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(1999) suggested that the conservation-conscious fish-
ing community represents one of the greatest potential
forces for the conservation of aquatic biodiversity.
Kearney (2002) further stressed that fishery users 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 environmen-
tal vandalism. Indirectly, in some northern temperate
countries, fishery stakeholders, especially recreational
fishing societies, have pushed governments to formu-
late environmental legislation and were the driving
forces behind improvements to river quality.

However, not all measures adopted under tradi-
tional inland fisheries management are considered pos-
itive. For example, common management measures
such as stocking and introductions (Araujo-Lima et al.
2003) are serious threats to biodiversity of fish (Cowx
2002a; Freyhof 2002). Regardless of these potential
negative impacts, a relatively high proportion of soci-
ety keeps in contact with nature through linkages with
inland fisheries and consequently tends to be more sen-
sitive to environmental issues than the majority of an
increasing urban population (Lyons, Hickley and
Gledhill 2002). This awareness of environmental
issues and diversity of ecosystems by fishery protago-
nists (e.g. Kearney 1999; Connelly, Brown and Knuth
2000) is paramount for ecosystem based management
(e.g. Olsson and Folke 2001) and sustainability,
assuming that ecological responsibility is achieved.
Furthermore, indigenous knowledge of the fishing
communities and informal (local) institutions can play
an important role in the sustainable management of
fishery resources (e.g. Mackinson and Ngttestad 1998;
Berkes, Colding and Folke 2000; Johannes, Freeman
and Hamilton 2000).

11
A NOTE ON THE VALUATION OF BIODIVERSITY

It remains the exception for values to be put on
diversity in aquatic resource management planning.
Some part of this may be due to difficulties in under-
standing the concept of diversity while another factor
may be the quite considerable difficulties in collecting
and analysing the required information. Diversity,
however, underpins our existence on this planet; it
should not be ignored. When it is not, decisions that
might otherwise by made solely on political grounds,
should be further refined by an economic and ecologi-
cal examination of the issue.

Biodiversity is a concept that describes the way
in which the different goods (or components) and serv-
ices (or functions) of an ecosystem are organised. It
has three parts - genetic diversity, species diversity and
ecosystem diversity. Essentially, for all three parts, it is
the degree of variety in the natural resources - meas-
ures of the richness and distribution within the system;
it should not be confused with the biological resources
themselves. For example, genetic diversity describes
the variation within a particular pool - the number of
genes and their distribution, not the pool itself or the
characteristics of individual genes. Likewise, species
diversity is a measure of species richness and their dis-
tribution, but it is not a description of individual organ-
isms. The diversity of ecosystems indicates the number
and range of the types of ecosystems that exist in a
given area but does not describe the ecosystems them-
selves. Thus, the valuation of biological diversity is not
to be equated with the valuation of resources, although
the two sets of values are closely related.

As do biological resources, biological diversity
is recognised to have direct and indirect use values.
The essence of the difference in the measurement of
the value of resources and the value of diversity is that
whereas in the former the analyst is concerned with the
identification of the gross use values, in the measure-
ment of diversity values, attention is directed towards
measuring marginal changes in output that result from
marginal changes in relevant factor inputs. Measuring
the change in economic activity that results from a
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specified decline in diversity is one way of estimating
the direct and indirect use values of diversity. For
example, in the measurement of the direct use values
of the species diversity of a coral reef, changes in both
the diversity of coral species and the gross amount of
coral cover affect fish biomass. The resulting elastici-
ties could be used in calculating the value of coral
diversity by estimating the change in the revenues
earned from fishing on the reef. An example of a direct
use value of ecosystem diversity is the tourist revenues
derived from the viewing of coral reefs.

In the case of direct use values, ecological sub-
stitutes are often more elusive than economic ones. For
example, if favoured firewood for smoking fish
becomes unobtainable because of over exploitation but
the substitute, which is readily available, is almost as
satisfactory in terms of heat output, smoking quality
and ease of collection, the economic costs of switching
to the alternative will be small. It follows that in this
case the direct value of species diversity will be small,
although the ecological cost will be high. By contrast,
if a favoured firewood can only be replaced by people
who collect it having to travel much longer distances,
then the economic costs will be high, making also high
the direct value of species diversity.

Indirect use values of biodiversity may also
have economic or ecological substitutes. Again the
benefits gained from degrading a diverse range of val-
ued environmental services should be weighed against
the availability and usefulness of substitutes, e.g. the
value of marginal wetland may be high because the rel-
atively low availability of ecological substitutes and
the high costs of economic substitutes (e.g. water
purification plants, water transport, relocation of fish-
ing communities dependent on the wetlands).

In the calculation of direct and indirect use val-
ues of diversity, there is room for double counting of
resource use values and diversity values and for trade-
offs. Care has to be taken to ensure that diversity val-
ues are used separately from resources values to eval-
uate the impacts on biodiversity of current pressures or
threats.
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ROLE OF VALUATION IN RIVER FISHERIES
MANAGEMENT

The value of maintaining and supporting river
ecosystem function is illustrated in Figure 3. A healthy
ecosystem generates wealth for the local and regional
economies, which implicitly supports rural liveli-
hoods. In this cycle, fisheries plays three important
roles:

® As a public good for all to use and enjoy;

® Generating revenue for local economies;

@ As a catalyst for ecosystem regeneration and

community engagement.

These three elements must be interdependent to
succeed. Without the landscape, biodiversity and
aquatic resource value people are not drawn to use
rivers. These qualities depend on good management
and environmental control of the entire river ecosys-
tem, including the river catchment and its biodiversity.
If the river corridor does not attract participation in
resource use there is no catalyst for economic develop-
ment or stimulus for community engagement and there
is no reason to maintain or enhance the river environ-
ment.

Conserve and
improve the

qualitly of the river
/’ environment

... attracting
... contributing people to rivers to
resources and participate in ....

willto ... \

Fisheries
activilies, other
recreational and

. .. commercial
Economic aclivity

improving livelihoods /
and community
involvement stimulated
by aquatic resource

development along the river e

... Zenerating ...,

m Figure 3. The river cycle illustrating the importance of partici-
pation in maintaining ecosystem function and supporting rural
livelihoods.



Value of river fisheries

The underlying tenet of these arguments is to
recognise the value of river fisheries and the ecosystem
for sustaining rural livelihoods. This is highlighted in
DFID’s sustainable livelihoods framework (Figure 4)
that shows how the values of various assets are the
focal point for influencing policy to improve the well-
being of riparian communities. The livelihoods
approach addresses issues related to vulnerability and
reduction of risk associated with resource exploitation
patterns. These are values that are difficult to assess
but low risk and reduced vulnerability to poverty are
very important features of sustainable livelihood
strategies and maintaining food security.

Unfortunately, river fisheries are threatened by
a wide array of factors and therefore communities are
highly vulnerable to change, but anthropogenic distur-
bance seems to underlie the decline and extinction of
many fish species (see Cowx, 2002b for review). The
main perturbations can be broken down into five key
problems, viz: species introductions and transloca-
tions, impoundment of rivers (dams and weirs, water
abstraction and water transfer schemes), water quality
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deterioration (pollution, eutrophication, acidification),
habitat degradation and fragmentation (channelisation
and land use change, mineral extraction) and overex-
ploitation. These problems seem to be universal.
Although many of the issues are being addressed in
developed countries through environmental legisla-
tion, the rate of progress in reversing the impacts is
pathetically slow. Furthermore, the cost of implement-
ing rehabilitation programmes or seeking alternative
solutions to the demands on water resources, which
underlies many of the issues, is prohibitive and at best
only a status quo is being achieved with respect to
habitat quality and at worst, as is still commonly found
throughout the developing world where financial
resources are limited, progressive deterioration is rife.

One of the key reasons for the problems facing
fisheries is that the value of the fisheries resource is
usually ill defined and poorly represented from an eco-
nomic and social perspective (Cowx 2002a and
2002b). Fisheries are traditionally managed based on
the quality of the fishing experience or volume of catch
and few are managed from an economic perspective
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(Cowx 2002a), an issue born out by the paucity of
information on the economic value of fisheries (e.g.
Baker and Pierce 1997; Peirson et al. 2001). A large
number of recent works underline the high potential of
small scale fishing activities for economic develop-
ment (both at local and national levels) but systemati-
cally highlight how poorly the true (economic) value
of this sector is reflected in official statistics and dis-
cussions of food security and livelihoods (e.g.
European Commission 2000; Kaczynski and Looney
2000; Anon 2001). As a consequence, fish and fish-
eries are generally not considered of sufficiently high
priority or value and thus suffer in the face of econom-
ically and socially higher priorities, e.g. agriculture,
hydroelectric power production or other water sports.
It is also usually presented as the main constraint for
the design of appropriate policy for aquatic resource
management, both at the national and regional levels.
If fisheries are to be promoted in the future, there is an
urgent need to provide robust, defensible, social and
economic valuation of aquatic biodiversity and fish-
eries (Cowx 2002a). Once this information is avail-
able, value will be a powerful tool for arguing the case
of fisheries. However, it must be recognised that it is
not the only tool to be used because the economic
value of, for example, a major water resource scheme
may far outweigh fisheries value. This is primarily
because the methods used for valuation are often fish-
eries specific and do not consider the upstream eco-
nomic value in terms of aesthetic and conservation
value and the provision of goods and services, or the
downstream value associated with the service sectors.
To reverse these philosophies is going to be a major
challenge to fisheries and conservation managers, but
neither will be achieved if the true economic value of
preserving fisheries is not enunciated (Cowx 2002b).
As mentioned earlier, accurate valuation of the fish-
eries should be a major thrust of fisheries development
activities in the immediate future.

In the past, management of fisheries resources
has been based on interpreting information on the fish
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stocks and reacting to shifts in availability (Cowx
1996). Integral within this approach are adequate stock
assessment procedures that provide the baseline infor-
mation on which to manage the fisheries resources.
However, when reviewing the problems relating to
river fisheries it is clear that this approach is inade-
quate. Increasing pressures on aquatic resources dic-
tate that fisheries exploitation and conservation can no
longer be treated in isolation and an integrated
approach to aquatic resource management is required
(Cowx 1998). Similarly, fish biodiversity is being con-
stantly eroded, not only by exploitation of fish directly
but mainly through degradation of their habitat.
Fortunately, the demands for sustainability that grew
out of the World Summit on Sustainable Development
(WSSD) in 1992 have put emphasis on the need not
only to manage exploited resources but also promote
biodiversity. Unfortunately the WSSD did not endorse
fisheries, but this was rectified in the 2002 WSSD in
Johannesburg. Consequently, conflicts between vari-
ous user interests must be resolved by involving all
stakeholders in the management process and defining
priority areas for conservation and preservation of bio-
diversity (Brummett and Teugels 2003; Darwall and
Vié 2003). This can be achieved through integrated
aquatic resource planning and management. River
basin management plans, at both the national and
multi-national scale, which for example will be oblig-
atory under the new European Union Water
Framework Directive, will support this process, but the
profile of fisheries exploitation in the widest sense and
fish conservation need to be raised and be better inte-
grated into the planning process. Without this involve-
ment the future of river fish and fisheries remains
uncertain.

Aquatic resource planning and management, as
suggested above, must be a multi-disciplinary, interac-
tive approach dealing with all the existing and poten-
tial user groups, including adjacent land use. It should
allow wider issues than those related to a single activ-
ity, in this case river fisheries, to be taken into account
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during the process of decision-making about an activi-
ty and its likely effect upon the environment and other
activities, or conversely the likely affect of other activ-
ities on fisheries. For this process to be effective, data
on the social and economic importance of each resource
are needed, without it, economically strong activities
such as hydropower development will override.

Many of the sources of conflicts between
aquatic resource users lie in the difficulties of commu-
nication between user groups, the lack of a mechanism
for dialogue or in a failure to understand common
objectives. However, the failure of dialogue between
user groups frequently arises through a lack of willing-
ness on the part of the stronger group to discuss
resource allocation with the minority group. One solu-
tion might be the better co-operation of players within,
for example, a co-management framework (Sen and
Raakjaer Nielsen 1996), challenging the present rou-
tines. An essential element in co-management is con-
tinuous shared responsibility and decision-making
between government, fishers and other stakeholders.
Co-management is one possible mechanism that could
ensure that the human element is accounted for.
Inclusion of all stakeholders in co-management sys-
tems ensures that decisions better reflect local, social,
economic and environmental conditions. In developing
countries co-management is being promoted on many
fisheries with the devolvement of responsibility to the
riparian communities. In Europe and North America,
less participatory co-management approaches are like-
ly to apply, with many inland fisheries being jointly
managed by fishers and government officials. In both
cases, however, the objective remains the same, sus-
tainability of the exploitable resources and biodiversi-
ty for future generations.

Similarly, there is a need to develop partner-
ships with stakeholders in affected ecosystems to
strengthen and implement fish and fisheries related
activities and develop mechanisms to influence other
players. To achieve this, scientists must expand their
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range of activities from monitoring and reporting the
status of stocks and species to more influential and pre-
ventative work. They must use the best available data
to educate other stakeholders and the wider public.
They need to be involved in accurate environmental
impact assessments and rehabilitation programmes to
argue the case for fish and fisheries, i.e. there is a need
to develop a risk based approach to fisheries manage-
ment. There is also a need to develop fiscal measures,
such as the “polluter-pays principle’ and enforce legis-
lation through the appropriate channels and institu-
tions. This will only be achieved through valuation of
fisheries resources, an issue that is acting against the
fisheries lobby and will be essential for integration into
river basin management plans. As previously stressed,
there is an urgent need to adapt environmental eco-
nomic evaluation tools to value the social and econom-
ic importance of freshwater fisheries and biodiversity.
Until this is undertaken fish and fisheries will continue
to be given low priority in any consultation process
and it will remain difficult to attract investment or
credit for protection of the fisheries.

Irrespective of the mechanism of implementa-
tion, the managers and resource users need a true eco-
nomic value of their resources to defend their position
in conflict and development scenarios. This will
increase the capacity of beneficiaries of river (inland)
fisheries to communicate and influence at all levels of
society. In this context it is important that information
on values is conveyed to politicians, planners and
stakeholders in simple language. It is therefore impor-
tant to understand how value is interpreted within com-
munities, i.e. between rich and poor and fisher and
non-fisher. This can only be achieved if stakeholders in
the fishery sector understand the motives, modes of
operation and reward systems of other spheres of soci-
ety and engage in cooperative interchange. More effec-
tive management of fisheries resources also requires
scientists to learn new skills to interact in complex,
disorderly and confusing arenas and not producing sci-
entific information in the vain hope that managers and
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policy makers will use it. Finally, the methods to value
aquatic resources and environmental goods and servic-
es do exist. The lack in progress in this field is largely
because the fisheries scientists and managers do not
have active dialogue with experts in environmental
and ecological economics. This needs to be promoted
in the drive towards sustainable use of aquatic

resources in general and river fisheries in particular.
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ORIGcl)!‘\tIEe SYMPOSIUM

The Second International Symposium on the Management of Large Rivers for Fisheries was held on 11 — 14
February 2003 in Phnom Penh, Kingdom of Cambodia. It had three primary objectives:

e to provide a forum to review and synthesise the latest information on large rivers;

e to raise the political, public and scientific awareness of the importance of river systems, the living aquatic
resources they support and the people that depend on them; and

e to contribute to better management, conservation and restoration of the living aquatic resources of large rivers.

The Symposium was organised in six sessions:

Session 1 Status of rivers

Session 2 Value of river fisheries

Session 3 Fisheries ecology and conservation
Session 4 Management of river fisheries
Session 5 Statistics and information

Session 6 Synthesis

Over 220 river scientists and managers from around the world attended the Symposium. Contributed papers rep-
resented 96 rivers from 61 river basins from all continents and climatic zones.

Selected papers submitted to the Symposium appear in these proceedings, which consist of:
Proceedings of the Second International Symposium on the Management of Large Rivers for Fisheries: Volume 1
Proceedings of the Second International Symposium on the Management of Large Rivers for Fisheries: Volume 2

Papers appearing in these proceedings have been subject to the regular academic refereeing process. Additional
selected papers will appear in the journal Fisheries Management and Ecology.




VI

RECOMMENDATIONS

for ACTION

1) Improve the valuation of living river resources in order to contribute to equitable and sustainable manage-
ment of fishery resources and properly place the fishery in the context of the other uses of rivers.

2) Direct greater effort to better understanding the social and economic aspects of fisheries to support policy
and management priorities; livelihood approaches will be a valuable tool.

3) Communicate and engage with environment and water resources managers within the context of multi-use
of water in order to accurately assess impacts and to sustain the benefits of river fisheries in an equitable
manner.

4) Develop processes that facilitate the users and beneficiaries of the fishery resource to assume greater con-
trol of its management.

5) Establish appropriate mechanisms at national and basin level to enable negotiation for the needs of commu-
nities dependent upon the living aquatic resources. In particular further regulations need to be elaborated to
protect general ecosystem function and provide for environmental flows.

6) Use instruments such as the freshwater eco-regions approach, the Ramsar Convention and the guidelines for
water allocation suggested by the World Commission on Dams, to enhance planning for conservation and
sustainable use of river habitats.

7) Incorporate ecological flow requirements of river-floodplain systems into development plans and impact
assessments that affect river flows, taking into account the seasonality of the system and the environmental
cues needed by the fish for migration and reproduction.

8) Rehabilitate degraded ecosystems wherever possible. Prioritize schemes that ensure connectivity and pro-
tection of critical habitats.



VII

SUMMARY CONCLUSIONS

IMPORTANCE OF RIVER FISHERIES AND
BIODIVERSITY

Large rivers harbour a disproportionate share
of the world’s aquatic biodiversity, including over 50
percent of all freshwater fish species. Riverine biota
are also among the most threatened components of bio-
logical diversity, with a much higher proportion of
organisms classed as endangered or threatened than in
most other ecosystems.

A significant proportion of the world’s people
use the living aquatic resources of rivers for food and
recreation. Recent evidence indicates that the number
of people dependent on these resources is far larger
than previously thought. Studies further show fish to
be particularly important in the livelihoods and diets of
the poor, providing an inexpensive source of animal
protein and essential nutrients not available from other
sources.

VALUATION OF RIVER FISHERIES

Inland fisheries are generally undervalued in
terms of their contribution to food security, income
generation and ecosystem functioning. Conventional
economic approaches aim to provide detailed quantifi-
cation using a cost-benefit framework, which may not
sufficiently value the role and function of rivers.

Socio-economic approaches and livelihood analysis
can help to highlight the complex contributions of fish-
eries to rural livelihoods. Better valuation of living
river resources is necessary to ensure the equitable
sharing of benefits and for proper placing of the fish-
ery in the context of the many other uses of rivers. It is
important to recognise that fishers themselves have
largely been excluded from valuation exercises.

STATE OF KNOWLEDGE

The first systematic expression of how rivers
function dates from the first LARS in 1986 and many
of the concepts arising from that meeting have proved
extremely robust. The flood-pulse concept, the integral
nature of the river-floodplain system, relationships
between flood strength and catch, and the fishing down
process in complex fisheries all continue to apply in
many areas and conditions around the World. The gen-
eral understanding of how river fish communities
function is now sufficiently refined to permit broad
management decisions concerning the river environ-
ment for fish and fisheries.

Despite a sound general understanding,
detailed knowledge of the biology and ecology of indi-
vidual species and ecosystems remains poor. Further
studies on individual species, communities and ecosys-
tems are urgently needed. However, in view of the
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large number of species living in most rivers, manage-
ment based on requirements for individual species is
often impractical (except for flagship endangered
species). General concepts of migration and food web
structure are now emerging to allow for a better under-
standing of the impact of human interventions.

Research on flow-ecological relationships in
large rivers is an urgent priority. However, sufficient
knowledge exists to set interim conservation measures
including environmental flow prescriptions, and the
need for further research should not be used as an
excuse to delay much needed action. Adaptive man-
agement will often be the most effective means of
improving outcomes and knowledge.

Conventional methods for studying large rivers
are generally inadequate and new approaches are being
developed to gain understanding of the processes
underlying fish ecology and fisheries. In particular,
local knowledge held by traditional fishing communi-
ties has provided a wealth of information.

The effort put into the study and collection of
data from rivers depends on national perceptions as to
the value of rivers and their fisheries. Given the high
cost of collecting data, programmes should concentrate
on variables that are carefully selected to support
desired research and management objectives.

SOCIAL, ECONOMIC AND INSTITUTIONAL
ASPECTS

Study of the social, economic and institutional
aspects of fisheries is a relatively recent development.
However, the current global emphasis on rural poverty
and sustainable livelihoods, together with deeper
understanding of fisheries, has shown that knowledge
of the human dimension of fisheries is essential for
proper management. Understanding of the social
organization of the fishery and the relationships
between fisheries and other livelihood strategies is
poor in most cases. However, the recent establishment
of co-management arrangements for fisheries in some
river basins and the involvement of users and other
stakeholders in decision-making are forming the basis

for better recognition of the relationship between peo-
ple’s livelihoods and their aquatic resources.

MANAGEMENT OF RIVER FISHERIES

A number of issues have emerged as particular
concerns at this stage in our attempts to manage river
fish, fisheries and their environment. A tension contin-
ues to exist between use and conservation. It is impos-
sible to catch fish without influencing the composition
of the fish community. However, the goal of fishery
management should be to maintain or establish condi-
tions consistent with the continued survival of all
species.

It has become increasingly clear that most river
fisheries are not managed effectively. This is largely
due to the old pattern of centralized Government agen-
cies applying a one-size-fits-all approach. This pattern
has failed worldwide, largely due to inflexibility, insuf-
ficient funding for agencies, and lack of stakeholder
collaboration. In some cases this failure has led to a
laissez faire approach to policy and enforcement.
Sometimes state-owned river resources are in practice
treated as open access systems and are vulnerable to
overexploitation. Where systems of limiting access are
being contemplated they have to take into considera-
tion the needs of community members who might be
excluded.

Management alternatives are being developed
that attempt to bridge the gap between centralized gov-
ernment and traditional, locally enduring participatory
management systems. Such strategies are being tried in
most climatic zones and continents and are compatible
with a livelihoods focused approach that considers
other stakeholder activities. Participatory approaches
depend strongly on cultural, social and political envi-
ronments. After more than a decade of innovative
schemes and experiments, there are many internation-
al examples of how to enable users and other benefici-
aries of resources to assume more significant control.
It would be appropriate to make greater use of these
experiences in policy formulation.



Major conflicts between the various users of
river systems can only be resolved if there are appro-
priate mechanisms at national and basin levels to
enable negotiation for the needs of the living aquatic
resources. River basin organizations are an essential
instrument for managing such conflicts, especially for
rivers flowing through more than one nation or
province.

Appropriate legislation must be formulated to
encourage more equitable treatment of living aquatic
resources and the fisheries that depend on them. In
some areas water quality, quantity and mechanisms for
fish passage around obstacles are already the subject of
legislation. But further regulations are needed to pro-
tect general ecosystem diversity and provide for envi-
ronmental flows. In addition, the involvement of user
groups in management decision-making should be
legally supported and/or mandated.

GENERAL DEGRADATION
OF THE RESOURCE

Most river basins support intensive fisheries
and vyields in some basins are still increasing. River
fisheries continue to provide large catches, even in the
face of intensive exploitation, although changes in
species composition and size are occurring and some
large and late-in-life maturing species have become
rare as a result of fishing pressure. In contrast to
marine and lake fisheries, there are no proven cases of
a river fishery as a whole having collapsed from fish-
ing pressure alone. Where collapses have occurred,
they have always been linked to degradation in envi-
ronmental quality.

Indicators on all continents show that there is a
general decline in the physical, chemical and ecologi-
cal quality of rivers from source to mouth. This decline
is typically associated with rising population pressures.
The form and function of rivers have changed in
response to dams and channelization, and changing
land use practices and marginal agriculture have result-
ed in deforestation leading to increased siltation.

IX
The increasing demand for water is altering the
timing and magnitude of flow regimes in many rivers.
There is a need for improved understanding of the eco-
logical flow requirements of river-floodplain systems,
taking into account the seasonality of the system and
the environmental cues needed by fishes for migration
and reproduction. This will allow definition of the tim-
ing and amount of water that should be reserved for
fish in the context of other developments in the river
basin.

Strategic assessments, such as the ecosystems-
based approaches, freshwater eco-regions approach,
and the guidelines for water allocation suggested by
the World Commission on Dams provide some possi-
ble mechanisms for the conservation of river habitats.
A number of conventions provide additional support-
ing frameworks including, in particular, the Ramsar
Convention and the Convention on Biological
Diversity. Frameworks for making decisions on water
management should include assessment of options and
environmental and social impacts, and involve full
public participation.

MITIGATION, REHABILITATION
AND ENHANCEMENT

There is an urgent need to rehabilitate degrad-
ed ecosystems. Technical options do exist for amelio-
ration and mitigation of adverse impacts. Several
examples of successful rehabilitation are already
emerging, but they are often expensive and time con-
suming. The eventual cost of rehabilitating a resource
is likely to far exceed the benefit derived from its
destruction and it is clear that conservation is better
than rehabilitation.

There have been attempts on all continents to
mitigate problems caused by dams, levees and polders
which bar fish migrations. The success of these miti-
gating structures is extremely variable since they can-
not cope with the numbers of fish migrating or be used
by all fish species, and they generally focus only on
facilitating upstream movements, ignoring the down-
stream drifting of fry and juveniles. Research is need-
ed to develop ways to allow less obstruction to fish
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movement that are significantly broader in their appli-
cation.

Aquaculture is frequently seen as mitigation for
declines in wild fisheries or as providing an alternate
activity. Although stocking of juvenile fish and fish
farming have shown promise in some areas, there is
often a policy conflict where the benefits of enhance-
ment do not accrue to those formerly dependent on
wild fisheries, and their access to land, water and feed
resources may be jeopardized by enhancements.

PROSPECTS

Maintenance of healthy rivers and restoration
of degraded rivers and their fisheries will only be
achieved if there is political will at all levels of socie-
ty to do so. Those responsible for managing riverine
resources need a collective approach that is sensitive to
the needs of resource users and society at large.
Adequate and accurate information on the value and

the functioning of rivers, as well as on the impacts of
other users on the resource, is required. The fisheries
sector must not continue in isolation but must commu-
nicate clearly with the public and other users of inland
water resources in order to arrive at equitable solutions
for sustaining the fishery.

There are some encouraging developments.
The international community is slowly becoming
aware of the value of living inland aquatic resources as
evidenced by the European Union Water Directive, the
World Water Forum, the high priority awarded to it by
the Convention on Biodiversity, the decommissioning
of dams in North America and Europe, and the reestab-
lishment of keystone species such as salmon through
large scale rehabilitation of some damaged rivers. It is
unfortunate that inland fisheries received such a low
profile from the World Summit on Sustainable
Development and this situation needs urgent redress.
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