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Abstract

In northern industrialized countries, the inland fisheries sector has long been domi-
nated by recreational fisheries, which normally exploit fish for leisure or subsistence
and provide many (poorly investigated) benefits to society. Various factors constrain
the development and existence of inland fisheries, such as local user conflicts, low
social priority and inadequate research and funding. In many cases, however, degrada-
tion of the environment and loss of aquatic habitat are the predominant concerns for
the sustainability of inland fisheries. The need for concerted effort to prevent and reduce
environmental degradation, as well as conservation of freshwater fish and fisheries as
renewable common pool resources or entities in their own right is the greatest chal-
lenge facing sustainable development of inland waters. In inland fisheries manage-
ment, the declining quality of the aquatic environment coupled with long-term
inadequate and often inappropriate fisheries management has led to an emphasis on
enhancement practices, such as stocking, to mitigate anthropogenic stress. However,
this is not always the most appropriate management approach. Therefore, there is an
urgent need to alter many traditional inland fisheries management practices and sys-
tems to focus on sustainable development.

This paper reviews the literature regarding the inputs needed for sustainability of
inland fisheries in industrialized countries. To understand better the problems facing
sustainable inland fisheries management, the inland fisheries environment, its bene-
fits, negative impacts and constraints, as well as historical management, paradigms,
trends and current practices are described. Major philosophical shifts, challenges and
promising integrated management approaches are envisaged in a holistic framework.
The following are considered key elements for sustainable development of inland fish-
eries: communication, information dissemination, education, institutional restructur-
ing, marketing outreach, management plans, decision analysis, socioeconomic
evaluation and research into the human dimension, in addition to traditional biological
and ecological sciences. If these inputs are integrated with traditional fisheries manage-
ment practices, the prospects for sustainability in the inland fisheries will be enhanced.
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tion, recreational fisheries, stocking
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. ever, its importance relative to other food production
Introduction

Since ancient times, fishing has been a major source
of food and income for society (Cowx 2002c). How-
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systems has waned in the last half century (FAO
1997). This is especially true for fishing activities
in inland waters of densely populated and highly

© 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316



Inland fisheries and sustainability R Arlinghaus et al.

industrialized countries of the northern temperate
world, where multipurpose use patterns have created
a very distinct climate for the development of inland
fisheries (FAO 1997). Activities such as agriculture,
damming, channalization, deforestation, navigation,
wetland reclamation, urbanization, hydropower
generation, water abstraction and transfer and waste
disposal have altered freshwater ecosystems pro-
foundly, probably more than terrestrial ecosystems
(Vitousek et al. 1997; Cowx 2000). As a result, the
majority of freshwater ecosystems in industrialized
countries are considered impacted (Dynesius and
Nilsson 1994; Vitousek et al. 1997), and (genetic, spe-
cies and community) biodiversity change between
1990 and 2100 is estimated to be least in northern
temperate ecosystems because major land-use
changes have already occurred (Sala et al. 2000).
Therefore, in most areas of the world, the principal
impacts on inland fisheries do not originate from the
fishery itself but from outside the fishery (e.g. FAO
1997; Garcia et al. 1999; Welcomme 2001). For the
last 20 years, as a result of the established environ-
mental awareness within industrialized societies
(Diekmann and Franzen 1999), the realization of the
poor state of most freshwater ecosystems and the
implementation of remedial actions (e.g. sewage
treatment to reduce nutrient loading), environmen-
tal quality has increased in many fresh waters
throughout the industrialized world, both in run-
ning (e.g. Cowx 2000, 2002a; Raat 2001) and stand-
ing waters (e.g. Eckmann and Résch 1998; Miiller
and Bia 1998; Jurvelius and Auvinen 2001; Cowx
2002a,b). These developments which were often
initiated by nonfishery stakeholders and implemen-
ted by nature conservation, environmental or water
authorities, were supported by numerous interna-
tional conventions and directives which aim to pro-
tect water quality (e.g. European Water Framework
Directive 2000/60/EEC of 22 December 2000), aqua-
tic habitats (e.g. EC Habitats Directive Conservation
of Natural Habitats and of Wild Flora and Fauna 92/
43/ECC of 21 May 1992, adapted to scientific progress
with EU Council Directive 97/62/EC of 27 October
1997) and biodiversity, including freshwater fish (e.g.
EU Council Decision 98/746/EC of 21 December 1998
concerning amendments to the Berne Convention
on the Conservation of European Wildlife and Natural
Habitats, ‘Natura 2000’ framework, IUCN Red List).
Unfortunately, nature conservation programmes
and improvement of water quality (e.g. reduction of
pollutants, Cowx 2002a) have rarely been successful
at substantially protecting and enhancing fresh-
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water fish (e.g. Raat 2001; Souchon and Keith 2001;
Cowx and Collares-Pereira 2002). Reasons may
include fish species diversity being more dependent
on rehabilitation of habitat structure and mainte-
nance of lateral and longitudinal connectivity than
on improvement of water quality (e.g. Lucas and
Marmulla 2000; Wolter 2001; Collares-Pereira et al.
2002a). Furthermore, the number of examples of
conservation actions targeting fish in the literature
is small in comparison to other animal species, and
the number of examples where fish populations have
increased and expanded is pitiful (Kirchhofer and
Hefti 1995; Cowx 2002a; Cowx and Collares-Pereira
2002). Therefore, despite marginal increases in
inland fish catches in many countries and several
regions of the world (about 2% per year, Fig. 1), which
are the result of fishery enhancements by stocking,
human-induced eutrophication and simply better
statistical information, degradation of the environ-
ment and loss of aquatic habitat still remain the pre-
dominant concerns for the sustainability of inland
fisheries (FAO 1999). The need for concerted effort to
prevent and reduce environmental degradation — as
well as conservation of freshwater fish and fisheries
as renewable common pool resources or entities in
their own right —is the greatest challenge facing sus-
tainable development of inland waters (FAO 1999).
Inland fisheries can be viewed as evolving organ-
isms (Fig. 2), with the major stages in the life cycle of
an inland fishery comprising an initial emphasis on
food production, then a growing interest in recrea-
tion, with aesthetic and nature conservation inter-
ests emerging last (Smith 1986). This is also seen
when the objectives of inland fisheries management
in developed and developing countries are compared
(Table 1). Fisheries management in industrialized
countries focuses almost exclusively on recreation
and conservation, whereas developing countries still
focus on food security, although the emphasis on
recreational fisheries (Cowx 2002¢) and conserva-
tion (Collares-Pereira et al. 2002a) are increasing as
a result of globalization. Basically, as commercial
productivity and the number of commercial and
recreational users increase, conservation of the
resource requires more stringent management inter-
vention. Furthermore, with increasing exploitation
pressure on inland fishery resources, both in terms
of effort and fishing efficiency, food production oppor-
tunities tend to decline and recreational uses expand
(Smith 1986; Radonski 1995). Consequently, in most
temperate countries recreational, leisure or ‘sport’
fisheries are the dominant components of evolved
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Nature Conservation

Angling and Recreation

Food Production
and Commercial
Fisheries

Degree of Industrialisation and Anthropogenic Impact

Figure 1 Time-series (1970-99) of
marine fisheries catches and catches
in inland waters (a) and of catch in
inland waters by continental region
(b) European data for 1988 onwards
include former USSR data) (Source:
FAO 2000; EINino events according to
Watson and Pauly 2001). Note that
underreporting of catch by countries
and incomplete data on recreational
fisheries suggest that catches in
inland waters may be at least twice as
high as shown on the figure (FAO
1999).

Figure 2 Generalized life cycle of
inland fisheries (modified from Smith
1986). Evolution takes place along an
industrialization gradient where user
numbers increase and stakeholder
dominance changes.
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Table 1 Different strategies for
management of inland waters for

Developed (temperate)

Developing (tropical)

fisheries in developed and developing

countries (from Welcomme 2000, Objectives
2001; slightly modified).
Mechanisms
Economic

Conservation/Preservation
Recreation

Recreational fisheries

Habitat rehabilitation
Environmentally sound stocking

Intensive aquaculture

Capital intensive

Provision of food

Income

(Commercial) Food fisheries
Habitat modification
Enhancement, e.g. through
intense stocking

Extensive, integrated, rural
aquaculture

Labour intensive

inland fisheries systems and have long represented
the major use of living aquatic resources (FAO 1999;
Welcomme 2001; Cowx 2002c¢).

In some European countries, e.g. Germany, this
evolution of inland fisheries has been almost comple-
tely neglected. For example, compared with the
abundant North American literature and extensive
experience regarding recreational fisheries manage-
ment, efforts to understand and better manage Eur-
opean recreational fisheries seem negligible (Aas
and Ditton 1998), despite the high socioeconomic
and sociocultural benefits created by angling (see
Section 3). Moreover, in Europe, investigations on
recreational fisheries have developed slowly (Aas
2002), despite the obvious need for an integrated
management approach to promote sustainable
inland fisheries management systems, which take
into account the multifaceted nature of inland water
uses. Irrespective of the high social importance,
recreational fisheries have a number of negative eco-
logical impacts (see Section 3). Therefore, sustainable
inland fisheries management systems constitute
both a challenge and a duty. The need for manage-
ment of natural freshwater ecosystems and all sys-
tems severely impacted by humans reflects an
inability of the systems to operate in self-sustaining
ways due to interference or damage to an extent that
is beyond the capabilities of the system to self-repair
(Moss 1999). The challenge and duty of sustainable
inland fisheries management cannot be regarded just
as an end in itself, but is just a symptom of failure of
the fisheries management and ecosystems in general
(Moss 1999).

The aims of this paper are: (i) to provide an insight
into the interdependence of fisheries and the concept
of sustainability to maintain, improve and develop
inland fisheries; (ii) to explore opportunities and con-
straints in achieving sustainable use of inland waters
with special reference to recreational fisheries in

© 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316

Europe and (iii) to encourage further scientific inves-
tigations into sustainable inland fisheries manage-
ment.

The paper will: (i) explore the theoretical basis of
the sustainability concept with respect to fisheries;
(ii) describe developed inland fisheries systems; (iii)
describe the evolution of inland fisheries manage-
ment and its paradigms; (iv) outline current inland
fisheries management practices; (v) elucidate possi-
ble management directions for freshwater fisheries
with special emphasis on traditional fisheries
management systems and (vi) recommend prospects
and perspectives, as well as research needs. The
diverse nature of inland fisheries systems worldwide
(O'Grady 1995; FAO 1999) necessitates that to remain
meaningful, the paper focuses on one region, Europe.
However, abundant North American and Canadian
fisheries literature is considered.

Inland fisheries and sustainability

Fisheries systems worldwide are characterized by
complex interrelationships between society and the
natural environment (Lackey 1979; Caddy 1999;
Charles 2000; Cochrane 2000). This complexity,
their long history, the high degree of development
within the life cycle of fisheries and the poor state of
many fisheries systems (e.g. Pauly and Christensen
1995; Garcia and Newton 1997; Buckworth 1998)
and freshwater ecosystems in developed countries
make them ideal case-studies for the concepts of
sustainability and sustainable development (SD)
(Charles 1994), both being inherently complex
conceptual and normative approaches (Barrett and
Odum 2000). However, there is no general consensus
for a clear definition of sustainability and there are
hundreds of general definitions of SD (see Garcia and
Staples 2000) which make both concepts almost
convert to ‘buzz words. SD was popularized by the
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Brundtland Report (WCED 1987) and subsequently
by the United Nations Conference on Environment
and Development (‘Earth Summit’ Agenda 21 in Rio
deJaneiro1992). According to the Brundtland Report,
adevelopment is sustainable when it ‘meets the needs
of the present generation without compromising the
ability of future generations to meet their own needs’
(WCED 1987). It is important to mention that the
definitions of the Brundtland Report and of the Rio
Conference are explicitly anthropocentric (Rennings
and Wiggering 1997). Anthropocentric definitions of
SD include no reference to environmental quality,
biological integrity, ecosystem health or biodiversity
(Callicot and Mumford 1997). This is also true when
looking at weak sustainability (WS) which, together
with strong sustainability (SS), constitute two dis-
tinct approaches to sustainability (Goodland and
Daly 1996; Garcia and Staples 2000; Hediger 2000).
Weak sustainability, which is more likely to be
embraced by conventional economists (Jamieson
1998), implies that natural, man-made, human and
social capitals are perfect substitutes for each other.
Weak sustainability, like other anthropocentric
definitions of SD, makes no essential reference to
environmental goods (Jamieson 1998). Therefore, WS
allows radical depletion of natural capital provided
the sum of the above four capitals (and the services
which could be provided by it) is kept constant for
future generations or increases over time (Garcia
and Staples 2000). Strong sustainability, on the other
hand, is more related to the biocentric viewpoints of
ecologists and ecological economists who value the
biota and natural capital for its own sake (Costanza
and Daly 1992; Goodland and Daly 1996; Callicot
and Mumford 1997). Strong sustainability assumes
that all forms of capital are not equivalent but
complementary and should be conserved in their
own right (Costanza and Daly 1992). Pajak (2000)
favoured the ‘simple and widely used, ...
and understandable’ anthropocentric SD definition
of WCED (1987) when reconciling sustainability,
ecosystem management and fisheries. Garcia and
Grainger (1997), on the other hand, stated that the
whole theory of fisheries management (e.g. maxi-
mum sustainable yield (MSY)) is based on SS con-
cepts and thus on a rather biocentric philosophical
viewpoint. Regardless of the different theoretical

succinct

perceptions on sustainability, both philosophical
viewpoints have the power to rebuild, revive and
conserve inland fisheries systems on the larger scale
and are not counter-intuitive to the future devel-
opment of fisheries per se. This is true because in
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fisheries systems, on the larger scale, only healthy
aquatic ecosystems are able to produce high social
and economic benefits (community welfare). Healthy
and functional ecosystems are, at the same time, the
prerequisite for ecological sustainability (biocentric
SD; Callicot and Mumford 1997; see also Goodland
and Daly 1996 for environmental sustainability).
Conversely, the implementation of an anthropo-
centric SD means that the interests and well being of
fishers now and in the future are taken into account.
However, there remains the risk that according to
WS concepts ‘sustainable’ management practices on
the local scale lead to unsustainability on the larger
scale. Consequently, given the minimum necessary
condition, which is the maintenance of the total
natural capital stocks (i) at or above the current level
(Costanza and Daly 1992) or (ii) at or above critical
levels thought to be consistent with ecosystem stabi-
lity and resilience (Navrud 2001b), every properly
interpreted and adopted sustainability concept is an
opportunity for the conservation of threatened fish-
eries systems, including inland fisheries worldwide.
Taking this into account, the challenge for inland
fisheries is not to debate direction and definition of
sustainability or SD, but to finally achieve and imple-
ment sustainability by shifting from a ‘sectoral view,
in which the fishery is treated in isolation, to an inte-
grated, multidisciplinary ‘systems’view (Charles 1998,
2000). This should lead to qualitative (i.e., sustain-
able) development of inland fisheries, which is
fundamentally different to (quantitative) throughput
growth that is often meant when speaking about
development (see Goodland and Daly 1996 for
details).

In the context of sustainability, rebuilding ecosys-
tems should be the overarching goal of modern sus-
tainable fisheries management and not sustainable
fisheries per se, because public support is more likely
to occur for sustainable ecosystems than for sustain-
able fisheries (Pitcher and Pauly 1998; Pitcher 2000,
2001). Furthermore, the total value of the resource
will rise quickly if functioning, diverse aquatic eco-
systems, including commercially and recreationally
valuable top predators, are restored (Pitcher and
Pauly 1998; Pitcher 2001). Therefore, because of the
threats to inland fisheries originating mainly from
outside the sector, sustainable inland fisheries man-
agement systems have to be considered as integrated
part of a holistic management of (specific) aquatic
ecosystems or watersheds (Fig.3, compare, e.g.
Caddy 1999; Garcia et al. 1999; Pitcher 2001; Scheffer
etal. 2001), which are encapsulated in three domains:
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Framework Directive

Top Down Traditional Inland Fisheries
Management, Bottom Up Sustainable
Inland Fisheries Management .
Regional Scale
Goal: Approaching Sustainable Inland
Fisheries
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Management, Bottom Up Sustainable
Inland Fisheries Management II.
> Local Scale
Goal: Approaching Sustainable Inland
Fisheries

Conflicts between User
Groups

Figure 3 Management hierarchy of inland fisheries in Europe. The ecosystem management approach as ‘new’ management

philosophy is rather the desirable than the existing condition.

environment, society and institutions (Pajak 2000;
Fig. 4). Consequently, the interdependent compo-
nents of sustainability in fisheries are ecological,
social (socioeconomic and community) and institu-
tional sustainability (e.g. Charles 1994, 2000). Unfor-
tunately, in many scenarios these three domains
(including scientific research) are disconnected and

sustainability is compromised (Meffe 2002). Fisheries
systems are sustainable if the aquatic ecosystems
including their functions, services (e.g. recreation
and nature conservation areas, see Holmlund and
Hammer 1999 for details) and fish stocks persist in
the long term (Costanza and Patten 1995). Such SD
of inland fisheries conserves (land) water, genetic

Environment
+
Society
indicators
+
o / analysed data \
Institutions
/ primary cata \
Sustainability

Figure 4 Sustainability domains of inland fisheries management and the potential role and use of sustainability indicators
and indices as a communication tool to simplify and quantify information. The three domains of sustainability (environment,
society and institutions) are illustrated as concentric rings, rather than partially overlapping, to more clearly depict their
functional relationships and known hierarchy (societies and their institutions exist within the limits of their environments)

(from Pajak 2000; modified).
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resources, is environmentally nondegrading, tech-
nologically appropriate, economically viable and
socially acceptable (FAO 1995).

Because of the inability to treat fisheries in isola-
tion from the environment (Charles 1998), fisheries
management systems have recently focused on eco-
system-based management (EBM, see Christensen
et al. 1996) as the way to achieve sustainability
(Larkin 1996; Schramm and Hubert 1999; Fluharty
2000). The EBM approach, as a philosophy in inland
fisheries (Fig. 3), has evolved because of: (i) the recog-
nition of the interrelationships of (eco)systems in
time and space; inland fisheries are especially
affected by land use practices —the inability of inland
fisheries authorities to alter human activities on land
ecosystems has led to focus on single-species man-
agement driven by sport and commercial fishing
interests (Schramm and Hubert 1999); (ii) the consid-
eration of human values in the process of natural
resource management; human values are necessary
for setting policy, establishing laws and ultimately
making management decisions and actions (Cam-
bray and Pister 2002) and (iii) the biodiversity crisis
—biodiversity can only be conserved by rehabilitation
or conservation of crucial aquatic habitats (Cowx
and Collares-Pereira 2002; Cowx 2002a).

Despite widespread recognition and adoption of
the general goal of sustainability and the EBM
approach, most decision makers still lack a com-
prehensive set of management principles and an
operational framework to monitor and manage for
sustainable fisheries (Pajak 2000). Pajak (2000),
Charles (2000) and Garcia and Staples (2000) devel-
oped a framework for fisheries which integrates a
small set of critical, measurable components (sus-
tainability indicators) necessary to maintain the
integrity of ecosystems, societies and institutions
(Fig. 4). Although not exhaustive, the proposed
sustainability indicators (see the cited references for
details), which during analysis are aggregated into
sustainability indices (Fig.4), have potential and
should be developed further into a sustainability
reference system (Garcia and Staples 2000) for
inland fisheries management at higher levels of the
management hierarchy (Fig. 3, see Section 4). Theo-
retical guidelines for management of inland waters
are also available (Raat 1990; Welcomme 1998D,
2001), as well as a conceptual sustainability (policy
or institutional) framework for fisheries, in the Code
of Conduct of Responsible Fisheries of the Food and
Agricultural Organization of the United Nations
(FAO 1995; see also Caddy 1996, 2000; Garcia et al.
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1999). Together with the technical guidelines for
inland fisheries (FAO 1997), qualitative models
(Welcomme 1999) and multidisciplinary/multivari-
ate methods for appraisal of the health of fisheries
(Pitcher et al. 1998; RAPFISH Pitcher and Preikshot
2001), all players of an inland management system
should have sufficient ‘global’ input to develop effi-
cient management systems ‘locally’. Note, however,
that maintaining a particular inland fishery in
the long term (sustainably) may not always mean
that sustainability in general or at higher levels
(watershed, inland fisheries system in general) is
achieved. It will therefore be essential to remain
aware (and to identify) of the causes of unsustainabil-
ity coming from outside the sector (e.g. land-based
or aerial pollution), as well as those imposed by the
inland fishery on other sectors (e.g. tourism, naviga-
tion) (Garcia and Staples 2000).

Some principles seem to be crucial for sustainable
management of inland waters. These are: (i) responsi-
bility; (ii) scale matching; (iii) precaution; (iv) adap-
tive management; (v) full cost allocation and (vi)
participation (see Costanza et al. 1998 for details).
These principles are not unique to inland fisheries
but are basic guidelines governing the use of all
environmental goods (Costanza et al. 1998). Thus,
sustainable inland fisheries management systems
will certainly require: (i) precautionary approaches
and principles (e.g. Garcia 1994; FAO 1996; Richards
and Maguire 1998; Auster 2001; Essington 2001;
Hilborn et al. 2001); (ii) adaptive management sys-
tems (e.g. Walters 1986; Halbert 1993; Bundy 1998);
(iii) participation of all stakeholders (e.g. Mace 1997;
Charles 1998; Harris 1998; Pauly et al. 1998a; Sutton
1998; Cochrane 2000) and (iv) appropriate science
and integrated (across disciplines, stakeholder groups
and generations) management and approaches
(Holling 1993; Rosenberg et al. 1993; Parrish et al.
1995; Stephenson and Lane 1995; Harris 1998;
Policansky 1998; Caddy 1999). Besides, a reversal of
the burden of proof must be applied to manage fresh-
water fishery resources so that those exploiting them
must demonstrate no ecologically significant long-
term changes (conservation-first perspective, pre-
cautionary principle) (Charles 1998; Dayton 1998).
However, the key element of a new inland fisheries
management system is a stronger participatory man-
agement process in which all stakeholders are repre-
sented (e.g. Decker et al. 1996; Garcia and Grainger
1997; Charles 2000; Iyer-Raniga and Treloar 2000).
One essence of sustainability is the fisheries commu-
nity view that they have not only the right to manage

© 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316
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the resource properly, but also the duty (Walters
1998). This is referred to as a bottom-up approach to
management and could be implemented as a coop-
erative management system (comanagement) where
the fishing community manage the resource accord-
ing to well-defined regulations with support from
the appropriate governmental agency, or commu-
nity-based management where the local stake-
holders take direct control of the resource allocation
and exploitation (see Pinkerton 1994; Sen and Raak-
jaer Nielsen 1996; Brown 1998; Costanza et al. 1998;
Welcomme 2001; for details). The involvement of the
communities in the management process is impor-
tant because sustainable inland fisheries manage-
ment will only be successful if: (i) all interest groups
are willing to comply (e.g. Honneland 1999); (ii) com-
mitment of users to long-term conservation is
assured (Sutton 1998) and (iii) conflicts between user
groups are minimized or resolved through compro-
mise solutions (Cochrane and Payne 1998; Cowx
1998a; Haggan 1998; but see Scheffer et al. 2000 for
suboptimal compromise solutions from the overall
social point of view). This needs more sophisticated
education programmes and public outreach, which
are of paramount concern in successful EBM
(Holland 1996). Furthermore, effective communica-
tion skills are necessary to bring together a heteroge-
neous group of stakeholders and allow effective
inland fisheries management (Brown 1996; Decker
and Krueger 1999). Last but not the least, responsible
(i.e., sustainable in the FAO Code of Conduct) man-
agement requires setting unambiguous and quantifi-
able objectives and management measures in
cooperation with fishers, anglers and other interest
groups (Lackey 1979; Barber and Taylor 1990;
Cochrane 2000).

Sustainable inland fisheries will only become rea-
lity by: (i) taking into account the above principles;
(ii) adoption of the EBM as management philosophy
and (iii) implementing integrated, holistic, regional
or local watershed/specific ecosystem management
systems (which are beyond the scope of this paper).
In addition, there is an urgent need to alter the
current traditional management practices as pre-
requisites for sustainable fisheries (Fig. 3). It is easier
to discard unsustainable management measures
(Jamieson 1998) than to identify sustainable ones or
even predict and define when sustainability is
achieved (‘after the fact, Costanza and Patten 1995).
To understand better the main issues affecting
inland fisheries in developed countries, these
fisheries (Section 3) and their management practices

© 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316

(Section 4) are presented in more detail in the follow-
ing two sections.

Description of inland fisheries of
developed countries

This section describes the inland fisheries system of
developed countries by: (i) defining the systems; (ii)
summarising the benefits and negative impacts of
inland fisheries and (iii) identifying impacts and
threats to inland fisheries systems.

Definition and brief description

Generally, inland fisheries systems worldwide com-
prise four main categories: (i) commercial, capture
food fisheries; (ii) noncommercial fisheries exploited
for leisure, ‘sport’ or subsistence; (iii) aquaculture
and (iv) upstream or downstream services such as
gear manufactures, ownership of water rights, tour-
ism (upstream) and fish processors, transporters and
retailers (downstream) (Steffens 1986; O'Grady 1995;
Welcomme 2001; Cowx 2002c¢). Aquaculture is often
treated separately from the inland fisheries sector as
it is more akin to an agricultural activity (FAO 1997).
The demarcation between capture fisheries and
aquaculture is becoming increasingly difficult to
define, as fisheries management is mainly achieved
through enhancement activities, such as stocking,
fertilization and environmental manipulation (Wel-
comme and Bartley 1998; Welcomme 2001). However,
there are important ecological, sociological and legal
differences between capture fisheries and aquacul-
ture (Welcomme 2001). Thus, for the purpose of
this paper, inland fisheries are defined as fishing
activities in natural or ‘semi natural, limnetic ecosys-
tems, such as rivers, lakes, gravel pits, other man-
made standing water bodies and reservoirs, to benefit
from the use of fish and other aquatic organisms
therein.

In commercial fisheries, static (e.g. gill nets, long
lines, taps, fyke or bag nets) and active gears (e.g.
seine nets, electric fishing, cast nets, lift nets) are used
(see Welcomme 2001 for details). Fishing with trawls
is not common in inland waters of most developed
countries (but compare Jurvelius and Auvinen 2001
in Finland) and often prohibited by law, as are the
use of poisons and explosives. Full-time commercial
food fisheries have largely disappeared throughout
the developed world (e.g. North America, Belgium,
UK). Locally, however, there have remained econom-
ically viable (but threatened) commercial capture
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enterprises in some European countries (e.g. Ger-
many, Finland, France, Poland, see Von Lukowicz
1995; Bninska 2000; Salmi et al. 2000; Boisneau and
Mennesson-Boisneau 2001; Wedekind et al. 2001; for
details). In these countries, the sole surviving (mostly
part-time, Salmi et al. 2000; Rasmussen and Geertz-
Hansen 2001; Arlinghaus et al. 2002) inland fisher-
men often operate multidimensionally as service
industries providing recreational activities (fishing,
boating, swimming), managing fish communities,
processing (e.g. smoking) their landings and supply-
ing them directly to consumers, restaurants or
hotels. Commercial enterprises in developed coun-
tries are often highly dependent on anglers who buy
fishing licences or rent boats, especially in regions
with tourism activities or close to metropolitan cen-
tres. Thus, most of the surviving commercial fisher-
men are directly or indirectly linked to recreational
fishing (Wortley 1995), and so are the aquaculture
facilities that often provide stocking material for fish-
ery enhancements (Wortley 1995; FAO 1997). A
reduction in the numbers of anglers would mean a
reduction of the whole interdependent inland fish-
eries sector.

By far, the most important branch of the inland
fisheries sector in developed countries is recreational
fishing using rod, reel, line and hooks (angling), or a
variation of them (Guthrie et al. 1991; Pollock et al.
1994; Aas and Ditton 1998; Welcomme 2001; Cowx
2002c¢). In some countries (e.g. Finland, Norway),
recreational fishing is practised with gears which
are predominately designed for commercial purposes
(e.g. gill nets, traps) (Aas and Skurdal 1996; Salmi
et al. 2000). Thus, although recreational fishing is
usually considered a leisure activity (Aas 2002), in
poorer countries and some more prosperous ones
such as Finland or Germany, recreational fisheries
play a role in supplementing diets and most fish
caught are taken home for consumption (Bninska
1995; Welcomme 2001; Cowx 2002c¢). In such circum-
stances, gillnets can be an important fishing gear for
a type of fishery that is not commercial and not
recreational per se, but where fishing is used as a
means to supplement incomes and direct consump-
tion of food (subsistence fishing, Glass et al. 1995).
However, in many areas the distinction between sub-
sistence and recreation is unclear, and especially in
developing countries and rural districts it is neces-
sary to consider subsistence and recreational fishing
together (Aas and Skurdal 1996; Aas 2002). Thus, in
this paper the term ‘recreational fishing’ includes all
the fishing practices which are noncommercial
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including angling and gill-netting harvesting fish
for subsistence.

Social sciences revealed great angler diversity in
terms of social and economic characteristics, motiva-
tions, leisure benefits sought from fishing, participa-
tion patterns, species and method preferences, levels
of involvement and commitment, consumptive
orientation and management preferences (e.g. Hahn
1991; Ditton 1996; Aas and Ditton 1998). The ‘average’
angler exists only in research reports (Aas and Ditton
1998). The concept of recreational specialization pro-
vides a means for understanding the diversity of
anglers (see Hahn 1991 for a review). Bryan (1977)
defined specialization as ‘a continuum of behaviour
from the general to the particular reflected by equip-
ment and skills used in the sport and activity setting
preferences. Bryan (1977) identified four types of
trout anglers: occasional anglers (lower end of the
specialization continuum), generalists, technique
specialists and technique and setting specialists
(upper end). Another possibility of segmenting
anglers is according to their consumptive orientation
(Fedler and Ditton 1986; Aas and Kaltenborn 1995).
Degree of consumptiveness should be seen as an
orientation to value consumptive (catch-related) over
nonconsumptive motives (noncatch-related) for
angling. Welcomme (2001) and Cowx (2002c¢) pro-
posed another broader method for segmentation of
anglers into: (i) match anglers (competition anglers);
(ii) specimen anglers (trophy anglers practising
catch-and-release or ‘game’angling for larger salmo-
nids); (iii) relaxation anglers and (iv) anglers fishing
primarily for food. However, many anglers are diffi-
cult to group because they often pursue more than
one type of fishing (Hahn 1991; Pollock et al. 1994).

Numerous studies confirmed that a great percen-
tage of anglers seek to escape from daily routines
and relax in nature and are not necessarily con-
cerned about the quantity or quality of their catch to
enjoy their fishing trip (see Fedler and Ditton 1994
for a review). In recent years, however, in Europe
there has been a trend towards more catch-related
motivations, and to specialize on certain species
(Cowx 2002¢). An increasing trend in recreational
fisheries, which has been practised in countries like
the UK and France for decades, is for the fish, once
captured, to be returned to the water for the capture
of others or the conservation of fish stocks (Poli-
cansky 2002). Catch-and-release policies are funda-
mental to the recreational fisheries policies of the
USA and other temperate countries such as the Neth-
erlands and the UK (Welcomme 2001; Policansky
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2002). However, this procedure has been questioned
by animal welfare groupings in several countries,
such as Germany, where the reasonable reason for
harming an animal is often only accepted if the catch
is removed for consumption (Berg and Rosch 1998).

With respect to management of inland waters in
developed countries, stocking of fish coupled with
habitat rehabilitation measures have become the
major actions (Table 1; Welcomme 2000, 2001; Cowx
2002b). Declining quality of the aquatic environ-
ment, resulting from eutrophication, pollution, acidi-
fication and habitat modification, coupled with poor
fisheries management and the creation of a popular
stocking mythology among fisheries managers and
fishery stakeholders (Meffe 1992), has over the past
century led to an emphasis on enhancement of fish-
eries to mitigate anthropogenic stress (Schramm
and Piper 1995; Cowx 1998b). Today, most inland fish-
eries are stocked freshwater fisheries, so-called cul-
ture-based fisheries (FAO 1997; Cowx 1994b, 1998b,
2002b; Welcomme and Bartley 1998; Welcomme
2000). The main types of fisheries based on stock
enhancement, as opposed to natural fisheries with-
out stock enhancement practices, are: (i) put, grow
and take; (ii) put and take and (iii) put, catch and
release (see Cowx 2002c for details). In Europe and
in particular in the UK, there is a growing trend
towards the latter type of recreational fishery. These
fisheries are often small, highly stocked stillwater
fisheries providing anglers with eating facilities, rest
rooms, bait and tackle suppliers and entertainment
for the whole family (Lyons et al. 2002). The angling
experience gained from these intensively managed,
purpose-built artificial fisheries offering easy access
and high catch rates (North 2002) is considerably dif-
ferent from the angling experience in natural fish-
eries. However, artificial fisheries may ease the
angling pressure from natural water bodies at the
expense of increasing angler catch expectations
which can no longer be satisfied in natural water
bodies.

Benefits — values and impacts

Inland fisheries undoubtedly have high socioeco-
nomic and sociocultural importance and provide ‘a
myriad of benefits to society’ (Fisheries Management
and Ecology, 2001; Weithman 1999, 2001; Pitcher
and Hollingworth 2002). However, benefits created
by inland fisheries are difficult to group, quantify
and evaluate (e.g. Talhelm and Libby 1987; Kearney
1999, 2002). This is particularly true for recreational
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fisheries (Cowx 1999a, 2002c). However, because
people go fishing, despite the time and money
required, indicates that there are values associated
with participation. To an angler, a fishing trip is an
experience that includes such dimensions as relaxa-
tion or escape from work-related pressures, friend-
ship, enjoying out-of-doors, challenge, and the
opportunity to consume the fish that are caught. A
fishing trip has a planning phase and a recollection
phase, as well as the event itself. Each of these phases
is generally viewed positively by anglers and there-
fore has benefits that accrue to anglers (Pollock et al.
1994). However, an important distinction has to be
made between two types of benefits: values and
impacts (Probst and Gavrilis 1987; Weithman 1999).
Values describe what people receive related to their
expenses —for anglers, the satisfaction of the trip; for
commercial fishers, profit (Weithman 1999). It should
be recognized that value in this context refers to the
benefits accrued by the angler and not the capital
value of the fisheries which can be substanial, espe-
cially for salmon fisheries. Impact, in contrast to
values, represents the effects that are generated by
the use of the resource, i.e. effects to the community
and local, regional and national economies (Weith-
man 1999). Concerning socioeconomic impact, the
distinction between users and beneficiaries of the
resource use is crucial (compare Fig. 2). In commer-
cial fisheries, relatively few people use the resources
through fishing, but many people benefit from the
fish that is bought for consumption. In recreational
fisheries, irrespective of leisure or subsistence or a
combination of both, a larger number of people fish
(use), when compared with commercial fisheries,
but there are not many beneficiaries over and above
these recreational fisher numbers. In nature conser-
vation, few people use the resource directly for aes-
thetic reasons (Smith 1986), but the general public
benefits by an improvement in ecosystem health,
albeit reluctantly.

Generally, three domains can be distinguished
where benefits are accrued, viz. economic, social
and ecological benefits of inland fisheries. Further-
more, when speaking about impacts additional com-
ponents need to be taken into account: (i) negative
impact of inland fisheries on aquatic ecosystems and
(i) impacts, threats and constraints on inland fish-
eries.

Economic benefits
The most transparent benefit of inland fisheries is an

economic one. There are two types of economic
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Table 2 Socioeconomic benefits of inland fisheries and impacts on inland fisheries (from Weithman 1999; modified).

Values

Impacts

Economic benefits
User: Consumptive,
nonconsumptive, indirect

Nonuser: Option, existence,
bequest
Social benefits
Cultural, societal,
psychological, physiological
Ecological benefits

Direct, indirect, induced

Quality of life, social well being

Mitigation, rehabilitation, management, negative ‘benefits’ (impacts)
Other impacts
environmental degradation, low societal priority, user conflicts,
cost-effectiveness, constraints

values associated with fisheries: user and nonuser,
whereby a user, such as an angler, off-site of a particu-
lar water is by definition a (temporary) nonuser of
the fishery. User value can be subdivided into con-
sumptive, nonconsumptive and indirect values
(Bishop et al. 1987; Randall 1987; Table 2). Consump-
tive use is, for example, harvest by an angler. Noncon-
sumptive uses of fisheries resources include sight-
seeing, and enjoyment of nature, fresh air and other
public goods that do not deplete the fishery resources,
i.e. the value that individuals derive that is not condi-
tional on consumption of, or physical change to, the
natural resources. On-site use includes consumptive
and nonconsumptive activities associated with the
fishery (Riechers and Fedler 1996). Indirect use may
include activities away from the site, including read-
ing about or special activities at the fishery location
(Riechers and Fedler 1996).

Nonuse value is partitioned into option (value to an
individual of maintaining the option to use a res-
ource some time in the future), bequest (value to an
individual knowing that a resource is available for
future generations to use) and existence value (value
derived by an individual from knowing that a res-
ource exists and that others have the opportunity to
useit) (e.g. LoomisandWhite1996; Riechers andFedler
1996; Weithman 1999; Peirson et al. 2001; Table 2).

Use and nonuse values can be determined through
contingent valuation methodologies (CVM) (e.g.
Navrud 2001a). These involve asking a sample of the
relevant population either (i) how much they are will-
ing to pay (WTP) for a service or increase they are
willing to pay for maintaining access to the service
or (ii) how much they are willing to accept (WTA) as
a compensation for a loss of the service or a change
not occurring. Since it is often improvements in the
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quantity or quality of fish stocks that are being
assessed, the appropriate measure is either compen-
sation surplus (WTP for improvement) or equivalent
surplus (WTA for the change not occurring) (see Per-
man et al. 1999 for discussion). The choice of WTP or
WTA depends on assumptions about entitlements
and whether the change is an improvement or a dete-
rioration in environmental quality. Generally, WTA
is only used where there are clear property rights
to the status quo and the change is a deterioration
(Peirson et al. 2001). WTP, which includes actual
expenditures and excess value (benefits that exceed
monetary cost, net economic value or consumer sur-
plus) to users, is an appropriate measure of economic
value of a recreational fishery (see Pollock et al. 1994;
Riechers and Fedler 1996; Weithman 1999; Navrud
2001a for reviews) and of a part-time or artisanal
commercial or subsistence fishery, which are com-
parable to ‘leisure’ activities. In addition, the value
that nonusers place on recreational fisheries has to
be considered if total economic value of a recrea-
tional fishery is to be evaluated.

In addition to the CVM, other nonmarket valuation
techniques, such as the travel cost method, have been
developed to determine the economic value of recrea-
tional fishery resources (e.g. Pollock et al. 1994; Nav-
rud 200la). In Europe, however, such economic
valuation has only been applied to recreational fish-
eries in selected parts, e.g. the UK (Postle and Moore
1998; Peirson et al. 2001) and Scandinavia (Sipponen
1990; Navrud 2001a; Roth et al. 2001; Toivonen
2002). Instead, in many countries (e.g. Germany),
there has been a focus on economic impact assess-
ments (Probst and Gavrilis 1987) to ‘value’ the fishery.
Unfortunately, expenditure and economic impact
data do not fully account for the economic value of a
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recreational fishery (Edwards 1991; Fisher and
Grambsch 1991; Riechers and Fedler 1996). For inland
fisheries conservation as well as management, it is
essential to provide a thorough economic evaluation
of inland fisheries to defend the position of the sector
per se against aquatic resource development schemes
(Cowx 1998a, 1999a, 2002a,c). Some examples of
WTP or net economic value of recreational fisheries
are given below.

Net economic value of recreational fishing varies
considerably depending on the particular country,
type of fishery and the question format and statistical
model of the valuation study. In a multinational
fisheries survey in the Nordic countries (Toivonen
2002), mean additional WTP of recreational fishers
per year (converted into US$ by 1999 purchasing
power parties) was estimated, with US$56.5 in Swe-
den, US$71.3 in Denmark, US$73.2 in Finland,
US$82.4 in Norway and US$139.8 in Iceland. Mean
nonfisher'sWTP per year for recreational fishing ran-
ged from US$47.1 in Finland to US$133.1 in Iceland
and was not considerably lower than the user's WTP.
This indicates that nonusers can place a high (non-
use) value on recreational fishing. Aggregated non-
use value, e.g. nonuser WTP, can make up a major
part of the total economic value of aquatic ecosystem
services (Baker and Pierce 1997; Navrud 2001a).

Net economic value of recreational fishing can
reach very high values. In and near Yellowstone
National Park (USA), anglers placed a value of
between US$172 and 977 (2002 dollars) on a day of
fishing (Kerkvliet et al. 2002). The net economic value
of angling in Alaska was estimated with US$285 per
day (1997 dollars) (Duffield et al. 2002) and the con-
sumer surplus of an angling trip in the Costa Rican
billfish recreational fishery was estimated with
US$1777 per trip (Rudd et al. 2002; see Pitcher and
Hollingworth 2002 for more estimates). Lower WTP
values were reported in other studies. In USA, the
mean net economic value of a day of cold-water fish-
ing (in 1987) was estimated at US$30.62, anadromous
fishing at US$54.01, warm-water fishing at
US$23.55 and salt-water fishing at US$72.49 (see
Walsh et al. 1992 for confidence intervals). Road-
accessible stocked waters in the Fairbanks area
(Alaska) had per day values ranging from $15 to 44
(Duffield et al. 2002). In the UK, the value of angling
for coarse (nonsalmonid) fish for a day in rivers was
estimated (in 2002) to be US$7.1-12.5 (Lyons et al.
2002), and the recreational value per angling day for
salmonid fishes in Norway was reported to range
between US$4.4 and 7.15 in saltwater and between
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US$4.84 and 35.31 in fresh water (CVM estimates in
Navrud 2001a).

These WTP or consumer surplus estimates can be
used in benefit—cost analysis to evaluate the recrea-
tion benefits of improvements of environmental qual-
ity in relation to the economic losses (costs) for other
water uses such as irrigation or hydropower genera-
tion. Willis and Garrod (1999), for example, investi-
gated the benefits to anglers and other recreation
users (e.g. swimming, wildlife viewing) of increasing
flows along low-flow rivers in England. Mean WTP of
anglers was £68.03 (~US$95.2) per year forimproved
fishing brought about low-flow alleviation. Mean
WTP for other on-site recreationists was £28.22
(~US$39.5) per year and for nonusers (informal
recreationists of the general public) the mean WTP
ranged between £5.34 and 10.78 (=US$7.5-15.1) per
year for an environmental acceptable flow regime.
Willis and Garrod (1999) demonstrated that the bene-
fits to anglers alone outweighed the costs of low-flow
alleviation programmes in two of the seven rivers
evaluated in south-west England. The value of other
recreationists and nonusers justified the low-flow
alleviation in another three rivers. Only where the
costs of low-flow alleviation were extremely high did
recreational benefits fail to exceed the costs of imple-
menting an environmentally acceptable flow regime
in the investigated rivers. Other studies also demon-
strated that marginal increases in stream flow can
generate benefits to recreational fishing that exceed
the marginal value of water in agriculture (Hansen
and Hallam 1991). However, there might also be net
losses associated with a change in management
regimes which benefit outdoor recreation including
fishing, but constrain commercial enterprises such
as hydropower generation. Analysing the costs
(reduced production of electricity) and benefits
(increased recreation value) of different high water
level management alternatives in four North Caro-
lina reservoirs, Cordell and Bergstrom (1993) found a
net economic loss under several scenarios. In con-
trast, other cost-benefit analyses revealed that social
benefits in terms of increased use (angling) and non-
use values to be several times higher than the costs
of rehabilitation of habitats (e.g. liming and restock-
ing acidified rivers and lakes in Norway; Navrud
2001a).

Willis and Garrod (1999) demonstrated that WTP
of recreational fishers can be higher than the WTP of
nonusers or other recreational users (e.g. wildlife
viewers). Creel and Loomis (1992), on the other hand,
found that per participant use value of recreation at
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14 recreational resources in the San Joaquin Valley
(USA) was higher for wildlife viewers (US$128-152
in 1989 dollars) and waterfowl hunters (US$149—
159) than for anglers (US$126—-137). However, total
recreation benefits (million US dollars) were similar
for wildlife viewing (US$37-44 million) and fishing
(US$32-34 million), and considerably higher than
for hunting (US$7 million). In a literature review,
Walsh et al. (1992) reported lower mean net economic
values per day of camping (US$19.5), picnicking
(US$17.33), swimming (US$22.97) and nonconsump-
tive fish and wildlife activities (US$22.2) than for var-
ious fishing types (US$23.55-72.49 million).
Conversely, the net economic value per day of wilder-
ness activities ($24.58), hunting (US$30.82—-45.47)
and boating (US$31.56—48.68) was in the range of
values of a fishing day. The described relationships
have several implications: First, nonfishing stake-
holders may place at least the same value per indivi-
dual on the resource as recreational fishers. Second,
aggregate value of resource use or nonuse by differ-
ent stakeholders is dependent on stakeholder num-
bers, which in the case of nonfishery stakeholders
may outweigh a higher mean WTP of recreational
fishers compared with other water uses. Third,
dependent on the particular situation, cost—benefit
analysis using recreational fishing value can demon-
strate that improvements of environmental quality
may be very profitable investments. Fourth, the high
variability of net economic value estimates of recrea-
tional fishing limits the applicability of benefit trans-
fer which is the process by which researchers take
recreational value estimated for one site or region
and apply them to another site or region (Walsh et al.
1992). Therefore, there is a need to value as many
types of recreational fisheries and locations as possi-
ble.

Profit through the provision of animal protein to
society is a useful measure of economic value of a
commercial fishery because, like consumer surplus,
profit is value in excess of costs (Edwards 1991). How-
ever, commercial fishermen experience certain value
components, which are not embraced by profit alone
(Lackey 1979; Hart and Pitcher 1998), e.g. producer
surplus (Edwards 1991). Irrespective, without profit a
commercial enterprise would leave the fishery unless
it is subsidized. Net economic value of commercial
fishing comprises consumer and producer surplus,
the latter of which is not quite equivalent to profit
(Edwards 1991). Because there are market prices in
commercial fisheries, demand and supply functions
allow determination of economic value of commer-
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cial fishing. Care has to be taken to compare revenues
or profits of commercial fisheries with economic
value of recreational fisheries to allocate fishery
resources because these ‘economic arguments’derive
from fundamentally different economic concepts
(see Edwards 1991 for critique). Instead net economic
value or consumer surplus of recreational fisheries
and net economic value of commercial fisheries
which is consumer and producer surplus should be
compared, and allocation be based on the basis of
incremental tradeoffs in net economic value (see
Edwards 1991 for details).

Expenditure by anglers or commercial fishers
represents revenues and jobs generated in local
economies. There are three types of economic
impacts: (i) direct impacts, which are the purchases
made by fishermen, including travel, accommoda-
tion and food costs; (ii) indirect impacts, which are
the purchases made by businesses to produce goods
or services demanded by fishermen and (iii) induced
impacts, which are the purchases of goods and ser-
vices by households receiving wages from businesses
producing direct or indirect goods. The summation
of these three levels of impact is the total economic
impact (TEI). TEI divided by the direct impact is called
the multiplier and reflects the number of times the
initial expenditure circulates through thelocal econ-
omy (from Riechers and Fedler 1996; compare also
Edwards 1991). Regional economic impact studies
have been conducted of recreational fishing in both
fresh water (e.g. Schorr et al. 1995) and salt water
(e.g. Bohnsack et al. 2002). For example, the impact
analysis for planning (IMPLAN) modelling system
evaluated the effect of fishing expenditures
(US$25.641 million in 1990) on the regional economy
bordering Lake Texoma (USA) (Schorr et al. 1995).
Direct, indirect and induced impacts of these expen-
ditures were directly associated with US$57.392 mil-
lion in total business sales, US$23.273 million in
value added; and 718 jobs in the impact region.

Social benefits
Brown and Manfredo (quoted in Weithman 1999)
identified four categories of social value in inland
fisheries: cultural, societal, psychological, and phy-
siological (Table 2). The former two pertain more
to nations and regional communities, whereas the
latter two relate to individuals (Weithman 1999; see
also Kearney 2002).

Cultural values represent a collective feeling
toward fishes and fishing. Fishing in inland waters
is an important societal asset and is valued by the
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community as a whole. Societal values are based on
relationships among people as part of a family or
community (e.g. family fishing). Psychological values
are those that relate to satisfaction, motives or atti-
tudes associated with the use, or knowledge of the
existence, of a fishery. Physiological values relate to
improvements in human health (e.g. reduction of
stress) related to fishing (Weithman 1999).

Social impacts are very elusive (Vanderpool 1987).
They relate to quality of life and social well being
caused by fishing (Gregory 1987). For example,
attracting lots of anglers to a particular well-mana-
ged, high-quality lake would generate income to the
commercial fishing community and increase social
well being, which can be measured through
improved quality of life.

Ecological benefits

Ecological benefits of inland fisheries are, typically,
difficult to quantify (Kearney 1999, 2002; Table 2).
Because of the impairment of most fresh waters of
the northern temperate world, there is an increasing
trend towards intervening either to improve the
functioning of degraded systems or to restore them
(Cowx 1994 a; Cowx and Welcomme 1998; Welcomme
2001). In Europe, this is sometimes transformed into
practice by inland fishermen or angling clubs who
are traditionally the stakeholders charged with the
practical management of freshwater fisheries (Fig. 3,
see Section 4 for details). Thus, many inland fisheries
management activities aim to mitigate or rehabilitate
the adverse human-induced changes by manipulat-
ing the ecosystems in an attempt to gain positive ben-
efits. The duty to manage freshwater ecosystems is
often promulgated in fisheries laws (e.g. Germany,
UK), making managers of inland fisheries and fishery
stakeholders key players for implementing EBM.
Kearney (1999) suggested that the conservation-con-
scious fishing community represents one of the
greatest potential forces for the conservation of aqua-
tic biodiversity. Kearney (2002) further stressed that
recreational fisheries have different potential positive
ecological impacts such as education, promotion of
environmental responsibility, aid in environmental
monitoring, engendering support for restoration
and aid of surveillance of environmental vandalism.
Irrespective, nonfishery specific international agree-
ments (e.g. European Habitats Directive 1992), institu-
tions (e.g. nature conservation acts, water resources
acts), public authorities (e.g. environmental, nature
conservation or river engineering agencies), and
various stakeholder groups and nongovernmental
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organizations (NGOs), including the public (e.g. nat-
ure conservation groupings), usually have a greater
role to play in conservation of freshwater (fish)
resources on a larger scale when compared with fish-
ery stakeholders (e.g. Cowx 2002a; Kirchhofer 2002;
Schmutz et al. 2002, Fig. 3). However, inland fisheries
players have the potential to become strong allies
for and provide constituency support for EBM
approaches and to change environmentally un-
friendly behaviour of fishery managers, anglers and
fishers which impact negatively on ecosystem struc-
ture and function (see below) (Cambray and Pister
2002). Indeed, many traditional regulations ofinland
fishing management systems (see section 3), which
were not enacted primarily for fish species conserva-
tion, made important contributions to species con-
servation (Kirchhofer 2002). Indirectly, in some
countries, fishery stakeholders (e.g. angling socie-
ties) have pushed governments to formulate environ-
mental legislation and were the driving forces for
several subsequent legal revisions (Kirchhofer
2002). These developments, which, for example, in
the case of a water protection act initiated by fishery
associations in Switzerland in 1955, were milestones
in fish and freshwater conservation.

Depending on the societal status of the inland fish-
eries systems within the communities of developed
societies, the contribution of inland fisheries towards
the protection and conservation of freshwater
ecosystems is disregarded or admired. In Berlin
(Germany), for example, commercial fisheries have
been accepted as a major actor to improve water qual-
ity by reducing the biomass of planktivorous cyprinid
fishes, i.e. biomanipulation (Grosch et al. 2000). With
the help of anglers’ expenditure, many management
programmes have been initiated to conserve stocks
of threatened riverine fish species such as Atlantic
salmon (Salmo salar L., Salmonidae) (VDSF 2000) or
migrating brown trout (Salmo truttaf. lacustris L., Sal-
monidae) (Ruhlé 1996; Hughes and Willis 2000;
VDSF 2000). In many cases, anglers’ expenditure is
often the driving force financing inland fisheries
and aquatic ecosystem management (e.g. Radonski
1995; Ross and Loomis 1999; Rasmussen and Geertz-
Hansen 2001; Kirchhofer 2002).

Recreational fishing clubs invest much effort,
money and time to manage their angling waters.
These waters often have restricted access, thus the
ecosystems are well protected against environmental
degradation or pollution, and club members serve as
watchdogs against adverse influences (Lyons et al.
1999, 2002). There are also examples of anglers’
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conservation associations (e.g. Anglers’ Conserva-
tion Association formed in 1948 in the UK) which
were organized to fight through legal actions against
environmental pollution (Bate 2001). However, not
all measures adopted by the traditional inland fish-
eries management are considered positive. In some
countries (e.g. Germany) where the contemporary
environmental and animal rights movements are
strong, ecological benefits of inland fisheries are not
accrued. Moreover, common management measures
such as stocking are sometimes considered the most
serious threat to biodiversity of fish (Cowx 2002a;
Freyhof 2002). Regardless of these potential negative
impacts, a relatively high proportion of society keeps
in contact with nature through linkages with inland
fisheries and consequently tends to be more sensitive
to environmental issues than the majority of an
increasing urban population (Lyons et al. 2002). This
awareness of environmental issues and diversity of
ecosystems by fishing protagonists (e.g. Hammer
1994; Kearney 1999; Connelly et al. 2000) is para-
mount for EBM (e.g. Olsson and Folke 2001) and sus-
tainability, assuming that ecological responsibility is
achieved. Furthermore, indigenous knowledge of
the fishing fraternity and informal (local) institu-
tions can play an important role in the sustainable
management of fishery resources (e.g. Long and
Chappell 1997; Mackinson and Nottestad 1998; Jen-
toft 1999; Berkes et al. 2000; Johannes et al. 2000).

Negative impacts on aquatic ecosystems

Inland fisheries also have negative ecological
impacts on aquatic ecosystems (Table 2). The most
direct impact is caused by exploitation of natural
(renewable) resources and subsequent disruption of
the natural processes. Changes in the composition
and abundance of fish assemblages have resulted
not only from the degradation of the environment,
but also through actions to influence the structure
of the fish community and through fishing itself
(Welcomme 1992). It is well known that the fisheries
of most inland waters undergo a series of changes in
response to fishing pressures which force the assem-
blage towards smaller-sized species and individuals
(e.g. Hoffmann 1995, 1996; Welcomme 1999). Exter-
nally induced stress leads to a replacement of large,
long-lived species, usually with complex life histories
(of the type characterized as ‘K’ selected or climax),
by smaller, shorter-lived species with simpler life
histories (corresponding to ‘r’ selected or primary
colonizers) (Welcomme 1992,1995,1999, 2001). Envir-
onmental degradation tends to induce many of the
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same changes in assemblage structure as does fish-
ing (Rapport et al. 1985). The relative weighting of
these stresses varies according to the type of aquatic
ecosystem. In many rivers, for example, major
impacts appear to have occurred through environ-
mental degradation (Welcomme 1992,1999). In lakes,
onthe other hand, fish populations tend to be heavily
influenced by direct manipulation of the assemblage
through addition of desirable species, removal of
unwanted species or overfishing (e.g. Regier and Lof-
tus 1972; Welcomme 1992; Debus 1995; Cowx 2002a).
However, cultural euthrophication as a result of
urbanization has also had a detrimental effect on
the species assemblage in lakes (e.g. Hartmann 1977,
Persson et al. 1991; Cowx 2002a). This makes it very
difficult to detect the main agent responsible for the
degradation of freshwater ecosystems and inland
fisheries (Welcomme 1992,1997,1999).

Generally, large fishes, which are sensitive to high
fishing pressure, are piscivorous. The reduction in
mean size of fishes as a result of over fishing corre-
lates with a reduction in piscivorous fish species in
favour of small-bodied planktivorous ones (Pauly
et al. 1998b). This shift caused by fishing has been
called ‘fishing down food webs’ (i.e. at lower trophic
levels) (Pauly et al. 1998b). This effect is most pro-
nounced in the Northern Hemisphere (Pauly et al.
1998b). However, in inland waters, stocking and
other anthropogenic impacts often counteract any
‘fishing down’effect and thus precludes evaluation of
overfishing and sustainability based on mean length
of fishes (Pauly et al. 2001; Post et al. 2002). However,
it has long been suggested that overfishing reduces
the heterozygosity of target species by the selective
elimination of individuals that are more readily cap-
tured (e.g. fast growing individuals of piscivorous
species; Welcomme 1992; Policansky 1993; Ratner
and Lande 2001), which may cause evolution of the
community to slower growing fishes (Favro et al.
1982). Furthermore, in freshwater fish populations
the degree of exploitation influences the age at which
fishes become mature (Healey 1978; Bowen et al.
1991), which can be reduced by high fishing pressure
(McAllister et al. 1992; Rochet et al. 2000).

In some European countries (e.g. Germany, the
Netherlands, Switzerland), piscivorous fish such as
pike (Esox lucius L., Esoxidae), pikeperch (Sander
lucioperca (L.), Percidae) and perch (Perca fluviatilis
L., Percidae) have a substantially higher market value
than zooplanktivorous fish such as roach (Rutilus
rutilus (L.), Cyprinidae) or bream (Abramis brama (L.),
Cyprinidae) (e.g. Von Lukowicz 19951997). Thus,
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piscivorous fish species are often selectively removed
from the ecosystems by commercial fishermen (e.g.
Bninska 1995; Von Lukowicz 1995; Grosch et al
2000). In addition, recreational fishermen in many
European countries target piscivorous fish, which
are removed for consumption (Benndorf 1995; Boge-
lius 1998; Schwiirzel-Klingenstein et al. 1999; Steffens
and Winkel 1999; Rasmussen and Geertz-Hansen
2001; Arlinghaus 2002). Consequently, in countries
where inland fishermen remove selectively ‘top
down’components of the food webs (piscivorous pre-
dators), inland fisheries can ultimately contribute to
the deterioration of the water quality in eutrophic
lakes through ‘negative’ biomanipulation.

One of the major impacts of inland fisheries on
aquatic ecosystems is suggested to originate from fish
stocking and introductions (e.g. Moyle 1997; Cowx
1998Db). Stocking and introduction of fishes can be
damaging to native stocks through mechanisms
such as genetic contamination, hybridization, dise-
quilibrium of fish populations, spread of disease,
environmental disturbance, predation, competition
and cointroduction of nuisance species (see Cowx
1994b, 1998b; Maitland 1995; Ryman et al. 1995;
Schramm and Piper 1995; Welcomme and Bartley
1998; Welcomme 2001 for details and case-studies).
Unfortunately, there is a surprising lack of (scientific)
information on how stocked systems function, and
on the benefits, successes and risks associated with
stocking programmes (Cowx 1994b, 1998b; Wel-
comme 2001, see below for more details). Many ecol-
ogists agree that stocking practices to augment
existing populations should only be performed with
fish reared from the indigenous population because
the latter should always contain the optimum geno-
types for a particular locality (Elliott 1995). However,
stocking has taken place over hundreds of years (e.g.
Balon 1995); thus, it might be difficult to find auto-
chthonous populations (Ryman 1991).

Fishing can have impacts on the abundance and
composition of fish assemblages through mechanical
damage provoked by fishing gear, particularly mobile
gears such as trawls or seines (Welcomme 1992).
Besides, fishing practices can be harmful to fishes
(see Balon 2000; Rose 2002 for discussion). For exam-
ple, mesh selective gears can damage fish through
descaling if they escape from the net (Welcomme
1992). Electric fishing is known to sometimes damage
fish (Cowx and Lamarque 1990; Reynolds 1996). In
recreational fisheries, catch-and-release fishing can
cause hooking mortality (Munoeke and Childress
1994) and have effects on behaviour, growth or
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reproduction of fish (Policansky 2002). Furthermore,
wading recreational fishermen can damage spawn-
ing sites of fishes in low order rivers.

Other impacts of activities linked to inland fish-
eries on the ecosystems are conceivable. Presence at
the waterside can disturb wildlife, such as waterfowl,
birds, or mammals (Cowx 2002¢). Litter, such as fish
hooks, lead and plastics, not only reduces aesthetic
beauty, but also is suspected of damaging wildlife
(Bell et al. 1985; Cryer et al. 1987). The practice of
ground- and pre-baiting (e.g. maggots, cereals and,
boilies — a carp (Cyprinus carpio L., Cyprinidae) bait)
is common to attract fish in recreational nonsalmo-
nid fishing (Cryer and Edwards 1987). When used
excessively, it can contribute to anthropogenic eutro-
phication (Arlinghaus and Mehner, unpublished
data) and lead to a substantial reduction in benthic
fauna (Cryer and Edwards 1987). The ethical consid-
erations of harming vertebrates by catch-and-release
angling or by keeping fish alive for bait in keep nets
or buckets is a major source of debate among animal
welfare and rights groups on the one hand and inland
fishermen and their lobby groups on the other (Mait-
land 1995; De Leeuw 1996; List 1997). However, recent
studies on holding fish in keep nets suggest that the
fish are not unduly stressed until the density held is
high (Pottinger 1997; Raat et al. 1997).

Riparian vegetation and ecotones (e.g. Schiemer
etal. 1995) can also be damaged by fishermen gaining
access to the water or operating active gears leading
to an increased nutrient inflow (Bninska 1985). All
measures which can be broadly considered as habitat
management, such as construction of groynes or
fishing platforms, clearance of aquatic weed, etc.
(see Cowx and Welcomme 1998 for details), are poten-
tially damaging to the environment (Maitland 1995).
There is also debate (Cowx 1999b, 2002a) about
whether rehabilitation practices are beneficial to
ecosystem functioning. For example, Van Zyll de Jong
et al. (2000) and Amisah and Cowx (2000) showed
that the expected outcomes of rehabilitation action
were not always achieved and opposing, often con-
flicting, outputs were accrued. This is not a common
end product of rehabilitation activities, but lack of
emphasis on post project evaluation results in poor
documentation of the adverse effects of so-called
‘improvement works’ (Cowx 1999b).

To conclude, fishing activities have different nega-
tive impacts on aquatic ecosystems that need to be
addressed by sustainable inland fisheries manage-
ment systems. However, worldwide the main causes
responsible for freshwater fish species decline and
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extinctions (in 71% of all known species extinctions)
are various forms of habitat alterations (Williams
et al. 1989; Harrison and Stiassny 1999). Of all the rare
North American fish species, only 11 taxa (3%) were
listed, at least in part, because of losses from overuse
for fisheries, scientific or educational purposes (Wil-
liams et al. 1989), and the large-scale biodiversity
decline in the southern USA is a vital signal of the per-
vasive nonfishing-induced degradation of aquatic
ecosystems and watersheds (Warren et al. 2000).
However, some fishery management activities, espe-
cially introduction of (exotic) species, have resulted
in species extinctions (Cowx 1996, 1998b; Moyle
1997) and were involved in more than half of all
recorded fish species extinctions worldwide (Harri-
son and Stiassny 1999). Overall, inland fisheries seem
to contribute less than other manufacturing and che-
mical industries or even agriculture to the problem
of global change and biodiversity degradation (Gar-
cia and Grainger 1997). Furthermore, most fisheries’
effects (e.g. overharvesting), except harmful intro-
ductions and translocations, are reversible, while
degradation of critical habitats is often not (Garcia
and Grainger 1997). Nevertheless, many freshwater
fish species extinctions seem to involve complex
synergisms. For example, Harrison and Stiassny
(1999) found that in many cases habitat modification,
pollution and introduction of exotic species or over-
fishing appear to have worked either simultaneously
or sequentially to bring about the eventual extinc-
tion of the species. Examples are the apparently
extinct or threatened salmonid species of Coregonus
and Salvelinus in the postglacial European lakes and
the North American Great Lakes. These populations
that might normally have withstood competition
from introduced species or the effects of pollution
have been unable to do so because their numbers
were already weakened by overfishing (Harrison
and Stiassny 1999). Another example of the com-
bined effects of inland fisheries and external pres-
sures is the introduction of Nile perch (Lates niloticus
(L.), Percidae) in Lake Victoria (Africa) and its sup-
posed contribution to the declining numbers and
possible extinction of many cichlid speciesin the lake.
Several publications (see Harrison and Stiassny 1999
and references therein) stated that the combination
of the explosion of Nile perch populations in the
1980s, fishing pressure (cichlids are caught as bait
for the Nile perch fishery and by-catch), increasing
lakeside agriculture, urbanization, and deforestation
resulted in the decline of the cichlids and chronic
eutrophication and anoxia in parts of the lake.
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Although in fresh waters actual extinction of species
by fishing alone has not been demonstrated to date
(Welcomme 1992; Marschall and Crowder 1996; Har-
rison and Stiassny 1999), the diverse, synergized
interactions of fisheries practices, fisheries manage-
ment measures and external forces determine the
necessity to reduce, in addition to nonfishing
impacts, every potential negative impact of inland
fisheries on aquatic ecosystems.

Threats and constraints

Major impacts and threats on inland fisheries have
already been mentioned throughout this paper (e.g.
see Introduction). They can briefly be summarized
(compare also Fig. 5) as follows:

1 Degradation of the environment and loss of fishery
habitat are the predominant concerns for the sus-
tainability of inland fisheries (FAO 1999). It is
obvious that an impoverished inland water
reduces benefits of inland fisheries to individuals
and society, although recreational fishing may
always be possible until the ecosystem has finally
been destroyed (compare ‘life cycle of fisheries,
Smith 1986). However, in some countries (e.g. UK)
there may still be the possibility to fish in artificial,
intensively stocked, purpose-built stillwater fish-
eries which recently have grown in numbers (e.g.
North 2002).

2 The multipurpose nature and use patterns of
inland waters have created a climate in developed
countries in which fisheries are usually not con-
sidered of sufficiently high priority or value and
thus suffer in the face of economically and socially
higher priorities, such as agriculture, hydro-elec-
tric power production and flood prevention (Cowx
1998a; Cowx and Collares-Pereira 2002).

3 The greatest short-term problems for inland fish-
eries arise from conflicts between local user
groups, both intrasectorally (recreational vs. com-
mercial fisheries, interactions between recrea-
tional fishing groups) as well as cross-sectorally
(e.g. water-based recreational activities, conserva-
tionists, animal welfare or animal rights lobby
groupings) (O'Grady 1995; Cowx 1998a, 1999a,
2002c¢). The latter cause conflicts over human
interactions with aquatic organisms that have the
potential to hinder management efforts to provide
benefits from fisheries (AFS 1999).Various antifish-
ing protests have occurred in several countries
around the world (e.g. LaChat 1996; AFS 1999), con-
sequently stopping, for example, catch-and-release
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Figure 5 Stakeholders that typically
affect fisheries and fishery resources
in inland waters.

(Aas et al. 2002) and competitive fishing in some
German federal states, and use of live bait fish in
Norway, the Netherlands and Germany (Wortley
1995; Berg and Résch 1998; Spitler 1998).

4 Low funding for fisheries research and manage-
ment of inland waters is threatening the future of
the entire inland fisheries sector (e.g. Shupp 1994;
Post et al. 2002). Furthermore, high variable costs
such as labour, reduced yield, contaminated fishes
and changing consumer habits favouring certain
fish species, inter alia, can endanger the cost-effec-
tiveness and viability of commercial enterprises
(e.g. Grosch et al. 2000).

5 Asrecreational fishing is a voluntary activity with-
out the necessity to make profit, various con-
straints to angling have been elucidated in the
scientific literature. For example, ageing of the
human population and important changes in its
economic, racial and ethnic composition have
been suggested as forces leading to a decline
in participation in freshwater fishing in North
America (Murdock et al. 1992). Constraints are
intrapersonal  (psychological), interpersonal
(social interactions) and structural factors (Fedler
and Ditton 2000, 2001), and include a variety of
variables that depend upon personal and situa-
tional characteristics such as age, gender, stage in
life cycle, resource supply and type of recreational
activity (Ritter et al. 1992). Perceived lack of time
or money, lack of access to and knowledge of facil-
ities, negative images of water quality and fish con-
tamination, inconsistent delivery of satisfactory
fishing products, and lack of a consistent positive
image of fishing were identified as primary con-
straints to participation in USA (Fedler and Ditton
2000). Lack of time, low energy after work, child
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care responsibility, and the perception that fishing
isboring have been found to be the mostimportant
constraints on recreational fishing expressed by
the public in Norway (Aas1995). In addition to lack
of time (compare also Fedler and Ditton 2000,
2001), management itself (e.g. regulations and
activities that do not result in acceptable catches
of fish) is suggested to be a decisive constraint on
angling (Ritter et al. 1992). Finally, the increased
diversity of easily accessible, alternative leisure
activities, and the proliferation of high-technology
computerised leisure activities, has deterred the
younger generations from participating in angling
and outdoor pursuits (Cowx 2002c; Lyons et al.
2002).

Evolution of inland fisheries management
and its paradigms in Europe

Fisheries management can be defined as the use of all
types of information (ecological, economic, political,
and sociocultural) in decision making that results in
actions to achieve goals established for fish resources
(Krueger and Decker 1999). The following section
gives a brief historical overview of the evolution of
inland fisheries management and its paradigms in
Europe, and describes trends and current manage-
ment practices.

Management history

Attempts at managing European inland fisheries are
ancient (Welcomme 2001). Because mediaeval Eur-
opeans consumed great quantities of fish, fishing
pressure increased in relation to population growth
(e.g. Hoffmann 1996; Arlinghaus et al. 2002). By the
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13th century, legislators already complained about
overfishing (Hoffmann 1995). At the same time,
important anthropogenic habitat modifications took
place influencing the fishery resources negatively
(Hoffmann 1995, 1996). As a result of declining fish-
ery resources, European historians of mediaeval law
recognized privatization of previously common or
public fishing rights as a general phenomenon in the
Middle Ages (Hoffman 1995). By about 1200, grants
from kings or simple seizure put landowners in pos-
session of all but the largest inland river fisheries
(Hoffmann 1996). Between 1200 and 1400, develop-
ment of markets and fishing rights took place. One-
time lordly servants evolved into full-time fishers
who paid annual monetary dues or, rarely, a share of
the catch for the right to exploit the lords water (Hoff-
mann 1995). Subsequently, mediaeval Europeans
became aware of shifts in the availability and the lim-
ited nature of (renewable) fishery resources stimulat-
ing the evolution of fisheries management. Inland
fishermen were sometimes grouped into guilds,
which were charged with the exploitation and man-
agement of the resource (Welcomme 2001). Public
authorities such as kings and lords undertook regu-
lation of fisheries for both consumption and conser-
vation motives (Hoffmann 1995, 1996). The first
fisherieslaws in Europe (13th century and thereafter)
and other legislations aimed at preserving fish popu-
lations by controlling exploitation (Hoffmann 1995;
Kirchhofer 2002). Thus, size of fish caught, gear and
temporal restrictions and other regulations were put
into force as far back as mediaeval times (e.g. Hoff-
mann 1996).

Evolving management paradigms

This simple fisheries management worked more or
less until the Industrial Revolution in the late 1800s
allowed rapid expansion of exploitation for an ever-
growing market. At the end of the 19th century, as a
result of environmental degradation, pollution (espe-
cially in rivers) and overfishing, inland fisheries of
now industrialized countries were experiencing
their worst conditions in history (e.g. Nielsen 1999;
Arlinghaus et al. 2002). Consequently, the manage-
ment paradigm of Maximum Sustainable Yield
(MSY) began to spread during the 20th century as a
result of a public awareness of the need to conserve
natural resources (also called conservation para-
digm) (e.g. Charles 1994; Caddy 1999; Nielsen 1999;
Mace 2001). Since then, under a single-stock man-
agement paradigm, much scientific work focused on
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understanding and modelling population dynamics
of exploited fish stocks (e.g. Schaefer 1954; Beverton
and Holt 1957; Ricker 1958; Hilborn and Walters
1992), and the decades from 1900 to 1950 might well
be called ‘the golden age of fisheries management),
particularly in the marine environment (Nielsen
1999). Since 1950, focus on MSY, as an objective to
achieve the highest physical yield, has been chal-
lenged repeatedly (e.g. Larkin 1977), and possible
objectives for management have been continually
expanded (Nielsen 1999). For commercial fisheries,
the management paradigm of Maximum Economic
Yield (MEY) emerged because of the need to maxi-
mize profit and not yield per se, and thus manage fish
populations efficiently (rationalization paradigm)
(e.g. Charles 1994; Nielsen 1999). Clark (1973), how-
ever, demonstrated that in fisheries an orientation
based on MEY could also lead to over-exploitation.
MSY was also being challenged as an appropriate
management objective for recreational fisheries
because anglers value many components other than
harvest (e.g. McFadden 1969; Moeller and Engelken
1972; Fedler and Ditton 1994). Moreover, because fish-
eries are components of the productivity of aquatic
ecosystems, ecologists in the 1970s supplied the
notion that the management of single species must
be replaced by multiple-species management (Niel-
sen 1999). The accretion of additional concerns —eco-
nomic, sociological, and ecological - into
management of inland fisheries displaced MSY in
the 1970s (Larkin 1977) to be replaced by a new para-
digm of Optimum Sustainable (or Social) Yield (OSY)
(Hudgins and Malvestuto 1996; Malvestuto and Hud-
gins 1996; Brown 1998). OSY was formalized by Roe-
del (1975) who assessed management from a variety
of viewpoints. The basic tenets of OSY are that the
appropriate goal for fisheries management includes
abroad range of considerations (not just maximizing
physical yield) and that a unique management goal
exists for each fishery (Nielsen 1999). OSY thus
greatly complicates inland fisheries management.
Defining the elusive goal of OSY for a fishery is much
more difficult than defining the MSY because fish-
ery-specific information is needed about biological,
ecological, economic and sociological aspects of fish-
ery use (Nielsen 1999). The incorporation of the
human dimension into OSY, especially for recrea-
tional fisheries (Malvestuto and Hudgins 1996), has
also been named the social or community paradigm
for (marine) fisheries (Charles 1994). With this back-
ground, it is surprising that most of the current suc-
cess stories of inland fisheries management in the
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literature refer to single-species fisheries (e.g. Ebener
1997; Knight1997), and yield prediction and the tradi-
tional concepts of MSYand MEY still dominate in the
mind of politicians and fisheries managers in some
European countries, such as Germany (e.g. Knosche
1998).

A new role for MSY and yield prediction?

With respect to recreational fisheries management,
yield prediction seems to be inappropriate because
individual anglers act as selfish benefit maximizers,
not selfish profit maximizers (Table 3). However, if
conflicts about allocation of fisheries resources arise
intrasectorally (e.g. recreational vs. commercial fish-
eries), prediction of yield could be helpful in leading
to socially acceptable resource allocation. For exam-
ple, economically threatened commercial fisheries
could be favoured by public authorities when access
to the most productive systems has to be decided,
because value and democracy would advantage rec-
reational fisheries in allocation conflicts (Radonski
1995). Indeed this is the case for many salmon
fisheries where recreational proprietorship is buying

out the commercial ventures to secure exclus-
ivity and maximize revenue by protecting the
resources from overfishing by the commercial sector
(Windsor and Hutchinson 1994). A family of empiri-
cal models exists to estimate yield in general or
MSY more specifically derived from the generalized
formula:

MSY = xMB,

where B, is an estimate of the virgin unexploited bio-
mass, M is the instantaneous natural mortality rate,
and x takes the value of 0.1-0.5 depending on the
stock characteristics. The foundations of the model
descend from surplus production models which are
holistic models that encapsulate the net effects of
recruitment, growth and mortality in terms of bio-
mass (see Hilborn and Walters 1992 for details).
Because of the simplicity of surplus production mod-
els, the data requirements to parameterize them are
lessdemanding (Welcomme 2001). Although approx-
imate, such estimators provide a useful indication of
the magnitude of a potential resource for planning
and development purposes (Welcomme 2001).

Table 3 Selected differences between marine and inland fisheries of developed countries. Arguments subjectively considered
as disadvantage for sustainable inland fisheries management are printed in italics.

Marine fisheries

Inland fisheries

e Open access

e Less defined property rights

o Global scale structures

o Tragedy of the commons

o Free-riding behaviour more likely

e Reciprocal cooperation less likely

e Commercial fisheries predominant

o Selfish profit maximizers

e Predominantly economic benefits

e Top-down-driven traditional fisheries
management, less involved fishermen

e Rather reactive management systems

o Interdependence between countries

e Massive damage of gears to habitat

e Unequivocal overfishing tendencies

e Less physical and ecological ecosystem diversity

e Low number of water bodies

e Interconnected research and management units

o A lot of marine fisheries research

e Stocking practices not dominant management measure

e Long-term influence of human impacts

e Fishermen dominant user group

e Marine fisheries important in economic terms

e High social priority

o Restricted access

o Well-defined (group) property rights

e Small-scale structures

o Less tragedy of the commons

e Less free-riding behaviour

e Reciprocal cooperation more likely

o Recreational fisheries predominant

o Selfish benefit maximizers

e Diverse use and nonuse benefits

e Bottom-up-driven traditional fisheries management,
fishermen more involved

e Rather proactive (manipulating) management systems

e Less interdependencies between countries

o Less damage of gear to habitat

e Less overfishing tendencies

e Great physical and ecological ecosystem diversity

e High number of water bodies

e Independent research and management units

e Less inland fisheries research

e Stocking practices predominant management measure

e Short-term influence of human impacts

o Diverse user groups, inland fishermen less dominant

e Inland fisheries less important in economic terms

e Low social priority
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Empirical relationships for catches in rivers, which
are also useful for European conditions, were sum-
marized by Welcomme (2001). Various authors pro-
vided empirical regression models for yield
prediction in lakes (see Leach et al. 1987; Kerr and
Ryder 1988; Downing and Plante 1993; Scarborough
and Peters 1993; Knosche and Barthelmes 1998; Ney
1999; Nissanka et al. 2000; Bramick 2002 for reviews
and further references). Selection of a model to pro-
ject fishery productivity in a particular system
should be based on: (i) feasibility of data measure-
ment; (ii) predictive power and (iii) similarity of the
ecosystem to those in the regression data set (Ney
1999; Welcomme 2001).

However, with respect to MSY, the development of
the precautionary approach in fisheries management
has resulted in the fishing mortality associated with
MSY (Fysy) being thought of as a limit to be avoided
rather than a target that can routinely be exceeded
(Richards and Maguire 1998; Mace 2001). This has
been named ‘a new role for MSY' in marine fisheries
management. However, in inland fisheries manage-
ment, the abundant data requirements and the ignor-
ance of economic and social considerations are
likely to limit the usefulness of the ‘new’ MSY concept
and F,y as a limit reference point. Furthermore, a
sustainable inland fisheries management approach
should abandon ill-equipped, ill-defined and mostly
ineffective management paradigms (such as MSY). It
seems dangerous to go on with MSY because misin-
terpretation by politicians and (traditional) fisheries
managers is likely to occur. Instead, there should be
afocus on OSYand EBM. The latter concept, however,
whilst being academically appropriate may be pre-
mature (Grumbine 1997) because a precise definition
of the desired target configuration of a rebuilt
(Pitcher and Pauly 1998) or healthy ecosystem (Calli-
cot and Mumford 1997) is difficult to quantify (Mace
2001). Before it can be accepted as a management tool
for inland waters, EBM needs to be more advanced
in terms of evaluating alternative ecosystem states,
defining operational ecosystems objectives and speci-
fying ecosystem management standards and perfor-
mance measures analogous to those that currently
exist for single-species management of fisheries (e.g.
Larkin 1996; Mace 2001). The greater information
requirements (e.g. more data for a variety of species)
of EBM probably limits the future performance of
ecosystem-wide approaches. This is particularly true
in fresh waters because of the financial and human
resource constraints imposed on the scientific com-
munity (Buckworth 1998; Mace 2001; Table 3). This
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calls for modifications to traditional inland fisheries
management practices as prerequisites for sustain-
ability in inland fisheries (Fig. 3).

Inland fisheries versus marine fisheries
management

Currently, in Europe most inland water areas are pri-
vately owned and linked to land ownership. Many
larger water bodies, however, are still publicly
owned. Private and public owners of water bodies
such as state, province, federal states or industries,
lease fishing rights to commercial or recreational
fishermen, associations, cooperatives, clubs or orga-
nizations, which are often charged (sometimes by
law) with the duty to manage fisheries resources and
the ecosystems (e.g. Bninska 2000; Salmi and Muje
2001; Fig. 5). Because of the duty of the inland fishing
rights holder to manage the aquatic ecosystems prop-
erly and take into account the interests of nature con-
servation (e.g. the Netherlands, Raat 1990), fishery
resources in Europe resemble ‘quasi common pool’
resources within private ownership. Well-defined
property rights are, at the same time, basic conditions
for sound and effective fisheries management
because the ‘tragedy of the commons’ (Hardin 1968)
concept is less likely to occur in inland fisheries than
in the marine environment (see Ostrom et al. 1999
for details) where open access to fisheries resources
predominates (Table 3). Generally, the small scale
structures in inland fisheries, and, amongst other
things (Table 3), the predominance of benefit and
not profit-maximizing individuals (anglers), consti-
tute excellent conditions for the future development
of sustainable inland fisheries systems. However,
because of the diverse structure of ecosystems and
local conditions in inland waters, there is an urgent
need to develop distinct local management systems.
The arbitrary transfer of efficient systems from one
place in Europe to another seems impossible. Equally,
because of the marked differences between marine
and inland fisheries (compare Table 3), transfer of
marine management systems into fresh water also
seems, in almost the same manner, impossible. Con-
sequently, specific inland fisheries management sys-
tems have to be developed locally.

General trend

Welcomme (1997, 2000, 2001) and Welcomme and
Bartley (1998) described two main strategies for the
management of inland waters depending on different
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societal views of natural resources (Table 1). Conser-
vation approaches tend to be dominant in the more
developed economies of temperate latitudes where
food surpluses allow for alternative uses of natural
resources. In less developed countries, food shortages
are such that a more production-orientated approach
isneeded. Thus, in developed countries, management
is orientated towards satisfying the recreational fish-
ing community, although in recent years an increas-
ingly protectionist lobby enjoys growing influence
(see Welcomme 2001 for more details). In industria-
lized countries, there have been long-term trends to
suppress commercial, in favour of recreational, fish-
eries in natural waters whilst using intensive aqua-
culture to produce selected freshwater species for
profit (Welcomme 1997). In future, recreational fish-
eries will certainly gain further importance in devel-
oped countries and dominate the inland fisheries
system (e.g. Smith 1986; Pikitch et al. 1997; Welcomme
1997, 2001; Arlinghaus et al. 2001, 2002). Moreover,
recreational fishing is also becoming popular in tro-
pical countries (Mace 1997; Cowx 2002c¢).

Regardless of this general trend, inland fisheries
management systems vary throughout Europe (e.g.
O'Grady 1995). However, central to all of them are: (i)
a hierarchical decision-making structure and (ii) the
predominance of stocking and diverse regulations
coupled with habitat management practices as tradi-
tional management measures (Cowx 2000, 2002a,
b,c).

Traditional management hierarchy

The hierarchy of traditional inland fisheries manage-
ment decision making in Europe can be broadly
divided into a ‘top down’component which is formed
by public decision making and enforcement at higher
levels (regional scale), and a ‘bottom up’ component
which is formed by (private) decision making and
enforcement in lower levels (local scale) (Fig. 3).

In higherlevels, the responsibilities for inland fish-
eries management are shared among governmental
public authorities (e.g. the Environmental Agency
(EA) in England and Wales, or Fishery Boards in some
German Laender), which operate within the national
legal framework. Generally, the entire national legis-
lative framework concerning water resources, envir-
onment, nature, fisheries or animals (e.g. Animal
Protection Law, Water Resources Act, Nature Conser-
vation Law) affects the inland fisheries management
sector (e.g. Hickley et al. 1995; Rasmussen and
Geertz-Hansen 2001). Public fishery authorities are
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often politically too weak to take effective actions to
deal with policy problems in inland fisheries man-
agement (Preikshot 1998). Furthermore, in Europe
there is often no structured communication between
water institutions and fisheries institutions, which
sometimes gives rise to conflicting situations (Raat
1990; Welcomme 2001).

In some countries, inland fisheries are dealt with
by specific fisheries legislation. There are examples
of nationwide fisheries laws (e.g. France, Poland;
Bninska 2000; Welcomme 2001) or diverse fisheries
laws in federal systems (e.g. 16 fisheries laws in Ger-
many). In many other countries, however, there is no
separate legislative treatment of inland fisheries
(Welcomme 2001). Within the legal framework of the
country or federal states, public authorities responsi-
ble for fisheries issues, inland fisheries organizations,
cooperatives, associations, clubs, syndicates or even
individual fishermen, enforce regulations and man-
age the waters on which they have fishing rights
(Fig. 3, e.g. Raat 1990; Hickley et al. 1995). This is prac-
tical inland fisheries management at the local scale
and lower operational levels which, in some coun-
tries, is supported by NGOs, regional advisory com-
mittees, research institutes, local public fisheries
authorities or governmental agencies such as the EA
in England and Wales (Lyons et al. 1999; Hickley and
Aprahamian 2000). In some countries, institutions
at the intermediate decision-making level have been
created, such as fisheries regions in Finland (Sippo-
nen 1998, 1999; Salmi et al. 2000; Salmi and Muje
2001). Furthermore, at the lower level, there are
sometimes voluntary codes or informal institutions
(Ostrom et al. 1999) adopted by individuals, e.g. an
angling club (Hickley et al. 1995). In selected Eur-
opean countries, higher levels of the decision-mak-
ing tree, such as the EA, take the lead in inland
fisheries management, provide an integrated fish-
eries service, develop management plans and link
institutions responsible for water management with
those responsible for fisheries management (Lyons
et al. 1999; Welcomme 2001). In other countries of
Europe, such as in Germany and the Netherlands,
the local inland fisheries management remains more
or less in the hands of inland fishermen or angling
clubs and associations, which are often not well
trained in fisheries science or ecology (compare also
Templeton and Churchward 1990 in UK). Besides,
honorary and unsalaried fisheries managers of
angling organizations and clubs (e.g. Walder and Van
der Spiegel 1990) are often single-species orientated,
driven by the interests and pressure of club members
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Figure 6 Pie diagram of some major factors involved in
decision making and (marine) fisheries (top, from
Policansky 1998) and recreational fisheries management of
developed countries (bottom). The relative sizes of the
segments are only rough approximations, but the science
segment rarely is, nor should it be, much larger than
depicted on the top (25%).

and sometimes overtaxed with the task to manage
properly complex ecosystems and food webs under
conditions of uncertainty (e.g. Ludwig et al. 1993;
Francis and Shotton 1997). This means that, for
example, in Germany there are management prac-
tices which are based more on tradition or trial and
error than on sound scientific or ecological advice
(e.g. Klein 1996; Fig. 6), and an integrated approach
taking into account all stakeholders is seldom in
practice (see also Raat 1990, the Netherlands; Smith
and Pollard 1996, Australia). Consequently, inland
fisheries management in countries such as Germany
is a dispersed activity, and integrated sustainable
inland fisheries management is far from prevalent
(Arlinghaus et al. 2001). Fuelling the problem, volun-
teer fishery managers of angling organizations often
do not accept that some of their traditional manage-
ment practices are unsustainable, partly because of
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their poorecological or fisheries science background.
In addition, people usually prefer immediate results
over larger rewards in the (uncertain) future (Fehr
2002) and given the complexity of aquatic ecosys-
tems, it is often difficult for fisheries stakeholders
and managers to see and understand the larger pic-
ture of the (eco- or fishery) system as a whole (Ascher
2001). In practice, most people are overtaxed to make
reasonable decisions given complex, uncertain and
slow (time lag between cause and effect) processes of
dynamic aquatic ecosystems (Dorner 1996). Thus,
they tend to focus on local conditions and short-term
solutions, and extrapolate from these experiences to
the larger frame. Furthermore, inland fishermen
may suffer from the same shifting baseline syndrome
described for fisheries scientists (compare Lappalai-
nen and Pénni 2000 for eutrophication perception
of Finnish anglers, Post et al. 2002). This syndrome
suggests that each generation accepts as a baseline
the fish stock size and species composition that
occurred at the beginning of their careers or lives,
and uses this to evaluate changes (Pauly 1995).
Against this backdrop, it is often difficult to shift to
an alternative state that attempts to improve the habi-
tat conditions of the water body towards its perceived
original state because this would probably result in a
decline in the fishery.

Dominant traditional inland fisheries manage-
ment measures

Traditional inland fisheries management is carried
out on three levels: the fishery, the fish and the aqua-
tic ecosystem (Fig.7; Welcomme 2000; Cowx
2002b,c). By far the most dominant traditional inland
fisheries management measures in Europe are regu-
lations (targeting the fishery) and stocking practices
(targeting the fish stocks) (see case-studies in Van
Densen et al. 1990; Cowx 1998b, 2002a; Miiller and
Bia 1998). To a lesser extent, inland fisheries man-
agers use habitat management techniques to
improve access to, and quality of, fishing, improve
degraded habitats and increase the production
potential of the fishery (targeting the ecosystem)
(see Cowx and Welcomme 1998; Welcomme 2001 for
details).

Targeting the inland fishery: regulatory techniques

Regulations are the most ancient inland fisheries
management measures (Hoffmann 1995, 1996).
Today, most regulations in inland fisheries manage-
ment are promulgated in laws and byelaws and are
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Figure 7 Interventions used in the management of fish stocks and inland fisheries. Normally, appropriate management
programmes will require the integration of several techniques (Cowx 1994 a; modified).

sometimes further extended by the holder of the fish-
ing rights (e.g. commercial fishermen or angling club
rules) or by informal institutions on a voluntary basis
(Hickley et al. 1995). The purposes of inland fisheries
regulations include managing social issues (e.g.
attempt to distribute harvest more equitably), pre-
venting overfishing, maintaining a suitable stock
structure, and manipulating an aquatic community
(e.g. predator—prey interactions). Regulations include
technical measures (e.g. closed area, closed season,
gear restrictions, catch reports) as well as input
(access and effort control, e.g. examinations, licences)
and output (e.g. catch limits, size limit, catch-and-
release) controls (Table 4; see Hickley et al. 1995;
Noble and Jones 1999; Welcomme 2001; Cowx 2002¢
for details). A lot of regulations such as catch limits
or size limits are predominately directed towards
selected commercially valuable (commercial fisher-
men) or highly appreciated (anglers) species of the
fish community. However, most regulations were not
determined by scientific advice but rather set arbitra-
rily through consensus with little biological justifica-
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tion (Radomski et al. 2001). Irrespective of this,
enforcement of regulations is difficult and expensive
(e.g. Hemming and Pierce 1997), but because pressure
on habitat and fish stocks will continue to intensify,
there can be little doubt that the role of regulations
in inland fisheries management will increase in
future (Noble and Jones 1999). However, formal scien-
tific experiments with adequate replication and con-
trol (Hurlbert 1984; McAllister and Peterman 1992)
are needed to evaluate fully the (ecological) effects of
regulations in fresh waters (Nordwall et al. 2000),
and to reduce the degree of arbitrariness in inland
fisheries regulations (Policansky 1993; Johnson and
Martinez1995; Wilde 1997; Radomski et al. 2001). Irre-
spective, noncompliance of fishers and anglers with
regulations and illegal harvest may reduce the effi-
ciency of even the best planned fishery regulation
(Gigliotti and Taylor 1990; Pierce and Tomcko 1998).

Targeting the fish stock: stocking and introductions
Stocking and introductions are ancient inland fish-

eries management practices and the prevalence of
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Table 4 Techniques for regulating inland fisheries and the ecological requirements of the fish stocks which are addressed.

Regulatory Numerical

technique

population size

Undisturbed Free Fish
spawning passage welfare

Broodstock
protection

Technical measures
Closed areas
Close season
Type of gear
Catch reports

Input controls
Licenses
State-regulated access
Ownership

Output controls
Catch limits
Catch-and-release
Size limit®
Sale of fish *

Size limit also addresses length distribution of the population. Symbol (*) indicates the ecological requirements that the different reg-

ulatory techniques target on.

common carp culture since the Middle Ages (Balon
1995) is only one example of stocking and introduc-
tion measures which led to the transfer of fish species
throughout the world (Welcomme 1991; Cowx 1996,
1998b). The development of artificial propogation
techniques and the spread of hatcheries and aqua-
culture facilities since the late 1800s accelerated the
number of stocking programmes (Heidinger 1999).
Today, many thousands of stocking events, involving
millions of individual fish, take place annually in so-
called managed or culture-based fisheries through-
out the world (Hickley 1994; Petr 1998).

Stocking, introduction and transfer of fish are con-
sidered valuable management tools which comple-
ment the physical rehabilitation of the environment
(Cowx and Welcomme 1998) and they are frequently
used by fisheries owners and managers in the belief
that they will improve the quantity and quality of
catches and have long-term beneficial effects on fish
stocks (Cowx 1994b). Inland fisheries managers
intensively stock and introduce fish for four main rea-
sons (Fig. 8; Cowx 1994b; Cowx and Welcomme
1998): (i) mitigation or compensation (stocking with
native species to compensate for a disturbance
caused by human activities, e.g. lack of spawning
habitats, lack of connectivity due to damming); (ii)
maintenance (stocking to compensate for recruit-
ment overfishing); (iii) enhancement (stocking to
maintain fisheries productivity at the highest possi-
ble level, combines stocking for compensation and
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maintenance and seeks to direct the off-take from
the waters towards a certain number of valuable or
attractive species) (iv) conservation (stocking to
retain stocks of a species threatened with extinction).

Introduction of new species takes place to: (i) estab-
lish new fisheries; (ii) fill a vacant niche; (iii) control
pests; (iv) control water quality; (v) develop aquacul-
ture and (vi) fulfil aesthetic and other reasons (see
Welcomme 2001 for details and decision tree). A total
of at least 2673 introductions of 291 species into 148
countries have been recorded worldwide (Welcomme
1998a; compare also FAO Database on Introduction
of Aquatic Species DIAS, http://www.fao.org/fi/sta-
tist/fisoft/dias/index.htm, latest access 18 July 2002).
In Europe, at least 113 species of fish and eight species
of large crustacean have been introduced in 566
recorded introductions (Welcomme 1991).

Despite widespread application of stocking and
introduction programmes in inland fisheries man-
agement, relatively few programmes have been prop-
erly evaluated (e.g. Steel et al. 1998), and the evidence
suggests that stocking exercises rarely led to any
long-term tangible benefit (Cowx 1994b). This
appears to be the result of indiscriminate stocking,
without well-defined objectives or a priori appraisal
of the likelihood of success of the exercise (Cowx
1994b). In some cases (e.g. hatchery-reared salmo-
nids in Austria), stocking is even obligatory wherever
fishing licenses are sold (Weiss et al. 2002). In some
European countries, such as Germany, the holder of
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Figure 8 Suggested strategy for planning various types of stocking and introduction exercises to minimize the potential risk,

maximize the potential benefit and evaluate the success of the project in inland fisheries management (after Cowx 1994b;

Welcomme 2001, modified).

the fishing rights (and in reality nearly everyone due
to lack in enforcement) is able to buy stocking mate-
rial from private aquaculture enterprises and stock
aquatic ecosystems. The choice of stocking regime is
often based on a best guess, determined by external
constraints (e.g. size and numbers of seed available)
(Welcomme 2001), or driven by ‘insider relationships’
with stocking material traders. The stocked species
are often not determined from an ecological point of
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view but are those species that are most valuable or
attractive to sell or to catch, and thus demanded, e.g.
by anglers. One extreme, but not uncommon, view of
local fisheries managers (e.g. of angling clubs) seems
to be ‘that the best way to manage a freshwater fish-
ery is to put in the fish the anglers want and ensure
that most are caught’ (Elliott 1995). Stocking often
seems to be a prophylactic traditional inland fisheries
management practice undertaken by habit (Klein

287



Inland fisheries and sustainability R Arlinghaus et al.

1996). Such stocking practices have been questioned
by fish ecologists and environmental lobby groups
(e.g. Freyhof 2002). Stocking practices, as explained
above, are not in agreement with the principles of
sustainable inland fisheries management such as
the precautionary approach (see Section 2, FAO
1996) which, inter alia, call for actions to be reversible
(Buckworth 1998). Furthermore, especially with
respect to recreational fisheries in many European
countries, the precautionary approach implies that
very conservative management measures are
required because of the paucity of scientific informa-
tion available to underpin advice (Richards and
Maguire1998). Thus, thereis a need for fisheries man-
agers to be more aware of the possible negative
impacts of stocking (Section 3; Cowx 1994b, 1996,
1998b); and a thorough planning of stocking and
introduction programmes is essential (Fig. 8; Coates
1998; Cowx 1998b; Welcomme 2001) because of the
potential risks associated with fish movements (Pear-
sons and Hopley 1999; Ham and Pearsons 2001). As
a result, in some countries, e.g. Denmark, stocking
can only be undertaken with the prior permission of
the public authorities (Rasmussen and Geertz-Han-
sen 2001).

There are, however, exceptions to the arguments
against stockings. In some cases, the justification for
stockings is acceptable, for example, to compensate
for loss due to environmental interventions such as
pollution, river engineering or a man-made obstruc-
tion to migration such as a dam, or to create a put-
and-take fishery in an enclosed water body. Further-
more, where fish species are on the verge of extinc-
tions or where bottlenecks to natural recruitment
cannot be eliminated, continuous stocking seems
appropriate (Cowx 2002a). This is particularly rele-
vant where added benefits can accrue from the stock-
ing programme, e.g. the River Thames Salmon
Restoration Scheme which has considerable environ-
mental spin offs, particularly the public perception
that the river is now clean and the increased respon-
sibility of water users to ensure this status is main-
tained (Mills 1990). Another example encompasses
highly modified or artificial, small purpose-build
water bodies where circumvention of recruitment
failure is almost impossible. Under such circum-
stances stocking may lead to high angler benefits
and reduce the fishing pressure on more natural
fisheries with self-reproducing populations where
empirical evidence suggests that stocking may be
superfluous (Salojiarvi and Ekholm 1990; Salojérvi
and Mutenia 1994; Welcomme 2001). However,
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intensive stocking should be limited to closed water
bodies, e.g. small stillwater fisheries where the prob-
ability of escape of stocked fish is low and the likeli-
hood of successful stocking is higher (e.g. Moehl and
Davies 1993; Steel et al. 1998). Furthermore, it is advi-
sable to ensure that the broodstock from which the
stocking material is derived is drawn from native
populations of the catchment (Welcomme 1998a).

With respect to successful stocking programmes,
the few available empirical data sets showed that
there appears to be an interplay between area of
stocked system and stocking rates. They indicate that
yield is often positively related to stocking rate (Wel-
comme 2001). However, because of compensatory
processes (Salojarvi and Mutenia 1994; Lorenzen
19964a) there is a levelling off or decline of yields at
high fish densities. Furthermore, yield per unit area
is often inversely related to the area of stocked system
(Welcomme 2001). Therefore, stocking has generally
proved more effective in smaller water bodies. How-
ever, this supposition cannot be readily validated
because there is a tendency to stock fish at lower den-
sities into larger water bodies (Welcomme 2001).

Generally, the key process governing the outcomes
of stocking in the absence of natural reproduction is
density dependence on body growth and size depen-
dence on mortality (Lorenzen 1995, 2000). In combi-
nation, these processes result in density-dependent
mortality (Lorenzen 2000). Under conditions of low
natural reproduction and low density-dependent
mortality after stocking, there are at least three man-
agement guidelines for stocked fisheries governed by
density-dependent growth and size-dependent mor-
tality (see Lorenzen 1995; Welcomme 2001 for
details). First, the optimal stocking regime is depen-
dent onthe harvesting regime and vice versa. Second,
potential production from stocked fisheries is inver-
sely related to size at which fish are harvested. Third,
concerning length of stocked fish, for a similar level
of productivity, the numbers that need to be stocked
decrease in a nonlinear way as size increases. This is
the consequence of the allometric mortality—size
relationship (Lorenzen 1995, 1996b, 2000). The bio-
mass of seed that needs to be stocked to achieve a
given level of yield increases with increasing seed
size, and so does the cost of producing the individual
fish. The issue of cost-effectiveness is an important
component of efficient stocking programmes (Wel-
comme 1998a) and deserves more attention (Langton
and Wilson 1998).

Several studies have elucidated the dynamics
of stocked fisheries in greater detail and led to the
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development of practical assessment tools and gen-
eral insights for analysing and understanding
stocked systems (see Botsford and Hobbs 1984;
Cuenco 1994; Lorenzen 1995, 2000; Welcomme 2001
for details and stocking equations). An example of a
mechanistic (i.e. incorporating key mechanisms
such as growth and mortality) stock assessment
model is given by Lorenzen et al. (1997), while Loren-
zen et al. (1998) provide an example of an empirical
(i.e. describing observed relationships between stock-
ing density and yield by regression equations) stock-
ing model.

Irrespective, there is another issue of stocking
which needs careful consideration. In addition to
responses of fish populations to fishing and enhance-
ment (e.g. stocking, production side), there is the
response of fishers and anglers to changes in the
abundance of fish (consumption side). Several stu-
dies showed that fishing effort and harvest may
increase linearly with stocking rates as an index of
fish abundance without an improvement in quality
of fishing as measured by catch per effort (e.g. Shaner
et al. 1996; Cox and Walters 2002a). Quantifying
numerical and functional responses for recreational
fisheries remains elusive (Johnson and Carpenter
1994) because they appear to depend on complex
angler behaviours and decisions (Post et al. 2002).
However, intensive stocking may result in a rapid
angler response, raised angler expectations and
finally higher exploitation level which may outpace
the fisheries managers best stocking efforts (coined
‘paradox of enhancement’, Johnson and Staggs 1992).

Targeting the ecosystem: habitat management

Habitat management aims at rehabilitation of ecosys-
tems and encompasses increasing fish habitat diver-
sity and improving water quality (see Cowx and
Welcomme 1998; Roni et al. 2002 for reviews). Habitat
techniques used in inland fisheries management
range from simple measures such as bankside vegeta-
tion cutting (e.g. Templeton 1995) or creation of artifi-
cial gravel beds (e.g. Swales 1989) to complex tasks
such as the restitution of longitudinal, lateral and
vertical connectivity in regulated rivers (Cowx and
Welcomme 1998; Orth and White 1999; Roni et al.
2002). Habitat management is a tool which deserves
considerably more attention in future inland fish-
eries management because it should be a long-term
(although often expensive, e.g.Weiner 1998; Sheehan
and Rasmussen 1999) solution to improve fish stocks
and the quality of inland fisheries (e.g. Cowx
1994a,b; Lehtonen 1999; Williams et al. 1999).
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However, effective habitat management, such as
environmental engineering or rehabilitation techni-
ques, needs full consultation with water resource
managers and environmental experts and an inte-
grated approach (Cowx 1994 a; Bradshaw 1996; Cowx
and Welcomme 1998; Lehtonen 1999) because inland
fisheries managers and fisheries authorities rarely
have the political and financial power to implement
complex habitat management measures alone (e.g.
Ross and Loomis 1999; Knudsen and MacDonald
2000). In fact, many large scale management pro-
grammes to improve physical state of habitats are
conducted by nonfishery players (e.g. nature conser-
vation authorities) without consideration of interests
of inland fisheries stakeholders. This, inter alia, has
led to the focus on using stocking and regulations in
traditional inland fisheries management.

In contrast to the body of evidence regarding the
beneficial effect of habitat management (see Section
5), many case histories suggest that people (e.g. fish-
eries managers) tried to use technologies such as the
production of excessive stocking material in hatch-
eries as substitutes for ecosystem functions (e.g.
Meffe 1992). Management has often been based on
the belief that natural ecological processes compris-
ing a healthy ecosystem can, to a large degree, be
replaced, circumvented, simplified, and controlled
while production is maintained or even enhanced
(Meffe 1992; Williams et al. 1999). However, experi-
ences have shown that this is not true. In the Colum-
bia River (USA), for example, despite the billions of
dollars invested in technological solutions (first
hatcheries and fish ladders, later screens at turbine
intakes and irrigation diversions, then barging and
trucking of juveniles fish around dams), salmonid
populations continued to decline (Williams et al.
1999). If it is possible to remove or minimize the cause
of the degradation of the ecosystem (and thus of the
fishery), this course of action should be taken. The
fishery may then recover without other traditional
management practices, such as stocking, which are
often not only ineffective but also expensive (and
thus a waste of resources). Prioritization of the key
cause(s) of damage and appropriate remedial action
can have a dramatic positive effect on fish species
diversity and productivity (see Cowx 1994a, 2000,
2002b; Collares-Pereira et al. 2002a and case-studies
therin). It has to be kept in mind that provision of even
the best mitigation measures (such as careful evalu-
ated stocking programmes) can never fully compen-
sate for losses of function or structure (Lucas and
Marmulla 2000). Habitat improvement is the most
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desirable option because it should lead to long-term
sustainable improvement with minimal deleterious
ecological impact (Cowx 1994a,b, 2002a). Inland
fisheries managers should be prepared to meet these
ever-increasing challenges regardless of the type or
quality of fishery they manage, be it in pristine waters
or highly urbanized watersheds (Panek 1997). The
main challenge for inland fisheries management
may be named the ‘habitat management first — stock-
ing for mitigation and compensation last’ paradigm
(compare Langton et al. 1996; Williams 1997; Fluharty
2000). Altogether, for the future this calls for habitat
management to be the primary inland fisheries and
ecosystem management practice in industrialized
countries.

Having said this, care is needed not to emphasize
this strategy in every occasion. Restoration of aquatic
habitats towards pristine conditions, which is the
objective of most ecosystem managers, is a utopian
view (Welcomme 1995; Wolter 2001). Many human-
induced impacts on aquatic ecosystems are irreversi-
ble (e.g. heavy modification of river channels to con-
trol floods or provide navigation). More recently,
demands for water resources, e.g. hydro-electricity,
have created new impacts. Furthermore, many of
the rehabilitation schemes are localized dealing with
only small sections or reaches of the ecosystem (e.g.
meso scale, Van Zyll de Jong et al. 2000) and ignore
the problems associated with adjacent sections
(Cowx and Collares-Pereira 2002). For example,
water quality problems upstream invariably will
have an impact downstream which will compromise
any physical habitat improvement measures. Simi-
larly, constructions of barriers (dams and weirs)
in downstream reaches will impede upstream

migration of fish and impose a serious bottleneck to
recruitment, if, as it is often the case, they are not
addressed. In addition, the cost of improvement
schemes is high and financial resources necessary
to undertake the job in a thorough manner are rarely
available. Also, many of the improvement schemes
conflict with the water resources activities in the
catchment, especially hydropower generation and
flood alleviation in river ecosystems. Consequently,
most schemes are unable to provide all the features
of the habitat predicted as necessary to ensure a
return to the former status.

In addition, there is a naivety about the response of
fisheries to habitat improvement measures because
of lack of information from existing schemes. It must
also berecognized that rehabilitation is not a reversal
of the degradation because ecosystem dynamics are
far more complex than merely reinstating the habitat
for a particular species or fish community. This is
conceptually illustrated in Fig.9 (after Bradshaw
1996; Cowx 2002a) which suggests how commu-
nities respond to habitat manipulations either by: (i)
increasing overall standing stock at the expense of
biodiversity or (ii) increasing species diversity but at
much lower standing stock than expected. The devia-
tion from the expected restoration goal arises
because of the loss or disruption of functional ele-
ments of the ecosystem during the degradation pro-
cess that cannot be reinstated.

The issue can be summarized by the following
statement (adapted from Welcomme 1995): Improve-
ment of the situation demands stricter management
of aquatic systems through protection of the few
that remain in a relatively pristine state, and those
modified should be rehabilitated if social, political
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and economic conditions allow. Should this not be
possible, approaches for the mitigation (e.g. stocking)
of externally imposed stress should be sought and
applied.

Conclusion with respect to sustainability

To conclude, the situation in many inland fisheries of
industrialized countries comprises: (i) nonexistence
of integrated ecosystem management and precau-
tionary approaches; (ii) widespread adoption of stock-
ing and introduction practices without thorough
planning and evaluation (which is contradictory to
the precautionary approach); (iii) predominance of
the management principle ‘stocking rather than
habitat management’; (iv) lack of adoption of sound
scientific (fisheries or ecological) advice; (v) high
degree of arbitrariness (e.g. regulations) and (vi) lack
of awell-developed fisheries management framework
and process (Fig. 10) to direct traditional inland fish-
eries management systems and associated practices
towards the principles of sustainable management
of inland waters (see Section 2). Thus, several man-
agement mechanisms and measures have to be
altered or adapted for inland fisheries systems to

Ecological
constraints

approach sustainability (compare Section 2 and
Fig. 3), which would, inter alia, also improve the dia-
logue between inland fisheries on the one hand and
various stakeholders such as nature conservationists
on the other.

Approaching sustainable inland
fisheries — possibilities and constraints

The complex nature of the sustainability concept and
the numerous factors that currently preclude sus-
tainability in inland fisheries management (see
above), highlight many mechanisms for altering cur-
rent management practices. Of the approaches avail-
able, two major areas seem promising for the
traditional inland fisheries management systems in
Europe, and have led to several successful outcomes
worldwide: (i) rehabilitation of habitat in running
waters and (ii) a combination of nutrient reduction
and biomanipulation in standing waters. The differ-
ent ecological dynamics of flowing and standing
aquatic systems and the divergent predominant con-
straints to (ecological) sustainability within flowing
(mainly habitat modification) and standing waters
(mainly ‘cultural eutrophication’) explain why

Socio-cultural
constraints

| Management Goal: Sustainability |

| Inland Fisheries Management Objectives I

¢

Problem
Identification

B: Human Component

FISHERY INFORMATION BASE
A: Biological and Ecological Component
Stock and Exploitation Characteristics

Behaviour and Preference Profiles

C: Institutional Component

Rules governing fisheries

«+—» | Evaluation

J

¢

| Actions / Measures |

Institutional
constraints

Economical
constraints

Figure 10 Framework for decision making in inland fisheries management (after Krueger and Decker 1999; modified). The
steps of the management process are shown as they cycle around the fishery information base and are set within the
management environment, which may constrain management practices.
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promising integrated management approaches for
each system are treated separately. It would have
been preferable to develop recommendations that
were more specific and more immediately applicable
forinland fisheries management, but this would have
required oversimplification and distortion of a very
complex situation.

Running waters

Serious conflicts between various stakeholders in
EBM and the disciplinary and fragmented structure
of many water resources management systems have
created the perception of many involved in the pro-
gress of inland waters management that expressing
one’s views and interests antagonistically is the only
appropriate way forward (Preikshot 1998). Conse-
quently, negotiation and policy making often become
extremely difficult in natural resources manage-
ment. Diverse players may, however, often have more
in common than they realize (Preikshot 1998). This
is particularly true for basin-wide river/stream man-
agement where anthropogenic habitat modification
imposes the greatest threat for both inland fisheries
and biodiversity (of freshwater fish) (e.g. Welcomme
1992,1995,1999; Schiemer et al. 2001). The deteriora-
tion of riverine habitats is reflected by the high num-
ber of endangered riverine and migratory fish
species worldwide (e.g. TIUCN 2000; Collares-Pereira
et al. 2002a), which constitute not only natural capi-
tal with an intrinsic value providing important eco-
systems services (Holmlund and Hammer 1999), but
they are also commercially and recreationally valu-
able for inland fisheries. These relationships suggest
that rebuilding of lotic habitats and natural flow
regimes should be the common goal of the majority
of stakeholders involved in natural resources and
watershed management (e.g. environmental agen-
cies, nature conservationists, NGOs, and sometimes
society), including inland fishermen and their orga-
nizations and lobby groups. This task is difficult (e.g.
Heede and Rinne 1990), needs strong cooperation
between and across all stakeholders and public
authorities, and thorough planning and evaluation
(see forexample Cowx 1994a, 2000), but it is not over-
whelming (see below). Owing to societal priorities
such as flood control, the changed property rights
regime of the former floodplain which today is uti-
lized by agriculture and habitation, and the deepen-
ing and narrowing of the channels,
rehabilitation of most of the engineered rivers and
waterways is probably unrealistic (e.g. Welcomme

river
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1995; Williams et al. 1999; Wolter 2001). However, in
contrast to expensive and often arbitrarily adopted
stocking practices, relatively ‘simple’ instream habitat
improvement measures which modify flow and bot-
tom substrate or provide direct cover (Table 5; Swales
1989; Cowx and Welcomme 1998; Hodgson and Eaton
2000) have often led to long-term beneficial effects
on riverine fish communities (see review of Swales
1989 for numerous references and case-studies). In
particular, highly degraded running water systems
may benefit from simple habitat management. Wolter
(2001), for example, suggested that in German water-
ways (including artificial systems such as navigation
canals) the rehabilitation of natural shoreline struc-
tures from virtual nothing to 20% of the bank line
should result in substantial improvement of fish
diversity, and contribute to species conservation and
persistence of viable populations of threatened river-
ine fishes without altering the waterways' primary
navigation function. Furthermore, properly planned
and adopted integrated watershed and river fisheries
management approaches have demonstrated that
carefully executed habitat improvement works
can result in successful fisheries management and
rehabilitation (e.g. Pajak 1992; Schmidt et al. 1997;
Thorn et al. 1997; Cowx 2000). This indicates that
when river engineering modifications have degraded
river habitats, instream habitat management, land
treatments and acquisition of riparian corridors are
necessary to rehabilitate habitat and provide viable
inland fisheries (Swales 1989; Thorn et al. 1997; Wei-
ner 1998). Furthermore, in many flowing systems
successful stocking and regulation management
seem to be dependent on habitat quality (Thorn et al.
1997).

There are now many examples of successful habi-
tat improvement activities in running waters (e.g.
O'Grady and Duff 2000; Hughes et al. 2001; Jurvelius
and Auvinen 2001; Souchon and Keith 2001). Much
of these, however, target single-species stock recov-
ery, especially for salmonids, although attention is
now focusing on nonsalmonid fish populations in
lowland rivers (Hodgson and Eaton 2000). However,
habitat management that increases the stock of a
target species may be a vehicle for other riverine
fish to re-establish because suitable spawning sub-
strate (e.g. gravel) and microhabitat (see Mann 1995)
becomes available. Freyhof (2002), for example,
called Atlantic salmon an important ‘flagship’ spe-
cies because many improvements concerning water
quality and aquatic habitats for salmon have
improved conditions for other riverine species in
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Table 5 Measures used in river habitat management and rehabilitation (derived from Cowx and Welcomme 1998).

Local actions (instream habitat management)

Structures which impound and modify stream flow
Various measures to recreate pool-riffle characteristics
Woody debris obstructions
Low dams and weirs
Current deflectors

Structures which provide cover, refuge, food and stabilize banks where necessary
Artificial or natural cover devices, e.g. by trees, bushes, branches, platforms, boulders

Measures to enhance instream and riparian vegetation
Woody material to protect banks

Structures or treatments which modify channel substrate
Creation of gravel beds and other spawning habitats
Current deflectors or low dams

Construction of shallow water areas (e.g. bays, graded banks)

Structures to reduce fish mortalities at abstraction points and outfalls

Construction of fish screens

Large-scale actions
Installation of fish migration facilities

Installation of fishways, ramps, lifts, locks or by-pass channels

Construction of shallow-water berms or shallow bays
Excavating of substrate with wash buffering constructions
Opening rivers to adjacent gravel pits or other water bodies
Breaking of levees and construction of connections
Braided rivers and construction of islands

River realignment, e.g. dyke removal and shallow bank substrate extraction

Multistage channels

River realignment, excavating of flood berms and construction of point bars

Remeandering
River realignment and setting back of levees
Pollution control

Diversion of water, pollution control and treatment by technology or reduction of agricultural fertilisers or amelioration and treatment

through direct

intervention, harvesting animals or provision of riparian buffer zones

Integrated floodplain restoration

For example, setting back levees, full width floodplains, reconnection of relic channels and floodplain water bodies, creation of new
floodplain structures, provision of submersible dams, water regime regulation

Germany. Similarly, Collares-Pereira et al. (2002b)
used the endangered cyprinid Anaecypris hispanica
(Steindachner, Cyprinidae) as the target for rehabili-
tation and conservation actions, which should lead
to protection and recovery of other endangered ende-
mic species in the Guadiana River in Portugal. Thus,
recovering or protecting populations in rivers may
enhance the whole riverine fish community, whereas
selective stocking will only ‘sustain at best, single
stocks. However, socioeconomic factors may in many
cases constrain the degree of river rehabilitation.
Nevertheless, even under severe restriction, e.g. by
flood control, there is the possibility to improve habi-
tat and consequently inland fisheries by adopting an
integrated habitat improvement approach (e.g. River
Thames case-study, Banks 1990; Hughes and Willis
2000).
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Standing waters

One of the greatest threats to many standing waters is
human-induced nutrient (especially phosphorus
and nitrogen) input (e.g. Sas 1989) — the process nor-
mally termed ‘cultural eutrophication’ (e.g. Mehner
and Benndorf 1995). Eutrophication is largely attri-
butable to high point-source loadings in the past,
and high nutrient input from arable land at present
(Jeppesen et al. 1999). It dramatically accelerates the
natural ageing of lakes. The results of this anthropo-
genic nutrient loading are symptomatic changes
such as increased biomass of phytoplankton,
increased water turbidity, reduced oxygen content,
reduced water quality, and occasionally decreased
lake volumes (see Mehner and Benndorf1995; Smith
1998 for reviews). In European standing waters, the
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fish community generally shifts from a dominance of
salmonids and coregonids to percids and subse-
quently to cyprinids with increasing trophic state
from oligotrophic to eutrophic (e.g. Hartmann 1977;
Persson et al. 1991, but see Haertel et al. 2002; Olin
et al. 2002). Altogether, the changes due to eutrophi-
cation are in almost all cases socially undesirable
and often interfere with human water uses, e.g.
drinking water, boating or bathing (Mehner and
Benndorf 1995). However, from the inland fisheries
point of view, eutrophication is sometimes consid-
ered beneficial (Barthelmes 1981) because of increas-
ing productivity with increasing degree of
eutrophication (Bninska and Leopold 1990). Only at
very high nutrient loadings does the system’s produc-
tivity drop. The breakeven point is uncertain and lies
somewhere between the eutrophic and hypertrophic
states (e.g. Bninska and Leopold 1990). Whether
inland fishermen view eutrophication positively or
not depends on their main target species. For exam-
ple, commercial coregonid fisheries or recreational
salmonid fisheries would suffer from declining stocks
when the ecosystem moves from the oligotrophic to
the eutrophic state. Inland fisheries targeting pisci-
vorous predators complain about eutrophication
long before cyprinid fishermen reach their maximum
potential (see Bninska and Leopold 1990). However,
it is noteworthy that in some countries the very valu-
able freshwater piscivorous fish, pikeperch, reaches
its maximum abundance in polytrophic or hyper-
trophic states (e.g. Barthelmes 1981). Therefore, in
Germany commercial fishermen are at present com-
plaining about natural re-oligotrophication pro-
cesses because stocks of commercially valuable
pikeperch are declining (see also Lappalainen and
Ponni 2000). These relationships reveal that the gen-
eral goal of society to reverse cultural eutrophication
(Mehner and Benndorf 1995) could sometimes
impose conflicts with the interests of inland fisheries.
Generally, the reversal of cultural eutrophication
can be deleterious to inland fisheries because it can
reduce fish production and biomass, or change the
species composition (Maceina et al. 1996; Ney 1996).
Thus, in contrast to running waters various stake-
holders may have very different perceptions about
the direction of lake and reservoir management,
which may cause serious conflicts. Inland fishers,
however, have to accept that the societal goal of
reducing the negative impact of cultural eutrophica-
tion is of higher priority when compared with a
relatively small stakeholder group of freshwater fish-
ermen.
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There are several technological, chemical and bio-
logical measures that may help in restoring eutrophi-
cated lakes (e.g. Cooke et al. 1993). Water quality can
be improved by: (i) reduction of external loading of
nutrients; and (ii) controlling internal ecological pro-
cesses without controlling external nutrient loading
(‘ecotechnology’), or a combination of both (Benn-
dorf1995). Among the latter, biomanipulation (Figs 7
and 11) or the trophic cascade, top-down food web
management, can be grouped into so-called eco-
technologies (e.g. Hansson et al. 1998; Drenner and
Hambright 1999). The basic goal of biomanipulation
as a tool in water quality management is greater
water transparency due to reduction in phytoplank-
ton density (Shapiro et al. 1975). This may be achieved
by promotion of planktonic crustacean biomass and
an increase in their body size (e.g. Mehner et al
2001). However, zooplankton is usually exposed to
planktivorous fish predation (top-down mechan-
isms, e.g. Brooks and Dodson 1965). Therefore, a sub-
stantial decrease in planktivore biomass below a
critical level, where the herbivore community is
released from a too high top-down predation rate, is
one of the major prerequisites to manipulate success-
fully a planktonic community in standing waters
(e.g. Carpenter et al. 1985; Lammens 1999). To reduce
the biomass of planktivorous fish, several strategies
have been applied (e.g. Drenner and Hambright
1999). Removal of planktivorous fish with large nets
was frequently conducted, particularly in shallow
lakes (Meijer et al. 1999; Perrow et al. 1999). An alter-
native or supplementary method to fish removal is to
stock high numbers of piscivorous fish (e.g. Benndorf
et al. 1988; Berg et al. 1997). Wysujack and Mehner
(2001) found that in a stratified lake (Feldberger
Haussee, Germany) piscivorous fish consumption
exceeded the removal of planktivores (roach) with
the seine net in certain years, indicating piscivorous
stock density may play a significant role in effective
biomanipulation (but compare Drenner and Hamb-
right 1999). Enhancement of piscivorous fish stocks
may not only increase the top-down control of plank-
tivorous fish but also be beneficial to inland fisheries
(Ney1996). This particularly applies to selected coun-
tries of Europe (e.g. Germany, the Netherlands, Swit-
zerland) where most inland fisheries target top
predators (see Section 3 for references and Pitcher
and Pauly 1998). Thus, biomanipulation has the
potential to couple water quality and inland fisheries
management because the concept can be easily com-
municated to the broader (angler) public. Enhance-
ment of piscivorous fish may then lead to increased
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Nutrients

Nutrients

Figure 11 Scheme to demonstrate changes in the pelagic food chain in lakes during biomanipulation.Whereas planktivorous
fish dominate and phytoplankton biomass is dependent on nutrient supply in eutrophic lakes without manipulation (left),
piscivorous fish reduce planktivores and if external nutrient supply is blocked, grazing by daphnids reduces phytoplankton

(right).

water clarity as well as more satisfied fishers and
other outdoor recreationists (e.g. swimmers, boat-
ers). Furthermore, in standing waters, where natural
recruitment of piscivores is low, regular stocking
may be necessary. This increases compliance within
the traditional inland fisheries management system
because many fisheries managers and inland fisher-
men believe that stocking is the most efficient man-
agement practice to enhance stocks (e.g. Wolos 1991;
Klein 1996; Arlinghaus 2002). Nevertheless, there is
a paucity of information to draw generally valid con-
clusions regarding the use of biomanipulation as a
tool for eutrophication control (Benndorf 1995). The
findings to date indicate that in shallow lakes the
method will only have a long-term effect if (external)
nutrient loadings are reduced to a level such that the
total phosphorous (P) concentration is less than
0.05-01mg P L' (Benndorf 1987; Jeppesen et al.
1999). Benndorf (1995) reported a ‘biomanipulation
efficiency threshold’'of 0.5 and 2.0 g m 2 year " total
phosphorous loading. Furthermore, fishing and
angling can have strong effects on fish populations
of piscivores and food webs (e.g. Carpenter et al.
1994; Johnson and Carpenter 1994; Post et al. 2002)
and preclude the success of lake rehabilitation
through biomanipulation. Last but not least, if fishers
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and anglers donot agree with regulations, then regu-
lations and biomanipulation are unlikely to work
(Carpenter and Lathrop 1999).

One mechanism that has not received much atten-
tion to aid biomanipulation and fisheries manage-
ment in standing waters is rehabilitation of the
physical habitat. This is only practical when pres-
sures from other users have eased or as a mechan-
isms to ameliorate a bottleneck in the fishery
(piscivorous fish) recruitment processes. Rehabilita-
tion of habitat include such actions as shoreline
development, e.g. reinstatement of riparian vegeta-
tion, and creation of artificial and quasi-natural
spawning grounds (Winfield et al. 2002; Zalewski
and Frankiewicz 2002). Artificial reefs, made up of,
for example, old tyres, artificial submerged habitats
formed by spruce trees and replanting of submerged
and emerged vegetation are also pertinent (e.g. Skov
and Berg 1999; Sandstrém and Karas 2002). However,
the scope for physical modification is limited and
many of the rehabilitation practices are linked to the
improvement of water clarity and quality discussed
earlier.

To sum up, in Europe several successful restoration
projects in shallow (e.g. Jeppesen et al. 1999), as well
as large (e.g. Kairesalo et al. 1999; Suoraniemi et al.
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2000) and stratified lakes (e.g. Mehner et al. 2001),
indicate that a combination of external nutrient
load reduction and biomanipulation enhancing
pisicvorous fish stocks may, under certain conditions
(Mehner et al., unpublished data), lead to both
increased water quality as well as enhanced compli-
ance, satisfaction and benefit of the inland fishery
system.

Synthesis

The last section synthesizes the issue of sustainable
management of inland fisheries. Major challenges as
well as perspectives and constraints for inland fish-
eries management are presented in a holistic manner.
Because research produces knowledge and under-
standing, identifies issues needing attention, helps
resolve conflicts and suggests solutions and new
options (Williams 1998), essential needs for sustain-
able inland fisheries management will be presented
with special emphasis on research. Key points are
highlighted in italics.

Challenges — conservation and philosophical
shifts

Inland fisheries management is today more a multidi-
mensional conservation (e.g. Smith 1986; Olver et al.
1995; Mangel et al. 1996) than an allocation issue
(e.g. Smith 1986; Loomis and Ditton 1993) that has to
balance human requirements against protection of
the environment and biodiversity (Cowx 2000). Mod-
ern conservation challenges for fisheries manage-
ment encompass all aquatic resources within the
whole ecosystem but also the fishery per se. One of the
major challenges for future inland fisheries is to make
sound management decisions to ensure viable com-
mercial and recreational fisheries are compatible
with aesthetic and nature conservation values in the
21st century (Radonski 1995; AFS 1999; Pitcher
1999). However, this requires harmonization of phi-
losophical world views of rather biocentric (e.g.
environmentalists) and anthropocentric (e.g. inland
fishermen) orientated stakeholders (e.g. Rahel 1997),
which resembles a sociocultural and political issue.
The task for the future will be to apply the stakeholder
approach (first management philosophy) to decision
making with respect to freshwater systems because
this philosophical shift for fish, wildlife and water
resource management recognizes a larger set of ben-
eficiaries of management (including the public and,
in concept, future generations) (Decker et al. 1996;
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Nielsen et al. 1997). The key to improving implementa-
tion will include (compare Figs 5 and 10): (i) expand-
ing the managers view of who is substantially
affected by fish and wildlife management (stake-
holder); (ii) identifying and understanding stake-
holder views; (iii) seeking compromise between
competing and conflicting demands when appropri-
ate (i.e. without risking the long-term integrity of
fishery resources, but see Scheffer et al. 2000) and
(iv) improving communication between managers
and stakeholders (Decker et al. 1996). Ultimately, due
to the expanded notion of values such as responsibil-
ity (for the fisheries resources), fairness, justice, and
long-term concern for the sustainability of resources,
the stakeholder approach forces inland fisheries
managers to consider ethical questions in decision
making (Decker et al. 1996; Williams 1997).

The impact of philosophical shifts in inland fish-
eries resourc management goes further. It encom-
passes a shift from the sectoral to the system view of
inland fisheries management—away from single spe-
cies to multispecies and ecosystem-based management
(second management philosophy), being aware that
single species are nested elements of ecosystems
linked to the environment including man. However,
participation and involvement of all stakeholders in
local decision making remains the key element of this
global philosophical shift because sustainability
integrates not only ecological but also social and eco-
nomic dimensions. EBM determines that sustainable
management of inland waters is integrated or holistic
management of watersheds or specific aquatic eco-
systems (see Scheffer et al. 2000 for a theoretical ana-
lysis). However, most of the factors causing problems
for fish communities and fisheries lie outside the con-
trol of the inland fisheries management system
(Cowx 2000). Furthermore, it is well known that in
many cases, those operating in the broader water
resource planning sector seldom, if at all, actively
solicit the input of fisheries experts and managers
(Cowx 2000). Consequently, on a larger scale (e.g.
watershed management), major challenges for
inland fisheries managers and specialists are: (i) to
bring in and defend the interests of the fisheries stake-
holders (e.g. fishers and anglers; compare successful
case-studies Chandler 1990; Pajak 1992) by, for exam-
ple, interacting and making alliances with other
interested parties; (ii) to seek to limit damage to aqua-
tic ecosystems and (iii) to promote rehabilitation
activities (Cowx 2000). On a smaller scale (e.g. local
management of small gravel pit of an angling club), a
major challenge of the local fisheries manager is to
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adopt widely the precautionary approaches and princi-
ples (e.g. when stocking) to make socially and ecologi-
cally ‘safe’ and reversible decisions. Giving the trend
of (urban) recreational fisheries towards concentrat-
ing on intensively stocked artificial fisheries, this
might release pressures on natural fisheries for a less
heavily exploited approach. Precaution, however,
should accompany every management decision con-
cerning natural resources and the environment. To
become sustainable, inland fisheries management
has to reduce the degree of arbitrariness in decision
making. Integration of evaluation procedures and the
implementation of a thorough fisheries management
process (Fig. 10; Van Densen 1990; Taylor et al. 1995;
Brown 1996; Krueger and Decker1999) is an essential
condition for sustainable management and the appli-
cation of adaptive management systems (e.g. Walters
1986; Smith and Pollard 1996).

Basic needs with emphasis on research

Basic needs to approach sustainability in inland fish-
eries are outlined below. All of the issues described
satisfy one of the major axes of the stakeholder satis-
faction triangle — substance (technical and factual
content of the situation revealed, e.g. by science or
experience), process (steps to follow in amanagement
decision) and relationships (development of positive
networks among individuals with direct or indirect
interest in or influence over a management decision)
—that together determine satisfactory decision mak-
ing in future inland fisheries management (see Niel-
sen et al. 1997; Meffe 2002 for details).

Communication and information

In fresh waters (and in all management issues all over
the world), there is an urgent need to improve com-
munication and information links between man-
agers, scientists and various stakeholders (e.g.
anglers, swimmers, fundamental environmentalists,
Loftus 1987; Decker and Krueger 1999; Hickley and
Aprahamian 2000; Ludwig 2001; Meffe 2002). This
should be the first step in management of the
resource, especially in larger scale systems (e.g. river
fisheries on the catchment scale) (Ostrom et al. 1999;
Cowx 2000).

Education and actor empowerment

Peoples’abilities to know and act must be developed if
we are to sustain progress in inland fisheries man-
agement (e.g. Taylor et al. 1995; Schmied and Ditton
1998; Williams 1998; Ludwig 2001). There is a need
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for lifelong education and training to build human
capacity and actor empowerment (Williams 1998).
Here also lies a crucial role for research to develop
regular educational programmes and to train the
public, anglers (Von Lukowicz 1998) and (voluntary)
fisheries managers (Walder and Van der Spiegel
1990; Brown 1996; Williams 1998; Hickley and Apra-
hamian 2000; Rassam and Eisler 2001; Cambray
and Pister 2002; Meffe 2002). Scientists can be most
effective if they make their results accessible to lay-
persons (Ludwig 2001). Such education outreach
should result in more realistic expectations of fishery
stakeholders about expected outcomes in degraded
and often heavily exploited freshwater ecosystems.
Educational needs for future fisheries managers (stu-
dents) include integrated thinking about biological,
physical, chemical and sociocultural processes; pro-
blem solving (conflict management, decision analy-
sis) and communication skills (see above).
Furthermore, education of fishermen should: (i) yield
awareness of ecological carrying capacity and
responsibility for ecosystem health; (ii) result in
interest in the future sustainability of the fishery
resources and (iii) keep expectations reasonable and
more in accord with available and fluctuating fish
resources (Hudgins and Davies 1984; Smith 1986;
Gale 1992). Because it seems virtually impossible to
increase fish populations to meet an ever-expanding
demand, it is reasonable that reduced expectations
will produce greater fishing satisfaction, particularly
in recreational fisheries (Graefe and Fedler 1986;
Spencer and Spangler 1992).

Institutional restructuring

New institutional (e.g. Holland 1996; Ostrom et al.
1999) and management structures incorporating
specialized personnel are needed. This should lead
to drastic restructuring in public authorities
(Cochrane and Payne 1998) to provide institutional
linkages between, for example, fisheries, environ-
ment, water, nature conservation or animal welfare
organizations and public agencies (Meffe 2002; but
see Ascher 2001 for perverse dynamics created in
high-level institutions). Moreover, groups of inland
fishers and anglers who can communicate and iden-
tify with one another are more likely than groups
of strangers to draw on trust (direct and indirect)
reciprocity (e.g. Nowak and Sigmund 1998; see
also Riolo et al. 2001 for cooperation without recipro-
city), and reputation (Milinski et al. 2002) to develop
norms and voluntary rules that limit unsustainable
exploitation of common pool resources such as fish
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stocks. Punishment of noncooperating anglers and
fishers can cause a rise in the level of the average
contribution to the conservation of public good (e.g.
Fehr and Gichter 2000), and is one means to
enhance cooperation between fishery stakeholders
to sustain the resource based on voluntary rules.
These informal institutions are needed to solve com-
mon pool resources problems and unsustainable
inland fisheries management (Ostrom et al. 1999;
Ludwig 2001).

Marketing outreach

Many believe (e.g. in Germany) that commercial
fisheries might be able to enlarge the quantity of fish
harvested and sold because of the modern trend in
agriculture caused by the ‘BSE crisis’in the beef trade
to bring products to more regional markets, which in
inland fisheries is traditionally the way goods are
marketed. However, in many commercial fisheries of
developed countries, a marketing outreach is needed
to attract consumers and anglers to their waters or
even change consumer habits favouring selected
fish species (e.g. cyprinids) or fish products (compare
Sutton 1998). In the case of coexploitation of commer-
cial fishing rights by commercial and recreational
fisheries, newly recruited anglers might be a valuable
source of income for commercial fishermen. In the
case of difficulties in selling fish, commercial fisher-
men would be wise to act as service providers of
the angling experience to a greater extent. Further-
more, a general marketing outreach (e.g. Salwasser
et al. 1989; Janisch 2001) should yield support from
the general public for fish and fisheries’ interests
(Alcorn 1998), and may recruit new anglers and fish-
ers in the case of demographic change (Wilde et al.
1996; Fedler and Ditton 2000). The latter is a parti-
cularly important issue because the drop in par-
ticipation in angling experienced in many European
countries (Cowx 2002c¢) needs to be addressed.
Anglers are considered in many countries as the
guardians of the environment and the eyes and
ears of the protection agencies. Without their pre-
sence on the rivers and lakes, the protection they
afford will be lost, probably to the detriment of the
environment.

Management plans

When managing for sustainability, inland fisheries
need the domination of local bottom-up management
structures, and also some kind of top-down advice,
education and control to better manage the ‘unsus-
tainable knowledge’ of local (voluntary) fisheries
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managers, e.g. of a small angling club, and educate
local fisheries managers in the long term. Manage-
ment plans formulated by local fishermen and fish-
eries managers and controlled and enforced by
professional fisheries experts and scientists in man-
agement agencies provide a means to link institu-
tionally top-down (legal framework, public
authorities) and bottom-up (local stakeholders,
mainly fishers and anglers) traditional inland fish-
eries management (e.g. Souchon and Trocherie
1990; Hart and Pitcher 1998; Knosche 1998). How-
ever, to set up athorough management plan is a com-
plex task; and it is doubtful whether, for example,
those participating in rod and line fisheries have the
ability to assess the stock accurately (Cowx 1991,
1996, 2002b; Walters 1998). Thus, a stronger, hand-
in-hand, cooperation of commercial and recreational
fisheries is needed to bridge the gap of ‘economically
endangered commercial inland fisheries and ‘ecolo-
gically endangered recreational fisheries which
may lead to self-regulated and effective (sustainable)
fisheries management systems (Hart and Pitcher
1998; Scott 1998; Ostrom et al. 1999). However, it is
necessary to develop simple guidelines about the
essential procedures required to set up a manage-
ment plan.

Decision analysis

Public agencies should be prepared to use science-
based, decision-support techniques (e.g. from the
field of operations research, e.g. Lane 1992), such as:
(i) several variants of multicriteria decision analysis
(e.g. Healey 1984; Saaty 1990; Merritt and Criddle
1993; Merrit and Quinn 2000); (i) statistical decision
theory (e.g. Bayesian decision analysis, Heikinheimo
and Raitaniemi 1998; Peterman et al. 1998; Robb and
Peterman 1998); (iii) multivariate statistical methods,
e.g. multidimensional scaling (Pitcher et al. 1998;
Pitcher and Preikshot 2001); (iv) broad benefit/cost
analysis (Talhelm and Libby 1987; Bilsby et al. 1998;
Scheffer et al. 2000); (v) graph-theoretical techniques
(Briiggemann et al. 2001) or (vi) several variants of
computer simulation models (e.g. Johnson et al. 1992;
Cole and Ward 1994; Johnson 1995; Radomski and
Goeman 1996; Pan et al. 2001; Cox and Walters
2002b), to improve decision making and judgement
in inland fisheries management. These tools of deci-
sion analysis aim mainly to incorporate the complex
nature of sustainability and fisheries management
to select the best case scenario; that is the manage-
ment option that maximizes societal welfare without
compromising the aquatic ecosystems.
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Human dimensions research and social sciences
(excluding socioeconomic evaluation)

Fisheries management is increasingly seen to be as
much about managing people as about fish stocks
(e.g. Pringle 1985; Barber and Taylor 1990; Clay and
McGoodwin 1995; Jentoft 1998, 1999; Pauly et al
1998a). In the past, however, social sciences rarely
played a role in fisheries management (Clay and
McGoodwin 1995; Jentoft 1998,1999) and most analy-
sis of the human aspects of fisheries were nonquanti-
tative, with little predictive or diagnostic power
(Pitcher et al. 1998). Consequently, there is an urgent
need for sophisticated human-dimension research
and for social sciences in inland fisheries manage-
ment (e.g. Brown 1987; Talhelm and Libby 1987; Pey-
ton and Gigliotti 1989; Loomis and Ditton 1993;
Decker and Enck 1996; Ditton 1996; Wilde et al. 1996;
Enck and Decker 1997; Aas and Ditton 1998; Harris
1998; Jentoft 1998). Incorporating this knowledge
into models should allow a better understanding of
human behaviour (Anderson 1993; Gillis et al. 1995;
Radomski and Goeman 1996; Provencher and Bishop
1997; Smith 1999). With respect to recreational fish-
eries management, European fisheries managers
and researchers have to realize that more quantifica-
tion of angler values, preferences and behaviour is
needed, along with greater scientific experimenta-
tion of regulations, such as creel and length-based
limits (Wilde 1997), to optimize angler satisfaction or
benefit (OSY, Radomski et al. 2001).

Socioeconomic evaluation
For inland fisheries managers, socioeconomic
aspects of mitigation and rehabilitation (including
finance) are currently a more problematic feature
than technical aspects, and present one of the great-
est challenges to development and maintenance of
inland fisheries and aquatic ecosystems (Lucas and
Marmulla 2000). This calls for thorough socioeco-
nomic evaluation of inland (especially recreational)
fisheries (e.g. Brown and Knuth 1991; Hickley and
Aprahamian 2000; Hughes and Morley 2000) to
ensure that they are well represented in all develop-
ment activities concerning freshwater ecosystems
(Cowx 1999a, 2002a). The numerous benefits inland
fisheries provide to society have to be investigated to
make the many intangible benefits of inland fisheries
quantifiable and objective.

Traditional fisheries science
Without basic biological information on, inter alia,

fish stocks, exploitation level, harvest and habitat,
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there can be no credible management planning (Van
Densen 1990; Cowx 1991, 1996, 2000, 2002b; Quinn
and Szarzi 1993; Johnson and Martinez 1995;
Radomski and Goeman 1996; Haggan 1998). This
information is lacking with respect to recreational
fisheries in many European countries (compare also
Smith and Pollard 1996; Post et al. 2002), but is easily
accessible by routine monitoring of the fishery, e.g.
by creel surveys (Guthrie et al. 1991; Pollock et al. 1994)
or a combination of creel and intercept surveys
(Ditton and Hunt 2001). Moreover, despite wide-
spread adoption of stocking and introduction prac-
tices throughout the world, there is surprisingly
little information about success, economic efficiency,
ecological effects of stockings and the way stocked
systems function (Cowx 1996, 1998b; Welcomme
2001). Therefore, there is a need for post stocking
monitoring programmes and feedback to the public
domain (Fig. 8), somorerational evaluations ofthe out-
comes of stockenhancement procedures can be made.

Aquatic ecology

Future ecological research must strive to identify and
understand the mechanisms (spatial and temporal),
dynamics and processes driving large-scale ecosys-
tems (Neill 1998; Parsons et al. 1998; Scheffer et al.
2000, 2001) and fish community changes (Rose
2000; Jackson et al. 2001). It is desirable to develop
ecosystem models that can predict whole-commu-
nity changes (Pitcher and Pauly 1998; Jackson et al.
2001), and fisheries managers should be trained to
use them (Giske 1998). Although there are many
aquatic ecosystem trophic models available (e.g. ECO-
PATH, ECOSIM or ECOSPACE, see Whipple et al. 2000
for a review), these models have to be tuned to allow
the setting of unambiguous, operational objectives
in ecosystem and fisheries management (e.g. rebuild-
ing ecosystems, healthy ecosystems). However, an
urgent need remains to integrate ecology with the
dominant top-down component of most freshwater
ecosystems — the human dimension and socioeco-
nomics —to understand (and manage) ecological pat-
terns and processes on a sustainable basis (Costanza
1996; Liu 2001).

Perspective

Many societal, political and environmental trends
promote the development of sustainable fisheries.
For example, EBM and sustainability are concepts
widely accepted and adopted by societies of the
industrialized world. Moreover, since the early
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1980s, in Europe the state of many freshwater ecosys-
tems has improved remarkably and basin-wide river
and lake management is nowadays a common
approach. In addition, the European Water Frame-
work Directive (WFD) provides an excellent opportu-
nity to improve the quality of freshwater ecosystems
and therefore ensure the (ecological) sustainability
of inland fisheries (Pollard and Huxham 1999). In
future, the biology (and not just the chemistry) of
each water body will be the key criterion for protec-
tion and rehabilitation activities. The legal instru-
ments of each member country at the national and
federal state levels must be promulgated so that the
demand for ‘good ecological quality’ can be attained.
Exceptions may be only conceivable in the case of
‘heavily modified water bodies’ which should yield a
‘good ecological potential. The WFD demands that
all stakeholders and the public should participate in
development, evaluation and updating of manage-
ment plans (Article 14 of the WFD). Besides, the WFD
offers the opportunity for commercial fishermen to
achieve a perpetual source of income by contributing
to the regular monitoring of the fish community
(compare Hart and Pitcher 1998), which should be
conducted regularly by member states (Article 11).
This might even lead to a new role for commercial
fishermen.

In addition to favourable societal, political and
environmental developments, many dimensions of
the inland fisheries system are also propitious for
the sustainable development of inland fisheries. For
example, bottom-up driven traditional management,
small-scale structures, well-developed (group) prop-
erty rights, and the predominance of selfish benefit-
maximizing recreational fisheries constitute excel-
lent conditions for a better management (compare
Table 3 and Ostrom et al. 1999). However, environ-
mental degradation, low social priority, serious con-
flicts between user groups, relatively low funding for
fisheries research and management, inadequate
enforcement and control, and low education level,
inter alia, constrain the future existence and develop-
ment of inland fisheries (compareTable 3). Neverthe-
less, the sustainability debate per se provides a chance
for the adoption of many of the issues mentioned
throughout this paper and challenges all stakeholders
tomove towards sustainable inland fisheries.

Acknowledgements

The first author is grateful to Christian Steinberg,
Frank Kirschbaum, Christian Wolter and Rainer

300

Briiggemann from the Leibniz Institute of Fresh-
water Ecology and Inland Fisheries in Berlin (IGB)
for support and sponsorship and helpful discussions.
This review could not have been written without
Magdalena Sieber and Ute Hentschel from the bib-
liotheca at IGB. This paper greatly benefited from the
valuable comments of Chuck Hollingworth and two
anonymous referees.

References

Aas, 0. (1995) Constraints on sportfishing and effect of man-
agement actions to increase participation rates in fish-
ing. North American Journal of Fisheries Management 15,
631-638.

Aas, 0. (2002) The next chapter: multicultural and cross-
disciplinary progress in evaluating recreational fisheries.
In: Recreational Fisheries: Ecological, Economic and Social
Evaluation (eds T.J. Pitcher and C.E. Hollingworth). Black-
well Science, Oxford, pp. 252-263.

Aas, 0. and Ditton, R.B. (1998) Human dimensions perspec-
tive on recreational fisheries management: implications
for Europe. In: Recreational Fisheries: Social, Economic
and Management Aspects (eds P. Hickley and H. Tomp-
kins). Fishing News Books, Blackwell Science, Oxford,
pp. 153-164.

Aas, @. and Kaltenborn, B.P. (1995) Consumptive orientation
of anglers in Engerdal, Norway. Environmental Manage-
ment19,751-761.

Aas, 0. and Skurdal, J. (1996) Fishing by residents and non-
residents in a rural district in Norway: subsistence and
sport — conflict or coexistence? Nordic Journal of Fresh-
water Research 72,45-51.

Aas, 0., Thailing, C.E. and Ditton, R.B. (2002) Controversy
over catch-and-release recreational fishing in Europe.
In: Recreational Fisheries: Ecological, Economic and Social
Evaluation (eds T.]. Pitcher and C.E. Hollingworth). Black-
well Science, Oxford, pp. 95-106.

AFS (American Fisheries Society) (1999) Responsible use of
fish and other aquatic organisms. Fisheries 24 (1), 30-35.

Alcorn, D. (1998) Reaching out to a non-angling public. Fish-
eries 23 (11),4.

Amisah, S. and Cowx, I.G. (2000) Response of the fish popu-
lations of the River Don in South Yorkshire to water qual-
ity and habitat improvements. Environmental Pollution
108,191-199.

Anderson, L.G. (1993) Toward a complete economic theory
of the utilization and management of recreational fish-
eries. Journal of Environmental Economics and Manage-
ment 24, 272-295.

Arlinghaus, R. (2002) Charakterisierung der Berliner
Angelfischerei. In: Fische und Fischerei in Berlin (eds C.
Wolter, R. Arlinghaus, U.A. Grosch and A. Vilcinskas).
Senatsverwaltung fiir Stadtentwicklung und Umwelts-
chutz, Berlin, in press[in German].

© 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316



Inland fisheries and sustainability R Arlinghaus et al.

Arlinghaus, R., Mehner, T. and Wolter, C. (2001) Die Debatte
um Nachhaltigkeit — Notwendigkeit und Chance fiir die
deutsche Binnenfischerei. Fischer & Teichwirt 52, 262—
265[in German].

Arlinghaus, R., Pfeifer, M., Grosch, U.A. and Wolter, C. (2002)
Fisheries in the river Spree catchment in former times
and today. In: Die Spree — Zustand, Probleme und Entwick-
lungsmdglichkeiten (eds J. Kohler, J. Gelbrecht and M.
Pusch). Schweizerbart'sche-Verlagsbuchhandlung, in
press [in German with English abstract].

Ascher, W. (2001) Coping with complexity and organiza-
tional interests in natural resource management. Ecosys-
tems 4,742-757.

Auster, A.J. (2001) Defining thresholds for precautionary
habitat management actions in a fisheries context. North
Americanjournal of Fisheries Management 21,1-9.

Baker, D.L. and Pierce, B.E. (1997) Does fisheries manage-
ment reflect societal values? Contingent Valuation evi-
dence for the River Murray. Fisheries Management and
Ecology 4,1-15.

Balon, E.K. (1995) The common carp, Cyprinus carpio: its
wild origin, domestication in aquaculture, and selection
as colored nishikigoi. Guelph Ichthyology Reviews 3,1-55.

Balon, E.K. (2000) Defending fishes against recreational
fishing: an old problem to be solved in the new millen-
nium. Environmental Biology of Fishes 57,1-8.

Banks, JW. (1990) Fisheries management in the Thames
Basin, England, with special reference to the restoration
of a salmon population. In: Management of Freshwater
Fisheries (eds W.L.T. Van Densen, B. Steinmetz and R.H.
Hughes). Pudoc, Wageningen, pp. 511-519.

Barber, W.E. and Taylor, J.N. (1990) The importance of goals,
objectives, and values in the fisheries management pro-
cess and organization: a review. North American Journal
of Fisheries Management 10, 365—373.

Barrett, GW. and Odum, E.P. (2000) The 21st century: the
world at the carrying capacity. Bioscience 50, 363—368.
Barthelmes, D. (1981) Hydrobiologische Grundlagen der Bin-

nenfischerei. VEB Gustav Fischer Verlag, Jena, 252pp.

Bate, R. (2001) Saving Our Streams: the Role of the Anglers’
Conservation Association in Protecting English and Welsh
Rivers. The Institute of Economic Affairs and Profile
Books, London, 128 pp.

Bell, DV,, Odin, N. and Torres, E. (1985) Accumulation of
angling litter at game and coarse fisheries in South
Wales, UK. Biological Conservation 34, 369-379.

Benndorf, J. (1987) Food web manipulation without nutrient
control: a useful strategy in lake restoration? Schweizer-
ische Zeitschrift fiir Hydrologie 49, 237-248.

Benndorf, J. (1995) Possibilities and limits for controlling
eutrophication by biomanipulation. Internationale Revue
der Gesamten Hydrobiologie 80,519-534.

Benndorf, J., Schultz, H., Benndorf, A. et al. (1988) Food-web
manipulation by enhancement of piscivorous fish stocks:
long-term effects in the hypertrophic Bautzen reservoir.
Limnologica19, 97-110.

© 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316

Berg, S., Jeppesen, E. and Sedergaard, M. (1997) Pike (Esox
lucius L. stocking as a biomanipulation tool. Part 1.
Effects on the fish population in Lake Lyng (Denmark).
Hydrobiologia 342/343,311-318.

Berg, R. and Rosch, R. (1998) Animal welfare and angling in
Baden-Wiirttemberg, Germany. In: Recreational Fish-
eries: Social, Economic and Management Aspects (eds P.
Hickley and H. Tompkins). Fishing News Books, Black-
well Science, Oxford, pp. 88-92.

Berkes, F., Colding, J. and Folke, C. (2000) Rediscovery of tra-
ditional ecological knowledge as adaptive management.
Ecological Applications 10,1251-1262.

Beverton, R.J.H. and Holt, S.J. (1957) On the Dynamics of
Exploited Fish Populations (Fishery Investigations. Series
2 (19)). Great Britain Ministry of Agriculture, Fisheries
and Food, London.

Bilsby, M. A., Cragg-Hine, D. and Henry, K. (1998) Cost-bene-
fit analysis: its role in recreational fisheries development
and management. In: Recreational Fisheries: Social, Eco-
nomic and Management Aspects (eds P. Hickley and H.
Tompkins). Fishing News Books, Blackwell Science,
Oxford, pp. 279-286.

Bishop, R.C., Boyle, K.J. and Welsh, M.P. (1987) Towards total
economic valuation of Great Lakes fishery resources.
Transactions of the American Fisheries Society 116,339—345.

Bninska, M. (1985) The effect of recreational uses upon
aquatic ecosystems and fish resources. In: Habitat Modifi-
cation and Freshwater Fisheries (ed. ].S. Alabaster). Butter-
worths, London, pp. 223-235.

Bninska, M. (1995) Eastern. In: Review of Inland Fisheries and
Aquaculture in the EIFAC Area by Subregion and Subsector
(ed. K.T. O'Grady). FAO Fisheries Report 509 Suppl. 1, 6-14.

Bninska, M. (2000) Commercial fisheries versus water qual-
ity in lakes with special reference to coregonid manage-
ment. Fisheries Management and Ecology 7,105-114.

Bninska, M. and Leopold, M. (1990) Fisheries management
in Polish lakes. In: Management of Freshwater Fisheries
(eds W.L.T. Van Densen, B. Steinmetz and R.H. Hughes).
Pudoc,Wageningen, pp. 406—436.

Bogelius, A. (1998) National survey of recreational fisheries
in Sweden. In: Recreational Fisheries: Social, Economic
and Management Aspects (eds P. Hickley and H. Tomp-
kins). Fishing News Books, Blackwell Science, Oxford,
pp. 24-26.

Bohnsack, B.L., Ditton, R.B., Stoll, J.R., Chen, R.]., Novak, R.
and Smutko, L.S. (2002) The economic impacts of the
recreational bluefin tuna fishery in Hatteras, North Car-
olina. North American Journal of Fisheries Management
22,165-176.

Boisneau, P. and Mennesson-Boisneau, C. (2001) Inland
commercial fisheries management in France. Fisheries
Management and Ecology 8, 303-310.

Botsford, LW. and Hobbs, R.C. (1984) Optimal fishery policy
with artificial enhancement through stockings: Califor-
nia’s white sturgeon as an example. Ecological Modelling
23,293-312.

301



Inland fisheries and sustainability R Arlinghaus et al.

Bowen, S.H., DAngelo, D.J., Arnold, S.H., Keniry, M.J. and
Albrecht, R.J. (1991) Density dependent maturation,
growth, and female dominance in Lake Superior lake
herring (Coregonus artedii). Canadian Journal of Fisheries
and Aquatic Sciences 48, 569—-576.

Bradshaw, A.D. (1996) Underlying principles of restoration.
Canadian Journal of Fisheries and Aquatic Sciences 53
(Suppl. 1), 3-9.

Bramick, U. (2002) Estimation of the fish yield potential of
lakes in north-east Germany. In: Management and Ecol-
ogy of Lake and Reservoir Fisheries (ed. I.G. Cowx). Fishing
News Books, Blackwell Science, Oxford, pp. 26—-33.

Brooks, ].L. and Dodson, S.I. (1965) Predation, body size, and
the composition of plankton. Science 150, 28-35.

Brown, T.L. (1987) Typology of human dimensions informa-
tion needed for Great Lakes sport-fisheries management.
Transactions of the American Fisheries Society 116,
320-324.

Brown, T.L. (1996) Reservoir Fisheries and Agency Commu-
nication. In: Multidimensional Approaches to Reservoir
Fisheries Management (eds L.E. Miranda and D.R. de
Vries). American Fisheries Society, Bethesda, Maryland,
pp. 31-37.

Brown, R.C. (1998) Community-based cooperative manage-
ment: renewed interest in an old paradigm. In: Reinvent-
ing Fisheries Management (eds T.]. Pitcher, P].B. Hart and
D. Pauly). Chapman & Hall, London, pp. 185-194.

Brown, T.L. and Knuth, B.A. (1991) Lake Ontario sport fish-
eries: socioeconomic research progress and needs. Cana-
dian Journal of Fisheries and Aquatic Sciences 48, 1595—
1601.

Briiggemann, R., Halfon, E., Welzl, G., Voigt, K. and Stein-
berg, C. (2001) Applying the concept of partially ordered
sets on the ranking of near-shore sediments by a battery
of test. Journal of Chemical Information and Computer
Sciences 41,918-925.

Bryan, H. (1977) Leisure value systems and recreation spe-
cialization: the case of trout fishermen. Journal of Leisure
Research 9,174-187.

Buckworth, R.C. (1998) World fisheries in crisis? We must
respond! In: Reinventing Fisheries Management (eds T.].
Pitcher, P].B. Hart and D. Pauly). Chapman & Hall, Lon-
don, pp. 3-17.

Bundy, A. (1998) The red light and adaptive management.
In: Reinventing Fisheries Management (eds T.J. Pitcher,
PJ.B. Hart and D. Pauly). Chapman & Hall, London, pp.
361-368.

Caddy, J.F. (1996) A checklist for fisheries resource manage-
ment issues seen from the perspective of FAO Code of
Conduct for Responsible Fisheries. FAO Fisheries Circular
no. 917, 22pp.

Caddy, J.F. (1999) Fisheries management in the 21st century:
will new paradigms apply? Reviews in Fish Biology and
Fisheries 9,1-43.

Caddy, J.E. (2000) The Code of Conduct for Responsible
Fisheries as a basis for evaluating fisheries research:

302

a suggested operational procedure. Fisheries Research
48, 205-211.

Callicot, J.B. and Mumford, K. (1997) Ecological sustainabil-
ity as a conservation concept. Conservation Biology 11,
32-40.

Cambray, J. and Pister, E.P. (2002) The role of scientists in
creating public awareness for the conservation of fish
species: African and American case-studies. In: Conser-
vation of Freshwater Fish: Options for the Future (eds M.J.
Collares-Pereira, I.G. Cowx and M.M. Coelho). Fishing
News Books, Blackwell Science, Oxford, pp. 414—-423.

Carpenter, S.R., Kitchell, J.E. and Hodgson, J.R. (1985) Cas-
cading trophic interactions and lake productivity.
Bioscience 35,634—-639.

Carpenter, S.R. and Lathrop, R.C. (1999) Lake restoration:
capabilities and needs. Hydrobiologia 395/396,19-28.
Carpenter, S.R., Munoz-del-Rio, A., Newman, S., Rasmus-
sen, PW. and Johnson, B.M. (1994) Interactions of anglers
and walleyes in Escabana Lake, Wisconsin. Ecological

Applications 4, 822—832.

Chandler, J.R. (1990) Integrated catchment management in
England and Wales. In: Management of Freshwater Fish-
eries (eds W.L.T. Van Densen, B. Steinmetz and R.H.
Hughes). Pudoc, Wageningen, pp. 520—525.

Charles, A.T. (1994) Towards sustainability: the fishery
experience. Ecological Economics 11, 201-211.

Charles, A.T. (1998) Beyond the status quo: rethinking fish-
ery management. In: Reinventing Fisheries Management
(edsT.J. Pitcher, PJ.B. Hart and D. Pauly). Chapman &Hall,
London, pp.101-111.

Charles, A.T. (2000) Sustainable Fishery Systems (Fish and
Aquatic Resources Series 5). Blackwell Science, Oxford,
370pp.

Christensen, N.L., Bartuska, A.M., Brown, J.H. et al. (1996)
The report of the Ecological Society of America commit-
tee on the scientific basis for ecosystem management.
Ecological Applications 6,665—691.

Clark, CW. (1973) The economics of overexploitation. Science
181,630-634.

Clay. PM. and McGoodwin, J.R. (1995) Utilizing social
sciences in fisheries management.
Resources 8, 203-207.

Coates, D. (1998) Codes of practice for the stocking and intro-
duction of fish. In: Stocking and Introduction of Fish (ed.
I.G. Cowx). Fishing News Books, Blackwell Science,
Oxford, pp. 383-396.

Cochrane, K.L. (2000) Reconciling sustainability, economic
efficiency and equity in fisheries: the one that got away?
Fish and Fisheries 1,3-21.

Cochrane, K.L. and Payne, A.LL. (1998) People, purses and
power: developing fisheries policy for the new South
Africa. In: Reinventing Fisheries Management (eds T.J.
Pitcher, PJ.B. Hart and D. Pauly). Chapman & Hall, Lon-
don, pp. 73-99.

Cole, R.A. andWard, F A. (1994) Optimum fisheries manage-
ment policy: angler opportunity versus angler benefit.

Aquatic Living

© 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316



Inland fisheries and sustainability R Arlinghaus et al.

North American Journal of Fisheries Management 14,
22-33.

Collares-Pereira, M.]., Cowx, I.G. and Coelho, M.M. (2002a)
Conservation of Freshwater Fish: Options for the Future.
Fishing News Books, Blackwell Science, Oxford, 472 pp.

Collares-Pereira, M.J., Cowx, LG., Rodrigues, J.A. and
Rogado, L. (2002b) A conservation strategy for Anaecy-
pris hispanica: a picture of LIFE for a highly endangered
Iberian fish. In: Conservation of Freshwater Fish: Options
for the Future (eds M.]. Collares-Pereira, I.G. Cowx and
M.M. Coelho). Fishing News Books, Blackwell Science,
Oxford, pp.186—200.

Connelly, N.A., Brown, T.L. and Knuth, B.A. (2000) Do
anglers and fishery professionals think alike? Fisheries
25 (2),21-25.

Cooke, G.D., Welch, E.B., Peterson, S.A. and Newroth, PR.
(1993) Restoration and Management of Lakes and Reser-
voirs, 2nd edn. Lewis Publisher, Boca Raton.

Cordell, H.K. and Bergstrom, J.C. (1993) Comparison of
recreation use values among alternative reservoir water
level management scenarios. Water Resources Research
29,247-258.

Costanza, R. (1996) Ecological economics: reintegrating the
study of humans and nature. Ecological Applications 6,
978-990.

Costanza, R., Andrade, F., Antunes, P. et al. (1998) Principles
for sustainable governance of the oceans. Science 281,
198-199.

Costanza, R. and Daly, H.E. (1992) Natural capital and sus-
tainable development. Conservation Biology 6,37—46.
Costanza, R. and Patten, B.C. (1995) Defining and predicting

sustainability. Ecological Economics 15,193-196.

Cowx, L.G. (1991) Catch Effort Sampling Strategies and Their
Application in Freshwater Fisheries Management. Fishing
News Books, Blackwell Science, Oxford, 420pp.

Cowx, L.G. (1994a) Rehabilitation of Freshwater Fisheries.
Fishing News Books, Blackwell Science, Oxford, 484 pp.

Cowx, L.G. (1994b) Stocking strategies. Fisheries Manage-
ment and Ecology 1,15-30.

Cowx, I.G. (1996) Stock Assessment in Inland Fisheries. Fish-
ing News Books, Blackwell Science, Oxford, 513pp.

Cowsx, L.G. (1998a) Aquatic resource planning for resolution
of fisheries management issues. In: Recreational Fisheries:
Social, Economic and Management Aspects (eds P. Hickley
and H. Tompkins). Fishing News Books, Blackwell
Science, Oxford, pp. 97-105.

Cowx, L.G. (1998b) Stocking and Introduction of Fish. Fishing
News Books, Blackwell Science, Oxford, 464pp.

Cowx, L.G. (1999a) Are recreational fisheries sustainable in
multiple aquatic resource user situations? In: Evaluating
the Benefits of Recreational Fisheries (ed. T.]. Pitcher). The
Fisheries Centre, Vancouver, pp. 15-21.

Cowx, L.G. (1999b) The importance of planning in the reha-
bilitation of freshwater fisheries. In: Rybactwo Jeziorowe,
IV Krajowa Konferencja Rybackich Uzythownikow Jezior
(Olztyn, Poland, June 1999), pp. 43—68.

© 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316

Cowx, I.G. (2000) Management and Ecology of River Fisheries.
Fishing News Books, Blackwell Science, Oxford.

Cowx, L.G. (2002a) Analysis of threats to freshwater fish
conservation: past and present challenges. In: Conserva-
tion of Freshwater Fish: Options for the Future (eds M.]. Col-
lares-Pereira, I.G. Cowx and M.M. Coelho). Fishing News
Books, Blackwell Science, Oxford, pp. 201-220.

Cowx, I.G. (2002b) Management and Ecology of Lake and
Reservoir Fisheries. Fishing News Books, Blackwell
Science, Oxford.

Cowgx, I.G. (2002¢) Recreational fishing. In: Handbook of Fish
Biology and Fisheries, Vol. 1I (eds PJ.B. Hart and J.S. Rey-
nolds). Fishing News Books, Blackwell Science, Oxford,
pp. 367-390.

Cowx, L.G. and Collares-Pereira, M.]. (2002) Freshwater fish
conservation: options for the future. In: Conservation of
Freshwater Fish: Options for the Future (eds M.]. Collares-
Pereira, I.G. Cowx and M.M. Coelho). Fishing News
Books, Blackwell Science, Oxford, pp. 443—452.

Cowx, I.G. and Lamarque, P. (1990) Fishing with Electricity.
Fishing News Books, Blackwell Scientific Publications,
Oxford.

Cowgx, I.G. and Welcomme, R.L. (1998) Rehabilitation of Riv-
ers for Fish. Fishing News Books, Blackwell Science,
Oxford.

Cox, S.P. and Walters, C. (2002a) Maintaining quality in
recreational fisheries: how success breeds failure in man-
agement of open-access sport fisheries. In: Recreational
Fisheries: Ecological, Economic and Social Evaluation (eds
T.J. Pitcher and C.E. Hollingworth). Blackwell Science,
Oxford, pp. 107-119.

Cox, S.P. and Walters, C. (2002b) Modelling exploitation in
recreational fisheries and implications for effort manage-
ment on British Columbia rainbow trout lakes. North
Americanjournal of Fisheries Management 22, 21-34.

Creel, M. and Loomis, J. (1992) Recreation value of water to
wetlands in the San Joaquin Valley: linked multinominal
logit and count data trip frequency models. Water
Resources Research 28, 2597-2606.

Cryer, M., Corbett, J.J. and Winterbotham, M.D. (1987) The
deposition of hazardous litter by anglers at coastal and
inland fisheries in South Wales. Journal of Environmental
Management 25,125-135.

Cryer, H. and Edwards, R. (1987) The impact of angler
ground bait on benthic invertebrates and sediment
respiration in a shallow eutrophic reservoir. Environmen-
tal Pollution 46,137-150.

Cuenco, M.L. (1994) A model of an internally supplemented
population. Transactions of the American Fisheries Society
123,277-288.

Dayton, PK. (1998) Reversal of the burden of proof in fish-
eries management. Science 279, 821-822.

De Leeuw, A.D. (1996) Contemplating the interests of fish:
the angler’s challenge. Environmental Ethics 18, 373-390.

Debus, L. (1995) Former and recent distribution of Acipenser
sturio in the north part and Baltic Sea. In: Proceedings of

303



Inland fisheries and sustainability R Arlinghaus et al.

the International Symposium on Sturgeons, 6—11 Septem-
ber, 1993 (eds A.D. Gershanovich and T.L.]. Smith). VNIRO,
Moscow, pp. 189-203.

Decker, D.J. and Enck, JW. (1996) Human dimensions of
wildlife management: knowledge for agency survival
in the 21st century. Human Dimension of Wildlife 1,
60-71.

Decker, D.J. and Krueger, C.C. (1999) Communication for
effective fisheries management. In: Inland Fisheries Man-
agement in North America (eds C.C. Kohler and W.A.
Hubert), 2nd edn. American Fisheries Society, Bethesda,
Maryland, pp. 61-81.

Decker, D.J., Krueger, C.C., Baer, R.A. Jr, Knuth, B.A. and
Richmond, M.E. (1996) From clients to stakeholders: a
philosophical shift for fish and wildlife management.
Human Dimension of Wildlife 1,70—82.

Diekmann, A. and Franzen, A. (1999) The wealth of nations
and environmental concern. Environment and Behavior
31,540-549.

Ditton, R.B. (1996) Human dimensions in fisheries. In: Nat-
ural Resource Management: the Human Dimension (ed.
AW. Ewert). Westview Press, Oxford, pp. 74-90.

Ditton, R.B. and Hunt, K.M. (2001) Combining creel inter-
cept and mail survey methods to understand the human
dimensions of local freshwater fisheries. Fisheries Man-
agement and Ecology 8, 295-301.

Dorner, D. (1996) Der Umgang mit Unbestimmtheit und
Komplexitit und der Gebrauch von Computersimulatio-
nen. In: Umweltsoziologie (eds A. Diekmann and C.C. Jae-
ger). Sonderheft 36 der Kélner Zeitschrift fiir Soziologie
und Soziopsychologie. Westdeutscher Verlag, Opladen,
pp. 489-515(in German).

Downing, J.A. and Plante, C. (1993) Production of fish popu-
lations in lakes. Canadian Journal of Fisheries and Aquatic
Sciences 50, 110-120.

Drenner, RW. and Hambright, K.D. (1999) Biomanipulation
of fish assemblages as a lake restoration technique.
Archiv fiir Hydrobiologie 146,129-165.

Duffield, JW., Merritt, M.F. and Neher, C.J. (2002) Valuation
and policy in Alaskan sport fisheries. In: Evaluating the
Benefits of Recreational Fisheries (ed. T.]. Pitcher). The Fish-
eries Centre, Vancouver, pp. 156—185.

Dynesius, M. and Nilsson, C. (1994) Fragmentation and flow
regulation of river systems in the northern third of the
world. Science 266, 753-761.

Ebener, M.P. (1997) Recovery of lake whitefish populations in
the Great Lakes. Fisheries 22 (7),18-20.

Eckmann, R. and Rosch, R. (1998) Lake Constance fisheries
and fish ecology. Archiv fiir Hydrobiologie Special Issues
Advances in Limnology 53, 285-201.

Edwards, S.F. (1991) A critique of three ‘economics’ argu-
ments commonly used to influence fishery allocations.
North American Journal of Fisheries Management 11,
121-130.

Elliott, .M. (1995) The ecological basis for management of
fish stocks in rivers. In: The Ecological Basis for River Man-

304

agement (eds D.M. Harper and A.J.G. Ferguson). John
Wiley and Sons, Chichester, pp. 323-337.

Enck, JW. and Decker, D.J. (1997) Examining assumptions in
wildlife management: a contribution of human dimen-
sions inquiry. Human Dimension of Wildlife 2, 56—72.

Essington, T.E. (2001) The precautionary approach in fish-
eries management: the devil is in the details. Trends in
Ecology and Evolution16,121-122.

FAO (Food and Agricultural Organization of the United
Nations) (1995) FAO Code of Conduct for Responsible Fish-
eries. FAO, Rome, 41pp.

FAO (1996) Precautionary Approach to Capture Fisheries
and Species Introductions. FAO Technical Guidelines for
Responsible Fisheries 2, 54pp.

FAO (1997) Inland Fisheries. FAO Technical Guidelines for
Responsible Fisheries 6,36pp.

FAO (1999) Review of the state of world fisheries re-
sources: inland fisheries. FAO Fisheries Circular No. 942,
53pp.

FAO (2000) FISHSTAT Plus. Universal software for fishery
statistical time series, Version 2.3. Data set: Capture Pro-
duction 1970-99. Fisheries Department, Fishery Infor-
mation, Data and Statistics Unit, Rome.

Favro, L.D., Kuo, PK., McDonald, J.E., Favro, D.D. and Kuo,
A.D. (1982) A multilocus genetic model applied to the
effects of selective fishing on the growth rate of trout.
Canadian Journal of Fisheries and Aquatic Sciences 39,
1540-1543.

Fedler, A.]. and Ditton, R.B. (1986) A framework for under-
standing the consumptive orientation of recreational
fishermen. Environmental Management 10, 221-227.

Fedler, A.]J. and Ditton, R.B. (1994) Understanding angler
motivations in fisheries management. Fisheries 19 (4),
6-13.

Fedler, A.J. and Ditton, R.B. (2000) Developing a national
outreach strategy for recreational fishing and boating.
Fisheries 25 (1), 22-28.

Fedler, A.]. and Ditton, R.B. (2001) Dropping out and drop-
ping: a study of factors for changing recreational fishing
participation. North Americanjournal of Fisheries Manage-
ment 21, 283-292.

Fehr, E. (2002) The economics of impatience. Science 415,
269-272.

Fehr, E. and Géchter, S. (2000) Cooperation and punishment
in public goods experiments. American Economic Reviews
90,980-99%4.

Fisher, W.L. and Grambsch, A.E. (1991) Measuring recrea-
tional fisheries values. In: Proceedings of the Warmwater
Fisheries Symposium 1, Scottsdale, Arizona, 04-08 June
1991 (eds J.L.Cooper and R.H.Hamre). USDA Forest Ser-
vice, General Technical Report RM-207, pp. 343-349.

Fisheries Management and Ecology (2001) Special Issue: An
International Symposium on Fisheries and Society Buda-
pest, Hungary, 01-03 June 2000, Vol. 8 (4-5) (eds R.
Welcomme and H. Naeve). Fisheries Management and
Ecology 8, 283-462.

© 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316



Inland fisheries and sustainability R Arlinghaus et al.

Fluharty, D. (2000) Habitat protection, ecological issues,
and implementation of the sustainable fisheries act. Eco-
logical Applications 10, 325-337.

Francis, R.I.C.C. and Shotton, R. (1997) ‘Risk’ in fisheries
management: a review. Canadian Journal of Fisheries and
Aquatic Sciences 54,1699-1715.

Freyhof, ]. (2002) Freshwater fish diversity in Germany,
treats and species extinction. In: Conservation of Fresh-
water Fish: Options for the Future (eds M.]. Collares-Per-
eira, 1.G. Cowx and M.M. Coelho). Fishing News Books,
Blackwell Science, Oxford, pp. 3-23.

Gale, R.P. (1992) Is there a fisheries management revolution
inyour future? Fisheries 17 (5), 14-19.

Garcia, S.M. (1994) The precautionary principle: its implica-
tions in capture fisheries management. Ocean and Coastal
Management 22,99-125.

Garcia, S.M., Cochrane, K., Van Santen, G. and Christy, F.
(1999) Towards sustainable fisheries: a strategy for FAO
and the World Bank. Ocean and Coastal Management 42,
369-398.

Garcia, S.M. and Grainger, R. (1997) Fisheries management
and sustainability: a new perspective of an old problem?.
In: Developing and Sustaining World Fisheries Resources:
the State of Science and Management (eds D.A. Hancock,
D.C. Smith, A. Grant and J.P. Beumer). CSIRO, Colling-
wood, pp. 631-654.

Garcia, S.M. and Newton, C. (1997) Current situation, trends,
and prospects in world capture fisheries. In: Global
Trends: Fisheries Management (eds E. Pikitch, D.D. Hub-
bert and M.P. Sissenwine). American Fisheries Society,
Bethesda, Maryland, pp. 3-27.

Garcia, S.M. and Staples, D.J. (2000) Sustainability reference
systems and indicators for responsible marine capture
fisheries: a review of concepts and elements for a set of
guidelines. Marine and Freshwater Research 51, 385—426.

Gigliotti, L.M. and Taylor, WW. (1990) The effect of illegal
harvest on recreational fisheries. North Americanjournal
of Fisheries Management 10,106—110.

Gillis, D.M., Peterman, R.M. and Pikitch, E.K. (1995) Implica-
tions of trip regulations for high-grading: a model of the
behavior of fishermen. Canadian Journal of Fisheries and
Aquatic Sciences 52,402—-415.

Giske, J. (1998) Evolutionary models for fisheries manage-
ment. In: Reinventing Fisheries Management (eds T.]J.
Pitcher, P].B. Hart and D. Pauly). Chapman & Hall, Lon-
don, pp. 377-386.

Glass, R.]., Muth, R.M., More, T.A. and Kruse, J. (1995) Asses-
sing developmental impacts on subsistence fishing. Com-
plications attributable to a mixed economical system.
Society and Natural Resources 8,431-442.

Goodland, R. and Daly, H. (1996) Environmental sustainabil-
ity: universal and non-negotiable. Ecological Applications
6,1002-1017.

Graefe, A.R. and Fedler, A.]. (1986) Situational and subjective
determinants of satisfaction in marine recreational fish-
ing. Leisure Sciences 8, 275—-295.

© 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316

Gregory, R. (1987) Nonmonetary measures of nonmarket
fishery resource benefits. Transactions of the American
Fisheries Society 116, 374—380.

Grosch, U.A., Rennert, B. and Hilge, V. (2000) Development
and use of surface waters, and the fate of the related fish-
eries in the Berlin area of Germany. Fisheries Management
and Ecology 7,179-188.

Grumbine, R.E. (1997) Reflections on ‘what is ecosystem
management. Conservation Biology 11,41-47.

Guthrie, D., Hoenig, D.J.M., Holliday, M. et al. (1991) Creel and
Angler Surveys in Fisheries Management. American Fish-
eries Society, Bethesda, Maryland.

Haertel, S., Baade, U. and Eckmann, R. (2002) No general
percid dominance at mesotrophic lake conditions:
insights from the quantification of predator—prey inter-
actions. Limnologica 32,1-13.

Haggan, N. (1998) Reinventing the tree: reflections on the
organic growth and creative pruning of fisheries man-
agement structures. In: Reinventing Fisheries Manage-
ment (eds T.J. Pitcher, P].B. Hart and D. Pauly). Chapman
& Hall, London, pp. 19-30.

Hahn, J. (1991) Angler specialization: measurement of a key
sociological concept and implications for fisheries man-
agement decisions. In: Creel and Angler Surveys in Fish-
eries Management (eds D. Guthrie, JM. Hoenig, M.
Holliday, C.M. Jones, M.J. Mills, S.A. Moberly, K.H. Pollock
and D.R. Talhelm). American Fisheries Society, Bethesda,
Maryland, pp. 380—389.

Halbert, C.L. (1993) How adaptive is adaptive management?
Implementing adaptive management in Washington
State and British Columbia. Reviews in Fisheries Science
1,261-283.

Ham, K.D. and Pearsons, T.N. (2001) A practical approach for
containing ecological risks associated with fish stocking
programs. Fisheries 26 (4),15-23.

Hammer, M. (1994) Natural and Human-Made Capital
Interdependencies in Fisheries: Examples From the
Baltic Sea. PhD Thesis. Department of Systems
Ecology, Stockholm University, Stockholm, 19pages+
Spapers.

Hansen, L.T. and Hallam, A. (1991) National estimates of the
recreational value of streamflow. Water Resources
Research 27,167-175.

Hansson, L.A., Annadotter, H., Bergman, E. et al. (1998) Bio-
manipulation as an application of food-chain theory:
constraints, synthesis, and recommendations for tempe-
rate lakes. Ecosystems 1, 558—-574.

Hardin, G. (1968) The tragedy of the commons. Science 162,
1243-1247.

Harris, C.K. (1998) Social regime formation and community
participation in fisheries management. In: Reinventing
Fisheries Management (eds T.]. Pitcher, PJ.B. Hart and D.
Pauly). Chapman & Hall, London, pp. 261-276.

Harrison, L]. and Stiassny, M.L.J. (1999) The quiet crisis: a
preliminary listing of the freshwater fishes of the world
that are extinct or ‘missing in action’ In: Extinctions in



Inland fisheries and sustainability R Arlinghaus et al.

Near Time: Causes, Contexts, and Consequences (ed. R.D.E.
MacPhee). Plenum Press, New York, pp. 271-331.

Hart, PJ.B. and Pitcher, T.]. (1998) Conflict, consent and
cooperation: an evolutionary perspective on indivi-
dual human behaviour in fisheries management. In:
Reinventing Fisheries Management (eds T.]. Pitcher, P].B.
Hart and D. Pauly). Chapman & Hall, London, pp. 215—
225.

Hartmann, J. (1977) Fischereiliche Verdnderungen in kul-
turbedingt europhierenden Seen. Schweizerische Zeits-
chrift fiir Hydrologie 39, 243-254.

Healey, M.C. (1978) Response of a lake whitefish (Coregonus
clupeaformis) population to exploitation. Verhandlungen
der Internatrationalen Vereinigung fiir Limnologie 20,
2019-2024.

Healey, M. (1984) Multiattribute analysis and the concept of
optimum yield. Canadian Journal of Fisheries and Aquatic
Sciences 41,1393-1406.

Hediger,W. (2000) Sustainable development and social wel-
fare. Ecological Economics 32,481-482.

Heede, B.H. and Rinne, J.N. (1990) Hydrodynamic and fluvial
morphologic processes: implications for fisheries man-
agement and research. North American Journal of Fish-
eries Management 10, 249-268.

Heidinger, R.C. (1999) Stocking for sport fisheries enhance-
ments. In: Inland Fisheries Management in North America
(eds C.C. Kohler and W.A. Hubert), 2nd edn. American
Fisheries Society, Bethesda, Maryland, pp. 375-402.

Heikinheimo, O. and Raitaniemi, J. (1998) Decision analysis
as a tool in planning fisheries management, exemplified
by the whitefish and brown trout fishery in Lake Lappa-
jarvi, Finland. Archiv fiir Hydrobiologie Special Issues
Advances in Limnology 50, 401-417.

Hemming, B. and Pierce, B.E. (1997) Fisheries enforcement:
our last fisheries management frontier. In: Developing
and Sustaining World Fisheries Resources: the State of
Science and Management (eds D.A. Hancock, D.C. Smith,
A. Grant and J.P. Beumer). CSIRO, Collingwood, pp. 675—
679.

Hickley, P. (1994) Stocking and introduction of fish—a synth-
esis. In: Rehabilitation of Freshwater Fisheries (ed. I.G.
Cowx). Fishing News Books, Blackwell Science, Oxford,
pp. 247-254.

Hickley, P. and Aprahamian, M. (2000) Fisheries science and
the managerial imperative. In: Management and Ecology
of River Fisheries (ed. I.G. Cowx). Fishing News Books,
Blackwell Science, Oxford, pp. 346-360.

Hickley, P, Marsh, C. and North, R. (1995) Ecological man-
agement of angling. In: The Ecological Basis for River Man-
agement (eds D.M. Harper and A.J.G. Ferguson). John
Wiley and Sons, Chichester, pp. 415-425.

Hilborn, R., Maguire, J.J., Parma, A.M. and Rosenberg, A.A.
(2001) The precautionary approach and risk manage-
ment: can they increase the probability of successes in
fishery management? Canadian Journal of Fisheries and
Aquatic Sciences 58,99-107.

306

Hilborn, R. and Walters, C.J. (1992) Quantitative Fisheries
Stock Assessment: Choice, Dynamics and Uncertainty.
Chapman & Hall, London, 570pp.

Hodgson, B.P. and Eaton, JW. (2000) Provision for the juve-
nile stages of coarse fish in river rehabilitation projects.
In: Management and Ecology of River Fisheries (ed. LG.
Cowx). Fishing News Books. Blackwell Science, Oxford,
pp. 318-330.

Hoffmann, R.C. (1995) Environmental change and the cul-
ture of common carp in mediaeval Europe. Guelph
Ichthyology Reviews 3, 57-85.

Hoffmann, R.C. (1996) Economic development and aquatic
ecosystems in mediaeval Europe. American Historical
Review 101, 632—-669.

Holland, M.M. (1996) Ensuring sustainability of natural
resources: focus on institutional arrangements. Cana-
dianJournal of Fisheries and Aquatic Sciences 53 (Suppl. 1),
432-439.

Holling, C.S. (1993) Investing in research for sustainability.
Ecological Applications 3, 552—555.

Holmlund, C.M. and Hammer, M. (1999) Ecosystem services
generated by fish populations. Ecological Economics 29,
253-268.

Honneland, G. (1999) A model of compliance in fisheries:
theoretical foundations and practical application. Ocean
and Coastal Management 42, 699-716.

Hudgins, M.D. and Davies, W.D. (1984) Probability angling:
a recreational fishery management strategy. North
Americanjournal of Fisheries Management 4, 431-439.

Hudgins, M.D. and Malvestuto, S.P. (1996) Minimum socio-
cultural and economic data requirements for optimum
yield management of reservoir fisheries. In: Multidimen-
sional Approaches to Reservoir Fisheries Management (eds
L.E. Miranda and D.R. de Vries). American Fisheries
Society, Bethesda, Maryland, pp. 223-235.

Hughes, S., Aprahamian, M., Armstrong, ].D., Gardiner, R.
and Milner, N. (2001) Status of freshwater fish habitat
science in Great Britain. Aquatic Ecosystem Health and
Management 4,401-412.

Hughes, S. and Morley, S. (2000) Aspects of fisheries and
water resources management in England and Wales.
Fisheries Management and Ecology 7,75—-84.

Hughes, S.N. and Willis, D.]J. (2000) The fish community of
the River Thames: status, pressures and management.
In: Management and Ecology of River Fisheries (ed. LG.
Cowx). Fishing News Books, Blackwell Science, Oxford,
pp. 55-70.

Hurlbert, S.H. (1984) Pseudoreplication and the design of
ecological field experiments. Ecological Monographs 54,
187-211.

TUCN (2000) The 2000 IUCN Red List of Threatened species.
Available at http://www.redlist.org (date of latest access
18 July 2002).

Iyer-Raniga, U. and Treloar, G. (2000) A context for partici-
pation in sustainable development. Environmental Man-
agement 26,349-361.

© 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316



Inland fisheries and sustainability R Arlinghaus et al.

Jackson, D.A., Peres-Neto, PR. and Olden, J.D. (2001) What
controls who is where in freshwater fish communities —
the roles of biotic, abiotic, and spatial factors. Canadian
Journal of Fisheries and Aquatic Sciences 58,157-170.

Jamieson, D. (1998) Sustainability and beyond. Ecological
Economics 24,183-192.

Janisch, J. (2001) Marketing the fishing experience. Fisheries
26 (5),4.

Jentoft, S. (1998) Social sience in fisheries management: a
risk assessment. In: Reinventing Fisheries Management
(edsT.J. Pitcher, PJ.B. Hart and D. Pauly). Chapman &Hall,
London, pp. 177-184.

Jentoft, S. (1999) Healthy fishing communities: an impor-
tant component of healthy fish stocks. Fisheries 24 (5),
28-29.

Jeppesen, E., Sondergaard, M., Kronvang, B., Jensen, J.P,
Svendsen, L.M. and Lauridsen, T.L. (1999) Land and
catchment management in Denmark. Hydrobiologia
395/396,419-432.

Johannes, R.E., Freeman, M.M.R. and Hamilton, R.]. (2000)
Ignore fishers’ knowledge and miss the boat. Fish and
Fisheries 1,257-271.

Johnson, B.L. (1995) Applying computer simulation models
aslearning toolsin fishery management. North American
Journal of Fisheries Management 15, 736-747.

Johnson, B.M. and Carpenter, S.R. (1994) Functional and
numerical response: a framework for fish—angler inter-
actions. Ecological Applications 4, 808—821.

Johnson, B.M. and Martinez, PJ. (1995) Selecting harvest
regulations for recreational fisheries: opportunities for
research/management cooperation. Fisheries 20 (10),
22-29.

Johnson, B.M. and Staggs, M.D. (1992) The fishery. In: Food
Web Management: a Case-Study of Lake Mendota (ed. J.F.
Kitchell). Springer Verlag, New York, pp. 353-375.

Johnson, B.M., Stewart, R.S., Gilbert, S.J., Luecke, C. and
Kitchell, J.E. (1992) Forecasting the effects of harvest reg-
ulations and stocking of walleye on prey fish commu-
nities in Lake Mendota. North American Journal of
Fisheries Management 12, 797-807.

Jurvelius, J. and Auvinen, H. (2001) Fish habitat science and
management in Finnish freshwater. Aquatic Ecosystem
Health and Management 4,413—422.

Kairesalo,T., Laine, S., Luokkanen, E., Malinen,T. and Keto, J.
(1999) Direct and indirect mechanisms behind success-
ful biomanipulation. Hydrobiologia 395/396, 99-106.

Kearney, B. (1999) Evaluating recreational fishing: mana-
ging perceptions and/or reality. In: Evaluating the Benefits
of Recreational Fisheries (ed. T.J. Pitcher). The Fisheries
Centre, Vancouver, pp. 9-14.

Kearney, R.E. (2002) Recreational fishing: value is in the eye
of the beholder. In: Recreational Fisheries: Ecological, Eco-
nomic and Social Evaluation (eds T.]J. Pitcher and C.E. Hol-
lingworth). Blackwell Science, Oxford, pp.17-33.

Kerkvliet, J., Nowell, C. and Lowe, S. (2002) The economic
value of the greater Yellowstone’s blue-ribbon fishery.

© 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316

North Americanjournal of Fisheries Management 22,418—
424,

Kerr, S.R. and Ryder, R.A. (1988) The applicability of fish
yield indices in freshwater and marine ecosystems. Lim-
nology and Oceanography 33, 973-981.

Kirchhofer, A. (2002) The role of legislation, institutions and
policy making in fish conservation in Switzerland: past,
present and future challenges. In: Conservation of Fresh-
water Fish: Options for the Future (eds M.]. Collares-Per-
eira, .G. Cowx and M.M. Coelho). Fishing News Books.
Blackwell Science, Oxford, pp. 389—-401.

Kirchhofer, A. and Hefti, D. (1995) Conservation of Endan-
gered Freshwater Fish in Europe. Birkhduser-Verlag, Basel,
341pp.

Klein, M. (1996) Fischbesatz: Gewohnheitstibung, Hege-
malnahme oder Garant zur Ertragssteigerung? Fischer
& Teichwirt 47,152-156(in German).

Knight, R.L. (1997) Successful interagency rehabilitation of
Lake Erie walleye. Fisheries 22 (7),16—-17.

Knosche, R. (1998) Ordnungsgemdsse fischereiliche Bewirt-
schaftung natiirlicher Gewdsser unter besonderer Beriick-
sichtigung der Verhdltnisse im norddeutschen Tiefland.
Ministerium fiir Erndhrung, Landwirtschaft und
Forsten des Landes Brandenburg, Potsdam, 67pp (in
German).

Knosche, R. and Barthelmes, D. (1998) A new approach to
estimate lake fisheries yield from limnological basic para-
meters and first results. Limnologica 28, 133-144.

Knudsen, E. and MacDonald, D. (2000) Sustainable fish-
eries: are we up to the challenge. Fisheries 25 (12),6—43.

Krueger, C.C. and Decker, D.]. (1999) The process of fisheries
management. In: Inland Fisheries Management in North
America (eds C.C. Kohler and W.A. Hubert), 2nd edn.
American Fisheries Society, Bethesda, Maryland,
pp. 31-59.

LaChat, M.R. (1996) An argument in defence of fishing. Fish-
eries 21 (7), 20-21.

Lackey, R.T. (1979) Options and limitations in fisheries man-
agement. Environmental Management 3,109-112.

Lammens, E.H.R.R. (1999) The central role of fish in lake
restoration and management. Hydrobiologia 395/396,
191-198.

Lane, D.E. (1992) Management science in the control and
management of fisheries: an annotated bibliography.
American Journal of Mathematical and Management
Sciences 12,101-152.

Langton, RW., Steneck, R.S., Gotceitas, V., Juanes, F. and
Lawton, R. (1996) The interface between fisheries
research and habitat management. North American Jour-
nal of Fisheries Management 16, 1-7.

Langton, RW. and Wilson, J.A. (1998) Economic considera-
tions for fish stocking and enhancement. In: Stocking
and Introduction of Fish (ed. .G. Cowx). Fishing News
Books, Blackwell Science, Oxford, pp. 414—421.

Lappalainen, A. and Ponni, J. (2000) Eutrophication and
recreational fishing on the Finnish coast of the Gulf of

307



Inland fisheries and sustainability R Arlinghaus et al.

Finland: a mail survey. Fisheries Management and Ecology
7,323-335.

Larkin, PA. (1977) An epitaph for the concept of maximum
sustained yield. Transactions of the American Fisheries
Society1,1-11.

Larkin, P.A. (1996) Concepts and issues in marine ecosystem
management. Reviews in Fish Biology and Fisheries 6,
139-164.

Leach, J.H., Dickie, L.M., Shuter, B.J., Borgmann, U., Hyman,
J. and Lysack, W. (1987) A review of methods for predic-
tion of potential fish production with application to the
Great Lakes and Lake Winnipeg. Canadian Journal of
Fisheries and Aquatic Sciences 44, 471-485.

Lehtonen, H. (1999) Rehabilitation of lakes for fish and fish-
eries in Europe — a review. Boreal Environmental Research
4,137-143.

List, C.J. (1997) On angling as an act of cruelty. Environmental
Ethics19,333-334.

Liu, J. (2001) Integrating ecology with human demography,
behavior, and socioeconomics: needs and approaches.
Ecological Modelling 140, 1-8.

Loftus, K.H. (1987) Inadequate science transfer: an issue
basic to effective management. Transactions of the Ameri-
can Fisheries Society 116,314-319.

Long, ].M. and Chappell, S. (1997) Integrating angler knowl-
edge into fisheries research and management. Fisheries
22 (8),24.

Loomis, D.K. and Ditton, R.B. (1993) Distributive justice in
fisheries management. Fisheries 18 (2),14—18.

Loomis, J.B. and White, D.S. (1996) Economic values of
increasingly rare and endangered fish. Fisheries 21 (11),
6-10.

Lorenzen, K. (1995) Population dynamics and management
of culture-based fisheries. Fisheries Management and
Ecology 2,61-73.

Lorenzen, K. (1996a) A simple von Bertalanffy model for
density-dependent growth in extensive aquaculture,
with an application to common carp (Cyprinus carpio).
Aquaculture142,191-205.

Lorenzen, K. (1996b) The relationship between body weight
and natural mortality in fish: a comparison of natural
ecosystems and aquaculture. Journal of Fish Biology 49,
627-647.

Lorenzen, K. (2000) Allometry of natural mortality as a
basis for assessing optimal release size in fish-stocking
programmes. Canadian Journal of Fisheries and Aquatic
Sciences 57, 2374-2381.

Lorenzen, K., Juntana, J., Bundit, ]. and Tourongruang, D.
(1998) Assessing culture fisheries practices in small
waterbodies: a study of village fisheries in north-east
Thailand. Aquaculture Research 29, 211-224.

Lorenzen, K., Xu, C., Cao, E.,, YeJ. and Hu, T. (1997) Analysing
extensive fish culture systems by transparent population
modelling: bighead carp, Aristichthys nobilis (Richard-
son 1845), culture in a Chinese reservoir. Aquaculture
Research 28, 867—-880.

308

Lucas, M.C. and Marmulla, G. (2000) An assessment of
anthropogenic activities on and rehabilitation of river
fisheries: current state and future direction. In: Manage-
ment and Ecology of River Fisheries (ed. I.G. Cowx). Fishing
News Books, Blackwell Science, Oxford, pp. 261-278.

Ludwig, D. (2001) The era of management is over. Ecosystems
4,758-764.

Ludwig, D. Hilborn, R. and Walters, C. (1993) Uncertainty,
resource exploitation, and conservation: lessons from
history. Science 260, 17-36.

Lyons, J. Hickley, P. and Gledhill, S. (2002) An evaluation of
recreational fishing in England and Wales. In: Recrea-
tional Fisheries: Ecological, Economic and Social Evaluation
(eds T.J. Pitcher and C.E. Hollingworth). Blackwell
Science, Oxford, pp. 144-155.

Lyons, J. Talks, L. and Hickley, P. (1999) Recreational fishing
in England and Wales. In: Evaluating the Benefits of
Recreational Fisheries (ed. T.]. Pitcher). The Fisheries Cen-
tre, Vancouver, pp. 111-118.

Mace, PM. (1997) Developing and sustaining world fisheries
resources: the state of the science and management. In:
Developing and Sustaining World Fisheries Resources: the
State of Science and Management (eds D.A. Hancock, D.C.
Smith, A. Grant and J.P. Beumer). CSIRO, Collingwood,
pp. 1-20.

Mace, PM. (2001) A new role for MSY in single-species and
ecosystem approaches to fisheries stock assessment and
management. Fish and Fisheries 2, 2-32.

Maceina, M.]J. Bayne, D.R. Hendricks, A.S. Reeves,W.C. Black,
W.P. and DiCenzo,V.J. (1996) Compatibility between water
clarity and quality black bass and crappie fisheries in Ala-
bama. In: Multidimensional Approaches to Reservoir Fish-
eries Management (eds L.E. Miranda and D.R. de Vries).
American Fisheries Society, Bethesda, Maryland, pp.
296-305.

Mackinson, S. and Nettestad, L. (1998) Combining local and
scientific knowledge. Reviews in Fish Biology and Fisheries
8,481-490.

Maitland, P.S. (1995) Ecological impact of angling. In: The
Ecological Basis for River Management (eds D.M. Harper
and A.J.G. Ferguson). John Wiley and Sons, Chichester,
pp. 443-452.

Malvestuto, S.P. and Hudgins, M.D. (1996) Optimum yield
for recreational fisheries management. Fisheries 21 (6),
6-17.

Mangel, M. Talbot, L.M. Meffe, G.K. et al. (1996) Principles for
the conservation of wild living resources. Ecological
Applications 6,338-362.

Mann, R.H.K. (1995) Natural factors influencing recruit-
ment success in coarse fish populations. In: The Ecological
Basis for River Management (eds D.M. Harper and A.].G.
Ferguson). JohnWiley and Sons, Chichester, pp. 339-348.

Marschall, E.A. and Crowder, L.B. (1996) Assessing popula-
tion responses to multiple anthropogenic effects: a
case-study with brook trout. Ecological Applications 6,
152-167.

© 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316



Inland fisheries and sustainability R Arlinghaus et al.

McAllister, M. and Peterman, R.M. (1992) Experimental
design in the management of fisheries: a review.
North American Journal of Fisheries Management 12,
1-18.

McAllister, M.K., Peterman, R.M. and Gillis, D.M. (1992) Sta-
tistical evaluation of a large-scale fishing experiment
designed to test for a genetic effect of size-selective fish-
ing on British Columbia pink salmon (Onchorhynchus
gorbuscha). Canadian Journal of Fisheries and Aquatic
Sciences 49,1294-1304.

McFadden, J.G. (1969) Trends in freshwater sport fisheries of
North America. Transactions of the American Fisheries
Society 98,136-150.

Meffe, G.K. (1992) Techno-arrogance and halfway technolo-
gies: salmon hatcheries on the Pacific Coast of North
America. Conservation Biology 6,350-354.

Meffe, G.K. (2002) Connecting science to management and
policy in freshwater fish conservation. In: Conservation
of Freshwater Fish: Options for the Future (eds M.]J. Col-
lares-Pereira, I.G. Cowx and M.M. Coelho). Fishing News
Books, Blackwell Science, Oxford, pp. 363-372.

Mehner, T. and Benndorf, J. (1995) Eutrophication — a sum-
mary of observed effects and possible solutions. Journal
of Water Supply Research and Technology 44 (Suppl. 1),
35-44.

Mehner,T., Kasprzak, P, Wysujack, K., Laude, U. and Koschel,
R. (2001) Restoration of a stratified lake (Feldberger Haus-
see, Germany) by a combination of nutrient load reduc-
tion and long-term biomanipulation.
Review of Hydrobiology 86, 253—265.

Meijer, M.L., de Boois, L., Scheffer, M., Portielje, R. and Hos-
per, H. (1999) Biomanipulation in shallow lakes in The
Netherlands: an evaluation of 18 case-studies. Hydrobio-
logia 408/409,13-30.

Merritt, M.E. and Criddle, K.R. (1993) Evaluation of the
analytic hierarchy process for aiding management deci-
sions in recreational fisheries: a case-study of the chi-
nook salmon fishery in the Kenai River, Alaska. In.

International

Proceedings of the International Symposium on Manage-
ment Strategies for Exploited Fish Populations (Anchorage,
Alaska, 21-24 October 1992) (eds G. Kruse, D.M. Egggers,
R.J. Marasco, C. Pautzke and T.J. Quinn II). Alaska Sea
Grant College Program, University of Fairbanks, Alaska,
pp. 683-703.

Merritt, M.F. and Quinn, T.J.L.I. (2000) Using perceptions of
data accuracy and empirical weighting of information:
assessment of a recreational fish populations. Canadian
Journal of Fisheries and Aquatic Sciences 57,1459-1469.

Milinski, M., Semmann, D. and Krambeck, H.-J. (2002) Repu-
tation helps solve the ‘tragedy of the commons’ Nature
415,424-426.

Mills, D.H. (1990) Strategies for the Rehabilitation of Salmonid
Rivers. Linnean Society, London, 208 pp.

Moehl, J.R., Jrand Davies,W.D. (1993) Fishery intensification
in small water bodies: a review for North America. FAO
Fisheries Technical Paper 333,44pp.

© 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316

Moeller, G.H. and Engelken, J.H. (1972) What fishermen
look for in a fishing experience. Journal of Wildlife
Management 36,1253-1257.

Moss, B. (1999) Ecological challenges for lake management.
Hydrobiologia 395/396, 3—11.

Moyle, PB. (1997) The importance of an historical perspec-
tive: fish introductions. Fisheries 22 (10), 14.

Miiller, R. and Bia, M.M. (1998) Adaptive management of
whitefish stocks in lakes undergoing re-oligotrophica-
tion: the Lake Lucerne example. Archives of Hydrobiology
Special Issues Advances in Limnology 50, 391-339.

Munoeke, M.I. and Childress, W.M. (1994) Hooking mortal-
ity: a review for recreational fisheries. Reviews in Fish-
eries Science 2,123-156.

Murdock, S.H., Backman, K., Ditton, R.B., Hoque, M.N. and
Ellis, D. (1992) Demographic change in the 1990s and
the 21st century: implications for fisheries management.
Fisheries17 (2),6-13.

Navrud, S. (2001a) Economic valuation of inland recrea-
tional fisheries: empirical studies and their policy use in
Norway. Fisheries Management and Ecology 8, 369-382.

Navrud, S. (2001b) Linking physical and economic indica-
tors of environmental damages: acid deposition in Nor-
way. In: Managing Pollution: Economic Valuation and
Environmental Toxicology (eds C.L. Spash and S. McNally).
Edward Elgar, Cheltenham, pp.116—138.

Neill, W.E. (1998) Fish production, food webs and simple
trophic models. In: Reinventing Fisheries Management
(edsT.J. Pitcher, PJ.B. Hart and D. Pauly). Chapman &Hall,
London, pp. 289-302.

Ney, J.J. (1996) Oligotrophication and its discontents: effects
of reduced nutrient loading on reservoir fisheries. In:
Multidimensional Approaches to Reservoir Fisheries Man-
agement (eds L.E. Miranda and D.R. de Vries). American
Fisheries Society, Bethesda, Maryland, pp. 285-295.

Ney, J.J. (1999) Practical use of biological statistics. In: Inland
Fisheries Management in North America (eds C.C. Kohler
and W.A. Hubert), 2nd edn. American Fisheries Society,
Bethesda, Maryland, pp. 167-191.

Nielsen, L.A. (1999) History of inland fisheries management
in North America. In: Inland Fisheries Management in
North America (eds C.C. Kohler and W.A. Hubert), 2nd
edn. American Fisheries Society, Bethesda, Maryland,
pp. 3-30.

Nielsen, L.A., Knuth, B.A., Ferreri, C.P. et al. (1997) The sta-
keholder satisfaction triangle: a model for successful
management. In: Developing and Sustaining World Fish-
eries Resources: the State of Science and Management (eds
D.A. Hancock, D. C. Smith, A. Grant and J. P. Beumer).
CSIRO, Collingwood, pp. 183-189.

Nissanka, C., Amarasinghe, U.S. and De Silva, S.S. (2000)
Yield predictive models for Sri Lankan reservoir fisheries.
Fisheries Management and Ecology 7,425—436.

Noble, R.L. and Jones, TW. (1999) Managing fisheries with
regulations. In: Inland Fisheries Management in North
America (eds C.C. Kohler and W.A. Hubert), 2nd edn.

309



Inland fisheries and sustainability R Arlinghaus et al.

American Fisheries Society, Bethesda, Maryland, pp.
455-480.

Nordwall, E, Lundberg, P. and Eriksson, T. (2000) Compar-
ing size-limit strategies for exploitation of a self-thinned
stream fish population. Fisheries Management and Ecol-
ogy 7,413-424.

North, R. (2002) Factors affecting the performance of still-
water coarse fisheries in England and Wales. In: Manage-
ment and Ecology of Lake and Reservoir Fisheries (ed. I.G.
Cowx). Fishing News Books, Blackwell Science, Oxford,
pp. 284-298.

Nowak, M.A. and Sigmund, K. (1998) Evolution of indirect
reciprocity by image scoring. Nature 393, 573-577.

O'Grady, K.T. (1995) Review of inland fisheries and aquacul-
ture in the EIFAC area by subregion and subsector. FAO
Fisheries Report 509 (Suppl. 1).

O'Grady, M.E. and Dulff, D. (2000) Rehabilitation ecology of
rivers and lakes. Verhandlungen der Internationalen Verei-
nigung der Limnologie 27,97-106.

Olin, M., Rask, M., Ruuhijérvi, J., Kurkilahti, M., Ala-Opas, P.
and Ylonen, O. (2002) Fish community structure in
mesotrophic and eutrophic lakes of southern Finland:
the relative abundances of percids and cyprinids along a
trophic gradient. Journal of Fish Biology 60, 593—612.

Olsson, P. and Folke, C. (2001) Local ecological knowledge
and institutional dynamics for ecosystem management:
a study of Lake Racken watershed, Schweden. Ecosys-
tems 4, 85-104.

Olver, C.H., Shuter, B.J. and Minns, C.K. (1995) Toward a defi-
nition of conservation principles for fisheries manage-
ment. Canadian Journal of Fisheries and Aquatic Sciences
52,1584-1594.

Orth, D.J. and White, R.J. (1999) Stream habitat manage-
ment. In: Inland Fisheries Management in North
America (eds C.C. Kohler and W. A. Hubert), 2nd edn.
American Fisheries Society, Bethesda, Maryland, pp.
249-284.

Ostrom, E., Burger, J., Field, C.B., Norgaard, R.B. and Poli-
cansky, D. (1999) Revisiting the commons: local lessons,
global challenges. Science 284, 278-282.

Pajak, P. (1992) Developing integrated fisheries objectives for
land and water resource management: the Milwaukee
River experience. In: Fisheries Management and
Watershed Development (ed. R.H. Stroud). American Fish-
eries Society, Bethesda, Maryland, pp. 175-196.

Pajak, P. (2000) Sustainability, ecosystem management, and
indicators: thinking globally and acting locally in the
21st century. Fisheries 25 (12),16-30.

Pan, M., Leung, P. and Pooley, S.G. (2001) A decision sup-
port model for fisheries management in Hawaii: a
multilevel and multiobjective programming approach.
North American Journal of Fisheries Management 21,
293-309.

Panek, EM. (1997) Threats, risks, and promises: challenges
for trout management in the 21st century. Fisheries 22
(6), 24-26.

310

Parrish, D.L., Mather, M.E. and Stein, R.A. (1995) Problem-
solving research for management: a perspective. Fish-
eries 20 (10), 6-12.

Parsons, L.S., Powles, H. and Comfort, M.]. (1998) Science in
support of fishery management: new approaches for sus-
tainable fisheries. Ocean and Coastal Management 39,
151-166.

Pauly, D. (1995) Anecdotes and the shifting baseline
syndrome of fisheries. Trends in Ecology and Evolution 10,
430.

Pauly, D. and Christensen, V. (1995) Primary production
required to sustain global fisheries. Nature 374, 255-257.

Pauly, D., Christensen,V., Dalsgaard, J., Froese, R. and Torres,
E, Jr (1998b) Fishing down marine food webs. Science
279,860-863.

Pauly, D., Hart, PJ.B. and Pitcher, T.]J. (1998a) Speaking for
themselves: new acts, new actors and a new deal in a
reinvented fisheries management. In: Reinventing Fish-
eries Management (eds T.J. Pitcher, P].B. Hart and D.
Pauly). Chapman & Hall, London, pp.409—415.

Pauly, D., Palomares, M.L., Froese, R., Sa-a, P, Vakily, M., Pre-
ikshot, D. and Wallace, S. (2001) Fishing down Canadian
aquatic food webs. Canadianjournal of Fisheries and Aqua-
tic Sciences 58, 51-62.

Pearsons, T.N. and Hopley, CW. (1999) A practical approach
for assessing ecological risks associated with fish stock-
ing programs. Fisheries 24 (9),16-23.

Peirson, G., Tingley, D., Spurgeon, J. and Radford, A. (2001)
Economic evaluation of inland fisheries in England and
Wales. Fisheries Management and Ecology 8,415-424.

Perman, R., McGilary, J., Ma, Y. and Common, M. (1999) Nat-
ural Resource and Environmental Economics, 2nd edn.
Wesley Longman, London, 592pp.

Perrow, M.R., Jowitt, A.J.D., Stansfield, ].H. and Phillips, G.L.
(1999) The practical importance of the interactions
between fish, zooplankton and macrophytes in shallow
lake restoration. Hydrobiologia 395/396,199-210.

Persson, L., Diehl, S., Johansson, L., Andersson, G. and Ham-
rin, S.E. (1991) Shifts in fish communities along the pro-
ductivity gradient of temperate lakes: patterns and the
importance of size—structured interactions. Journal of
Fish Biology 38, 281-293.

Peterman, R.M., Peters, C.N., Robb, C.A. and Frederick, SW.
(1998) Bayesian decision analysis and uncertainty in
fisheries management. In: Reinventing Fisheries Manage-
ment (eds T.J. Pitcher, P].B. Hart and D. Pauly). Chapman
& Hall, London, pp. 387-398.

Petr, T. (1998) Inland fishery enhancements. FAO Technical
Paper 374,496pp.

Peyton, R.B. and Gigliotti, L.M. (1989) The utility of sociolo-
gical research: a re-examination of the East Matagorda
bay experience. Fisheries 14 (4), 5-8.

Pierce, R.B. and Tomcko, C.M. (1998) Angler noncompliance
with slot length limits for northern pike in five small Min-
nesota lakes. North AmericanJournal of Fisheries Manage-
ment 18, 720-724.

© 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316



Inland fisheries and sustainability R Arlinghaus et al.

Pikitch, E., Sissenwine, M.P., Huppert, D. and Duke, M.
(1997) Summing up: an overview of global trends in fish-
eries, fisheries science, and fisheries management. In:
Global Trends: Fisheries Management (eds E. Pikitch, D.D.
Hubbert and M.P. Sissenwine). American Fisheries
Society, Bethesda, Maryland, pp. 275-278.

Pinkerton, EW. (1994) Local fisheries co-management. A
review of international experiences and their implica-
tions for salmon management in British Columbia. Cana-
dian Journal of Fisheries and Aquatic Sciences 51, 2363—
2378.

Pitcher, T.]J. (1999) Evaluating the Benefits of Recreational Fish-
eries. The Fisheries Centre, Vancouver.

Pitcher, T.J. (2000) Ecosystems goals can reinvigorate
fisheries management, help dispute resolution and
encourage public support. Fish and Fisheries 1, 99—
103.

Pitcher,T.]J. (2001) Fisheries managed to rebuild ecosystems?
Reconstructuring the past to salvage the future. Ecologi-
cal Applications 11, 601-617.

Pitcher,T.]J., Bundy, A., Preikshot, D., Hutton, R. and Pauly, D.
(1998) Measuring the unmeasurable: a multivariate and
interdisciplinary method for rapid appraisal of the health
of fisheries. In: Reinventing Fisheries Management (eds
T.J. Pitcher, PJ.B. Hart and D. Pauly). Chapman & Hall,
London, pp. 31-54.

Pitcher, T.]. and Hollingworth, C.E. (2002) Recreational Fish-
eries: Ecological, Economic and Social Evaluation (Fish
and Aquatic Resources Series 8). Blackwell Science,
Oxford, 271pp.

Pitcher, T.]. and Pauly, D. (1998) Rebuilding ecosystems, not
sustainability, as the proper goal of fishery management.
In: Reinventing Fisheries Management (eds T.J. Pitcher,
PJ.B. Hart and D. Pauly). Chapman & Hall, London, pp.
311-329.

Pitcher, T.J. and Preikshot, D. (2001) RAPFISH: a rapid
appraisal technique to evaluate the sustainability status
of fisheries. Fisheries Research 49, 255-270.

Policansky, D. (1993) Evolution and management of
exploited fish populations. In: Proceedings of the Interna-
tional Symposium on Management Strategies for Exploited
Fish Populations (Anchorage, Alaska, 21-24 October
1992) (eds G.Kruse, D.M.Egggers, R.J.Marasco, C.Pautzke,
T.J.I.I.Quinn). Alaska Sea Grant College Program, Univer-
sity of Fairbanks, Alaska, pp. 651-664.

Policansky, D. (1998) Science and decision making in fish-
eries management. In: Reinventing Fisheries Management
(edsT.J. Pitcher, PJ.B. Hart and D. Pauly). Chapman & Hall,
London, pp.57-71.

(2002) Catch-and-Release recreational
fishing: a historical perspective. In: Recreational Fish-
eries: Ecological, Economic and Social Evaluation (eds T.].
Pitcher and C.E. Hollingworth). Blackwell Science,
Oxford, pp. 74-94.

Pollard, P. and Huxham, M. (1999) The European water fra-
mework directive: a new era in the management of aqua-

Policansky, D.

© 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316

tic ecosystem health? Aquatic Conservation: Marine and
Freshwater Conservation 8,773-792.

Pollock, K.H., Jones, C.M. and Brown, T.L. (1994) Angler Sur-
veys Methods and Their Applications in Fisheries Manage-
ment. American Fisheries Society, Bethesda, Maryland.

Post, J.R., Sullivan, M., Cox, S. et al. (2002) Canada's recrea-
tional fisheries: the invisible collapse? Fisheries 27 (1), 6—
15.

Postle, M. and Moore, L. (1998) Economic valuation of
recreational fisheries in the UK. In: Recreational Fisheries:
Social, Economic and Management Aspects (eds P. Hickley
and H. Tompkins). Fishing News Books, Blackwell
Science, Oxford, pp. 184-199.

Pottinger, T.G. (1997) Changes in water quality within
anglers’ keepnets during confinement of fish. Fisheries
Management and Ecology 4, 341-354.

Preikshot, D.B. (1998) Reinventing the formulation of policy
in future fisheries. In: Reinventing Fisheries Management
(eds. T.J. Pitcher, PJ.B. Hart and D. Pauly). Chapman &
Hall, London, pp. 113-123.

Pringle, J.D. (1985) The human factor in fishery resource
management. Canadian Journal of Fisheries and Aquatic
Sciences 42,389-392.

Probst, D.B. and Gavrilis, D.G. (1987) Role of economic
impact assessment procedures in recreational fisheries
management. Transactions of the American Fisheries
Society 116,450-460.

Provencher, B. and Bishop, R.C. (1997) An estimable
dynamic model of recreation behavior with an applica-
tion to Great Lakes angling. Journal of Environmental Eco-
nomics and Management 33,107-127.

Quinn, T.J., IT and Szarzi, N.J. (1993) Determination of sus-
tained yield in Alaska’s recreational fisheries. In: Proceed-
ings of the International Symposium on Management
Strategies for Exploited Fish Populations (Anchorage,
Alaska, 21-24 October 1992) (eds G. Kruse, D.M. Egggers,
R.J. Marasco, C. Pautzke and T.J. Quinn II). Alaska Sea
Grant College Program, University of Fairbanks, Alaska,
pp. 61-84.

Raat, A.J.P. (1990) Fisheries management: a global frame-
work. In: Management of Freshwater Fisheries (eds W.L.T.
Van Densen, B. Steinmetz and R. H. Hughes). Pudoc,
Wageningen, pp. 344—356.

Raat, A.J.P. (2001) Ecological rehabilitation of the Dutch part
of the River Rhine with special attention to the fish. Regu-
lated Rivers: Research and Management 17,131-144.

Raat, A.].P, Klein Breteler, J.G.P. and Jansen, S.AW. (1997)
Effects on growth and survival of retention of rod-caught
cyprinids in large keepnets. Fisheries Management and
Ecology 4, 355-368.

Radomski, PJ. and Goeman, J. (1996) Decision making and
modelling in freshwater sport-fisheries management.
Fisheries 21 (12),14-21.

Radomski, PJ., Grant, G.C., Jacobson, P.C. and Cook, M.E.
(2001) Visions for recreational fishing regulations. Fish-
eries 26 (5),7-18.

311



Inland fisheries and sustainability R Arlinghaus et al.

Radonski, G. (1995) Issues and attitudes impacting fisheries
now and into the 21st century. Fisheries 20 (5),10—12.
Rahel, EJ. (1997) From JohnnyAppleseed to Dr Frankenstein:
changing values and thelegacy of fisheries management.

Fisheries 22 (8),8-9.

Randall, A. (1987) Total economic value as a basis for policy.
Transactions of the American Fisheries Society 116, 325—
335.

Rapport, D.J., Regier, H.A. and Hutchinson, T.C. (1985) Eco-
system behaviour under stress. American Naturalist 125,
617-640.

Rasmussen, G. and Geertz-Hansen, P. (2001) Fisheries man-
agement in inland and coastal waters in Denmark from
1987 to 1999. Fisheries Management and Ecology 8, 311—
322.

Rassam, G.N. and Eisler, R. (2001) Continuing education
needs for fishery professionals: a survey of North Ameri-
can fisheries administrators. Fisheries 26 (7), 24—28.

Ratner, S. and Lande. S. (2001) Demographic and evolution-
ary responses to selective harvesting in populations with
discrete generations. Ecology 82,3093-3104.

Regier, H.A. and Loftus, K.H. (1972) Effects of fisheries
exploitation on salmonid communities in oligotrophic
lakes. Journal of Fisheries Research Board of Canada 29,
959-968.

Rennings, K. and Wiggering, H. (1997) Steps towards indica-
tors of sustainable development: linking economic and
ecological concepts. Ecological Economics 20, 25-36.

Reynolds, J.B. (1996) Electrofishing. In: Fisheries Techniques
(eds B.R. Murphy and DW. Willis), 2nd edn. American
Fisheries Society, Bethesda, Maryland, pp. 221-253.

Richards, L.J. and Maguire, J.J. (1998) Recent international
agreements and the precautionary approach: new direc-
tions for fisheries management science. Canadian Journal
of Fisheries and Aquatic Sciences 55,1545-1552.

Ricker, W.E. (1958) Handbook of Computations for Biological
Statistics of Fish Populations. Fisheries Research Board of
Canada Bulletin, 119.

Riechers, R.K. and Fedler, A.]. (1996) An overview of eco-
nomic impact and value of recreational fisheries. In: Mul-
tidimensional ~ Approaches to  Reservoir  Fisheries
Management (eds L.E. Miranda and D.R. de Vries). Ameri-
can Fisheries Society, Bethesda, Maryland, pp. 245-250.

Riolo, R.L., Cohen, M.D. and Axelrod, R. (2001) Evolution of
cooperation without reciprocity. Nature 414,441-443.

Ritter, C., Ditton, R.B. and Riechers, R.K. (1992) Constraints
to sport fishing: implications for fisheries management.
Fisheries 17 (4),16-19.

Robb, C.A. and Peterman, R.M. (1998) Application of Baye-
sian decision analysis to management of a sockeye sal-
mon fishery. Canadian Journal of Fisheries and Aquatic
Sciences 55, 86-98.

Rochet, M.]., Cornillon, P.A., Sabatier, R. and Pontier, D.
(2000) Comparative analysis of phylogentic and fishing
effects in life history patterns of teleost fishes. Oikos 91,
255-270.

312

Roedel, PM. (1975) Optimum SustainableYield as a Concept in
Fisheries Management, (American Fisheries Society Spe-
cial Publication 9). American Fisheries Society, Washing-
ton, DC, 89pp.

Roni, P, Beechie, T.]., Bilby, R.E., Leonetti, EE., Pollock, M.M.
and Pess, G.R. (2002) A review of stream restoration tech-
niques and a hierarchical strategy for prioritising
restoration in pacific northwest watersheds. North Amer-
icanjournal of Fisheries Management 22,1-20.

Rose, K.A. (2000) Why are quantitative relationships
between environmental quality and fish populations so
elusive? Ecological Applications 10, 367—-385.

Rose, ].D. (2002) The neurobehavioral nature of fishes and
the question of awareness and pain. Reviews in Fisheries
Science10,1-38.

Rosenberg, A.A., Fogarty, M.]., Sissenwine, M.P., Bedding-
ton, J.R. and Shepherd, J.G. (1993) Achieving sustainable
use of renewable resources. Science 262, 828—829.

Ross, M.R. and Loomis, D.K. (1999) State management of
freshwater fisheries resources: its organizational struc-
ture, funding, and programmatic emphases. Fisheries
24 (7),8-14.

Roth, E., Toivonen, A.L., Navrud, S., Bengtsson, B., Gud-
bergsson, G.,Tuunainen, P., Appelblad, H. and Weissglas,
G. (2001) Methodological, conceptual and sampling
practices in surveying recreational fisheries in the Nor-
dic countries —experiences of a valuation study. Fisheries
Management and Ecology 8, 355-367.

Rudd, M.A., Holmer, H. and Van Kooten, G.C. (2002) Eco-
nomic evaluation of recreational fishery policies. In:
Evaluating the Benefits of Recreational Fisheries (ed. T.].
Pitcher). The Fisheries Centre, Vancouver, pp. 34—52.

Ruhlé, C. (1996) Decline and conservation of migrating
brown trout (Salmo trutta f. lacustris L) of Lake Con-
stance. In: Conservation of Endangered Freshwater Fish in
Europe (eds A. Kirchhofer and D. Hefti). Birkhduser-Ver-
lag, Basel, pp. 203-211.

Ryman, N. (1991) Conservation genetics considerations in
fishery management. Journal of Fish Biology 39 (Suppl.
A),211-224.

Ryman, N., Utter, F. and Laikre, L. (1995) Protection of intras-
pecific biodiversity of exploited fishes. Reviews in Fish
Biology and Fisheries 5,417-446.

Saaty, T.L. (1990) Multicriteria Decision Making. University of
Pittsburgh Press, Pittsburgh, 287pp.

Sala, O.E., Chapin, E.S., III, Armesto, J.]J. et al. (2000) Global
biodiversity scenarios for the year 2100. Science 287,
1770-1774.

Salmi, P., Auvinen, H., Jurvelius, J. and Sipponen, M. (2000)
Finnish lake fisheries and conservation of biodiversity:
coexistence or conflict? Fisheries Management and Ecol-
ogy 7,127-138.

Salmi, P. and Muje, K. (2001) Local owner-based manage-
ment of Finnish lake fisheries: social dimensions and
power relations. Fisheries Management and Ecology 8,
435-442.

© 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316



Inland fisheries and sustainability R Arlinghaus et al.

Salojérvi, K. and Ekholm, P. (1990) Predicting the efficiency
of whitefish (Coregonus lavaretus L. s.l) stocking from
pre-stocking catch statistics. In: Management of Fresh-
water Fisheries (eds W.L.T. Van Densen, B. Steinmetz and
R.H. Hughes). Pudoc, Wageningen, pp. 112-126.

Salojirvi, K. and Mutenia, A. (1994) Effects of stocking
fingerlings on recruitment in the Lake Inar whitefish
(Coregonus lavaretus L. s.l) fishery. In: Rehabilitation of
Freshwater Fisheries (ed. I.G. Cowx). Fishing News Books,
Blackwell Science, Oxford, pp. 302-313.

Salwasser, H., Contreras, G., Dombeck, M. and Siderits, K.
(1989) A marketing approach to fish and wildlife
program management. Transactions of the 54th North
American Wildlife and Natural Resources Conference, pp.
261-270.

Sandstrom, A. and Karas, P. (2002) Tests of artificial sub-
strata as nursery habitat for young fish. Journal of Applied
Ichthyology 18,102-105.

Sas, H. (1989) Lake Restoration by Reducing Nutrient Loading:
Expectations, Experiments, Extrapolations. Academia Ver-
lag Richarz, Sankt Austin, 497pp.

Scarborough, G.C. and Peters, R.H. (1993) Empirical rela-
tionships for sport fish yield based on manipulable vari-
ables. Lake and Reservoir Management 10,155-162.

Schaefer, M.B. (1954) Some aspects of the dynamics of popu-
lations important to the management of commercial
marine fisheries. Bulletin of the Inter-American Tropical
Tuna Commission 1, 27-56.

Scheffer, M., Brock, W. and Westley, F. (2000) Socioeconomic
mechanisms preventing optimum use of ecosystem ser-
vices: an interdisciplinary theoretical analysis. Ecosys-
tems 3,451-471.

Scheffer, M., Carpenter, S., Foley, J.A., Folke, C. and Walker, B.
(2001) Catastrophic shifts in ecosystems. Nature 413,
591-596.

Schiemer, F., Keckeis, H., Winkler, G. and Flore, L. (2001)
Large rivers: the relevance of ecotonal structure and
hydrological properties for the fish fauna. Archiv fiir
Hydrobiologie Large Rivers12,487-508.

Schiemer, F., Zalewski, M. and Thorpe, J.E. (1995) Land/
Inland water ecotones: intermediate habitats critical
for conservation and management. Hydrobiologia 203,
259-264.

Schmidt, D.C., Kyle, G.B., Carlson, S.R., Geiger, H.]. and Fin-
ney, P.B. (1997) Alaska’s sockeye salmon fishery manage-
ment: can we learn from success? In: Developing and
Sustaining World Fisheries Resources: the State of Science
and Management (eds D.A. Hancock, D.C. Smith, A. Grant
and].P. Beumer). CSIRO, Collingwood, pp. 687-695.

Schmied, R.L. and Ditton, R.B. (1998) Angler ethics educa-
tion efforts in support of marine fisheries management
in the southeastern United States. Fisheries 23 (4), 8-9.

Schmutz, S., Zitek, A., Zobl, S. et al. (2002) Integrated
approach to the conservation and restoration of Danube
salmon, Huch hucho, populations in Austria. In: Conser-
vation of Freshwater Fish: Options for the Future (eds M.].

© 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316

Collares-Pereira, I.G. Cowx and M.M. Coelho). Fishing
News Books, Blackwell Science, Oxford, pp. 157-173.

Schorr, M.S,, Sah, J., Schreiner, D.F., Meador, M.R. and Hill,
L.G. (1995) Regional economic impact of the Lake Texoma
(Oklahoma-Texas) striped bass fishery. Fisheries 20 (5),
14-18.

Schramm, H.L. Jr and Hubert, W.A. (1999) Ecosystem Man-
agement. In: Inland Fisheries Management in North Amer-
ica (eds C.C. Kohler and W.A. Hubert), 2nd edn.
American Fisheries Society, Bethesda, Maryland, pp.
111-122.

Schramm, H.L., Jr and Piper, R.G. (1995) Uses and Effects of
Cultured Fishes in Aquatic Ecosystems. American Fish-
eries Society Symposium 15, Bethesda, Maryland, 608 pp.

Schwirzel-Klingenstein, J., Liithi, B. and Weiss, T. (1999)
Angeln in der Schweiz: Sozio-Okonomische Studie Im Auf-
trag Des Schweizerischen Fischerei-Verbandes. Schweizer-
ischer-Fischerei-Verband SFV,
German).

Scott, A. (1998) Cooperation and quotas. In: Reinventing
Fisheries Management (eds T.]. Pitcher, PJ.B. Hart and D.
Pauly). Chapman & Hall, London, pp. 201-213.

Sen, S. and Raakjaer Nielsen, J. (1996) Fisheries co-manage-
ment: a comparative analysis. Marine Policy 20,
405-418.

Shaner, B.L., Maceina, M.]., McHugh, J.J. and Cook, S.E
(1996) Assessment of catfish stocking in public fishing
lakes in Alabama. North American Journal of Fisheries
Management 16, 880—-887.

Shapiro, J., Lamarra, V. and Lynch, M. (1975) Biomanipula-
tion: an ecological approach to lake restoration. In: Water
Quality Management Through Biological Control (eds P.L.
Brezonik and J.L. Fox). University of Florida, Grainesville,
pp. 85-96.

Sheehan, R.J. and Rasmussen, J.L. (1999) Large rivers. In:
Inland Fisheries Management in North America (eds C.C.
Kohler and W.A. Hubert), 2nd edn. American Fisheries
Society, Bethesda, Maryland, pp. 529—559.

Shupp, B. (1994) Issues facing traditional fisheries manage-
ment. Fisheries 19 (4), 24-25.

Sipponen, M. (1990) The value of recreational fishing in the
Province of Central Finland. In: Management of Fresh-
water Fisheries (eds W.L.T. Van Densen, B. Steinmetz and
R.H. Hughes). Pudoc, Wageningen, pp. 137-144.

Sipponen, M. (1998) Fisheries regions — a tool for co-opera-
tion in fisheries management? In: Recreational Fisheries:
Social, Economic and Management Aspects (eds P. Hickley
and H. Tompkins). Fishing News Books, Blackwell
Science, Oxford, pp. 263-278.

Sipponen, M. (1999) Fisheries regions: an organizational
structure for fisheries management in Finland. In: Alter-
native Management Systems for Fisheries (ed. D. Symes).
Fishing News Books, Blackwell Science, Oxford, pp. 51-59.

Skov, C. and Berg, S. (1999) Utilization of natural and artifi-
cial habitats by YOY pike in a biomanipulated lake. Hydro-
biologia 408/409,115-122.

Klosters, 45pp. (in

313



Inland fisheries and sustainability R Arlinghaus et al.

Smith, C.L. (1986) The life cycle of fisheries. Fisheries 11 (4),
20-25.

Smith, V.H. (1998) Cultural eutrophication of inland, estuar-
ine, and coastel waters. In: Successes, Limitations and
Frontiers in Ecosystem Science (eds M.L. Pace and P.M.
Groffman). Springer-Verlag, New York, pp. 7—49.

Smith, B.D. (1999) A probabilistic analysis of decision-mak-
ing about trip duration by Strait of Georgia sport anglers.
Canadian Journal of Fisheries and Aquatic Sciences 56,
960-972.

Smith, A.K. and Pollard, D.A. (1996) The best available infor-
mation —some case-studies from NSW, Australia, of con-
servation-related management responses which impact
on recreational fishers. Marine Policy 20, 261-267.

Souchon, Y. and Keith, P. (2001) Freshwater fish habitat:
science, management and conservation in France. Aqua-
tic Ecosystem Health and Management 4,401-412.

Souchon, Y. and Trocherie, E. (1990) Technical aspects of
French legislation dealing with freshwater fisheries
(June, 1984): fisheries orientation schemes’ and ‘fishery
resources management plans’ In: Management of Fresh-
water Fisheries (eds W.L.T. Van Densen, B. Steinmetz and
R.H. Hughes). Pudoc,Wageningen, pp. 190-214.

Spencer, PD. and Spangler, G.R. (1992) Effect that providing
fishing information has on angler expectations and
satisfactions. North American Journal of Fisheries
Management 12, 379-385.

Spitler, R.J. (1998) The animal rights movement and fish-
eries: theyre heeeeere!. Fisheries 23 (1), 21-22.

Steel, R., O'Hara, K. and Aprahamian, MW. (1998) Recrea-
tional fisheries: the realities of stocking coarse fish in
the UK. In: Stocking and Introduction of Fish (ed. 1.G.
Cowx). Fishing News Books, Blackwell Science, Oxford,
pp.99-111.

Steffens, W. (1986) Binnenfischerei — Produktionsverfahren.
VEB Deutscher Landwirtschaftsverlag, Berlin, 376pp.
(in German).

Steffens,W. and Winkel, M. (1999) Current status and socioe-
conomic aspects of recreational fisheries in Germany.
In: Evaluating the Benefits of Recreational Fisheries (ed. T.].
Pitcher). The Fisheries Centre, Vancouver, pp. 130-133.

Stephenson, R.L. and Lane, D.E. (1995) Fisheries manage-
ment science: a plea for conceptual change. Canadian
Journal of Fisheries and Aquatic Sciences 52, 2051-2056.

Suoraniemi, M., Laine, S., Malinen, T.,Torménen, A.I., Luok-
kanen, E. and Kairesalo, T. (2000) Comprehensive
approach to the rehabilitation and management of Vesi-
jarvi, a lake in southern Finland. Boreal Environmental
Research 5,1-13.

Sutton, M. (1998) Harnessing market factors and consumer
power in favour of sustainable fisheries. In: Reinventing
Fisheries Management (eds T.]. Pitcher, PJ.B. Hart and D.
Pauly). Chapman & Hall, London, pp. 125-135.

Swales, S. (1989) The use of instream habitat improvement
methodology in mitigating the adverse effects of river
regulation on fisheries. In: Alternatives in Regulated River

314

Management (eds J.S. Gore and G.E. Petts). CRC Press,
Boca Raton, pp. 185-208.

Talhelm, D.R. and Libby, LW. (1987) In search of a total value
assessment framework: SAFR symposium overview and
synthesis. Transactions of the American Fisheries Society
116, 293-301.

Taylor, WW., Ferreri, C.P., Poston, F.L. and Robertson, J.M.
(1995) Educating fisheries
watershed approach to emphasize the ecosystem para-
digm. Fisheries 20 (9),6-8.

Templeton, R.G. (1995) Freshwater Fisheries Management.

professionals using a

Fishing News Books, Blackwell Science, Oxford, 241pp.

Templeton, R.G. and Churchward, A. (1990) Fisheries man-
agement practices of the. Severn Trent Water Authority
in England. 1976-1986. In: Management of Freshwater
Fisheries (eds W.L.T. Van Densen, B. Steinmetz and R.H.
Hughes). Pudoc, Wageningen, pp. 558—-568.

Thorn, W.C., Anderson, C.S., Lorenzen, W.E., Hendrickson,
D.L. and Wagner, JW. (1997) A review of trout manage-
ment in Southeast Minnesota streams. North American
Journal of Fisheries Management 17, 860—872.

Toivonen, A.-L. (2002) A survey of the economic value of
Nordic recreational fisheries. In: Recreational Fisheries:
Ecological, Economic and Social Evaluation (eds T.J. Pitcher
and C.E. Hollingworth). Blackwell Science, Oxford, pp.
137-143.

Van Densen,W.L.T. (1990) Structure for the decision-making
process in inland fisheries management. In: Management
of Freshwater Fisheries (eds W.L.T. Van Densen, B. Stein-
metz and R.H. Hughes). Pudoc,Wageningen, pp. 301-312.

Van Densen, W.L.T., Steinmetz, B. and Hughes, R.H. (1990)
Management of Freshwater Fisheries. Pudoc, Wageningen,
649pp.

Van Zyll de Jong, M.C., Cowx, I.G. and Scruton, D.A. (2000)
Planning implications of a habitat improvement project
conducted on a Newfoundland stream. In: Management
and Ecology of River Fisheries (ed. 1.G. Cowx). Fishing
News Books, Blackwell Science, Oxford, pp. 306—-317.

Vanderpool, C.K. (1987) Social impact assessment and fish-
eries. Transactions of the American Fisheries Society 116,
479-485.

VDSF (Verband der Deutschen Sportfischer) (2000) Fisch
Des Jahres 2000 — Der Lachs. Selbstverlag Verband der
Deutschen Sportfischer, Offenbach, 199pp. (in German).

Vitousek, PM., Mooney, H.A., Lubchenco, J. and Melillo, J.M.
(1997) Human domination of earth’s ecosystems. Science
277,494-499.

Von Lukowicz, M. (1995) Commercial fisheries. In: Review of
Inland Fisheries and Aquaculture in the EIFAC Area by Sub-
region and Subsector (ed. K.T. O'Grady). FAO Fisheries
Report 509 (Suppl. 1), pp. 47-60.

Von Lukowicz, M. (1997) Supply and market acceptance of
freshwater fish. Advances in Fisheries Science 13, 19-31
(in German with English Abstract).

Von Lukowicz, M. (1998) Education and training in recrea-
tional fishery in Germany. In: Recreational Fisheries:

© 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316



Inland fisheries and sustainability R Arlinghaus et al.

Social, Economic and Management Aspects (eds P. Hickley
and H. Tompkins). Fishing News Books, Blackwell
Science, Oxford, pp. 287-293.

Walder, J. and Van der Spiegel, A. (1990) Education for fish-
eries management in the Netherlands. In: Management
of Freshwater Fisheries (eds W.L.T. Van Densen, B. Stein-
metz and R.H. Hughes). Pudoc,Wageningen, pp. 372-381.

Walsh, R.G., Johnson, D.M. and McKean, J.R. (1992) Benefit
transfer of outdoor recreation demand studies. 1968—88.
Water Resources Research 28,707-713.

Walters, C.J. (1986) Adaptive Management of Renewable
Resources. MacMillan, New York, 374 pp.

Walters, C. (1998) Designing fisheries management systems
that do not depend upon accurate stock assessment. In:
Reinventing Fisheries Management (eds T.]. Pitcher, P].B.
Hart and D. Pauly). Chapman & Hall, London, pp. 279—
288.

Warren, M.L., Jr, Burr, B.M.,Walsh, S.J. et al. (2000) Diversity,
distribution, and conservation status of the native fresh-
water fishes of the southern United States. Fisheries 25
(10), 7-31.

Watson, R. and Pauly, D. (2001) Systematic distortions in
world fisheries catch trends. Nature 414, 534-536.

WCED (World Commission on Enviroment and Develop-
ment) (1987) Our Common Future. Oxford University
Press, Oxford and New York, 400pp.

Wedekind, H., Hilge,V. and Steffens,W. (2001) Present status,
social and economic significance of inland fisheries in
Germany. Fisheries Management and Ecology 8, 383—391.

Weiner, A.H. (1998) Kenai River restoration and manage-
ment. Fisheries 23 (1), 6—10.

Weiss, S., Uiblein, E and Jagsch, A. (2002) Conservation of
salmonid fishes in Austria: current status and future
strategies. In: Conservation of Freshwater Fish: Options
for the Future (eds M.]. Collares-Pereira, I.G. Cowx and
M.M. Coelho). Fishing News Books, Blackwell Science,
Oxford, pp. 72-78.

Weithman, A.S. (1999) Socioeconomic benefits of fisheries.
In: Inland Fisheries Management in North America (eds
C.C. Kohler and W.A. Hubert), 2nd edn. American Fish-
eries Society, Bethesda, Maryland, pp. 193-213.

Welcomme, R.L. (1991) International introductions of fresh-
water fish species into Europe. Finnish Fisheries Research
12,11-18.

Welcomme, R.L. (1992) The conservation and environmen-
tal management of fisheries in inland and coastal waters.
Netherlands Journal of Zoology 42,176-189.

Welcomme, R.L. (1995) Relationships between fisheries and
the integrity of river systems. Regulated Rivers: Research
and Management 11,121-136.

Welcomme, R.L. (1997) World inland fisheries and aqua-
culture — changing attitudes to management. In:
Developing and Sustaining World Fisheries Resources: the
State of Science and Management (eds D. A. Hancock, D. C.
Smith, A. Grant and J. P. Beumer). CSIRO, Collingwood,
pp. 443-450.

© 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316

Welcomme, R.L. (1998a) Evaluation of stocking and intro-
ductions as management tools. In: Stocking and Introduc-
tion of Fish (ed. L.G. Cowx). Fishing News Books,
Blackwell Science, Oxford, pp. 397-413.

Welcomme, R.L. (1998b) Framework for the development
and management of inland fisheries. Fisheries Manage-
ment and Ecology 5,437-457.

Welcomme, R.L. (1999) A review of a model for qualitative
evaluation of exploitation levels in multispecies fisheries.
Fisheries Management and Ecology 6,1-19.

Welcomme, R.L. (2000) Principles and approaches to river
fisheries management. In: Management and Ecology of
River Fisheries (ed. I.G. Cowx). Fishing News Books,
Blackwell Science, Oxford, pp. 331-345.

Welcomme, R.L. (2001) Inland Fisheries: Ecology and Manage-
ment. Fishing News Books, Blackwell Science, Oxford
358pp.

Welcomme, R.L. and Bartley D.M. (1998) Current
approaches to the enhancement of fisheries. Fisheries
Management and Ecology 5, 351-382.

Whipple, S.J., Link, J.S., Garrison, L.P. and Fogarty, M.E.
(2000) Models of predation and fishing mortality in
aquatic ecosystems. Fish and Fisheries 1, 22—40.

Wilde, G.R. (1997) Largemouth bass fishery responses to
length limits. Fisheries 22 (6),14-23.

Wilde, G.R., Ditton, R.B., Grimes, S.R. and Riechers, R.K.
(1996) Status of human dimensions surveys sponsored
by state and provincial fisheries management agencies
in North America. Fisheries 21 (11),12-17.

Williams, C.D. (1997) Sustainable fisheries: economics, ecol-
ogy, and ethics. Fisheries 22 (2),6-11.

Williams, M. (1998) Aquatic resource education for the
development of world needs. In: Reinventing Fisheries
Management (eds T.J. Pitcher, P].B. Hart and D. Pauly).
Chapman & Hall, London, pp. 163-174.

Williams, R.N., Bisson, P.A., Bottom, D.L. et al. (1999) Return
to the river: scientific issues in the restoration of salmo-
nid fishes in the Columbia River. Fisheries 24 (3),10-19.

Williams, J.E., Johnson, J.E., Henrickson, D.A. et al. (1989)
Fishes of North America endangered, threatened, or of
special concern: 1989. Fisheries 14 (6), 2—20.

Willis, K.G. and Garrod, G.D. (1999) Angling and recreation
values of low-flow alleviation in rivers. Journal of Environ-
mental Management 57,71-83.

Windsor, M.L. and Hutchinson, P. (1994) International man-
agement of Atlantic salmon, Salmo salar L., by the North
Atlantic Salmon Conservation Organization, 1984-94.
Fisheries Management and Ecology 1,31-44.

Winfield, LJ., Fletcher, JM. and Winfield, D.K. (2002)
Conservation of the endangered whitefish, Coregonus
lavaretus, population of Haweswater, UK. In: Manage-
ment and Ecology of Lake and Reservoir Fisheries (ed. I.G.
Cowx). Fishing News Books, Blackwell Science, Oxford,
pp. 232-241.

Wolos, A. (1991) Anglers’ opinions as to the quality of
the fishing and the fishery management in selected

315



Inland fisheries and sustainability R Arlinghaus et al.

Polish waters. In: Catch Effort Sampling Strategies: Their Wysujack, K. and Mehner, T. (2001) Effects of seining and

Application in Freshwater Fisheries Management (ed. I1.G. predation by piscivorous fish on the fish stock develop-
Cowx). Fishing News Books, Blackwell Science, Oxford, ment in a long-term biomanipulated lake (Feldberger
pp.134-142. Haussee): conclusions for fisheries management. Ber-
Wolter, C. (2001) Conservation of fish species diversity in ichte Des IGB13,107-118.
navigable waterways. Landscape and Urban Planning 53, Zalewski, M. and Frankiewicz, P. (2002) The potential to
135-144. control fish community structure using preference for
Wortley, J. (1995) Recreational fisheries. In: Review of Inland different spawning substrates in a temperate reservoir.
Fisheries and Aquaculture in the EIFAC Area by Subregion In: Management and Ecology of Lake and Reservoir Fish-
and Subsector (ed. K.T. O'Grady). FAO Fisheries Report eries (ed. L.G. Cowx). Fishing News Books, Blackwell
509 (Suppl. 1), pp. 60-72. Scientific Publications, Oxford, pp. 217-222.

316 © 2002 Blackwell Science Ltd, FISH and FISHERIES, 3, 261-316



