a
theoretical analysis. For an economist, the theory nearest at hand would be consumer theory,
predicting that the composition of consumption would be determined by comparing marginal utility
with marginal cost for different sources of food. One possibility would be to evaluate both utility and
costs in terms of energy. Energy costs may be expected to depend on the necessary distance to travel
in order to get a given sort of feeding. Clearly there will be some sort of substitution between
preferred food far away and not so interesting food nearby.
Apparently, such models of consumption behaviour by fishes have not been subject of a
complete theoretical and empirical analysis.
Model runs
Model runs are made by starting with an initial stock situation. An example of model output is
given in Figure 3.
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6 094
5 482
5 459
5 830
6 288

6 510
6 382
6 009
5 657
5 519

5 586
5 788
5 996
6 090
6 027

1996
1997
1998
1999
2000

2001
2002
2003
2004
2005

2006
2007
2008
2009
2010
527
575
612
617
592

691
634
560
506
495

486
444
497
579
656

2 047
1 147
1 230
1 094
517

ma.
cap

1 928
1 845
1 828
1 876
1 951

1 784
1 948
2 083
2 113
2 040

2 336
2 208
1 949
1 751
1 698

1 112
1 168
1 429
1 819
2 181

cod

80 275
80 381
80 485
80 583
80 673

79 929
79 983
80 007
80 080
80 172

78 846
79 292
79 528
79 709
79 840

80 000
79 759
79 503
79 265
79 046

wha

401 120
401 567
401 986
402 373
402 744

399 692
399 810
399 973
400 276
400 674

395 083
396 508
397 717
398 709
399 376

401 080
401 262
400 405
398 269
395 656

seal

2 971
2 900
2 975
3 144
3 310

3 051
3 450
3 637
3 503
3 195

4 422
3 556
2 856
2 623
2 721

1 344
1 615
2 673
3 699
4 484

cc.
cap

56
57
58
58
58

58
59
58
56
55

50
50
52
55
56

10
34
46
51
52

cc.
cod

2 969
2 823
2 755
2 781
2 868

2 624
2 795
3 002
3 128
3 111

3 154
3 295
3 061
2 736
2 581

1 764
1 812
1 988
2 358
2 775

cc.
oth

408
413
417
419
419

420
419
416
411
407

413
401
398
407
415

398
416
428
427
421

88
85
82
80
81

76
76
80
86
89

81
92
93
86
80

80
59
59
62
70

385
380
377
375
376

366
368
373
381
385

366
381
389
379
369

379
369
349
352
358

428
437
447
452
452

460
461
451
437
427

456
421
410
427
448

429
475
498
496
483

28
25
22
22
23

18
21
25
29
31

28
36
34
25
20

9
10
9
12
18

c.
cap

c.
cod

393
380
365
355
355

335
332
348
374
392

327
386
412
390
355

777
795
818
831
830

870
862
839
805
779

838
805
777
783
827

506
483
448
422
418

388
375
407
460
499

431
536
570
523
447

386 691* 370
304 1 061 285
264 1 192 245
266 1 221 258
831 323
284

wc. wc. wc. sc. sc. sc.
cap cod oth cap cod oth
*

2 183
2 186
2 189
2 192
2 194

2 174
2 175
2 176
2 178
2 180

2 143
2 158
2 164
2 169
2 172

0
2 167
2 160
2 154
2 148

c.
wha

37 902
37 946
37 974
37 997
38 025

37 722
37 648
37 677
37 762
37 840

36 877
37 839
37 902
37 907
37 838

38 033
37 818
37 314
36 587
36 130

c.
seal

379

Stocks at September 30. Mature capelin at March 30. Consumption and fishing accumulated for the previous 12 months. Units: Fish and other food in
million kg. Mammals in numbers. im.cap = immature capelin, ma.cap. = mature capelin. cc = consumed by cod, wc = consumed by whales, sc = consumed
by seals, c=catch.
*
: In 1991, the biomass of 1-group capelin is not included in the immature capelin biomass. Also, there is no catch on mature capelin in the period OctoberDecember 1991, and no catch on minke whales in 1991. This apply for all model runs.

4 974
8 378
8 704
8 074
7 251

1991
1992
1993
1994
1995

*

im.
cap

year

Figure 3: Reference run

This run was made for IWC, and was based on stock situations by 1990. As is seen from the
table, stock sizes for each year is predicted as well as predation of different species on different
species. Herring was not included in the run. Apparently, herring is an unstable element in the ecosystem of the Barents sea migrating in and out. This instability, which is assumed to be caused by
temperature, also has profound effects on the other species, by the herring's consumption of capelin
larvae. These interrelation is also a topic for study, e.g. in the SYSTEM MODEL, described below.
Possible use
The MULTSPEC model in a sense sums up much of the research going on at the Institute of
marine research. In that sense it is also an ever-lasting project. To develop models of this type may
have the effect of making research in different areas more goal-oriented, granted that the models does
not become a ritualistic straitjacket for all research.
Model runs may be made in many different ways, and for different purposes, granted that the
model includes the most relevant variables and relations. The illustration of a run above could be
called a deterministic run, producing a scenario from a given initial situation, given the whole set of
relations and parameters. This, of course, may be varied in different ways. One may produce different
scenarios by varying parameters and initial situations. Another great field of application is to analyse
the effects of uncertainty related to different elements of the model. Within the restrictions of the
relations in the model, one may also study the multi-species implications of keeping a certain stock
size at a given level.
Thus, a model of this type may be considered as a general-purpose tool which can be used for a
number of different purposes. It must also be said that the output of the model runs is purely
biological. This may be interesting in itself, but for management purposes, economic considerations
have to be taken into account. A question which naturally arises it whether a big and detailed model of
this type is well suited to function as input in economic analyses of management. This has lead to the
construction of an aggregated version of MULTSPEC, which is described below.
2.2. The AGGMULT model
The AGGMULT model is an aggregated version of the MULTSPEC model. Initially, the
purpose of this aggregated version was to establish a simpler model which could be used as input in
an economic multi-species model. It seems however that such an aggregated model is well suited for
other purposes, which do not require so detailed information and output as in the MULTSPEC model.
The aggregation of MULTSPEC into AGGMULT is made by aggregating over fish length and
area. The choice between using the two models is a research strategic consideration, weighing
manageability against detail. Parameters in AGGMULT are identical with those of MULTSPEC, and
estimates and input in the former should be consistent with the latter model.
A topic of general interest for research strategic purposes is a cost-benefit evaluation of the
above-mentioned choice between manageability and detail. How much do we lose by aggregation, and
what are the costs and benefits from more disaggregation. Important as this issue is, so far little
research has gone into.
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The AGGMULT model is the point of interface between the massive biological work at the
Institute of marine research (and to some extent at the university mileau in Tromsø), and the economic
model building at the Norwegian school of fisheries at the University of Tromsø. This establishment
of an area of cooperation between biologic and economic multi-species work may be the most
important aspect of the multi-species research program. Since management of marine resources has
both biological and economic aspects, the importance of establishing such a linkage between the two
research fields must be stressed.
The establishment of this linkage includes problems on a practical level, mainly concerning data
compatibility and data transmission. Quite a bit of work has gone into establishing compatibility
between the two areas of modelling. This process has now come to an end, thus a multi-species
biological model is now operational as input to the economic model ECONMULT, to which we shall
return later.
2.3. The system model
Apparently, the migrations of herring have a significant influence on the eco-system of the
Barents sea. Depending on climatic and oceanographic conditions, herring migrates in and out
between the Norwegian sea and the Barents sea. In the Barents sea, the predation of herring on capelin
larvae influences the development of the stock of capelin, and then, indirectly, the food supply for
cod. This, in turn, may be thought to influence the cannibalism among cod, and also the food supply
for marine mammals.
The collapse of the capelin stock in the middle of the 1980s and the beginning of the 1990s is
thought to be influenced by the wandering of herring into the Barents sea. These dramatic events, of
course, have had great effects on the fisheries in the Barents sea, and the down-stream effects of that.
These experiences have led to the construction of the so-called SYSTEM-MODEL for fisheries
in the Norwegian sea and the Barents sea. The model includes cod, herring and capelin.
This model, in terms of aggregation, lies somewhat between MULTSPEC and AGGMULT. It
includes a flexible way of disaggregation into length groups, and for area specification, only the
herring stock is divided into two areas - the Norwegian sea ant the Barents sea. This is made to try to
grasp the special influence of the position of the herring stock on the ecology of the Barents sea.
Moreover, many elements in the SYSTEM MODEL correspond to the similar elements in
MULTSPEC. Recruitment is dependent on temperature and on the size of spawning stocks.
Characteristic temperature variations are used exogenous in the model. Growth is dependent on stock
density and climatic factors. Predation is modelled by a predation matrix, which gives the probability
of predation for different combinations of predator and prey. These probabilities depend on
differences in length between the two.
As in the other models, the model runs are started from an initial stock situation. The
development in the model is governed by biological factors and fishing activity.
This model has been constructed with the specific purpose of explaining the dramatic changes in
the ecosystem of the Barents sea which have taken place. The model has been calibrated to simulate
the developments around 1985, and will be used to predict the recent collapse in the stock of capelin.
At present, this has not been made.
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2.4. Environmental factors behind the development of fish stocks
At the Institute of marine research, research on the role of climatic and other environmental
factors behind the development of fish stocks has been going on for many decades. Recent research in
this area has to some extent been linked to the national multi-species program. The purpose of this has
been to make results from this research operational as input to models mentioned above. The basic
content of this research has been to model the environmental factors relevant to the development of
fish stocks in the Barents sea. The basic elements in this are climatic and oceanographic factors,
temperature, currents etc. Such factors are assumed to govern the drift of larvae of different species,
migration of stocks and - of not least importance - the drift of different plankton species which
constitute the food supply for many fish species.
Ideally, a model of these aspects of the ecosystem of the Barents sea could be used as a generator
of input to multi-species fish models of the area. Such a model is not operational as yet, but it is a
stated goal that it will be established sometime in the future. At present such ecological input is made
exogenously on an ad hoc basis.
2.5. The Sea mammals program
Parallel to the multi-species program the then Norwegian council for fisheries research also
initiated a research program on marine mammals. Both programs are terminated at the end of 1994.
The purpose of the Sea mammals program may be said to have been twofold: In the first place, one
has been interested in the population dynamics and the size of the mammal stocks in the northern
areas. An important element in the program, thus, has been to estimate stock sizes by means of
"counting expeditions". Results of this estimation, of course, are relevant to the discussion of policy
regarding the exploitation of the stocks of sea mammals.
Generally speaking, disregarding the emotional elements involved in this issue, the discussion in
Norway has been centered around three questions:
− Are the stocks of sea mammals in fear of being extinguished?
− What is the importance of this industry in the Norwegian economy?
− What is the indirect effects of sea mammals in terms of predation on cod etc.?
On the first question there is some disagreement, but it seems that the fears have been
exaggerated. The second question can be answered simply: insignificant.
The third question indicates the second purpose of the Sea mammals research program. That is to
study the interaction of the mammals in the eco-system of the Barents sea. What is the extent of the
predation by mammals on other commercial fish stocks, and what is the economic aspects of this?
To assess this, one has to incorporate marine mammals in the system of fish stocks. This has
been done in the MULTSPEC model. But, as is seen from figure 1, mammals are in a side model
linked exogenously to MULTSPEC. The relation between mammals and MULTSPEC, so far, is only
in terms of predation. One can look at the role of mammals as treated as a single-species model with
an exogenous predation effect on the fish stocks. Included in this model are recruitment, growth,
catches and migration. As for predation, this is estimated on the basis of assumptions about the energy

382

consumption of the mammals, and distributed in relation to the stocks of different preys in different
areas.
3. Bio-economic research
It is evident that species interrelations of different forms will have important economic
implications. These implications may have many different forms. One group of fishers may harvest a
stock which is the predator of another stock, exploited by another group of fishers. Two groups of
fishers may exploit two stocks which compete for the same source of food. In a multi-species setting
quota decisions (including zero TACs) will obviously will have other distributional effects than what
would be the case in a single-species setting.
Multi-species economic management may be analysed either in terms of private or social
profitability. From a single-species point of view it may seem that relations between different groups
in the industry is a constant-sum game, while in a multi-species setting it may be more adequate
described as a cooperative game. Moreover, moving from a single-species to a multi-species approach
gives rise to new an more difficult management problems than before. In a single-species approach
economic considerations may be seen as corrections on biological conclusions, corrections which
must be made by introducing prices, costs and interests. An quota decisions and management may be
seen as administration of a constant-sum game. Extending the perspective to more species means that
in general overall optimisation will differ from what would be optimal managing a set of isolated
species. And furthermore, the multi-species perspective raises a number of new distributive issues.
3.1. The ECONMULT model
The cornerstone in the economic part of the Norwegian Multi-species management program is
the ECONMULT model, developed at The Norwegian school of fisheries at the University of Tromsø.
As in the case of the MULTSPEC model described above this is a rather general model which sums
up much of the economic multi-species research at that institution. It can also be used for different
purposes - scenario predictions, optimisation and as a test-bed for varying experiments.
The major link between the biological and economic elements in the Multi-species management
program, as indicated above is that between biological modelling and economic modelling. The
AGGMULT model described above has been explicitly constructed to bridge the gap between the two
areas of research. The aggregation of MULTSPEC into AGGMULT is necessary in order to keep the
integration between biology and economics manageable.
It may also be added that the ECONMULT model can use many systems of fish stocks as input.
Initiating the model is an initial set of stocks, measured by biomass. A number of practical problems
connected with the interface between biology and ECONMULT has to be solved in each case,
problems which are related to the statistics at hand.
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Model structure
The biological input data in ECONMULT are different stocks, measured by biomass. These
stocks may be further broken down by sub-stocks and by area. These input data determines the
initialisation of the model run.
The production side is described by a set of fleet groups, which, in principle, can harvest any
stock or sub-stock in any area. The availability of data may determine the actual interface between the
biological input and the fleet structure.
In the model there are incorporated alternative sets of decision variables:
− Number of vessels and number of active fishing days per period
− Number of vessels and vessel quota per period
− Number of active fishing days per period and vessel quotas per period
− Total quota per stock unit per period and number of active fishing days
− Total quota per stock unit per period and number of vessels.
These decision variables, thus, are a mixture of individual decisions variables and management
decisions by authorities. Different sets of decision variables may be chosen. Catches are assumed to
be determined by a Cobb-Douglas function with constant elasticities with regard to effort and stock
size.
Gross incomes are determined by catches and a price vector. This is specified for different
combinations of fishery (stock) and fleet group. The prices are either treated as constants of dependent
upon total catches of the given stock, i.e. by a demand function.
Costs are divided into fixed costs and variable costs, the latter being determined by the number
of active fishing days.
On this basis total revenue minus variable costs per vessel can be determined, and likewise, total
profit equals total revenue minus total costs. The former is the contribution to cover fixed costs. Of
course, both these indicators are relevant both in private decision making and also from a social point
of view.
Model runs
Figure 5 gives an example of possible output of running ECONMULT. This test run was made
by a simplified biology (MULTSIMP) including only cod and capelin stocks, where cod is a predator
on capelin. Nine test runs were made based on different assumptions on total activity in the two
fisheries. The model produces a number of different types of outputs, also some which are purely
biological, like the biomass history of the two species during the test period. To the catch history will
correspond a history of income, while cost data are based on constant effort.
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From an economic point of view the obvious way to sum up the economic history of the nine test
runs would be to calculate the present value of the stream of resource rent during the test period. This
is done in Figure 5. As is seen from the table there is a considerable variation in this performance
measure. These simulations may be taken as a very crude way to approximate some sort of optimal
solution.
Figure 5. Nine simulations with 27 years constant fishing effort, in number of vessels, and
outcome, in present value of resource rent, from 30 years of fishing.

Simulation
number

The cod
fisheries

The capelin
fisheries

1
2

as in 1990
as in 1989

3

as in 1990

4
5

as in 1989
as in 1990 + 50%

6
7
8
9

as in 1990 + 50%
as in 1990
as in 1990 + 50%
Nil

as in 1991
as in 1991
Purse seine as in 1991,
summer fishing
Purse seine as in 1991,
summer fishing
as in 1991 + 50%
Purse seine as in 1991
+ 50%, summer fishing
as in 1991 + 50%
Nil
as in 1991 + 50%

1989 present value of
resource rent
(billion N.kr.)
15.886 (3)
15.751 (4)
14.651 (5)
14.102 (6)
16.605 (1)
13.899 (7)
16.441 (2)
12.443 (8)
3.220 (9)

Possible use - Extensions
The model runs illustrated above are just an example of many uses of the model. In the
illustration simple assumptions are used. No stochastic are introduced to take care of the many
uncertain elements in the industry. It must also be said that ECONMULT raises difficult estimation
problems related to production functions, cost functions and revenue functions. These estimation
problems add to the estimation problems inherent in the biological input to ECONMULT. Thus, to
make the model and test runs realistic, much econometric work lies ahead. To take care of estimation
uncertainties, one may use sensitivity analyses in order to detect critical parameters.
Since ECONMULT to some extent can be viewed as a general framework for economic multispecies modelling, many uses of this framework can be done. The illustration above consists of
simple simulations in a two-species case. One may use the model more explicitly to establish
optimality conditions. Also one may detect equilibrium scenarios.
Another aspect of ECONMULT is that one may base runs both on private and/or social
decisions. Besides overall management decisions made by central authorities, one may also use the
model to predict outcomes from decentralised private decisions. To do this one has to put into the
model assumptions about the behaviour of the participants in the industry. This has not been made so
far.
A number of extensions of ECONMULT are possible. Since the fleet can be distributed
according to the home county of the owner, and by vessel size, it is possible to analyse regional and
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distributional effects of different scenarios or, in general, of different types of runs of the model. Work
along this lines are already under way.
As is seen above, ECONMULT covers only the harvesting side of the fishing industry.
Processing of fish of different species, and marketing, are spread out on a number of firms throughout
the whole country. In principle it is possible to link ECONMULT to a model of the processing
industry. Generally speaking, the economic outcome of the fishing industry can be seen as the
difference between the "last hand value" and the sum of all cost involved in harvesting, processing
and marketing. A complete economic analysis of the industry seen in this light, may give insight into
both the efficiency and the distributive aspects of the total industry. So far, little has been done from
this angle, and even less in a multi-species setting. Inherent in this problem area is also market
interrelations between different species, of which little is known so far.
In conclusion, ECONMULT is a pioneering effort in economic multi-species management.
Perhaps the most interesting feature of this work in relation to the national Multi-species management
program, is that it has established an interface between the massive biological work and economic
analyses. Both in the biological part and the economic part of the program many difficult estimation
problems remain to be solved. Modelling in both areas indicate where the need for data exist, and
furthermore, modelling is also a meeting ground between biologists and economists, which is not of
least importance.
4. Managerial research
Parallel to the biological and economic research in the national Multi-species management
program has gone research into questions of evaluation of management regimes. This work has to
some extent been inspired by similar work in the Scientific committee of the International whaling
commission (IWC). The work in the program has been carried out at the Norwegian computing center,
in cooperation with the Institute of marine research. Also, economists have been contributing to the
development of this research, and will probably do more so in the future.
4.1. Scenario Barents Sea
The SCENARIO BARENTS SEA project has the aim to develop a tool for evaluating fisheries
management regimes. As defined in the project, the scenario model consists of three elements:
− a simulation model
− a management procedure
− a set of performance indicators.
The simulation model in this case is a multi-species representation of the main elements of the
ecosystem of the Barents sea, and also its interaction with human activities like fishing and resource
surveying. The simulation model is to a great extent based on research at the Institute of marine
research, but may also be influenced by informed guesses and considerations from competent
researchers and administrators. The ingredients in the simulation model used so far, corresponds
similar ingredients in common fishery models, as far as recruitment, growth, predation and other types
of mortality are concerned. But the approach, as said above, allows for a great variety of assumptions
in these areas, suggested by partners in the program.
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Temperature is the only environmental factor introduced in the model so far. As in some other
models of this kind, variations in temperature are simulated by a sinus curve, i.e. in a regular pattern.
A unique feature of the simulation model is that both fishery and research surveys are introduced
directly in the model. Thus, assessment of stocks are formally based on results from these surveys.
Uncertainty in the estimates based on these surveys are modelled by probability distributions. Later
on, there are plans to develop behavioristic models to include overfishing, mis-reporting and
discarding.
The management procedure can take different forms, depending on the management regime at
hand. The present procedure in the Barents sea may be said to be based on single-species analyses of
the stocks of capelin, herring and cod. The only multi-species element is that capelin quotas are set to
keep the spawning stock of capelin at a given level, allowing for the probable predation on capelin by
the cod stock. At the outset, the properties of this management procedure are evaluated. Further on,
many different procedures will be analysed and held up against this and against each other.
Perhaps the most interesting feature of this project is the notion of performance measures.
Traditionally, biologists have based their evaluation of performance of a fishery in terms of MSY,
while economists have used the corresponding MEY as the performance indicator. This has generally
been done in a single-species setting. The SCENARIO BARENTS SEA, in principle opens up for an
variety of performance indicators. At the present stage only simple statistical measures based on the
biological output in the simulation models are tried out. These measures describe statistical properties
of yearly catches (variations over time, variations caused by natural variability in the system, etc.).
Later on statistical properties of economic indicators may be produced as output.
More generally, output from exercises of these types can give valuable information of use for
managers. Analysing one single management procedure, one may study the statistical robustness of
the procedure (in biological and economic terms), and try to detect the factors of most importance in
relation to robustness. Comparing the outcomes of different management procedures, it is interesting
to detect to what extent different statistical performance indicators converge or diverge between
different management procedures. These indicators may include measures of expectation, variance,
skewness, kurtosis etc. Given this information, on may formalise the managers decision problems on
the basis of economic utility theory under uncertainty.
Preliminary runs of the scenario models have been made, and have been compared to the present
regime. Taking account of the stochastic elements involved, a number of runs are made for each
scenario. It seems that the results in the model runs are not very different from what would be
expected in the present regime, in terms of the history of cod stock and catches of cod.
It must be stressed that the SCENARIO BARENTS SEA project is not completed when this is
written. Much work has to be done, which to some extent is indicated above. It seems however, that
the project has opened up a fruitful avenue of research, which will be pursued in the next years by the
Norwegian research council.
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4.2. Other managerial research
Biological and economic multi-species research can generally be said to produce scenarios,
decision rooms and optimality conditions. This gives rise to decisions on quotas and other regulations
of fisheries. In research in this area there is also room for research in the fields of public choice and
political science. This may supplement biological and economic research in many ways.
Such research may include conflict analysis, which is relevant both in a national and
international context, where fishers in a country or in different countries compete on the same
resources or indirectly through species interactions.
While biologist and economists are interested in setting "right" TACs and quotas, research in
these areas are concerned with the behaviour of individual actors, and groups as responses to such
decisions. One general consideration in this research is that the adherence to given decisions on quotas
etc. to a great extent depend upon the legitimity of the decisions, i.e. how they are accepted by the
actors in the industry. The legitimity may depend on many factors, not only on the scientific
foundation of the decisions. Among other factors, the degree of participation in the decision making
by the actors is assumed to play a role.
Related to this research, suggestions for different forms of self-management of resources have
been put forward. One cannot say that definitive evidence as to whether such systems are better than
central decision making exist today.
While biologists and economists can cooperate easily within the same model concepts, it has
been more difficult to integrate research in these areas into the Multi-species program. The main
reason for this is that quantitative methods are not so much used in these fields. But attempts at
measuring the efficiency of regulations in terms of adherence, and quantitatively seem to bet under
way.

5. Some concluding remarks
As is seen from the above survey, multi-species management in Norway - biological, economic
and otherwise - is in an early stage of development. Much work has still to be done in modelling, data
collection, estimation and establishing of decision and performance criteria. And research in this area
may be viewed as a long-term continuous process summing up the present knowledge in the relevant
fields at any point of time. Granted that models will never be "true" in a strict sense, the realistic aim
will be to make them better year by year.
Perhaps the most fruitful experience of the Norwegian multi-species management program has
been the realisation of an interface between biological and economic research. The key to this has
been modelling. Model concepts has been the area of contact and communication between the two
groups of researchers, indicating what the one could do for the other. While modelling in the sense
used here is common methodology among economists, there seems to be divergent views on this type
of modelling among biologists, and model philosophy seems to be absent within other relevant fields.
In principle, the aim of the research surveyed above, is to furnish the managers of marine
resources with background and tools for their decision making. At present, one may say that this task
is far from completed. On the other hand viewpoints and results from this research are actually used in
a less formal way by managers of Norwegian fisheries. This is the case in the management of cod and
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capelin in the Barents sea. Also, results from the research are influencing the Norwegian view of
whaling.
Finally, it must be added that main elements in the Multi-species management program are
carried further in a new national research program, established by the Norwegian research council.
The title of the new program is Management of marine resources.
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UNITED STATES: THE ECONOMICS OF BYCATCH AND BYCATCH MANAGEMENT
IN THE US EEZ GROUNDFISH FISHERIES OFF ALASKA
Joseph M. Terry
Alaska Fisheries Science Center
National Marine Fisheries Service
National Oceanic and Atmospheric Administration
Seattle, Washington
Introduction
A recent FAO report on bycatch (Alverson et al 1994) presents a provisional estimate of global
commercial fishery discards of 27 million metric tonnes (t) which is compared to the estimate of
target catch in commercial fisheries of 77 million t. Although the FAO report contains a number of
caveats concerning the accuracy of this estimate of discards, it is clear that discards and the other
components of bycatch account for a significant part of the total global fishing mortality in
commercial fisheries.
The FAO, OECD, other international organisations, national fishery management agencies,
environmental organisations, and the media are among those who have identified bycatch as an
important fishery management problem. In response to concerns about the levels of bycatch in the
Bering Sea/Aleutian Islands (BSAI) area and Gulf of Alaska (GOA) groundfish fisheries, the North
Pacific Fishery Management Council (NPFMC) has recommended and the Secretary of Commerce
has approved and implemented a variety of management actions that, in part, were intended to help
control the bycatch of Pacific halibut, crab, Pacific herring, and Pacific salmon in the groundfish
fisheries. Recently, the bycatch of groundfish in the groundfish fisheries and the bycatch of crab in
the BSAI area crab fisheries have also received increased attention. Of the 34 amendments to the
BSAI groundfish fishery management plan (FMP) that have been considered by the NPFMC since
1982, 13 addressed primarily bycatch issues and 9 additional amendments addressed some aspect of
bycatch management.
This report presents a conceptual framework that can be used to understand the nature and source
of the bycatch problem and to evaluate alternative management measures to control bycatch. The
framework is then used to evaluate the bycatch management measures that have been used to control
bycatch in groundfish fisheries within the US Exclusive Economic Zone (EEZ) off Alaska, with an
emphasis on the BSAI area fisheries. These are open-access fisheries in which quotas are used to
control total catch (i.e. retained and discarded catch) by groundfish species or species group.
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The nature and sources of the bycatch problem
The nature and source of the bycatch problem are explained by the answers to the following five
questions:
− What is bycatch?
− Why does bycatch occur?
− When is bycatch a problem?
− What is the appropriate level of bycatch?
− Why are there currently excessive levels of bycatch?
What is bycatch?
Bycatch, or more specifically bycatch mortality, is a consumptive use of living marine resources
which includes most of the components of total fishing mortality. The components of total fishing
mortality include: 1) the retained catch of the targeted species; 2) the retained catch of non targeted
species; 3) the discarded catch that does not survive; 4) mortality resulting from lost fishing gear (i.e.
ghost fishing); and 5) mortality resulting from other direct interactions between fish and fishers,
fishing vessels, or fishing gear. Often, it is difficult to obtain good estimates for the amount of
retained catch and it is even more difficult to generate good estimates for the other components of
fishing mortality. In addition, it is often difficult to differentiate between targeted and non targeted
species.
Bycatch mortality clearly includes the discarded catch that does not survive and excludes the
retained catch of the targeted species. Although there is no general agreement concerning whether
bycatch mortality should include the other three components of fishing mortality listed above, they are
included as bycatch in this report. Therefore, bycatch mortality is defined as the total fishing
mortality excluding that accounted for directly by the retained catch of the targeted species. The
components of fishing mortality included in this definition of bycatch are by-products of efforts to
catch specific fish that will be retained. That is, the objective of fishers is to catch and retain specific
groups of fish defined by species, size, quality, sex, or usability, but in doing so they also inflict
fishing mortality on other groups of fish.
With a narrower definition of bycatch, bycatch could be reduced without decreasing the fishing
mortality not accounted for by the retained catch of the targeted species. That is, one of the byproduct components of fishing mortality might simply be replaced by another. The distinction is
made between bycatch and bycatch mortality because not all of the former results in fishing mortality.
This distinction is important in that it identifies reductions in the handling or discard mortality rates as
a potential method of reducing discards as a source of fishing mortality. This distinction is made for
the halibut bycatch limits that are used in the BSAI area and GOA groundfish fisheries. The limits,
which are in terms of estimated bycatch mortality, have resulted in effective efforts to decrease both
incidental catch rates and discard mortality rates. From here on, bycatch mortality will be referred to
simply as bycatch.
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Why does bycatch occur?
Bycatch occurs because fishing methods are not perfectly selective and because fishers often
have a sufficient incentive to catch more fish than will be retained. Although some methods of
fishing are more selective than others, there are few examples of methods that are perfectly selective
for species, size, quality, or sex. An incentive exists to catch more fish than will be retained if the
fisher's cost of the additional catch is less than the expected benefit and the latter depends on the
probability that the catch will be retained.
When is bycatch a problem?
When fish are taken as bycatch in a specific fishing operation and fishery, other uses of those fish
are precluded. The alternative uses of fish include: 1) retained target catch by that fishing operation;
2) catch and bycatch in the same commercial fishery but by another fishing operation; 3) catch and
bycatch in another commercial fishery; 4) catch and bycatch in subsistence and recreational fisheries;
5) contributions to the stock and other components of the ecosystem; and 6) non consumptive uses.
The value to the nation of a specific use of fish is determined by the net benefit of that use and
the intra-temporal and inter-temporal distribution of the net benefit. The net benefit of a use is the
difference between the value of the outputs from that use and the value of all the inputs associated
with that use. The inputs used in a commercial fishery include fish taken as target catch and bycatch;
other living marine resources; the fishing vessels, gear, and bait used in harvesting; the plants or
vessels, equipment, and materials used for processing; the fuel and labour used throughout the
production process; and all the inputs used to manage the commercial fishery. The cost of each input
should be measured in terms of its opportunity cost which is its value in its highest valued alternative
use.
Bycatch is a problem if it precludes higher valued uses of fish and if the cost of reducing bycatch
is significant. If the former condition is not met, there is not a better use of the fish taken as bycatch;
therefore, the bycatch is not excessive. If the latter condition is not met and if higher-valued uses
exist, the solution to the problem is trivial, all bycatch would be eliminated at an insignificant cost.
Bycatch can also be a problem in that it can increase the difficulty of estimating and controlling total
fishing mortality.
What is the appropriate level of bycatch?
Basically, it makes sense to reduce bycatch in a cost-effective manner to the level at which
further reductions would increase costs more than benefits. Both costs and benefits should be defined
broadly from the nation's perspective to include those that accrue to direct and indirect participants in
the fishery as well as to other members of society. Those who harvest or process fish, those who
provide support services to the harvesting and processing sectors of the fishing industry, and
consumers of the fishery products are examples of direct and indirect participants in the fishery and of
other members of society, respectively. "Cost-effective" refers to the lowest cost method of achieving
a given reduction in the level of bycatch.
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The marginal benefit and marginal cost curves in Figure 1 present graphically the concept of the
optimum level of bycatch. The marginal benefit and cost curves, respectively, depict the benefit and
cost of reducing bycatch by one unit for a given level of bycatch. For example, when the level of
bycatch is 5 000 units, the marginal cost is about US$15 and the marginal benefit is about US$4. One
unit would be one fish if bycatch is measured in the number of fish taken as bycatch or one unit would
be 1 metric ton if bycatch is measured in metric tonnes. For the Alaska groundfish fisheries, salmon
and crab bycatch is measured in numbers of salmon and crab, respectively, but halibut, herring, and
groundfish bycatch is measured by weight, usually in metric tonnes or kilograms.
The following two definitions can be used to ensure that each change in benefits and costs is
accounted for in either the marginal benefit or marginal cost curve but not in both. First, marginal
benefit equals the sum of the increases in benefits and the decreases in costs of a reduction in bycatch.
Second, marginal cost equals the sum of the increases in costs and decreases in benefits of a reduction
in bycatch. Other definitions can be used to assure that all benefits and costs are accounted for once,
but only once, without changing the conclusions presented below.
Given these two definitions, marginal benefit includes the decrease in the total opportunity cost
of using fish as bycatch, the decrease in the cost of sorting the catch, and any other decrease in fishing
costs. Marginal cost includes the increase in fishing costs and the decrease in benefits from any
reduction in retained catch.
The marginal benefit is expected to increase, but not necessarily steadily, as bycatch increases.
At very low levels of bycatch, most of the fishing mortality of the species taken as bycatch is
accounted for by other uses and the values of some of the other uses probably are quite low; therefore,
the opportunity cost of bycatch and the marginal benefit of reducing bycatch are low. However, at
very high levels of bycatch, much of the fishing mortality is accounted for by bycatch and the lower
valued uses would have been eliminated; therefore, the opportunity cost of bycatch and the marginal
benefit of reducing bycatch are high.
The opposite trend is expected for marginal cost; that is, the marginal cost is expect to decrease,
but again not necessarily steadily, as bycatch increases. When there are high levels of bycatch and
little has been done to control bycatch, there are probably some simple and low-cost actions that can
be taken to reduce bycatch. However, eventually, increasingly difficult and costly methods would be
necessary and often very costly methods would be required to eliminate the last few units of bycatch.
If the marginal benefit and cost curves include all the benefits and costs to the Nation, the
optimum level of bycatch, in terms of total net benefits, is the level at which marginal cost and
marginal benefit are equal. In the hypothetical example depicted in Figure 1, marginal cost and
marginal benefit both equal US$10 when bycatch equals 10 000 units. At lower levels of bycatch, the
marginal cost of reducing bycatch is greater than US$10 and the marginal benefit is less than US$10;
therefore, reducing bycatch below 10 000 units would decrease net benefit. However, at higher levels
of bycatch, the marginal cost is less than US$10 and the marginal benefit is greater than US$10;
therefore, net benefit would be increased by decreasing bycatch.
The implications of not using cost-effective methods of controlling bycatch are depicted in
Figure 2. Curves MC1 and MC2 in Figure 2, respectively, are the marginal cost curves when costeffective methods are and are not used. In this example, the optimum level of bycatch is 10 000 units
when the cost-effective methods are used, but it is 15 000 units when they are not used.
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Why are there currently excessive levels of bycatch?
A common response to this question is that greed or lack of concern by the fishers results in
excessive bycatch. Perhaps a more productive response is that excessive bycatch is but one symptom
of flawed fisheries management which substantially reduces the net benefits generated by the
commercial fisheries.
More specifically, excessive bycatch is the result of the following set of circumstances: 1) the
level of bycatch and the methods used to reduce bycatch are determined by individual fishers in
response to a variety of incentives and constraints that reflect the economic, social, regulatory,
biological, and physical environments in which they operate; 2) an individual fisher will tend to
control bycatch to the point at which further changes would increase his cost more than his benefit; 3)
a fisher will define cost-effective methods of reducing bycatch in terms of the costs he pays; 4) the
fisher's benefit from reducing his bycatch is less than society's; and 5) in an open-access fishery for
which there is a quota, the fisher's cost of reducing his bycatch is greater than society's. These
circumstances result in an individual fisher making inadequate and non cost-effective efforts to
control bycatch. Basically, due to the existence of external benefits and costs, individual fishers
receive the wrong signals or incentives and make the wrong decisions from society's perspective as
well as from the perspective of the fishers as a group. There are external benefits (costs) when there
are differences between the benefits (costs) to the fisher and to society as a whole associated with an
action taken by a fisher.
This set of circumstances and the results are depicted by curves MBF, MBS, MCF and MCS in
Figure 3, which are, respectively, the marginal benefit curves for a fisher and for society at large
including the fisher and the corresponding marginal cost curves. In this case, the marginal cost and
benefit are for a one unit reduction in bycatch by a specific fisher or fishing operation.
The MBS curve includes the reduction in the opportunity cost of using fish as bycatch and the
decrease in sorting costs for the fisher. However, because the fisher does not pay the opportunity cost
of the bycatch, the opportunity cost of bycatch is an external cost and the MBS curve is above the
MBF curve.
In an open-access fishery with a catch quota, the MCF curve is above the MCS curve due to the
external cost caused by the race for fish. This externality exists because, although the cost to the
fisher includes a reduction in his catch if his attempts to reduce bycatch decrease his rate of harvest
relative to that of the rest of the fleet, the reduction in the fisher's catch is not a cost to society. For
the fleet as a whole, there is a redistribution of catch among fishers, not a reduction in catch. This
externality also results in a fisher selecting methods to control bycatch that are not cost-effective from
society's perspective. The externality does this by creating a bias in favour of methods that do not
decrease a fisher's catch. As a result of non cost-effective methods being used by fishers to reduce
bycatch, the MCS curve is higher than it would otherwise be.
From the fisher's perspective, it makes sense to control bycatch to the level at which the MBF
and MCF curves intersect. For the hypothetical example depicted in Figure 3, the MBF and MCF
curves intersect when bycatch for this one fishing operation is about 285 units. However, the MBS
and MCS curves intersect when bycatch is 150 units. Therefore, in this example, the optimum level
to the fisher exceeds the optimum level to society by 135 units and it is the optimum level to the
fisher that determines what bycatch will be. In addition, the fisher's use of non cost-effective methods
to decrease bycatch results in the MCS curve being unnecessarily high. Therefore, had cost-effective
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methods been used, the optimum level of bycatch for this fisher from society's perspective would have
been less than 150 units.
Although the concept of the optimum level of bycatch as presented above is quite simple, it is
generally not possible to estimate the optimum level of bycatch for each species and fishing operation.
The problem is not being able to identify and quantify adequately all the benefits and costs of
decreasing bycatch.
An important part of the benefit of decreasing bycatch is the value of increasing the amount of
fish that can be used for other purposes. As noted above, the alternative uses include: 1) catch in
another commercial fishery; 2) catch in subsistence and recreational fisheries; 3) contributions to the
stock and other sectors of the ecosystem, some of which are non consumptive uses; and 4) other non
consumptive uses. The value of the fourth alternative could include existence and option values and
the value of the first alternative often is the least difficult to estimate adequately.
Fortunately, many of the species that are the focus of concern are taken as target catch in
commercial fisheries. If it is determined that the use of a specific species as retained catch is an
appropriate use of fish of that species, there is an implicit determination that the marginal value of that
use is at least as high as that of any non commercial fishery use. If this were not the case, that use
would not be appropriate and it should be eliminated. Therefore, the opportunity cost of using such a
species as bycatch is at most the foregone net value of the use that was determined to be appropriate.
For living marine resources that are not used commercially but that are inputs for a fishery,
opportunity costs would have to be estimated based on their expected values in other uses such as
their contribution to the value of the ecosystem. Such valuations are difficult. The marginal
contribution can be positive or negative and we may not know which it is, much less its magnitude,
without a substantially increased understanding of the ecosystem. Information on the magnitude of
bycatch relative to the biomass of such species may indicate whether bycatch is expected to have a
significant effect on the contribution of such species to the value of the ecosystem. The determination
of the opportunity cost of using these non commercial species can be important when different
management policies are expected to result in significantly different levels of use of these resources
(inputs).
The cost of decreasing bycatch can be equally difficult to predict accurately. The range,
effectiveness, and cost of changes in fishing strategies that would decrease bycatch generally are not
known by the fishery management decision makers. Part of the uncertainty concerning the cost of
reducing the bycatch of one species occurs because bycatch is a multi-species problem in which
actions to reduce the bycatch of one species often increase the bycatch of other species. Another
source of uncertainty is that some methods reduce the more readily observed components of bycatch
but increase other components. For example, the use of larger mesh decreases the amount of small
fish that are brought aboard the fishing vessel and subsequently discarded; however, it increases the
number of small fish that are subject to mesh escapement mortality. In a worst case scenario, there
would no reduction in the actual bycatch (i.e. fishing mortality) of small fish.
The difficulty in estimating the benefits and costs of reducing bycatch does not eliminate the
usefulness of the conceptual framework in evaluating alternative bycatch management measures. As
is demonstrated in the following section, the framework can be used to address two important issues.
They are: 1) will the management measure tend to eliminate the externalities which are the source of
the problem? and 2) is the information necessary for the effective and efficient implementation of a
measure expected to be available to fishery managers?
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Partial evaluation of bycatch management measures used or being considered for use in the
BSAI groundfish fishery
A large number of management measures have been used principally or in part to control bycatch
in the Bering Sea/Aleutian Islands (BSAI) area groundfish fishery. The measures include:
1) prohibitions on the retention of specific non groundfish species which are referred to as prohibited
species; 2) time and area closures and seasonal apportionments of groundfish quotas; 3) gear
restrictions; 4) groundfish quota allocations by gear type; 5) reductions in groundfish quotas;
6) extensive at-sea and on-shore observer programs to monitor bycatch; 7) extensive requirements for
reporting catch and product utilisation; 8) bycatch limits by fishery for some prohibited species; 9) a
vessel incentive program (VIP) with civil penalties for fishing vessels that exceed established bycatch
rates for Pacific halibut or red king crab; 10) a community development quota (CDQ) program for
walleye pollock; 11) an industry-sponsored voluntary program to fund Pacific salmon bycatch
research: 12) required retention of Pacific salmon bycatch until counted by an observer; 13) an
industry-sponsored voluntary program that facilitates the retention of bycatch salmon for food banks;
14) individual transferable quota (ITQ) management for the fixed-gear Pacific halibut and sablefish
fisheries; 15) target fishery definitions; and 16) careful release regulations for longline fisheries. Most
of these measures have also been used in the Gulf of Alaska groundfish fishery.
The additional measures that are being considered include: 1) a harvest priority program that
would reserve part of the groundfish quotas or seasons for vessels that meet specific bycatch
standards; 2) regulations that would both prohibit at-sea discards of the major groundfish species and
limit the percentage of the catch that is not used to produce products for human consumption;
3) individual transferable bycatch quotas; 4) multi-species ITQ management in which groundfish and
non groundfish quotas would be monitored in terms of total catch, not simply retained catch;
5) methods to decrease the time between capture and release of Pacific halibut in groundfish trawl
fisheries; and 6) the expansion of the community development quota program to all BSAI groundfish
and crab fisheries.
Two important differences among these bycatch management measures are the general method
used to change the decisions of fishers and the amount of information fishery managers need for the
effective and efficient implementation of a management measure. The two general methods are: 1) to
decrease the externalities that result in individual fishers making the wrong decisions and 2) to limit
the options of each fisher by telling each fisher how to control bycatch. Some bycatch management
measures are used in support of both of these two general methods of changing the bycatch decisions
of fishers. They include reporting requirements, on-shore and at-sea observer programs, and other
monitoring and enforcement programs. The information requirements range between: 1) adequate
estimates of the opportunity cost of using fish as bycatch, which require adequate estimates of both
the actual level of bycatch and the opportunity cost per unit of bycatch and 2) adequate estimates of
all the benefits and costs of each method of decreasing bycatch for each species and each fishing
operation.
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Measures that decrease the externalities
There are a variety of bycatch management measures that attempt to improve the bycatch
decisions made by individual fishers by reducing the externalities that result in fishers making
decisions that are not optimum from society's perspective. The expected effects of these types of
measures, through their effects on MBF, MBS, MCF, and/or MCS, are discussed below.
The vessel incentive program (VIP), which includes civil penalties for fishing vessels that exceed
an established bycatch rate for either halibut or red king crab increases the marginal benefit of
reducing bycatch for a fisher with a bycatch rate that exceeds the established rate. Therefore, such a
fisher would tend to decrease his bycatch. Unfortunately, the process required to impose such
penalties on a fisher has been so cumbersome, time consuming, and costly that the expectation of
being subject to such a penalty is quite low. Therefore, the program probably has not provided a
sufficient individual incentive to eliminate the difference between MBS and MBF for halibut and red
king crab. Another problem is that the program actually provides an incentive not to decrease or to
increase the bycatch of groundfish because the monthly bycatch rate standards are defined by target
fishery in terms of total groundfish catch and because the target fisheries are defined in terms of the
species composition of retained groundfish catch. For example, a fisher has a decreased incentive to
use a larger trawl mesh size to decreased his bycatch of small groundfish because, all else being
constant, his halibut bycatch rate would increase. Similarly, a fisher who needs to reduce his halibut
bycatch rate has an incentive to target briefly on a groundfish species not associated with halibut and
discard much of the resulting catch. The discarding is necessary in this case to prevent the vessel
from appearing to be in a target fishery with a lower halibut bycatch rate standard.
The community development quota (CDQ) program for the BSAI pollock fishery allocates
7.5 per cent of the BSAI pollock quota to six groups of predominantly native coastal communities in
Western Alaska. Annually, each CDQ group has sold the right to take its pollock quota to an existing
fishing company. The use of the pollock CDQs is monitored in terms of total pollock catch, not just
retained catch. Total catch is estimated using at-sea observers. As a result of this CDQ program, each
fishing company participating in the CDQ pollock fishery pays for the right to harvest a given amount
of pollock and each such company is relatively free to chose when and how to harvest that amount of
pollock. Due to the former, each company has an increased incentive to avoid the bycatch of small
pollock that normally are discarded or used only for meal. Due to the latter, the externality caused by
the race for fish is eliminated; therefore, the divergence between MCF and MCS is reduced or
eliminated, as is the associated bias in favour of using methods to reduce bycatch that are not costeffective. A preliminary comparison of the open-access and CDQ pollock fisheries supports these
expectations (Lind and Terry 1995).
The industry sponsored voluntary program to fund salmon bycatch research by imposing a fee
per unit of salmon bycatch increases the marginal benefit to a fisher of decreasing salmon bycatch. In
addition, the research that the fees will fund to determine the factors that affect salmon bycatch rates
and to determine the origins of the salmon taken as bycatch, respectively, are expected to identify
lower cost methods of reducing salmon bycatch and to provide better estimates of the marginal benefit
of reducing bycatch.
The industry sponsored voluntary program that encourages the retention of bycatch salmon for
food banks will tend to decrease the difference between the optimum level of salmon bycatch from the
perspectives of the fisher and society. MBF is increased due to the salmon processing and handling
costs this program imposes on those who take salmon as bycatch. Also MCS is increased because the
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salmon that are taken as bycatch and provided to the food banks are of value in that use. However,
because salmon is a relatively high priced food, the benefit to the food banks and their customers
might be greater if the salmon were sold and the proceeds were given to the food banks.
Individual transferable quota (ITQ) management for the fixed gear halibut and sablefish fisheries,
which was implemented in March 1995, is expected to address much of the halibut bycatch problem
in the fixed gear sablefish fishery for the following reasons. The externality associated with the race
for fish will be eliminated; therefore, the divergence between MCF and MCS will be decreased as will
the bias in favour of methods of reducing bycatch that are not cost-effective. Fishers who take halibut
as bycatch will be able to retain the halibut of legal size if they have halibut ITQ; therefore, the
difference between MBF and MBS is decreased. The cost to the fisher and society of controlling
halibut bycatch will be decreased. Finally, the ITQ program provides a mechanism for a more
efficient allocation of halibut between fixed gear fishers who target on halibut and those who target
primarily on groundfish and in doing so it diminishes the need to differentiate between these two
groups of fishers. The second and last types of benefits are also expected in other fixed gear
groundfish fisheries in which halibut is taken as bycatch. The ITQ program increase both MBF and
MCF for lower priced halibut in the halibut fishery, the net effect on the discards of such halibut is
ambiguous. The same is true for lower priced sablefish in the fixed gear sablefish fishery.
The harvest priority programs being considered by the Council would reserve part of the
groundfish quotas or seasons for vessels that met specific bycatch standards the previous season or
year. Such a program would increase MBF. However, because much of the benefit received by a
fisher who received the priority access would be at the expense of other fisher, this program would
tend to replace one set of externalities with another. Therefore, the expected direction of change in
net benefits is ambiguous.
In the early 1980s, bycatch limits for some prohibited species were established for the foreign
groundfish fisheries in the US EEZ off Alaska. Later, prohibited species bycatch limits were
established for the joint venture fisheries; these were fisheries in which US catcher boats delivered
their catch directly to foreign processing vessels. These bycatch quotas were effective in increasing
MBF. In the case of the foreign fleets, this occurred when the bycatch quotas that were issued by
country were subsequently apportioned to sub-components of a country's fleet and to individual
vessels. In the joint venture fisheries, this occurred when there were few enough joint venture
companies that a voluntary program was successful. The joint venture companies participating in the
yellowfin sole fishery agreed to monitor the bycatch of individual catcher boats, to establish bycatch
rate guidelines, and to send a vessel to the beach for a few days if it did not meet the guidelines. This
imposed a substantial cost in terms of lost fishing time and catch for a vessel that did not meet the
guidelines. As is discussed below, the use of fishery-wide bycatch quotas did not have the same
effects when they were applied to the domestic groundfish fisheries.
Retention and utilisation requirements are being considered by the Council. By increasing the
cost of dealing with catch that would otherwise be discarded, such requirements would increase the
marginal benefit to a fisher of decreasing the bycatch of such fish.
If the aggregate bycatch quotas constrains groundfish catch, individual transferable bycatch
quotas will have a positive price and, therefore, would tend to increase MBF.
Multi-species ITQ management in which quotas would be monitored in terms of total catch, not
simply retained catch, would eliminate the externality resulting from the race for fish and it would
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tend to eliminate the difference between MBF and MBS if the opportunity cost of bycatch is the
foregone net value in other commercial fisheries.
Measures that limit the options of fishers
Seven types of bycatch management measures that are intended to improve the bycatch decisions
made by individual fishers principally by limiting the bycatch decisions fishers can make have been
used in the BSAI groundfish fishery. Each is discussed below.
Time and area closures and seasonal apportionments of quotas can be used to prevent fishers
from fishing during periods of the year and in areas in which bycatch rates are expected to be higher.
Basically, fishers are told that they will decrease bycatch by making specific changes in the temporal
and spatial distributions of their catch.
Gear restrictions can be used to prevent fishers from using specific forms of a type of gear that
are expected to result in higher bycatch rates. Examples include mesh size regulations, biodegradable
panels for pot gear, and separate definitions for bottom trawls and pelagic trawls.
Bycatch rates can be one of the criteria for establishing an allocation of a quota among different
gear groups. Sablefish and Pacific cod are the only two groundfish quotas for which there are gearspecific sub-quotas. One of the justifications for establishing the sub-quotas for Pacific cod and for
having the fixed gear sub-quota exceed the proportion of catch taken historically with fixed gear was
that the fixed gear cod fishery had a lower halibut bycatch rate than the trawl cod fishery. In effect,
cod fishers were told that they will decrease their halibut bycatch by using fixed gear more and trawl
gear less.
The expectation of high bycatch rates for vessels targeting on some groundfish species has
resulted in lower quotas for those species. This is part of the reason that the ratio of the quota to the
acceptable biological catch (ABC) is substantially lower for each of the flatfish species groups than it
is for pollock, Pacific cod, sablefish, or rockfish. Basically, groundfish fishers are told that they will
control their bycatch by catching less of some groundfish target species.
When bycatch limits by fishery for some non groundfish species were extended to the domestic
groundfish fisheries, the bycatch limits were often reached and fisheries were closed before the quota
for the target species had been taken. Therefore, this was in effect a reduction in the quota for the
target species. Fishers, at least in part, were forced to decrease their bycatch by decreasing their catch
of the target species. This decreased bycatch but often at a disproportionately high cost in terms of
foregone groundfish catch. The bycatch limits did not provide sufficient incentives for individual
fishing operations to decrease bycatch rates to the levels that would allow the target species quotas to
be taken fully. The problem is that, although it might have been in the interest of the fleet as a whole
to decrease bycatch rates, it was not in the best interest of individual vessels to do so sufficiently to
allow the groundfish quota to be taken.
The prohibitions on the retention of specific species eliminates the incentive a fisher might
otherwise have to target on a species which is for some reason reserved primarily for other uses.
Crab, halibut, herring, and with one exception salmon are prohibited species in the groundfish fishery.
The exception is that salmon bycatch can be retained for use only by food banks. During the fishing
season, a groundfish species may become a prohibited species once the catch of that species equals its
ABC. This prohibition eliminates any increase in MCF and MCS that would have occurred if
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retaining the bycatch would have been of value to the fisher. Therefore, with this prohibition, both
MCF and MCS are less than they would otherwise be and the optimum level of bycatch is decreased
from the perspectives of society and the fisher without necessarily decreasing any externalities. This
measure limits the decisions a fisher can make with respect to bycatch by prohibiting fishers from
addressing the bycatch problem by increasing the value of specific species that are taken as bycatch in
the groundfish fishery.
Target fishery definitions limit the percent of retained catch that can be accounted for by a
specific species when the fishery for that species is closed. A fishery may be closed due to seasonal
closures that are specific to that target fishery or it may be closed once its target or prohibited species
bycatch quota is taken. Most groundfish species are taken as target catch in one or more fisheries and
as bycatch in other groundfish fisheries. Therefore, part of the overall quota for each species is
reserved to be taken as bycatch if the fisheries that take that species as bycatch are expected to be open
after the closure of the target fisheries for that species. The target fishery definitions are intended to
allow bycatch to be retained without providing an incentive for fishers to actually target on a species
for which the target fisheries are closed. Due to the difficulty in differentiating between bycatch and
target catch, it has been very difficult to meet both objectives. Therefore, at times the target fishery
definitions have required fishers to discard fish they would have preferred to retain and at other times
fishers have been able to target on the bycatch species during part of a trip. The latter is referred to as
"topping off".
Information Requirements
With adequate information, fishery managers could use any of the methods discussed above to
increase the value of the BSAI groundfish fishery to the Nation. However, given the adequacy of the
information that is expected to be available, there are substantial differences among these measures in
terms of the probability that their implementation would increase rather than decrease the value of the
fishery, where the value is determined by the magnitude and distribution of the net benefit from the
fishery and where both the intra-temporal and inter-temporal components of the distribution are
considered. The reason for this is that the information requirements that will tend to ensure that the
use of a specific measure would increase the value of the fishery vary substantially by measure.
The types of management measures that attempt to change the bycatch decisions of fishers by
limiting the choices available to them tend to have very high information requirements with respect to
determining the specifics for the measure but lower monitoring and enforcement information
requirements. For example, in order to determine the time/area closures that would decrease halibut
bycatch and increase the value of the fishery to the Nation, fishery managers would need to know the
following: 1) the effects of a specific time/area closure on the bycatch of halibut and other species;
2) its effects on fishing costs and catch; and 3) the value of each such effect. At-sea observers
probably would be required to estimate bycatch rates by time and area both to determine the expected
effects on bycatch and to determine when or if it would be useful to change the time/area closures in
response to changing conditions in the fishery. However, estimates of bycatch by fishing operation
would not be required and adequate enforcement of the time/area closures could be accomplished with
visual or electronic surveillance without having at-sea observers.
Substantially more information would be required to select cost-effective time/area closures.
Specifically, information would be necessary on the cost and effectiveness of each method that each
fisher could use to decrease his halibut bycatch. An additional problem is that the optimum time/area
closures would be expected to vary among fishers. Therefore, if one set of compromise time/areas
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closures is established for all fishers, it probably would not be cost-effective. These problems are
shared by the other bycatch management measures that limit the bycatch decisions a fisher can make.
There are two principal advantages of bycatch management measures that attempt to improve on
the bycatch decisions made by fishers by reducing the externalities that cause fishers to make the
wrong decisions to begin with. First, they make use of the knowledge and ingenuity of fishers to
decrease bycatch efficiently instead of assuming that fishery managers know to what extent and how
each fishing operation should reduce its bycatch of each species. Second, they can continue to
produce net benefits and to be cost-effective when fishery conditions and the optimum levels of
bycatch change. The four principal disadvantages of such measures are: 1) they require much better
estimates of bycatch by fishing operation and such estimates are difficult and expensive to obtain;
2) the enforcement costs tend to be higher; 3) by providing fishers an increased incentive to have
bycatch underestimated, they can increase the difficulty of estimating and controlling total fishing
mortality; and 4) the transaction costs can be high.
At-sea observers probably are required to provide adequate estimates of catch and bycatch by
fishing operation, particularly when each fishing operation has an incentive to have its bycatch
underestimated. However, because at-sea observers are also required both to design other measures,
such as time/area closures, and to modify them appropriately when fishery conditions change, the
incremental cost of providing adequate estimates by fishing operation, and not the total cost of an
observer program, should be considered in evaluating the relative merits of these two general methods
of managing bycatch. The additional enforcement costs include: 1) part of the additional cost for atsea observers and 2) all other additional costs to assure adequate compliance. To some extent, the
additional transaction, monitoring, and enforcement costs would be offset by reductions in other
management costs and in the cost to the industry of an uncertain regulatory regime. By treating the
source of the problem rather than its the symptoms, the need for continuous regulatory adjustments in
response to changing symptoms is reduced substantially if not eliminated.
Among the types of measures that rely on decreasing the externalities, there are differences in the
information requirements for fishery managers. For example, if the external cost of halibut bycatch is
principally associated with the foregone catch in the halibut fishery, if there were ITQs for halibut that
could be used by halibut and groundfish fishers as well as ITQs for groundfish species, and if the
catch by halibut fishers and halibut bycatch and groundfish catch by groundfish fishers were
monitored adequately, the price per unit of halibut ITQ would internalise what had been an external
cost. In this case, the problem of bycatch would be eliminated without the fishery managers knowing
either the costs or the benefits of decreasing halibut bycatch. The difference between MBF and MBS
would be eliminated by the halibut ITQs required to take halibut as bycatch; and the externality
associated with the race for fish would be eliminated through the use of ITQs for all species taken as
catch or bycatch in the groundfish fishery. The latter would eliminate the difference between MCF
and MCS and the unnecessarily high MCS that resulted from the use of methods of decreasing halibut
bycatch that are not cost-effective.

403

Conclusions
The conceptual framework presented above addressed the source and nature of the bycatch
problem and it was demonstrated that the framework can be used to evaluate alternative bycatch
management measures even when accurate estimates of all costs and benefits are not feasible. Such
an evaluation can consider the following: 1) the expected effects of a management measure on the
external benefits and costs that result in fishers making the wrong decisions concerning bycatch from
society's perspective and 2) the information fishery managers need to design and implement a measure
that will tend to benefit the Nation.
Based on this conceptual framework, the following conclusions were reached: 1) for society, the
optimum level of bycatch is not zero unless the benefit of eliminating the last unit of bycatch equals
or exceeds the cost; 2) the level of bycatch and the methods used to reduce bycatch are determined by
individual fishers in response to a variety of incentives and constraints that reflect the economic,
social, regulatory, biological, and physical environments in which they operate; 3) individual fishers
make the wrong decisions concerning bycatch because they do not pay individually the opportunity
cost of using fish as bycatch and because the race for fish in an open-access fishery increases the cost
of decreasing bycatch and distorts their choice of methods to reduce bycatch; 4) the decisions of
fishers can be improved by decreasing the externalities or by limiting the choices they can make;
5) physical measures of bycatch are of limited use in comparing the magnitude of the bycatch problem
among fisheries because neither the benefit nor the cost of reducing bycatch is the same for all species
or even for all fish of the same species; 6) bycatch is a multi-species problem because actions to
decrease the bycatch of one species can increase or decrease the bycatch of other species and because
the bycatch of one species can affect the status of other species through predator, prey, or other
biological interactions; 7) it is highly unlikely that the use of management measures that limit the
choices of fishers rather than eliminate the externalities will result in cost-effective reductions in
bycatch to the optimum levels unless adequate bycatch monitoring for individual fishing operations is
prohibitively expensive; and 8) typically, waste cannot be defined meaningfully in terms of the use of
one input.
Management measures that eliminate or decrease the externalities that are the source of the
bycatch problem have several potential advantages. With respect to determining the specifics for the
measures, these measures often have lower information requirements for fishery managers. In fact,
such measures may provide information that is required by fishery managers. These measures also
provide increased incentives for fishers to use their knowledge and ingenuity to decrease bycatch
effectively and efficiently. These measures tend to encourage technological improvements. Finally,
these measures can decrease the need for ongoing regulatory changes when fishery conditions and
optimum levels of bycatch change. Unfortunately, monitoring, enforcement and transaction costs, as
well as the difficulty of estimating and controlling total fishing mortality may be substantially greater
for a management measure that attempts to eliminate the external benefit and cost of reducing bycatch
than for a measure that limits the bycatch choices of fishers.
A careful evaluation of the trade-offs between these two types of measures is required to identify
the appropriate mix of bycatch management measures for a particular fishery. In making such an
evaluation, it should be recognised that the bycatch problem and many other management problems
have a common source and, therefore, the benefit of reducing the bycatch problem could include the
benefit of reducing several other management problems. The common sources of these problems is
that individual fishers do not pay the opportunity cost of the fish and other living marine resources
they use. In evaluating alternative bycatch management measures, it is also important to recognise
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that, in the fishery management decision-making process, the effects on the distribution of net benefits
can be at least as important as the effects on the magnitude of net benefits. However, failure to
consider the conclusions drawn from this conceptual framework can result in unnecessarily large
decreases in net benefits to achieve specific distribution objectives.
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Figure 1. The marginal benefit and marginal cost of reducing bycatch and the
optimum level of bycatch.
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Figure 2. The marginal benefit, marginal cost of reducing bycatch with cost-effective methods
(MC1), marginal cost of reducing bycatch without cost-effective methods (MC2), and the
optimum levels of bycatch with and without cost-effective methods of reducing bycatch.
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Figure 3. The marginal benefit to the fisher (MBF), marginal benefit to society
including the fisher (MBS), marginal cost to the fisher (MCF), marginal cost to
society (MCS) of reducing bycatch, and the optimum levels of bycatch, respectively, for the
fisher and for society.
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UNITED STATES: AREAS IN WHICH INTERNATIONAL CO-ORDINATION AND COOPERATION ARE NECESSARY FOR THE EFFECTIVE MANAGEMENT OF LIVING
MARINE RESOURCES: STATING THE OBVIOUS
Joseph M. Terry
Alaska Fisheries Science Center
National Marine Fisheries Service
National Oceanic and Atmospheric Administration
Seattle, Washington

The areas in which international co-ordination and co-operation are necessary for the effective
management of living marine resources can be identified by considering the objectives and
justification for fishery management in general. This paper presents a generic objective for fishery
management, briefly discusses the justification for government intervention in the form of fishery
management at the regional or national level, extends those justification to international fishery
management issues, and discusses some alternatives for enforcing international fishery management
agreements.
The objective for fishery management
The objective for fishery management is to increase the contribution of fishery resources to the
well-being of the nation, where "the nation" refers to the constituency of the fishery management
decision makers. This can be done by increasing the total net benefit resulting from the use of fishery
resources and by improving its intra-temporal and inter-temporal distributions.
The uses of these resources are not limited to direct consumptive uses by man. In the case of a
stock of fish, the uses include being taken as catch and bycatch in a variety of fisheries for a variety of
purposes by competing fishing operations, providing prey for other living marine resources, acting as
predators, and contributing to the future size of that stock of fish.
The net benefit to the nation is equal to the difference between the total benefit (value) of the
outputs and the total cost (value) of the inputs associated with the uses of fishery resources. Costs and
benefits should be defined broadly from the nation's perspective to include those that accrue to direct
and indirect participants in the fishery as well as to other members of society.
The inputs used in a commercial fishery include fish taken as target catch and bycatch; other
living marine resources; the fishing vessels, gear, and bait used in harvesting; the plants or vessels,
equipment, and materials used for processing; the fuel and labour used throughout the production
process; and all the inputs used to manage the commercial fishery. The cost of each input should be
measured in terms of its opportunity cost which is the value of its highest valued alternative use.
Processing costs should be included at least when vertically integrated harvesting and processing
operations account for an important share of the total catch in a fishery.
409

The net benefit of the use of fish in a commercial fishery and its distribution are determined, to a
great extent, by the answers to the following four questions:
− How much fish is removed each year by the fishery?
− How is it removed?
− By whom is it removed?
− For what purposes is it removed?
Each of these four questions is intended to encompass a range of questions. The first question
addresses not only total removals but also the size, age, sex, temporal, and special distributions of the
removals. The second question addresses the cost of all the inputs associated with a particular method
of harvesting fish. The third question is intended to address principally a range of distribution
questions. The fourth question addresses both the cost of all the inputs associated with the use of
catch and the benefits of those uses.
The first question addresses the narrowly defined conservation concern regarding the biological
status of living marine resources. The four questions together address the more broadly defined
conservation concern of the wise use of those resources.
Justification for government intervention
The answers to these questions are determined by the decisions made by individual fishers in
response to a variety of incentives and constraints that reflect the economic, social, regulatory,
biological, and physical environments in which they operate. Therefore, it is important to understand
what may cause a fisher to make a decision that is not correct from the nation's perspective.
Typically, a fisher will attempt to make the decisions that will increase his or her net benefit
from a fishery. For example, in deciding how much to catch, the fisher will consider what it will cost
to catch additional fish and what benefit they will receive from the additional fish and will tend to
increase their catch until the additional cost equals the additional benefit. However, if the fisher does
not pay the opportunity cost of the fish he or she uses, the additional cost to the nation is greater than
the cost to the fisher. This means that the fisher will decide to catch an amount of fish for which the
additional benefit to the nation is less than the additional cost to the nation. That is, he or she will
catch too much fish.
If there are not effective mechanisms to prevent fishers as a group from catching too much fish,
the higher valued uses that are precluded would include the contribution of the fish to the future
productivity of that stock of fish or to other components of the ecosystem. If excessive aggregate
catch is prevented, the higher valued uses that are precluded include catch by other fishers that would
use the fish more productively and more productive use of the fish by the fishers that actually harvest
them. For example, if a quota is used to prevent excessive aggregate catch, each fisher's harvest is
determined by the speed with which he can harvest fish; therefore, each fisher has an incentive to
increase his own rate of harvest. This race for fish typically increases harvesting cost for the fleet as a
whole either without increasing or actually decreasing the value of the catch of the fleet.
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Basically, due to the existence of external benefits and costs, individual fishers receive the wrong
signals or incentives and make the wrong decisions from the nation's perspective as well as from the
perspective of the fishers as a group. There are external costs (benefits) when there are differences
between the costs (benefits) to the fisher and to society as a whole associated with an action taken by
a fisher. Therefore, the existence of externalities, such as those that exist when each fisher does not
pay the full opportunity cost of the fish and other resources he uses, provide a justification for fishery
management as a form of government intervention. Such intervention can also be justified in terms of
improving the distribution of benefits from the use of living marine resources. With the appropriate
intervention, the contribution of fishery resources to the well-being of a nation can be increased.
Extensions of the objectives and justifications to international fishery management
Just as there are external costs and benefits for individual fishers, there can be externalities for a
nation as a whole. Due to these international externalities, individual fishing nations receive the
wrong signals or incentives and make the wrong decisions from society's perspective as well as from
the perspective of the fishing nations as a group. That is, the international externalities result in
national fishery policies that either decrease the net benefits the world receives from the use of living
marine resources or result in less satisfactory intra-temporal and inter-temporal distributions of the
resulting net benefit by generating the wrong answers to the four questions listed above.
International externalities exist, for example, when the quantity or quality of fish that is available
for use by the fishers of one nation is affected by the use of living marine resources by fishers of
another nation. This can happen either when fishers of two or more nations take fish as target catch or
bycatch from the same stocks of fish or when there are biological interactions, such as predator, prey,
or competition relationships, between the species taken by fishers of two or more nations. These two
types of situations can occur for three reasons. First, fish or other components of the ecosystem
migrate across the boundary of a nation's exclusive economic zone (EEZ). Second, some or all of the
relevant living marine resources occur beyond the EEZ of any nation. Third, the nation does not have
adequate management and enforcement to prevent international externalities for living marine
resources completely within its EEZ.
If the migration of living marine resources is between the EEZs of two nations, bilateral
agreements can be used to decrease or eliminate the international externalities. The effective
bargaining strength of each nation and the importance of the fisheries to each nation naturally will
determine the outcome, particularly with respect to the distribution of net benefits between the two
nations. There would be no need for international involvement beyond the two nations unless, based
on some international value judgements, there were international rules for eliminating this type of
international externality. The merits of such rules are not a topic of this paper.
The negotiations would tend to be more complex when the migration is among the EEZs of three
or more nations. However, multilateral agreements among those nations could be used to decrease or
eliminate the externalities without further international involvement.
In these two cases, the ability of coastal nations to eliminate international externalities through
the use of bilateral or multilateral agreements is heavily dependent on the internationally recognised
authority of each coastal state to manage the fishery resources within its EEZ. This authority
effectively limits the number of nations involved in negotiating each such agreement.
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The lack of the authority by any nation or group of nations to manage fishery resources on the
high seas makes it very difficult to effectively eliminate the international externalities associated with
fisheries on the high seas. There are two specific problems.
The first problem is that the number of nations that potentially would be involved in the
negotiations is not limited sufficiently. For a specific high seas fishery, the affected nations include
those that have historically participated in the fishery, other nations which wish to preserve the right
to participate in the fishery in the future, and the nations which are impacted by the high seas fisheries
through biological interdependencies between that fish and other fisheries in which they have an
interest. Currently, every nation has a right to participate in these fisheries and to be involved in its
management. The ability of an increasing number of nations to take advantage of this opportunity is
enhanced by the excess harvesting capacity that exists for the fishing fleets of most fishing nations
and by the ease with which fishing vessels can be reflagged.
The second problem is that when a large number of nations can participate in high seas fisheries
and when there is limited authority to enforce fishery management regimes, multilateral fishery
agreements face the same difficulties as a cartel that is formed to control the price of a commodity.
There are substantial benefits to those who do not adhere to the cartel's rules; therefore, the stability
and effectiveness of the cartel are difficult to maintain. In the case of a multilateral agreement for a
specific high seas fishery, a nation could benefit most from the agreement by not being part of it if the
conservation actions of the other nations are sufficient to ensure the economic viability of the fishery
for that nation.
Both problems could be decreased substantially by broad international agreements that limit or
eliminate the right to participate in the management of a high seas fishery for nations which have
participated neither in that fishery nor in fisheries that have a strong biological link to that fishery.
Although the allocation implications of such agreements could be significant, these agreements would
be consistent both with the internal national fishery management policies of many nations and with
international fishery agreements which recognise the rights of historical or current participants in a
fishery. An example of the latter is Article 66 of the 1982 Law of the Sea Convention. Article 66
prohibits fisheries for salmon on the high seas with one narrowly drawn and now anachronistic
exception where that prohibition would result in economic dislocation for a State other than the State
of origin (Colson, 1995). In this instance, the rights only of the States of origin and traditional users
were recognised. In addition to being potentially a prerequisite for international agreements for the
management of specific high seas fisheries, such general agreements to limit access to a specific
fishery to a designated set of nations may in some instances be necessary to protect the economic and
biological viability of high seas fisheries and other fisheries with a strong biological interdependence
in the interim before fishery specific international management regimes are implemented.
This suggests the following: 1) international co-operation well beyond the bilateral or
multilateral agreements discussed above is necessary to address the international externalities that
result from fishing on the high seas and 2) adequate enforcement will be a fundamental element of any
international agreement concerning the management of high seas fisheries. The 1982 Law of the Sea
Convention, which is in force, provides a framework within which can be developed broad
international agreements concerning which nations have the rights to participate in the management of
specific high seas fisheries as well as specific international agreements concerning the management of
each such fishery.
Perhaps the most fundamental question that needs to be addressed is who will have the authority
to establish and enforce management regimes for fisheries on the high seas. It is clear that, in the
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absence of adequate management regimes for these fisheries, their contribution to the well-being of
society will be decreased and the probability of economic and biological collapse will be
unnecessarily high for these fisheries as well as for biologically interdependent fisheries within the
EEZs of coastal states.
The determination of who will manage these fisheries is important in terms of the narrowly
defined conservation concern regarding the biological status of living marine resources; however, in
many cases the more broadly defined conservation concerns which also address the magnitude and
distribution of the net benefits from a fishery will be more important and more difficult to deal with.
For example it may be simpler for a group of nations to agree to a total catch or effort quota for a
fishery than to agree on how the quota should be distributed among themselves and, without
agreement on the latter, the total quota probably will be exceeded. This has been the situation for
Pacific hake. In recent years, Canada and the United States have agreed to a total harvest quota, but
the United States has set the quota for its fishers at 80 per cent of the total and Canada has set the
quota for its fishers such that they will be able to harvest 30 percent of the total harvest, not just
30 per cent of the total quota. In 1995, the total quota was 223 000 metric tonnes (t), which meant
that the US quota was 178 400 t. and the Canadian quota was about 76 500 t. and the two quotas
together were 254 900 t. which exceeded the agreed to total by over 14 per cent. The potential for
exceeding an agreed to total quota by significantly more than the 14 per cent from this example is
increased as the number of participants in the agreement increases or as the common interests of the
participants decrease.
With an effective international agreement on fishery management, each party to the agreement
exchanges some freedom of operation in the fishery for its fishers in the anticipation that similar
constraints on other fishers will increase the net benefits from that fishery or other fisheries for the
group as a whole and particularly for its own fishers. The enforcement of the agreed to constraints on
the freedom of operation of fishers of each nation is a critical part of the international agreements.
Alternative methods of enforcement are identified below.
Alternative methods for enforcing an international management regime for a high seas fisheries
An international management regime for a high seas fishery can be enforced directly at the vessel
or fisher level as is typically done within a nation's EEZ. In this case, sanctions are imposed on the
fishers or vessel owner. Alternatively, such a regime can be enforced indirectly by holding each
nation accountable for the actions of its fishing vessels and fishers. With the latter method, each
nation would determine how and to what extent to control its own fishers, and the sanctions imposed
on a country that did not control its fishers adequately could include: 1) more severe constraints on
that nation's fishers in the future or 2) tariffs or quotas on the nation's exports. The trade sanctions
could be for exports associated with the particular high seas fishery, other fishery exports, or any other
exports. The decision by the International Committee for the Conservation of Atlantic Tuna (ICCAT
to use trade sanctions to enforce its management regime for Atlantic tuna will provide a noteworthy
example of the use of this method of enforcement.
Because the evaluation of these two alternative forms of enforcement is clearly beyond the scope
of this paper, the following discussion is intended only to identify some of the factors that should be
considered in making such an evaluation.
As noted during the 1993 OECD Fisheries Enforcement Issues Workshop, compliance is a
critical element and high levels of compliance are difficult to achieve if fishers believe that the
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regulations are not enforced equitable for all fishers. The use of direct sanctions against fishing
operations by an international body may be more likely to ensure equitable enforcement and,
therefore, a higher level of compliance.
The use of direct sanctions would not raise trade restriction policy issues, the need to determine
the appropriate trade sanctions would be eliminated, and the transparency problems often associated
with trade sanctions would be eliminated.
There are sovereignty issues involved with direct enforcement by an international body, but it is
not clear that those issues are not tied more closely to the international agreement than to its method
of enforcement if there is intended to be effective enforcement. Without effective enforcement, it is
unlikely that they will be effective management of a high seas fishery.
The merits and the acceptability of these alternative methods of enforcing international
agreements for the management of international fisheries are expected to vary by fishery. Therefore,
it is important to consider a range of alternative for each new fishery management for a high seas
fishery. The experiences of alternative enforcement methods both for fisheries on the high seas and
for fisheries in a coastal state's EEZ should be reviewed and used to evaluate the enforcement
alternatives.

414

REFERENCE

Colson, David A., 1995, Conserving world fish stocks and protecting the marine environment under
the Law of the Convention. International Ocean Symposium, United Nations University,
Tokyo, Japan.

415

