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The development of fisheries management strategies within institutions such as national governments, the EU, and ICES includes expli-
cit or implicit decisions on longer term management objectives and performance criteria, on the relevant knowledge base for tactical
management decisions, on decision rules regarding fisheries in the current or forthcoming fishing season, and on the implementation
framework. These decisions, moreover, must be relevant to the characteristics of the fisheries and the stocks being exploited. The
development of management strategies must be based, therefore, on an understanding of the overall fisheries system and linkages
among its components. Based on recent examples in Europe and North America, we discuss how a failure to understand the linkages

in the fisheries system may lead to management strategies that fail to achieve their objectives, and how an understanding of these

linkages can inform the development of strategies that are more likely to achieve policy objectives.
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Introduction

Fisheries management navigates in a seascape of interconnected
institutions, each with its own set of complexities, and all inter-
linked. Failure to consider important features of this seascape
will almost certainly result in failure to achieve objectives and
lead to tensions. In the past, various management plans have
been adopted in the North Atlantic, plans that have not always
been effective in achieving their stated objectives and sometimes
creating considerable tension between management agencies and
stakeholders. Attempts to remedy the situation have largely
been through increasingly detailed and complex regulations
within the framework of the agreed management plans
(micromanagement).

Using three case studies of Atlantic cod (Gadus morhua) man-
agement, we make the case that these experiences underscore the
need for fisheries management to be based on an understanding
of fisheries as an interconnected system of institutions. Ignoring
the characteristics of these institutions and their linkages will
lead to problems such as those seen recently in recovery plans.

The fisheries system

The notion that fisheries management must be seen in context is a
basic premise in social science research of fisheries, but it has also
developed in the community of fisheries biologists that remain
the key providers of management advice in Europe and North
America. Most countries with national jurisdiction of sea areas
in the North Atlantic have legislation that requires management
decisions to be informed by some form ofresearch-based evidence.

International bodies with management responsibility for fisheries
in international waters have similar requirements. However, the
research-based evidence used has largely been the product ofbio-
logical models that hardly consider the wider institutional seascape
of fisheries management.

As a consequence, management decisions generally have not
resulted in the outcomes predicted by the models. Among biologi-
cal modellers, this has been seen as a symptom ofimperfection of
the models, and a solution has been sought within the modelling
discourse. The problems to be addressed were identified in model
terms as various sources of uncertainty and bias, including data
and model error in the assessments and implementation error in
management (Degnbol, 2003, 2004). Following pioneering work
in the International Whaling Commission (IWC), feedback
models were developed that not only considered the initial popu-
lation of fish in the sea and forward projections in the presence
of fisheries, but also the process of producing the data on which
assessments are based, the assessment process itself, and the
implementation of management decisions. These considerations
were further developed in a fisheries systems approach by ICES
(2000). Expanding on the IWC approach, a concept ofthe fisheries
system was developed that not only considered the feedback within
the assessment model, but identified explicitly the specific social
activities and institutions constituting the feedback.

The model considered four closely interlinked subsystems: the
knowledge-production system, the management-decision system,
the implementation system, and the fisheries-adaptation system.
This rather mechanical image of the fisheries system reflected
the formal sequence of information flow and decisions
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implemented in Europe at the time, which was fairly uni-
directional, starting with stock assessments, biological advice
leading to management decisions on that basis, then fishing
taking place subject to monitoring and control. However, the
image was criticized because these formal unidirectional linkages
were supplemented with many informal linkages that nevertheless
were conducive for communication and power.

Within the community of fisheries biologists, an understanding
developed that stock assessments and biological advice could not
be seen as independent, but rather as framed by other components
in the fisheries system. Trivial as this may seem to social scientists,
this development was important in a community where the more
common diagnosis of management failure was that policy-makers
and fishers did not follow the biological advice. Although this
change in understanding has not yet led to wholesale adoption
of a more systemic approach (as would be required in a full
ecosystem-approach management regime), it also suggests the
value of incremental changes within existing institutions for fishe-
ries management, whereby the contingencies of larger fisheries
systems are considered in the crafting of harvest control rules
(HCRs) and other measures.

Biologists and policy-makers working within a narrower frame-
work can be frustrated by policy failures, unaware that to some
extent these are unintended consequences of policies made
without paying due attention to linkages. As we show in more
detail below, the link between knowledge and control may be par-
ticularly rampant when catch data are the basis both for control-
ling fishing activities and for producing management advice.
European fisheries provide many examples of rampant couplings,
where imperfect landings control results in seriously biased catch
data. This leads to uncertainty in stock assessments and unreliable
forecasts, resulting in agreed total allowable catches (TACs) that do
not match the actual situation in the stocks and the fisheries
exploiting them. The Canadian case of TAC-based management
of northern cod in the 1980s is a classic and tragic example of
such a vicious circle (Martin, 1995; Walters and Maguire, 1996;
Finlayson and McCay, 1998), as is TAC management in North
Sea flatfish fisheries (Daan, 1997).
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Figure 1. The management strategy hierarchy.
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The linkages in the fisheries system may be simplified for
analytical purposes by considering the management strategy as a
decision hierarchy including normative, cognitive, and regulatory
aspects ofthe fisheries system (Figure 1). A management strategy is
based on meta-level decisions on the objectives, the implemen-
tation framework, and the relevant knowledge base for decisions
and implementation. The management plan includes specific
decision rules (e.g. HCRs) and decisions regarding the specifics
of implementation (e.g. control and sanctions), as well as the spe-
cifics of knowledge (e.g. monitoring requirements). The decision
rules stipulated in the plan are implemented within the formal fra-
mework of the management strategy, but they are also subject to
informal tactical considerations. These tactical considerations are
at play when specific decisions are to be made. Normative dimen-
sions include the explicit and implicit management objectives. The
knowledge base is the key cognitive aspect. Regulatory aspects
range widely, from specific decision rules and their implemen-
tation to broader efforts aimed at control and monitoring.

European cod management

Our first case study concerns the North Sea cod recovery plan,
which failed to achieve its stated objective of rebuilding the
stock to a safe level (Horwood et al, 2006). This may be inter-
preted as a consequence of ignoring important linkages in the
fisheries system (Schwach ef al, 2007). Considering the recent
history of this plan leads us to the assessment below.

(i) Normative linkages. Explicit objectives developed in the
formal management process may be only a subset ofthe nor-
mative objectives considered important by stakeholders, and
failure to include the fuller range in policy-making can work
against achieving key ones. The recovery plan was designed
for a single major objective (rebuilding ofthe stock as a pre-
requisite to ecological sustainability); decision-makers did
not explicitly consider other objectives relating to social sus-
tainability or short-term interests of fishers and the market,
not seeing those as linked to the managed system in a relevant
way. Having ignored those norms, they were either unpre-
pared or had no mechanisms to balance objectives that
were conflicting in the short term. Annual decisions on the
TAC and effort should have been fairly mechanical because
of an agreed HCR that linked the measures to be taken
directly to the assessed state of the stock. Instead, annual
decisions were subject to extended bargaining, during
which process an extensive suite of other objectives was
brought into play. In practice, it was not possible to adhere
to the HCR stipulated in the recovery plan.

(ii) Linkages between implementation and knowledge. The
knowledge base for management decisions is closely linked
to the implementation framework. In European waters, the
TAC regime and the HCR have been built on the assumption
that stock biomass can be estimated and projected forwards
under various assumptions about exploitation rate.
However, as cod TACs were gradually reduced, ineffective
implementation and illegal and unreported (IU) fishing
resulted in landings data being increasingly unreliable as a
basis for stock assessment. Eventually, biologists concluded
that they were not in a position to assess the status of the
stocks and to carry out the catch forecasts required for the
HCR to be implemented (ICES, 2003, 2004, 2005).
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Moreover, the relevance of the knowledge presented by the
biologists was questioned; their attempts to include estimates
of IU catches in the analyses were met with scepticism from
stakeholders and governments. Lacking a quantitative basis
to support the HCR, the management plans could no
longer be implemented.

(iii) Linkages between allocation principles and operational feasi-
bility. Key decisions made at the collective choice levels, par-
ticularly concerning allocation (who gets what or how much)
can determine what is possible at the operational level (cf.
Schlager and Ostrom, 1992). In the European arena, the dis-
tribution ofaccess to the resources among countries is locked
into the principle ofrelative stability: each country has a fixed
percentage share in the agreed TAC for each stock. This allo-
cation principle locks the management system into a TAC
modus. When the North Sea cod recovery plan was develo-
ped, ICES (2003) advised that, based on a defective
implementation history, TACs alone would not be effective
in controlling fishing mortality. Therefore, the plan included
supplementary measures to reduce effort to a level that
would be compatible with just taking the cod TAC. The
objective was that mixed fisheries would have to stop simul-
taneously with exhaustion ofthe cod TAC, so avoiding both
1U fishing and extensive discarding ofcod. This combination
of TAC and effort management led to adaptations in fleet
behaviour, which may have reduced the effectiveness of the
effort restrictions. For instance, the European Commission
stated in a “non-paper” on the subject (CEC, 2006):
“Another weakness of the effort limitation regime is that it
restricts the number of days-at-sea per vessel but does not
restrict the number of vessels in each fleet segment. This
has created an incentive for fishers to move from gears that
traditionally targeted cod, which were subject to the biggest
reductions in effort, towards smaller-mesh gears where cod
is taken as a bycatch. The bycatches of cod in the small-mesh
fisheries may be discarded, or may be landed if catch compo-
sition rules are not properly enforced”.

(iv) Linkages between natural and social sciences. The recovery
plan also required an extension of the knowledge base for
management decisions to include detailed information
about the distribution ofeffort and catches by fleet, and fore-
casts of the consequences of changing effort distributions
across fleets. Thus, biologists were requested to analyse
social units (fleets) and to relate to human behaviour
(fishers’ responses to management measures), which resulted
in tensions regarding the borders of their science (Wilson
and Delaney, 2005). On the management decision side, the
supplementary effort system resulted in multiple requests
for derogations from stakeholders claiming that special con-
ditions applied to their fleet segment. Consequently, the
system developed into an extensive micromanagement exer-
cise, and to date it has not been effective in achieving its
objective of rebuilding the cod stock.

Canadian cod management

Issues concerning knowledge, norms, allocation principles, and
linkages between natural and social factors are also evident in
cod recovery management in Atlantic Canada, as well as in the
USA. We focus on the importance of recognizing and dealing

explicitly with normative linkages, the effects of changes in the
framework ofcollective action, and decisions that lead to mistrust
of the managers or questions about the legitimacy of the knowl-
edge basis for management.

In Canada, employment, viability of local communities, and
other social objectives had not been incorporated explicitly in
the management strategies adopted by government bodies.
Consequently, social objectives have surfaced in ways that make
it difficult to reconcile them with rebuilding objectives. This
took place in the 1980s, when recommended TACs were overrid-
den by managers under political pressure (Finlayson, 1994;
Martin, 1995). This political pressure was fuelled partly by
concern about the accuracy of the stock projections, another
clear instance of knowledge linkages. In 1992, the federal
Minister of Fisheries imposed a moratorium on northern cod
catches, a drastic measure taken in response to equally drastic
declines in catches. The moratorium did not result in recovery
ofthe northern cod populations in most areas, and therefore con-
tinued. However, the implicit objectives of maintaining fishing
communities—and the dependent inshore enterprises—contin-
ued to surface and to temper rebuilding plans. By the
mid-1990s, the government allowed liberal recreational or subsis-
tence fishing periods and reopened short seasons for commercial
fishing combined with small TACs. Some argue that these
decisions contributed to the continuing failure of northern cod
restoration, although this remains a contested issue. In 2006, the
federal government announced a generous “food fishery” and
boat quota for the inshore fishing fleet (DFO, 2006), following
the widely publicized civil disobedience that took place in 2005
when those fisheries were closed (Banks and Baker, 2006).

US cod management and NCOs

Attention to social and economic objectives is built into the formal
decision-making process for federal fisheries in the USA (Fricke,
1985). Management plans must include analyses oftheir economic
and social impacts and take account of the needs of fishing com-
munities (McCay et al., 2002a, b). Nonetheless, lack ofviable insti-
tutions for reconciling multiple and potentially conflicting
objectives is similar to the situation in Atlantic Canada and the
EU. It contributed to delays and stalemate on the part of the
multistakeholder New England Fisheries Management Council
(NEFMC), which (like other regional councils) has been criticized
for over-representation ofindustry interests as the main reason for
its failure to take more aggressive measures to protect and restore
depleted stocks (Eagle et al., 2003).

US cod management has been marked by a major change in the
collective-action framework through the entry of environmental
groups as major stakeholders: non-governmental organizations
(NGOs) have become active in using the law courts to require
agencies to implement stricter management measures. Although
NEFMC acknowledged that major demersal stocks were over-
fished, there was little action until the courts became involved.
In 1991, the Conservation Law Foundation filed suit, leading to
a settlement that forced the NEFMC to implement stronger
restrictions on fishing. It was the first suit by a NGO, based
solely on enforcing conservation elements of the federal fisheries
law (Levin, 2002). The settlement reached in that litigation led
to a new plan that became operative in 1994 and cut groundfish
mortality by half over 5 years (Levin, 2002), which was
implemented in the context of measures to provide economic
relief to affected coastal communities (Buck, 1996). Another
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NGO-initiated lawsuit in 2001 led to a negotiated legal settlement
in 2003 that forced the NEFMC to adopt more explicit goals
(expressed as a “target TAC”, a proxy for an actual TAC (which
is still resisted politically), and even more stringent cutbacks in
fishing mortality. The main tool (days at sea) to achieve the
target TAC is effort reduction, in combination with stationary
and rolling area closures and other measures (Fletcher and
Gardner, n.d.; Fevin, 2002; Hogarth, 2003). The missing linkages
discussed above are now being forced upon managers by law
and politics.

From another perspective, the importance of cognitive and
regulatory linkages can be highlighted by examining how out-
comes for fishers can foster mistrust ofthe managers or questions
about the legitimacy of the knowledge basis for management.
A recent example can be found in the opening of a closed area
for fishing yellowtail flounder in New England waters in 2004
(Hall-Arber, 2006). The details of this measure, specifically the
overall TAC and the trip limits, were designed by the multistake-
holder NEFMC, the decisions being affected by a failure to under-
stand fully the uncertainties in a US/Canadian stock assessment
(TRAC, 2003) and its effects on the allocation of catches
between the two countries (Hall-Arber, 2006). Consequently,
trip limits were set so high that the regional market quickly
became glutted and prices plummeted, hurting the industry and
generating suspicion ofthe scientific institutions and the manage-
ment agency. Interestingly, many boats continued fishing even
though prices were low. This seemingly irrational behaviour only
makes sense in relation to yet another contextual linkage:
between past experience and future expectations. Briefly, building
up a history of high landings is widely viewed in New England as
smart in the face of an uncertain management future, given the
ways that limited access and days-at-sea allocations have been
handled in the past (Hall-Arber, 2006). This itself is a perverse
outcome of the failure to anticipate (and to take account of)
linkages, given the need to reduce effort.

Discussion
A management strategy consists of at least three different types of
decisions:

(i) normative: on longer term objectives and performance cri-
teria (implicit or explicit);

(ii) cognitive: on the relevant knowledge base for tactical
decisions (implicit or explicit);

(iii) regulatory: on the general implementation framework
(mainly input or output control) and instruments including
sanctions, HCRs, and monitoring and control requirements
(usually explicit).

In the three cases discussed, explicit normative decisions were
to restore stocks and reduce fishing pressure to sustainable
levels. The cognitive decisions were that the relevant knowledge
referred to classical stock assessment and population dynamics
associated with forecasts of catch levels that were expected to
lead to specific changes in biomass. The key regulatory decision
in the EU was that TACs were set according to a HCR, in
Canada to reduce effort and catches to nil (moratorium), and in
the US to reduce effort as a proxy for achieving a catch that
matched a target TAC. The implicit assumptions in all three
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cases were therefore that a biological objective should be the over-
riding concern and that rebuilding could be achieved by control-
ling catches based on deterministic predictions.

The outcomes have been disappointing in all three cases, for
differing but related reasons, as well as for reasons as yet not
understood concerning the biology of cod and the ecology of
the North Atlantic. Our focus is on the lack or inadequacy of
attention paid to linkages between the narrower concerns of tra-
ditional, top-down management and the dynamic contingencies
that constitute the larger fisheries system. Within the top-down
management institutions that we have inherited, these may be
recast as external constraints, which include the future state of
nature and the future behaviour of the fishing fleet in response
to management measures imposed. These external constraints
cannot be predicted, but management strategies can be evaluated
in terms of their robustness to changes in these constraints.

Conclusion

Management can only be effective in achieving its longer term
objectives if it is based on an understanding of fisheries as a
system with important linkages between institutions involved in
the production and evaluation of knowledge, institutions for
management decision-making, the implementation framework,
and adaptations in the fisheries. The development ofmanagement
strategies requires explicit or implicit decisions on longer term
management objectives and performance criteria, on the relevant
knowledge base for tactical management decisions, on HCRs,
and on the implementation framework. These decisions must be
relevant to the characteristics of the fisheries and the stocks they
exploit. The development of management strategies, therefore,
must be based on an understanding of the overall fisheries
system and the linkages between its normative, cognitive, and
regulatory aspects.

Developing management schemes that incorporate such a
broad understanding is not a trivial task. There are obstacles to
achieving consensus on objectives, especially with strong differ-
ences among fleets and important differences in perception, atti-
tudes, and constraints among scientists, managers, fishers, and,
increasingly, “green” and consumer groups. Additionally, develop-
ing performance criteria that are measurable and appropriate for
the biological and social realities of fisheries systems is challenging.
Moreover, managers may be reluctant to do so because they can be
held accountable for achieving specific performance objectives (an
argument for co-management, so that such responsibility can be
shared with industry participants). Yet it should be possible. The
recent development in ICES advice on European anglerfish
(Lophius spp.) is an example of a learning process involved in
seeking this goal. The advice was changed from standard TAC
advice to an effort-based adaptive approach with direct reference
to the vicious circle created by the TAC regime originally in
place (ICES, 2003, 2004, 2005). Therefore, greater attention to lin-
kages within fisheries systems in designing and implementing
control rules may be worth the effort, given the often perverse
and sometimes dire consequences of failing to do so, as exempli-
fied in the cases reviewed above.
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