
Discussion and Conclusions

The section on fishery management in national
fishing zones described the actions of regulatory
authorities to control fishing activities within the
zones created by jurisdictional extensions to 200
miles, their philosophical underpinnings in terms of
objectives and strategies, and the changes in
stocks and catches which occurred as a result, or
in spite of, these actions. The same was then done
for the international commissions in regard to high
seas f isheries in the post-200 mile era. In the
present section, these post-200 mile regimes are
compared to each other. The comparisons are
organized in a similar way to the accounts of
individual management regimes. Firstly, the institu-
t ional  f rameworks for  managing f isher ies are
compared, followed by comparisons of manage-
ment objectives and of harvesting strategies and
tactics. Enforcement and compliance are then dis-
cussed, although information is scant and compari-
son of compliance levels is not possible. Finally, the
differences in exploitation level brought about for
the stocks of the primary species under the new
jurisdictional regimes, compared to the previous
international commission era, are summarized.

Institutions

There are substantial variations among manage-
ment regimes in their institutional framework for
devising and implementing fishery regulation pro-
grams. These differences could influence the pros-
pect for management efforts to have a satisfactory
result. The most common North Atlantic institutional
model is that where authority for marine fishery man-
agement rests with a ministry of the national gov-
ernment, which then supports a scientific research
agency to generate the biological information nec-
essary for decision making, an enforcement agency
to ensure implementation of, and compliance with,
decisions, and an advisory body of clients which
provides domestic fishermen and other interested
parties with the opportunity to participate in the
decision making process.

When international commissions had authority
to propose regulations for coastal fisheries, these
commissions made provision for the review and
synthesis of scientific results from national labora-
tories so that all commission members had the ben-
efit of the same advice arrived at by scientific con-
sensus. In the Northeast Atlantic ICES served that
purpose and in the Northwest Atlantic ICNAF had
its own Standing Committee on Research and Sta-
tistics as well as committees of Scientific Advisors
to each of its Panels. It is difficult to envision how

these commissions could have functioned if each
delegation had a separate view of the status of the
resources. The commissions were dependent on
member governments to implement proposed regu-
lations through domestic laws and to enforce them
on their own fleets, although the commissions also
achieved some success in implementing joint in-
spection schemes to improve regulatory compli-
ance. The implementation of 200 mile limits required
new international commissions but these retained
the same institutional model as their predecessors
(although in the case of the new NEAFC no interna-
tional inspection scheme has yet been required as
it has generated almost no regulations). Scientific
advice is provided to the new NEAFC by ICES, as it
was to its predecessor. In NAFO, a Scientific Coun-
cil is supported to provide the Fisheries Commis-
sion with the advice required.

In the post-200 mile regime the institutional ar-
rangements for management of domestic fisheries
were close to the standard model in Canada, Faroe
Islands, Iceland, Norway and, from 1985, also
Greenland. Centralized decision making resides in
the hands of the government Minister responsible
for fisheries who maintains consultative mechanisms
to gather the views of  clients. The EU and USA sys-
tems were quite different.

The power to adopt new fishery conservation
measures has lain with the EU, rather than its mem-
bers, from 1979. Thus, it is the EU that has the au-
thority to function as a coastal state with regard to
fisheries (Churchill, 1987b). Decision making au-
thority lies with the EU Council which is composed
of member governments represented at ministerial
level. Thus, fisheries policies and regulations are
compromises between the sometimes disparate in-
terests of EU member governments, as determined
by a voting procedure. The EU administrative arm,
the Commission, is responsible for initiating legis-
lation whereas the input of the fishing industry is
largely channelled through member governments
and then through ministers to the Council.

The USA management system is formalized in
federal law which gives power to regional councils
to develop regulatory plans. The bulk of the coun-
cil members are individuals who are knowledgeable
or experienced in fishery management or fishing,
while the remainder are state and federal officials.
The councils are required to conduct public hear-
ings to ensure that all interested persons have an
opportunity to be heard. The role of the federal gov-
ernment, through the Secretary of Commerce, is to
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review council plans against the national standards
for conservation and management and other legal
provisions and either approve them or return them
to the council for amendment. The Secretary of
Commerce also has various emergency powers to
directly implement plans. Prior to implementation,
the Secretary is also required to receive comments
on the proposed plans and also has the authority
to call hearings on them. The USA system thus gives
actual participants in the fishing industry a strong, even
predominant, influence on management planning.

The EU and USA decision making systems thus
differ from those regimes which conform to the
"standard model" both in the distribution of deci-
sion making power and in the complexity of the
mechanisms used for arriving at a decision. There-
fore, not only is the nature of decisions affected, so
too is  the abi l i ty  to  make decis ions and the
timeframes within which they can be made.

The distribution of enforcement and scientific
authorities are also pertinent to regulatory effective-
ness. In the countries conforming to the standard
model the central agency responsible for fisheries
supports an enforcement force, although in all cases
these receive some degree of logistical or other
support from the armed forces or coast guard. In
the EU case, enforcement authority resides with
member states and the agency responsible for fish-
ery management, the EU Commission, can only in-
fluence enforcement indirectly by evaluating mem-
ber state enforcement and encouraging improve-
ments. Enforcement responsibility in the USA lies
with federal authorities and is shared by the Secre-
tary of Commerce and the Secretary of Transporta-
tion, who is responsible for the Coast Guard which
does essentially all at sea enforcement. There is no
a priori reason why any of these arrangements can-
not result in effective enforcement of fishery regu-
lations. Nonetheless, there is a greater scope for
imbalance between the regulatory aspirations of a
management agency and its ability to ensure that
its regulations are respected if there is a weak con-
nection between regulators and enforcers. The USA
system would appear weakest in this regard. Not
only do those determining management plans, i.e.
the Regional Councils, have little or no influence
over the capabilities of the agencies responsible
for enforcement, much of the enforcement authority
resides in a government department other than that
responsible for fisheries management. The connec-
tions in the EU system are also tenuous and enforce-
ment efforts are viewed as unsatisfactory by the EU
Commission. According to Holden (1994) many
member states, while guarding their authority for
enforcement, demonstrate a lack of political com-
mitment to effective control of fishing. In the other
(standard model) cases there is also variation in the
degree to which enforcement capability resides

under the contro l  of  the f ishery management
agency. At one end of the scale, the Canadian De-
partment of Fisheries and Oceans maintains a sub-
stantial fleet of dedicated enforcement vessels and
contracts commercially for overflight and observer
services. Thus armed forces support is not central
to enforcement efforts although utilized on occasion.
In contrast, Norwegian at-sea surveillance is the
responsibility of the Coastal Surveillance Service
which is part of the Military High Command. There
is greater opportunity to tailor management aspira-
tions to enforcement capabilities or, conversely, to
expand enforcement activities to meet management
needs, when regulators and enforcers are part of
the same management agency. It is, nonetheless,
only an opportunity, not necessarily a consequence.

The national scientific laboratories which con-
ducted the research on fish stock dynamics and the
effects of fishing continued after the extensions of
jurisdiction much as before. The EU did not set-up
its own research capability, depending on the al-
ready well established national laboratories of mem-
ber states. The primary changes came in the way
scientific results were evaluated and how advice on
management options was developed and delivered
to regulatory authorities. Years of experience in pro-
viding scientific advice to the international commis-
sions convinced scientists of the importance of a
committee structure for peer review of research re-
sults and the development of a consensus on stock
status and yield prospects. This provided a sound
mechanism for quality control, a way to develop and
use consistent methods in the application of scien-
tific theory and biological knowledge to practical
fisheries problems, and a vehicle for documenta-
tion of the scientific basis for management which
made results available for public scrutiny.

In the Northeast Atlantic, ICES, which functions
under its own international convention, was not af-
fected directly by jurisdictional changes. All re-
gional management agencies saw virtue in continu-
ing to use ICES as the vehicle for generating scien-
tific advice for stock management after jurisdictional
extensions. Management responsibility for many
Northeast Atlantic stocks continued to be shared,
of course, and ICES advice provided a common
scientific footing  on which regulatory agreements
between the interested parties could be based.
However, ICES advice continued to be sought even
for resources entirely within the jurisdiction of each
management authority. Indeed, Iceland, which had
withdrawn their cod and haddock stocks from ICES
consideration at the time of the cod wars, returned
there for advice on cod in the early-1990s. The EU
main ta ins  i t s  own Sc ien t i f i c ,  Techn ica l  and
Economic Committee for Fisheries but this builds
on advice received from ICES and does not serve
as an alternative to it.
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In the Northwest Atlantic, scientific advice was
provided by a standing committee of the ICNAF
Commission, and this disappeared along with
ICNAF as a whole to be replaced by the Scientific
Council of NAFO. In addition to its obligation to
provide the NAFO Fisheries Commission with all
necesary scientific advice, the Scientific Council
was given the authority to provide scientific advisory
services to coastal states on their request. However,
as the USA chose not to join NAFO (until 1995) these
services were not available to it, whether it wanted
them or not. They were available to Canada and
were used quite extensively in the initial years when
there was a strong foreign presence in a variety of
domestic fisheries. Over time however, usage was
reduced to advice for straddling stocks and a very
few domestic stocks which were still fished almost
exclusively by foreign fleets.

On extension of jurisdiction many stocks in the
new Canadian zone were reserved for exploitation
by domestic fishermen only and it was decided to
establish a domestic science advisory committee,
CAFSAC, to assess these stocks and also to pro-
vide an advisory vehicle for all other aquatic re-
sources along Canada's Atlantic coast. I t  was
thought that CAFSAC, which was allowed to func-
tion with a great deal of autonomy, provided a more
effective vehicle for scientific review of these re-
sources than did the NAFO Scientific Council which
could not attract the broad scientific participation
previously enjoyed by STACRES of ICNAF. However,
the decline in groundfish resources in the late-1980s
and early-1990s brought CAFSAC under severe
criticism, and it was disbanded by the Minister of
Fisheries in 1992, and subsequently replaced by
stock assessment reviews within regional laborato-
ries organized by science managers, an approach
which leaves some doubt about the ability of Cana-
dian scientists to provide the same standard of ad-
visory services as previously.

Each of the USA regional councils is required
by law to maintain a scientific and statistical com-
mittee to provide scientific information for manage-
ment plan development. However, that of the New
England Regional Council did not function effec-
tively and scientists of the Northeast Fisheries
Science Center of the National Marine Fisheries
Service felt it necessary to establish their own
scientif ic review (Stock Assessment Workshop)
system, star t ing in 1985, which became more
broadly sponsored and developed into a Stock
Assessment Review Committee which embodies
many of the features of the now defunct Canadian
CAFSAC. Despite the use of domestic, rather than
international, scientific advisory mechanisms by

Canada and the USA, both countries are members
of ICES and participate fully in the functions of that
organization. Thus, there is a continuous flow of
information among the fishery scientists in the North
Atlantic and a conformity of standards and procedures.

Domestic and international science advisory
agencies have their own strengths and weaknesses,
but both can function effectively if they retain their
freedom to conduct an open system of peer review
and to document publicly the results of their work.
Fortunately, these safeguards for collective scien-
tific objectivity are generally (if not universally) ap-
preciated within fisheries bureaucracies.

The fact that it is only natural scientists who
maintain such elaborate mechanisms to monitor
fisheries and fish stocks and to deliver their end
product, scientific advice, to management agencies
is a reflection of the predominance of fish stock
conservation considerations in fishery management.
There appear to be no comparable institutions,
ma in ta ined by  soc ia l  sc ien t i s ts ,  d i rec ted to
promoting the economic and social well-being of
the fishing industry. Nor do the  scientific institutions
described above generally include economic and
social research within their mandate, although the
USA regional counci l  scient i f ic and stat ist ical
committees do have scope to provide economic and
social as well as biological information. Also, in
1992, new EU legislation broadened the scope of
its advisory committee to include economics, and
yet more recently, ICES began to invite economists
and sociologists to its annual meetings. The general
lack o f  research coord inat ion  and adv isory
mechanisms in the economic and social fields does
not mean of  course,  that  data col lect ion and
analysis are not going on within government and
other institutions and that the results are not entering
into the decision making process. It does indicate,
however,  tha t  th is  i s  no t  happen ing in  any
systematic, organized and consistent way.

Objectives

Other than the statements of purpose of inter-
national commissions which are contained in their
respective conventions, official statements concern-
ing the objectives of fisheries policy were found for
the Canadian, EU, Norwegian and USA manage-
ment  reg imes (Tab le  1 ) .  For  Faroe  Is lands ,
Greenland and Iceland it was necessary to depend
on personal communications from government
sources and on the conclusions of previous authors,
who imputed objectives based on government ac-
tions, to reach conclusions about governmental
aspirations.
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TABLE 1. Objectives of the fisheries management policies of each management regime as stated in international conventions
or policy statements of domestic governments when available, or as interpreted in secondary sources (see main
text) when official documentation was not available.

Management
 Regime Objectives of Fisheries Policy Notes

old NEAFC to ensure the conservation of the fish stocks and the rational As stated in its convention.
exploitation of the fisheries

ICNAF investigation, protection and conservation of the fisheries... As stated in its convention.
in order to make possible the maintenance of a maximum sustained
catch (modified December 1971 to: achieve the optimum utilization,
defined on the basis of scientific investigations and economic and
technical considerations)

Canada 1) best use, as defined by the sum of net social benefits derived Published statement of
from the fisheries and the industries linked to them (also defined Government, 1976.
in 10 "operational goals" and 20 "precise objectives")

2) 1. economic viability of the fishing industry on an ongoing basis Task Force report accepted
2. maximization of employment at reasonable income levels, and by Government, 1982.
3. Canadianization of the fishery within the 200 mile zone.

European 1) to ensure the protection of fishing grounds, the conservation of the Preamble to EU Council
Union biological resources of the sea and their balanced exploitation on a legislation on conservation

lasting basis and in appropriate economic and social conditions policy, 1983.

2) as concerns the exploitation activities the general objectives of the Preamble to EU Council
common fisheries policy shall be to protect and conserve available and legislation on conservation
accessible living marine aquatic resources, and to provide for rational policy, 1992.
and responsible exploitation on a sustainable basis, in appropriate
economic and social conditions for the sector, taking account of its
implications for the marine ecosystem, and in particular taking account
of the needs of both producers and consumers

Faroe Islands satisfactory economic performance of the industry According to officials of the
Directorate for Fisheries.

Greenland to use fisheries as the primary vehicle for economic development According to non-government
sources.

Iceland –  conservation of the fish stocks According to non-government
–  restoration of normal profitability in the industry sources for the groundfish
–  maintenance, as far as possible, of the current regional and personal fishery, but could apply to all
      distribution of benefits, and fisheries.  No formal state-
–  increase of economic rents ments of Government policy

have been issued but the
present interpretation has
been confirmed in general by
Government officials.

Norway 1) 1. maintain the main features of coastal settlement Government policy as report-
2. protect and maintain the fish stocks to Parliament, 1977.
3. ensure safe and profitable employment in the fishery industry

2) 1. improve the real profitability of the fishery, i.e. profitability Revised Government policy
after deduction of state subsidies as reported to Parliament

2–4. Same as 1–3 above 1983.

USA conservation and management measures shall prevent overfishing As specified in the Fishery
while achieving, on a continuing basis, the optimum yield from Conservation and Manage-
each fishery (National Standard No. 1) ment Act of 1976

– optimum yield is that which provides the greatest overall benefit
to the Nation, with particular reference to food production and
recreational opportunities, and which is prescribed as such on the
basis of the maximum sustainable yield, as modified by any
relevant economic, social or ecological factor

– six other National Standards are defined which are ancillary to the
first

New NEAFC to promote the conservation and optimum utilization of the fishery As stated in its Convention
resources of the Northeast Atlantic area and to encourage international
cooperation and consultation with respect to these resources

NAFO identical to new NEAFC except applicable to the Northwest Atlantic area As stated in its Convention
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Conservation of fish stocks receives a promi-
nent place in most statements of objectives but is,
of course, implicit in all, as continued achievement
of social  and economic object ives requires a
successful program of stock conservation. In other
words, if the ability of the stocks to maintain a high
level of production is undermined by fishing, attain-
ing other long term objectives is compromised. The
international commissions saw conservation as a
necessary basis for achieving optimum utilization
of the stocks. This term adopted by ICNAF, can be
considered equivalent to the objective of "rational
exploitation" in the old NEAFC convention, to "best
use" in Canada’s 1976 objectives and "balanced
exploitation" in EU, and "optimum yield" in USA, leg-
islation. ICNAF, Canadian, EU and USA objectives
make clear that the concept of optimum utilization
includes biological, economic and social consider-
at ions. Nonetheless, USA legislat ion uses the
biological criterion, maximum sustainable yield, as
a foundation for defining optimum yield.

These statements about optimum utilization can,
of course, mean anything a management agency
wants them to mean. They do convey the idea that
the resources are to be fully utilized by the fishing
industry to provide economic and social benefits at
least to participants in the industry and possibly
more broadly to society in general. Canada and
Norway, from 1982 and 1983 respectively, adopted
more concrete guidance statements about the level
of economic performance which the industry was
intended to achieve. In Canada’s case, economic
viability was defined as an ability to survive down-
turns with only  a normal rate of business failure
and without government assistance. In Norway, the
intention was to improve the real profitability of the
industry, i.e. profitability after deduction of state
subsidies. Both these countries share broadly simi-
lar social objectives, in particular maintaining high
employment in the fishery to maintain the viability
of settlements in coastal areas, while also ensuring
a reasonable level of income. Both jurisdictions rec-
ognize that their social and economic objectives are
to some extent conflicting and must be balanced.

Although USA regulations provided much the
same starting point of optimum yield, the New
England Fishery Management Council's thinking
evolved in quite a different direction from that of
Canadian and Norwegian authorities. This Council's
objective became limitation of regulatory inter-
ference to the minimum necessary to prevent
resources being completely fished out. This could
be viewed as a policy with objectives limited strictly
to  prov id ing min imum resource conservat ion
safeguards.

In the application of EU conservation policy, the
economic and social  elements translated into

pre fe ren t ia l  ca tch  a l loca t ions  to  suppor t
employment and income in coastal regions which
were economica l ly  d isadvantaged or  la rge ly
dependent on fishing. Other elements of the overall
Common F isher ies  Po l icy  wh ich  re la ted  to
"structures" and markets  clearly also had economic
and soc ia l  mot iva t ions .  Nonethe less ,  the
preoccupations of the EU during the 1970s and
1980s  were  the  i ssues  o f  access  and o f  an
acceptable system of allocation, at a national level,
of catch shares.

These regimes for which official statements of
objectives have not been located nonetheless make
clear by their actions in most cases that they share,
generally, the objectives of Canada and Norway who
have documented their intentions more thoroughly.
Faroe Islands, Greenland and Iceland, with econo-
mies that are heavily dependent on fishing, are ob-
ligated to give economic viability of their fisheries
a  h igh  pr io r i t y,  a l though Faroe  Is lands  and
Greenland have their continuing political associa-
tion with Denmark as a safeguard in times of adver-
sity, a factor of great importance to the Faroe Is-
lands when its fish stocks declined substantially in
the early-1990s. The complete independence of
Iceland required particularly rigorous attention to
economic efficiency. In Iceland, maintaining the
regional distr ibution of benefits, and hence of
community settlement, is also a central element of
policy.

As far as can be ascertained then, it appears
that a number of post-200 mile management re-
gimes have functioned without benefit of much or
anything in the way of  "formal" or "official" state-
ments of overall policy objectives. The objectives
of those regimes which did make public the inten-
tions underlying their actions on the whole share a
generality which allows for wide interpretation. This
does not mean that they were necessarily of no
value in guiding the actions of the management
agencies concerned, but there is no information to
suggest that any of these agencies went to the
lengths of establishing quantitative targets for other
than their stock management objective, and that in
itself was not universal. Their economic and social
objectives presumably served to give only a gen-
eral context within which to implement regulatory
controls. Thus, it seems fair to say that fisheries in
the post-200 mile limit period operated in an im-
poverished policy environment which was restricted
to little more than resource conservation and allo-
cation. The definition of conservation varied greatly
among regimes of course, and in some encom-
passed the concept of obtaining the fullest sustain-
able advantage from the resource. This meant that
social and economic issues were legitimate consid-
erations when imposing regulatory controls on har-
vesting but nonetheless required that actions be
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justifiable in terms of protecting or enhancing re-
source productivity. The focus of attention, there-
fore, remained on the strategies and tactics of
resource harvesting, as it did in the international
commissions.

Harvesting Strategies and Tactics

Maintaining the productivity of fish stocks by
controlling the level and pattern of exploitation has
been a preoccupation of management. However,
controlling the level of catch, for example, will serve
the purpose of stock conservation only if it results
in fishing mortality being reduced to, or maintained
at, an appropriate level. A TAC may be established,
without reference to a particular fishing mortality,
to create a regulatory basis for equitable catch
sharing, i.e. a social purpose, or to limit supply to
market demand as an economic motivation, or
simply to establish adequate control over fishing,
i.e. to close regulatory loopholes. Similarly, the
pattern of exploitation may be modified, or limits
placed on the amount of capital or labour employed
in the fishery, to address various combinations of
these purposes. In the following text, all regulatory
actions that controlled the level of catch, directly
or indirectly, are summarized under "control of ex-
ploitation level", whatever their purpose(s). Similarly,
all measures that controlled the size or age of fish
caught are summarized under "control of exploita-
tion pattern". A third category of regulatory action
is also recognized; "spawning closures". There is a
widely held belief among fishermen that leaving fish
undisturbed by not fishing during spawning will re-
sult in improved, or sustained, recruitment. That
such closures enhance the success of the spawn-
ing act has not received general acceptance among
scientists and regulators. However, these latter have
seen other values to spawning closures, such as
reducing fishing effort. Closures, spawning or oth-
erwise, also have allocative significance. The rea-
sons behind spawning closures are usually poorly
documented but, as the concept of the intrinsic
conservation value of undisturbed spawning is dif-
ferent from those of controlling level and pattern of
exploitation, these spawning closures are summa-
rized separately.

Control of exploitation level:  Faroese and USA
authorities placed few or no controls on domestic
resource exploitation levels (Table 2). As domestic
fleet demands on home water resources increased
the Faroese found these could, for a number of
years, be accommodated by displacement of for-
eign fleets. It was not until the late-1980s that re-
strictions were placed on domestic fleet size for
economic reasons, and 1994 that TACs were used
to limit fishing mortality on particular stocks for con-
servation purposes. The USA New England Coun-
ci l  abandoned control  of  f ishing mor tal i ty  for

groundfish and herring at the beginning of the
1980s, but f ishing effor t  l imi ts for  groundf ish
conservation purposes were introduced in 1994.
(The Mid-Atlantic Council maintained management
at F0.1 for mackerel.) The new NEAFC could be
grouped with the Faroe Islands and USA, as blue
whiting and oceanic redfish stocks lay within NEAFC
responsibilities but remained unregulated. However,
exploitation of these resources was low during the
study period and this inaction can hardly be used
to character ize the organizat ion ’s  regulator y
"philosophy".

In the remaining management regimes, regula-
tion of exploitation level was an important element
of control measures, and all used TACs as the pri-
mary mechanism (Table 2). The EU system of na-
tional catch quotas (not fully established until 1984)
was essentially for allocative purposes and TAC lev-
els set by the EU Council bore no relation to a par-
ticular mortality rate strategy, although the Commis-
sion, through its proposals to Council, attempted
to stabilize mortality at prevailing levels (Holden,
1994). For most stocks, these levels were above
Fmax. Norwegian and Icelandic approaches were
quite similar in that regulatory authorities had a
general intention of fishing at about Fmax, but the
importance given to stability of catches and, in the
case of Norway to reaching agreement on manage-
ment of shared stocks, caused mortality to be higher
than Fmax on the most important stocks. Both these
countries adopted lower exploitation levels for her-
ring, and for the special case of capelin, most of
which die after spawning, target spawning stock
size was used as a conservation reference point.

The Canadian management approach was
unique both in the extent to which TAC regulations
were hinged to a particular biological reference
point, and in the fact that this was a low exploita-
tion rate strategy, fishing at F0.1. This was seen as
addressing economic, as well as conservation, ob-
jectives (but ran counter to other measures which
promoted high employment in the fishery). This
same F0.1 strategy had been adopted by ICNAF, al-
beit under coercion from coastal states, particularly
Canada, and was inherited by NAFO. However, un-
restricted fishing by non-members of NAFO and
unilateral actions by one of its most influential mem-
bers, the EU, made NAFO adoption of an F0.1 strat-
egy  nomina l ,  a t  leas t  f rom the  mid-1980s .
Greenland, although not adopting a fixed-F strat-
egy, consistently favoured  low exploitation in its
management of cod and hence was closest to
Canada and NAFO in its strategy. The low exploita-
tion approach of Canada, Greenland and NAFO
extended to the capelin fisheries, although in the
case of Greenland the fishery has yet to be indus-
trialized and is under a "controlled-development"
strategy. Canada and NAFO adopted an arbitrary
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10% exploitation level for capelin, combined with
fishery closures when stock size was low, in con-
trast to the Norwegian and Icelandic minimum
spawning biomass targets.

The general use of TAC regulation reflects its
value as a straightforward, readily understood, way
to allocate shares of the resource to interested par-
t ies, internationally to countries and nationally
among vessel size and gear type categories and,
increasingly, to individual enterprises or boats.
Sometimes boat quotas were not made tradeable,
e.g. in Norway, but in most cases some element of
tradeability was allowed to provide a necessary flex-
ibil i ty in vessel operation. Tradeabil i ty of TAC-
shares, i.e. entitlements, as distinct from annual
quotas, was less common. Transferability of shares
was allowed in the Canadian herring purse seine
fleet from 1983 and in the Icelandic groundfish fleet
from 1984, but in both cases only upon withdrawal
of the selling vessel from the fishery. A full-fledged
quasi-property rights system, with relatively unfet-
tered trading of shares, was established only in Ice-
land and not until 1991. The subdivision of TACs
allowed management agencies to pursue a variety
of social and economic goals but equity in sharing
arrangements among participants was a primary
motivation, and the principal criterion for sharing
was invariably their historical performance in the
f ishery. Quota al locat ion, to the extent that i t
promoted an orderly approach to harvesting, was

also important to maintaining control over the fishery
and hence to ensuring that catch limits were re-
spected. The increasing interest in quasi-property
rights schemes was by no means entirely motivated
by a desire for economic rationalization of fleets.
The ant ic ipated economic rat ional izat ion was
expected to contain the solution to the excess
fishing capacity which drives overexploitation. The
overexploitation results both from pressures to set
too high catch targets and from the difficulty in
controlling catches to the levels set, when fleet sizes
are much in excess of those required to exploit the
available resource.

All domestic management agencies, sooner or
later, gave importance to controlling participation
in the fishery through licensing, vessel decommis-
sioning, restrictions on vessel size on replacement,
fleet size restrictions, direct control of fishing ef-
fort, or some combination thereof. These are all
methods designed to more directly counter the ten-
dency toward fleet overcapacity inherent in com-
mon property fisheries.

Virtually all agencies made exceptions to quota
and vessel capacity restrictions for small coastal
boats, partly as an element of social policy but also
to avoid the practical difficulties of controlling large
numbers of small vessels. This typically encouraged
expansion of the activities and fishing capabilities
of these fleets, and this required that exemptions
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be largely or completely eliminated, e.g. in Canada,
Faroe Islands, Iceland and Norway.

Despite these many efforts to control fleet com-
position, in terms of both vessel numbers and ves-
sel and overall fleet size, by almost all management
agencies, 15 years after acquiring control of their
own fisheries destiny, all recognize fleet overcapac-
ity as an important to extremely serious problem
constraining their ability to meet their management
objectives. In most jurisdictions, licensing and fleet
management were not directly linked to exploita-
tion level targets, and increasingly stringent con-
trols were reactive rather than preemptive. This
lacklustre performance of input controls, i.e. of re-
strictions on investment of labour and capital, re-
sulted in the strong emphasis on output controls,
i.e. on catch, and made a market solution based on
tradeable TAC-shares an attractive alternative in
several jurisdictions, e.g. Iceland, Canada. How-
ever, in contrast, the USA made input controls a
central element of its management plan in 1994 and
the EU is greatly strengthening the input control
elements of the CFP because output controls are
viewed as not having work at all well.

Control of exploitation pattern:  Regulatory mea-
sures to reduce the catches of small fish in the
groundfish trawl fisheries were essentially the sole
preoccupation of the international fisheries commis-
sions in the 1950s and 1960s. Although emphasis
was shifted in the 1970s to control of exploitation
level, protection of small groundfish was still viewed
as impor tant  and a l l  post -extens ion regimes
strengthened their regulations in this regard. In-
deed, in the initial years of national jurisdiction, Ice-
land and Faroe Islands made protection of small fish
the central element of groundfish conservation strat-
egy. Iceland quickly developed a broader regula-
tory base, placing increased controls on the level
of exploitation. However, the USA took the reverse
approach by abandoning controls on exploitation
level in the early-1980s in favour of almost exclu-
sive dependence on protection of small fish.

Protection of small specimens of pelagic spe-
cies has a less extensive history than that for
groundfish. The fisheries commissions began intro-
ducing regulations to restrict catches of small sizes
of pelagic fish only in the early- to mid-1970s just
prior to extensions of jurisdiction, although Iceland
introduced a minimum fish size in its domestic her-
ring fishery as early as 1966. While the yield-per-
recruit argument for protection of young fish is as
applicable to pelagic as to demersal fish, there are
differences in other aspects of the biology and in
the fisheries for the two types of species. In the case
of herring, one important difference is that there are
commercial products based on small herring, e.g.

the Canadian and USA Atlantic coast "sardine", and
these may be more valuable than products from
adult herring such as fish meal. In other words, the
economic yield-per-recruit, as distinct from the
physical yield-per-recruit, would in these circum-
stances favour exploitation of young fish. A further
difference is the tendency for pelagic species to
show a greater spatial segregation by size than do
groundfish. This results in regulation of the tempo-
ral and spatial distribution of fishing being a more
effective management tool to reduce catches of
small pelagic fish than it is for groundfish, and also
allows fishermen themselves a greater control over
the size of fish they catch. Many pelagic fisheries
are directed towards pre-spawning or spawning
concentrations, either by regulation or because this
is when fishermen have the greatest fishing suc-
cess (or can obtain the desired product, e.g. her-
ring roe); a circumstance under which few if any
small fish will be caught. Moreover, it is more diffi-
cult to achieve effective size selection by fishing
gears for pelagic species than it is for groundfish.
Small mesh is required if meshing problems are to
be avoided. The Icelandic purse seine fishery for
capelin is a special case, where the difference in
size between age 1 fish and the older fish is suffi-
ciently large to allow good escapement of age 1
f i sh  w i thou t  ser ious  mesh ing prob lems
(Vilhjálmsson, 1994). Trawl selection for pelagic fish,
at commercial catch rates, is poor and most fish
which do escape are damaged and likely die (Casey
et al., 1992; Suuronen, 1995).

The following comparisons of the specific regu-
lations adopted in each regime with regard to mini-
mum mesh and fish sizes is intended as a factual
summary only. There is no intention to imply that
the regulations should be the same for all regimes.
To the contrary, stocks vary in their growth charac-
teristics, the fisheries on them vary in their inten-
sity, and the objectives of management vary among
regimes. Thus, "optimum" minimum mesh and fish
sizes will vary accordingly, and differences in the
regulations among regimes are to be expected.
When comparing minimum fish sizes between re-
gimes it is important also to remember that some
were in terms of fork length whereas in other cases
total length was used. For pelagic species, the con-
version between fork and total length is roughly
10%. For groundfish the difference is much less,
about 3% for haddock and about the same percent-
age for pollock, whereas the two length measures
are essentially identical for cod.

The primary method of preventing the catch of
small groundfish was to specify how fishing gear
was to be constructed, with most attention being
devoted to controlling the codend mesh size used
in mobile gears. Trawl regulations can be complex
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but essentially all of the technical specifications for
construction are intended to ensure that the net is
rigged in a proper way so that, when it is used, size
selection by the codend meshes is effective. Among
fixed gears, gillnet mesh sizes were usually regu-
lated also. During the study periods used in this
paper, all netting was constructed of synthetic ma-
ter ia ls ,  a l though regulat ions cont inued to be
phrased in terms of manila equivalents until exten-
sions of jurisdiction or later. It is a safe assumption
that, differentials or not, nets in use had a mesh size
no larger than the smallest allowed, as  no ready
way was available to enforcement officials for de-
termining the different types of synthetic twines.
Most post 200-mile regimes dispensed with differ-
entials based on material. Danish seine nets were
classified with otter trawls as a mobile, trawl, gear
but were allowed to use smaller mesh than otter
trawls in international commission regulations. A
differential for Danish seine nets was dispensed with
by all post 200-mile regimes, as there were insuffi-
cient selection data to justify its retention (but was
reintroduced in Norway and Iceland).

In the gadid fisheries of the North Atlantic as a
whole, the otter trawl is by far the predominant gear
used. Thus, a comparison of minimum mesh size

allowed in otter trawls, i.e. the minimum allowed for
any material, provides the best standard for com-
parison of gear regulations among regimes. The
otter trawl mesh sizes in effect in 1972 and 1984,
the mid-years of the study periods used in this
paper, and in 1990, to represent recent years, pro-
vide one such set of comparisons (Table 3). All
regimes increased the mesh size required after
obtaining management authority. The range in mesh
size was 70–120 mm in 1972 under international
commission regulation whereas by 1984 it was 80–
155 mm, and three regimes had implemented further
increases by 1990. However, excluding the special
case of the EU fisheries in the North Sea and west
of the British Isles, the range in mesh sizes among
regimes was much less pronounced, in 1972 varying
from maximum to minimum by 20 mm and in 1984
and 1990 by  25  mm.  The  reg imes wh ich
implemented the largest proportional increases
between 1972 and 1984 were Iceland, Faroe Islands
and USA at 30%, whereas at Greenland and in the
northern Canadian zone and NAFO Regulatory Area
the increase was less than 10%.

In the Northeast Atlantic fishery commissions,
minimum fish size regulations for groundfish were
viewed as useful supplements to mesh size regula-

TABLE 3. Minimum trawl mesh sizes and fish sizes for cod, haddock and pollock, in effect in 1972, 1984 and
1990 in each of the North Atlantic regulatory zones.  Mesh sizes cited are the minimum size permitted
in otter trawls regardless of material. (Canada/NAFO = NAFO Subareas 0, 2 and 3; Canada–south
= NAFO Subareas 4 and 5 [Canadian Part].)

Minimum Fish Size (cm)

Regulatory Zone (mm) Cod Haddock Pollock

1972 1984 1990 1972 1984 1990 1972 1984 1990 1972 1984 1990

Norway (N of 64°) 120 1351 1351 34 42 472 31 39 442 – 32/403 32/403

European Union  70  80  90 30 30 35 27 27 30 –   30   35

Faroe Islands 100 135 145 34 34 40 31 31 37 –   35   45

Iceland 120 155 155 34 50 50 31 45 45 –   50   50

Greenland 120 130 140 344 40 40 314 31  – –   35   –

Canada/NAFO 120 1305 1305  –  – 415  –  – 415 –    –   415

Canada–south 1056 130 130 –  – 41  –  – 41 –    –   41

USA 1056 1406 140  – 43 48 – 43 48 –    –   48

1   USSR 125 mm mesh may be equivalent to Norwegian 135 mm mesh.
2   Norway only.
3   Five Zones – 35–40 cm north of 64°N, 32–35 cm south of 64°N. (30 cm in Skagerrak.)
4   East Greenland only.
5   Canadian Zone and Canadian vessels only in NAFO Regulatory Area, NAFO Regulation was 120 mm mesh size, no fish size

limits.
6   Not applicable to pollock.

Minimum Mesh Size
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tions. It was recognized that the two regulations
should be consistent with each other so that fish-
ing with regulation mesh size should result in few
undersized fish being caught. The benefit of the
minimum fish size was that it provided a way to regu-
late fishermen's behaviour through shore-based in-
spection of landings, whereas mesh size regulation
required expensive and logistically difficult obser-
vation of fishermen’s practices at sea. Furthermore,
fish size regulations provided a control over sizes
landed by gears other than trawls. In the Northwest
Atlantic, ICNAF depended solely on mesh size regu-
lation to reduce the catch of small groundfish. The
post 200-mile regimes in the Northeast Atlantic all
retained minimum fish size regulations for ground-
fish, and increased the regulated sizes from those
of NEAFC (Table 3). In the Northwest Atlantic, the
USA imposed minimum fish size regulations imme-
diately on extension of jurisdiction. Canada followed
suit, but not until 1988, as did NAFO from 1992.
Thus, all North Atlantic jurisdictions now have mini-
mum fish size regulations for the primary ground-
fish. Regulations for pollock lagged those for cod
and haddock; NEAFC did not introduce size limits
for pollock until 1976 and in the case of the USA it
was 1986, reflecting the lesser fishery importance
of pollock.

The actual regulated sizes for cod and pollock
were quite similar while those for haddock tended
to be lower reflecting its lower growth potential
(Table 3). By 1990, minimum sizes for cod ranged
from 35 cm in EU waters to 50 cm at Iceland. The
smallest minimum size for pollock was 30 cm in the
Skagerrak (based on tripartite agreement between
EU, Norway and Sweden), and the largest was 50
cm at Iceland. For haddock, the smallest size was
30 cm for the North Sea and west of Scotland stocks
(EU waters) and the largest was 48 cm in USA wa-
ters.

It is doubtful that, in any jurisdiction, the regu-
lated minimum size reflects the actual minimum fish
size which can be legally landed because ancillary
clauses of the regulations, or enforcement prac-
tices, allow for some tolerance. In Norwegian regu-
lation, for example, there are various fisheries for
cod, haddock and pollock for which tolerances of
15% by number or 10% by weight of small fish are
specified. Tolerances are not specified in Canadian
regulation but there are cases where enforcement
plans have allowed 15% by weight of small fish in
cod fisheries. Small fish caught in excess of these
tolerances are required to be discarded at sea by
some jurisdictions, e.g. the EU, but in others, e.g.
Iceland and Norway and recently Canada, these fish
are required to be landed.

Area closures have been used also to protect
small groundfish from capture. These fall into two

classes, permanent and temporary closures. To pro-
vide effective protection, closures must on aggre-
gate encompass most of the area of distribution of
small fish for most of the time period that they are
available to the fishery. As there is usually a sub-
stantial intermixing of small gadids with commer-
cial-sized fish, it is normally difficult to define fixed
areas for permanent (seasonal or year-round) clo-
sure which do not also cause severe interference
with the conduct of normal fishing operations. Fur-
thermore, such geographically-based restrictions
usually have greater adverse effects on some fish-
ermen than on others, i.e. they are discriminatory.
For these reasons mesh size and fish size regula-
tions are the generally preferred methods of pro-
tecting small groundfish.

Permanent closures to protect small fish were
prominent  features of  Ice landic and Faroese
groundfish management but the restrictions applied
primarily or exclusively to large foreign trawlers, at
least initially. Temporary closures more clearly have
the singular motivation of protecting small fish. This
method was pioneered by Iceland and an almost
identical system was adopted by Faroe Islands in
the early-1980s, by Norway in 1986 and by Canada
in 1993. Based on size composition data from ob-
servers aboard commercial vessels, immediate clo-
sure was instituted, typically for a week with possi-
bilities for extension, of any area where too many
small fish were being caught. The definition of a
small fish was not, in the cases of Iceland and the
Faroe Islands, the minimum size specified in regu-
lations. It was a size established annually, based
on advice from  the respective government research
laboratories, which depended on the size compo-
sition of recruiting year-classes. The percentage of
the fish allowed to be under this size was also es-
tablished by scientists in these two countries. A tem-
porary closure system was also instituted by the
USA in 1989 but this did not provide for real-time
closure, Regional Council and government consul-
tations being required, and closures were for ex-
tended periods of three weeks to six months.

In the Northeast Atlantic, the ban on industrial
fishing for herring was of  overriding importance in
limiting catches of small herring. The EU was the
only regime in which trawl mesh size restrictions
were adopted for pelagic species and, as noted
above, Iceland established mesh size regulation for
the capelin purse seine fishery.

Minimum fish size regulations were applied to
herring in most jurisdictions and ranged from 20 cm
in EU waters to 29 cm off Canada, but there were
important exceptions in some cases, such as in
Canada where the fishery supplying the sardine in-
dustry was exempt. Capelin size l imits for the
Barents Sea and Icelandic stocks, of 11 cm and 12
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cm respectively, were important in protecting age
1 capelin from exploitation, but no size limits were
used in management of Northwest Atlantic capelin.
Size limits were imposed for all the mackerel stocks,
although not for all fisheries, and varied from 20 cm
for the western stock to 30 cm for the North Sea in
the Northeast Atlantic to about 25 cm in the North-
west Atlantic.

Area closures of various coastal waters estab-
lished in EU regulation were largely to protect small
herring from fishing, and an area was closed off
southwest England to safeguard small mackerel.
Closure of areas to purse seining by Canada was
used to protect small herring when these were par-
ticularly vulnerable, e.g. when overwintering in the
Bay of Fundy. The real-time closure system in Ice-
land applied to herring as well as groundfish.

Spawning closures:  Seasonal closure of spawn-
ing areas has been little used as a regulatory tool.
When spawning areas were closed, it was almost
invariably as an indirect means of controlling ex-
ploitation level rather than to enhance the success
of the spawning act per se. Spawning area closure
was one of the limited arsenal of regulatory mea-
sures available to the international commissions and
it was used by NEAFC to reduce exploitation of west
of Scotland herring in 1974 before the authority to
establish TACs was acquired. When TAC control was
adopted in 1975, the spawning closure was retained
as a supplementary measure, and subsequently
became incorporated in EU legislation. In the North-
west Atlantic, ICNAF included closure of spawning
areas, along with TACs, in regulation of haddock
stocks in 1970, in ICNAF's first venture in control of
exploitation level. Proposals for these spawning clo-
sures originated from USA fishermen, but were
viewed by regulators as supplements to TAC regu-
lation. After extension of jurisdiction, these closures
were retained in Canadian and USA regulations.

Norway used spawning ground closures to con-
trol spawning escapement of Barents Sea capelin
prior to adopting TACs for this purpose, and hence
this was intended to control exploitation level, i.e.
it was designed to leave enough fish for a success-
ful spawning rather than to allow spawning fish or
spawning products to be undisturbed. The purpose
of the Icelandic closure of several cod spawning
areas is not clear, but the Faroese closure in 1992
of cod spawning grounds was a fishing effort re-
duction measure to protect the declining cod stock.

Enforcement and Compliance

An enforce-ment program for fishery regulations
typically utilizes enforcement officers and data col-
lectors in ports of landing, and aircraft overflights,
surveillance vessel patrols and observers aboard

commercial fishing vessels, to deter or detect vio-
lations on land and at sea respectively. Differences
in enforcement methods among North Atlantic regu-
latory regimes are more in terms of emphasis given
to these methods, rather than in the methods them-
selves. Land-based enforcement is the least expen-
sive but unfortunately, many of the important regu-
latory controls on fishing require enforcement at
sea. Observers are the cheapest at-sea enforce-
ment method, followed by surface craft then aircraft.
Each have their strengths and weaknesses.

Observers are unique in their ability to ensure
a high level of regulatory compliance but can exert
control over the behaviour only of the vessels on
which they are aboard and thus a high coverage
level is required if compliance at the fleet level is to
be reasonably well assured. In special cases, how-
ever, such as closure of areas containing under-
sized fish, conditions on a few vessels can be ex-
trapolated over the whole fleet within a particular
area, and thus fleet closures can be effected with a
low level of observer coverage. In general, however,
a low level of observer coverage, while possibly col-
lecting important scientific information, does little
to ensure widespread regulatory compliance. Com-
prehensive observer coverage of foreign fleets fish-
ing within domestic zones was adopted by both
Canada and USA as a primary means of ensuring
high regulatory compliance. In Canada the program
was extended to give partial coverage of domestic
fleets but in special circumstances, when compli-
ance became a contentious, high profile, issue,
complete observer coverage of particular domes-
tic fisheries or fleet sectors was instituted. An ob-
server program  with only scientific responsibilities
was sponsored by NAFO in its initial years, but this
came to nothing. In the early-1990s tentative steps
were taken by NAFO to establish an enforcement-
oriented observer scheme. Thus, observers play a
more extensive role in Northwest Atlantic regulatory
systems than in those of the Northeast Atlantic, and
Canada is unique in its level of utilization of observ-
ers for both regulatory and scientific purposes.

Aircraft are most effective in detecting regula-
tory violations which relate to area of fishing such
as patrolling jurisdictional boundaries, closed ar-
eas, and detecting unlicensed fishing vessels, be-
cause large areas can be covered in short periods.
Surface vessels can also perform these tasks but
in most cases less effectively. Patrol vessels have
the advantage, however, of being able to inspect
fishing boats and their gear at sea and have the
unique capability to arrest violators (where the le-
gal authority exists of course).

Enforcement which can be done ashore en-
sures, most importantly, the accurate recording of
landed quantities and that sizes of fish in landings
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conform to regulation. Fishing gear can also be
inspected before departure and on return to see that
it conforms to regulations. Unfortunately, this does
nothing to ensure that gear is not modified at sea
to retain small fish, that the catch is not high-graded
at sea by dumping undesirable species, undersized
fish or catches over quota limits, or that the fish
landed were caught in the proper area. Nonethe-
less, effective shore-based enforcement can put
important limits on the extent to which fishermen
can profit from illegal behaviour.

The most important question, of course, is not
how enforcement was conducted in each manage-
ment regime, rather how effective was it in ensur-
ing a high level of compliance with the regulations.
Unfortunately, measurements of compliance are
extremely scarce. The tradit ional emphasis in
enforcement activities is towards detection of illegal
actions and apprehension and prosecution of the
culprits. Penalties assessed against the perpetra-
tors of illegal acts by the courts hopefully deter them
and others in the fishery from committing such of-
fenses in future. Whether or not this works depends
on the balance between the financial gains to be
had from illegal fishing on the one hand and the
probabilities of being caught and convicted, and
on the severity of the penalties assessed, on the
other. There are trade-offs among these factors, e.g.
if penalties are very severe this may deter illegal
activity even if the probability of detection is low.
This leaves the question of how to measure compli-
ance. If no illegal activities are detected, does this
mean that none occurred or that surveillance was
ineffective?  If there are lots of convictions, does
this mean that surveillance is catching culprits very
efficiently or that flaunting regulations is so wide-
spread that culprits cannot be missed and, in real-
ity, that penalties are viewed as no more than a
business overhead?  These are not questions which
can be answered using the standard operational
statistics usually collected by enforcement agen-
cies such as days at sea by surveillance vessels,
number of violations detected, or percentage of
successful prosecutions. They require specific data
collections and statistical analysis by appropriately
qualified analysts, i.e. it is a research activity and
as such has not usually been viewed as being part
of enforcement agency mandates. While fishery re-
search laboratories typically employ staff with the
qualifications to conduct compliance analysis, it has
not usually been viewed as their job and this im-
portant issue has fallen between stools. Thus, con-
clusions about the level of compliance with regula-
tions are usually based on anecdotal reports from
informal intelligence networks in the industry. This
kind of information can have some serious biases
and can mislead a management agency as to what
might be an appropriate course of action. Nonethe-
less,  i f  data are col lected f rom f ishermen in

an object ive and systematic way some useful
measures of compliance can result. For example, a
professionally-conducted questionnaire survey of
fishermen illustrated quite convincingly a high level
of regulatory non-compliance by the USA fleet
fishing Georges Bank groundfish (Sutinen et al.,
1990).

A case where a surveillance agency itself de-
signed an observational program to quantify illegal
and unauthorized fishing is that of Canadian actions
in the NAFO Regulatory Area under the auspices of
the Fisheries Commission's Joint International In-
spection Scheme. In the NAFO Regulatory Area
there was not only the issue of whether contracting
parties were observing agreed catch limits but also
that of documenting catches of members who re-
fused to be bound by NAFO regulations and catches
of non-members. This presented a statistical esti-
mation problem and required the deployment of
surface vessel surveillance and boardings, and air
surveillance, to provide valid catch estimates. These
estimates, whether fully accepted or not, put a
quantitative factual perspective on NAFO’s conser-
vation problems which drove the organization’s
agenda from the mid-1980s.

The NAFO and USA situations appear to be ex-
ceptions, however, and an overall assessment of
compliance in North Atlantic management regimes
is largely a matter of accepting the views of the re-
sponsible agencies as the best estimates available.
On this basis it appears that the geographically
more isolated management regimes of Faroe Is-
lands, Iceland and Greenland have experienced
quite a high level of regulatory compliance. Faroese
regulations, of course, concerned little more than
mesh size and area closure regulations in most of
the period considered, but the quality of landing
statistics deteriorated with introduction of catch
controls in 1994. In Iceland too, compliance became
an important issue when tighter constraints were
placed on the cod fishery in the last few years.
Norway, Canada, EU and USA experienced severe
enforcement difficulties in some areas. Under-re-
porting of landings, of sufficient severity to preju-
dice effective management of some important re-
sources, was documented in Canada and the EU,
and to a lesser extent in Norway. In the USA, catch
limits were dropped altogether for groundfish and
herring as unworkable. Mesh size regulations were
frequently violated in Canada, EU and USA. Mini-
mum fish size regulations, when enforced, resulted
in discarding at sea, even when this was illegal as
in Norway. Highgrading, the dumping at sea of less
valuable or unwanted species or sizes, was alleged
to be widespread in Canadian enterprise allocation/
boat quota managed fleets, although not quantified.
In the case of NAFO, the problems were separable
in to  bo th  lega l  and i l l ega l  non-compl iance.



106 J. Northw. Atl. Fish. Sci., Vol. 20, 1996

Non-member fishing, and fishing by members who
had exempted themselves from official conservation
measures, was not illegal but nonetheless repre-
sented a non-compliance with serious repercus-
s ions  fo r  the  success  o f  the  conserva t ion
programme. However, members, even when actu-
ally bound by NAFO regulations were also recorded
through surveillance as exhibiting a high non-com-
pliance.

It is readily apparent that the information which
it is possible to gather, is not at all adequate to
quantify the level of compliance with conservation
programs. It is nonetheless obvious that most re-

Fig. 58. Cod:  biomass trends in North Atlantic stocks, 1967–88.
(Break in USA graph indicates a data discontinuity.)

gimes experienced a variety of severe non-compli-
ance problems, and it is safe to say that a failure to
meet some conservation objectives resulted from
an inability to effectively enforce the management
measures adopted.

Resource Trends

Biomass estimates for the stocks in each man-
agement regime during the 22 years studied,
1967–88, are summarized by species in Fig. 58–
63. All cod stock biomass estimates (Fig. 58) varied
by at least a factor or two, i.e. the highest biomass
was at least twice the lowest biomass in the period,
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and this was true also for haddock (Fig. 59) and
pollock (Fig. 60), except for Faroe Islands pollock
where the factor was 1.7. The median variation for
all groundfish stocks was about 3.5. Biomass of pe-
lagic stocks varied even more, the median factor
being about 7.5, and the most extreme values were
possibly as great as two orders of magnitude. At
the end of the study period, most cod and haddock
stock biomass estimates were below the 22 year
average, whereas the reverse was true for herring
stocks. For the other species, as many stocks were
above as below the average by the end of the pe-
riod. These trends in biomass are largely a function
of variation in fishing mortality and in recruitment.

Changes in fishing mortality in each manage-
ment regime are examined in two ways in  Table 4.
The change between periods in the fishing mortal-
ity of the fished population as a whole is given to
indicate whether the population experienced a
change in overall mortality. Secondly, the level of
fishing mortality in relation to Fmax is shown. (See
section above on Convention and Methodology for
explanation of average F calculations.)  Capelin is
not included in this table because strategic targets

were established in terms of spawning stock biom-
asses and arbitrary exploitation rates rather than
standard fishing mortality reference points.

There was a slight overall reduction in the ex-
ploitation level of North Atlantic stocks after exten-
sion of jurisdiction. Fishing mortality was decreased
in almost half of the cases (Table 4). The stocks
fished above Fmax decreased from two-thirds, to less
than half, of the total. Mortality decreased in most
pelagic stocks, none being fished above Fmax in the
second period. Although f ishing mortal i ty de-
creased in some groundfish stocks, it increased in
almost as many, and about 60% continued to be
fished above Fmax in 1979–88, the same percent-
age as before. Thus, the overall improvement in ex-
ploitation level is attributable more or less entirely
to more moderate exploitation of herring stocks.

Success in reducing fishing mortality in herring
stocks in the Nor theast At lant ic in each case
required a number of years of more or less complete
fishery closure. In the Canadian zone there were
fishery closures for some small stock components
but the most decisive events were a ban on indus-

Fig. 59. Haddock:  biomass trends in North Atlantic stocks, 1967–88.
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trial fishing from the mid-1970s and stringent con-
trols on the activities of purse seine fleets. In USA
waters the removal of foreign fleets, which were re-
sponsible for almost all offshore fishing for herring,
did little immediately to reduce mortality as most
remaining stock components were in coastal wa-
ters and vulnerable to expanded domestic fishing.
However, the economic decline of the sardine in-
dustry from the early-1980s resulted in greatly re-
duced fishing effort, and thus the consequential
reduction in fishing mortality was not brought about
by any regulatory action. Thus, with the exception
of USA herring, success in reducing fishing mortal-
ity required Draconian regulatory actions. The ac-
counts in the above section on Management in Na-
tional Fishery Zones make clear that these actions
were taken only when the stocks were on the verge,
or in the process, of complete collapse. Fishery clo-
sures for groundfish stocks, however, were unheard
of until the Canadian closure of the fishery for
Labrador–East Newfoundland cod in 1992, again
when faced with strong evidence of collapse. This
history would suggest that adoption of measures
which were adequate to reduce exploitation level

proved possible only when a large scale industrial
failure was occurring.

Recruitment varied much more in some stocks
than others, over the 22 year study period. The dif-
ference in size between the largest and smallest
year-classes recruiting to a particular stock was a
factor of two in the least variable case, and as high
as almost 2 000 times in the most variable. Stock
biomass does not vary as much as individual year-
classes, of course, because typically there are four
to seven or eight year-classes which simultaneously
make an important contribution to the biomass of
the fished stock. Recruitment was averaged over
periods of five consecutive years to provide esti-
mates of how much stock biomass might be ex-
pected to vary as a function of varying recruitment.
The ratio between the highest five year average re-
cruitment and the lowest, in the time series of data
for each stock, varied from 1.5 to almost 60 (Fig.
64). Haddock recruitment was the most variable,
followed by that of herring, whereas pollock recruit-
ment was the most stable. The median factor for all
stocks was about four. Thus, variation in recruitment

Fig. 60. Pollock:  biomass trends in North Atlantic stocks, 1967–88.
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Fig. 61. Herring:  biomass trends in North Atlantic stocks, 1967–88.

Fig. 62. Mackerel:  biomass trends in North Atlantic stocks,
1967–88.

alone was great enough to explain the variation in
biomass of most stocks.

In contrast to this large variation in recruitment
levels during the study period, it has already been
noted that F levels in most stocks did not change
greatly after extensions of jurisdiction. Thus, there
are relatively few cases where a substantial change
in stock biomass could be attributable to a change
in fishing mortality. In addition, the changes in F
that did occur usually did not result in F being
reduced greatly below Fmax and, as the relationship
between f ished b iomass-per- recru i t  and F is
strongly concave, little response in biomass could
be expected. In other words, the greatest changes
in biomass-per-recruit in response to changes in F
occur when F is relatively low, whereas when F is
high, e.g. at Fmax and above, the change in biom-
ass-per-recruit is relatively small for quite large
changes in F (Beverton and Holt, 1957).

This relationship between biomass-per-recruit
and F was examined empirically using present data
by dividing stocks into three broad categories cor-
responding to the changes in F experienced be-
tween periods. The categories chosen were 1)
stocks fished at Fmax in 1967–76 and at a yet higher
level in 1979–88 (eight stocks), 2) stocks fished
above Fmax in both periods but lower in the second
(seven stocks), and 3) stocks which, regardless of
F in 1967–76, were fished below Fmax in 1979–88
(eight stocks). Two stocks, pollock at Iceland and
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Fig. 63. Capelin:  biomass trends in North Atlantic stocks, 1967–88,
and spawning stock biomass (circles) in relation to targets for
Icelandic and Norwegian stocks (as percentages of mean total
stock biomass).   (For Iceland, stock biomass is for the
beginning, and spawning biomass is for the end, of the fishing
season.  For Norway, stock biomass calculated for 1 October
is assigned to 1 January of following year.)

Faroe Islands, did not experience a change in F
which corresponded to one of these categories and
were excluded. (Note that, for this comparison, av-
erages of F and recruitment were offset to include
2–4 years earlier and exclude the last 2–4 years of
the base periods, as biomass in base periods was
more influenced by recruitment and F on these re-
cruits which occurred immediately prior to the base
periods than at the end of them.)  Changes between
periods in F and biomass-per-recruit in the three
categories were:

Category Fishing Morality Biomass-per-Recruit

1 +45% -20%
2 -30% +30%
3 -50% +100%

As expected, the largest proportional response
in biomass-per-recruit occurred when Fs were

reduced below Fmax. It so happens that the stocks
in category 3 had an average F close to their
average Fmax value in this first period, and in the
second period average F was about their average
F0.1. This puts a scale on the expected change in
biomass-per-recruit if F was reduced from Fmax to
F0.1, i.e. an approximate doubling.

General Conclusions

The transition to coastal state management of
continental shelf resources could be characterized
as an evolution from international management,
rather than a revolution. The opportunities pre-
sented by the greater level of control over domes-
tic resources (most regimes still shared important
resources to some extent) to rationalize the social
and economic elements of fishery policy, were not
firmly grasped. In several regimes, failure to con-
struct a coherent policy framework that reconciled
policy elements has been diagnosed as a major
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Fig. 64. Variabi l i ty of  recrui tment to North At lant ic
stocks:  the ratio of the number of recruits in
the period of f ive consecutive years when
recruitment was highest to that in the f ive
consecutive years when recruitment was lowest,
in the 22 years studied.

TABLE 4. Fishing mortality: direction of change between 1967–
76 and 1979–88 in fishing mortality for the stocks
assoc ia ted w i th  each management  reg ime (+
ind ica tes  an  inc rease ,  0  no  change  and  –  a
reduction) and the relation of fishing mortality to Fmax
in each period  (+ indicates F above, 0 at, and -
below, reference F).  (A stock was classed as 0 if F
in the later period was within 15% of that in the earlier
period in the first case, and if F was within 15% of
the reference F level in the second case.)

F relative to Fmax in:
Management Change between
Regime Stock  periods in F 1967–76 1979–88

Norway Cod 0 + +
Haddock 0 + +
Pollock 0 + +
Herring – + –1

Mackerel ... ... ...

Iceland Cod 0 + +
Haddock – 0 –
Pollock 0 – –
Herring – + –

Faroe Is. Cod + 0 +
Haddock – – –
Pollock + – 0

EU Cod + + +
Haddock – + +
Pollock + + +
Herring – + 0
Mackerel + ... –

Canada Cod – + +
Haddock 0 + +
Pollock – 0 0
Herring – –1 –1

NAFO Cod – + –1

USA Cod ... + +
Haddock 0 - -
Herring 0 + 0
Mackerel – –1 –1

1 F at or below F0.1.

deficiency in management approach (e.g. Angel et
al., 1994; EU, 1991; Hanneson, 1985) and the same
criticism can be extended to other regimes. As a
consequence, all regimes, 15 years after extensions
of jurisdiction, recognize excess capital and labour
employed in the fishery as a serious, or critical prob-
lem. Fleet overcapacity creates pressures for high
exploitation rates, and can make adequate enforce-
ment of regulations prohibitively expensive. Under
such circumstances the fishing industry is poorly
positioned to withstand adversity, such as a down-
turn in resource productivity. It is not a situation that
is consistent with long-term economic viability of
the  indus t r y,  w i th  s tab le  and adequate ly
renumerated employment for fishermen and other
workers in the industry, or with proper protection of
the resource base from over-exploitation.

Most regimes are introducing potentially radi-
cal reforms to their regulatory systems in the 1990s,
subsequent to the study period used here. Iceland
has already introduced a comprehensive ITQ sys-
tem and Canada is moving in that direction. The
USA has introduced a fishing effort limitation sys-
tem for groundfish and the EU has laid the ground-
work for effort limitation also. It is too early to judge
whether these approaches will put the fisheries on
a sounder footing. Much will depend on how well
they are implemented and whether adequate con-
trol of the behaviour of participants is established.
This historical review reveals a tendency to resort
to new tools when the results of management are
judged unsatisfactory, with relatively little attention
being paid as to whether the previous tools were
utilized effectively.
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