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Ecological geography as framework for
a transition toward responsible fishing

Daniel Pauly, Reg Watson and Villy Christensen

Meeting the widely expressed requirement that fisheries should somehow be managed on an “ecosystem basis” implies that fisheries-relevant ecological processes, and the fisheries themselves, should be documented in the form of maps.  This allows recovery, in intuitive fashion, of at least some of the many dimensions of the complex ecosystems in which the fisheries are embedded.

The implied transition, in fisheries science, from bi-variate time series, to maps as major heuristic devices, has a number of implications – some obvious, some less so – of which a number are here discussed and illustrated.  Among the issued covered are: (i) the requirement for a consensus taxonomy of large marine ecosystems; (ii) the need to construct fisheries catch maps in the absence of positive records of what was caught where; (iii) the proper identification of one’s audience; and (iv) the mapping of marine protected areas and reserves.

The seriousness of the fisheries crisis is emphasized in the process, and the case is made that fisheries, if ever they are going to achieve some measure of sustainability – however defined – will ultimately have to be limited not only through the amount of effort they can effectively deploy, but also limited in space, leading to a change to the defaults under which fisheries operate, currently set such that ALL aquatic wildlife can be exploited, if under some restrictions. 

The Functioning of Marine Ecosystems

Philippe Cury, Lynne Shannon and Yunne-Jai Shin
A marine ecosystem contains water, detritus and hundreds of kinds of organisms, including bacteria, phytoplankton, zooplankton, fishes, mammals and birds.  All these components are connected through a complex food web by evolving interactions.  The intrinsic complexity of ecological systems that are driven by interactions at multiple levels and scales can help to explain the reasons why, until recently, fisheries management has been largely based on single-species approaches.  However, ecosystem-based management represents a paradigm shift, as well as a new attitude towards the exploitation of renewable marine resources. The ecosystem is now viewed at an integrative level for ecological studies, and its overall complexity is perceived as critical to its sustainability.  It also becomes important to understand what impacts an ecosystem can tolerate before major structural changes occur, and whether such changes are reversible.  In this respect, improved understanding of ecosystem dynamics is critical to predict and manage the consequences of environmental variability and human impacts, such as those induced by marine fisheries, an activity targeting specific species and size-classes.  There is considerable evidence that environmental variability plays a major role in controlling abundance and distribution of marine populations, and that fisheries alter ecosystem functioning and state.  

This overview presents the most recent theoretical ecological knowledge, documents emergent ecosystem-level ecological patterns and addresses questions regarding the exploitation of marine resources.  Do marine ecosystems function differently from terrestrial systems?  Are there multiple stable marine ecosystem states?  Does removal of top predators in marine ecosystems result in fundamental changes in the plankton (top-down “trophic cascades”), as observed in lakes?  Alternatively, are marine ecosystems characterized by bottom-up control, such that fishing predatory fish does not disturb community structure and function?  Does heavy exploitation of forage species, such as anchovies and sardines, cause changes in the functioning of upwelling ecosystems?  Possible answers to these questions depend on the different energy flow mechanisms assumed to operate within the ecosystem.  Thus different types of energy flow in marine ecosystems are considered: bottom-up control (control by primary producers); top-down control (control by predators); and wasp-waist control (control by dominant species).  

It is concluded that no general theory can be ascribed to the functioning of marine ecosystems as it depends on its structure, diversity and integrity.  Ecological understanding and models of ecosystem functioning are provisional and subject to change, and common sense is not sufficient when studying complex dynamic systems.  However, tentative and partial generalizations are proposed, namely that bottom-up control predominates, top-down control plays a role in dampening ecosystem-level fluctuations, trophic cascades seldom occur, and wasp-waist control is most probable in upwelling systems.  Moreover, regime shifts, alternation and large-scale synchronized fluctuations in fish stocks, stability of fish communities, and emergent features such as size spectra, are potentially important parameters when assessing states and changes in marine ecosystems.  New and meaningful indicators, derived from our current understanding of marine ecosystem functioning, can be used to assess the impact of fisheries and to promote responsible fisheries in marine ecosystems. 

Food Webs in the Ocean:
Who Eats Who and How Much?

Andrew W. Trites
Over 100 food webs have been published for marine ecosystems to describe the transfer of food energy from its source in plants, through herbivores, to carnivores and higher order predators.  The webs suggest that the lengths of the chains that form food webs are typically short (3-4 links), and that few species feed at more than one trophic level.  The webs also suggest that ecosystems with long food chains may be less stable than those with shorter food chains.  

Stomach contents have been the primary means for determining what marine organisms eat.  More recently developed techniques include faecal analysis and fatty acid signatures from blood or fat samples.  Consumption has been estimated from the volume of food found in stomachs, from the feeding rates of captive individuals, and from bio-energetic modelling.  Consumption of marine organisms, expressed as a percentage of an individual’s body weight per day, ranges from about 20-30% for zooplankton, to 10% for cephalopods, 1-4% for fish, 4-8% for marine mammals, and 15-20% for sea birds.  Immature age classes consume about twice as much (per unit of body weight) as do mature individuals.  Furthermore, consumption is not constant throughout the year, but varies seasonally with periods of growth and reproduction.  Most groups of species consume 3-10 times more than they produce, and export or pass up the food web about 70-95% of their production.  Marine organisms tend to be larger at successive trophic levels and are limited in the sizes of food they can consume.  Humans are one of the few species that can prey upon almost any level of the food chain and any size of prey.

Competition for food in the ocean: 
Man and other apical predators

Tsutomu Tamura

It is important to understand cetacean feeding ecology because cetaceans are top predators in the marine ecosystem and play an important role in the food web.  Furthermore, interactions between cetacean and fisheries have become a major issue worldwide.  Many international fisheries organizations have urged the development of multi-species management systems.  It is an important issue in the context of world food security since it is estimated that cetaceans consume three to five times the amount of marine resources harvested for human consumption.  In the waters around Japan there is a situation of declining catches in certain fisheries, while at the same time the sampling from the research programme reveals that minke whales are eating at least ten species of fish, including Japanese anchovy, Pacific saury, walleye pollock and other commercially important species.

Japan conducted a whale research programme in the northwestern Pacific from 1994 to1999 under Special Permit, as provided for by Article VIII of the International Convention for the Regulation of Whaling (ICRW).  Since some scientific issues remained outstanding following the 1994-1999 programme, a second phase of the research – a feasibility study for the years 2000 and 2001 – began in July 2000.  The priority for this phase of the research is feeding ecology, involving studies on prey consumption by cetaceans, prey preferences of cetaceans, and ecosystem modeling.  
Significant observations and new findings were made during 2000, the first year of this research programme, concerning the distribution of minke and Bryde’s whales and the species and size of the fish, krill and squid they consume.  While the results of the previous whale research programme in the northwestern Pacific showed that minke whales feed mainly on Pacific saury during midsummer, the research in 2000 showed that minke whales prey on Japanese anchovy, common squid and walleye pollock, thus re-confirming the notion that minke whales are in competition with fisheries and that its food habits are variable and flexible.  Research in 2000 also showed that Bryde’s whale distribution areas coincided with the location of skipjack tuna fishing grounds.  Since Bryde’s whales feed on Japanese anchovy, which is also the prey of skipjack, the results suggest that Bryde’s whale and skipjack tuna compete over anchovy as prey.  The stomach of each sampled sperm whale contained a great amount of different squid species.  The ongoing analysis of the stomach contents, including squid beaks, will contribute to the clarification of the feeding ecology of sperm whales. 

Multi-Species and Ecosystem Models

Gunnar Stefansson
The final decades of the twentieth century saw the emergence and first applications of multi-species models of marine ecosystems, along with a general recognition of the potential importance of taking into account multi-species interactions when managing fisheries. 

Multi-species effects can include biological and technical interactions.  Technical interactions are frequently of concern, for example when discards of certain species are believed to be a consequence of the management system.  Biological interactions may fundamentally change the perspective of how to utilize an ecosystem, since a fishery or a moratorium on a predator may completely change the survival of a prey, and, conversely, fishing on a prey may affect the growth of a predator.

Modern research on multi-species modelling is highly multidisciplinary in nature, drawing on expertise from fishery science, fish biology, ecology, hydrography, mathematics, statistics, economics, operations research and computer science.  As the models become more detailed and complex, they are able to address more issues that are of concern to managers, but at the same time it becomes ever more difficult to interpret results.

Some fundamental issues are raised in the multi-species context, and particularly so when fishing is viewed in the light of the precautionary approach.  Some multi-species research has indicated that heavier fishing with smaller mesh sizes may lead to more profits for the fishing industry, whereas most earlier, single-species research has indicated that low fishing pressure, particularly on juveniles, would be beneficial for the resource and the fishery.  Conclusions from other research have indicated that economic considerations, such as maximum economic yield, may not be applicable and have failed to lead to sustained utilization, whereas the traditional view has been that long-term economic views will lead to sustainable use of the resources.

This paper seeks to resolve some of these apparent conflicts, drawing on the multi​disciplinary nature of fishery science.  It is seen that almost all points of view lead to the conclusion that fishing with low fishing pressure is not only sustainable but in accordance with the precautionary approach.  Further, almost all multi-species concerns further strengthen the need for reduced fishing pressure. 

It is also argued that simple management measures such as quotas, effort control or areal closures alone may not suffice to maintain viable fisheries in multi-species ecosystems. 

Overview of Multiple Uses of Marine Ecosystems
Andy A. Rosenberg
Incorporation of ecosystem considerations into fisheries management policy requires that we understand, at least conceptually, how other concurrent ocean uses influence ecosystem properties.  Ocean uses include disposal of contaminants, marine transportation, oil and gas exploitation, undersea mining for sands and gravel, cables for communication, eco-tourism, aquaculture, recreational activities, as well as fishing and conservation and preservation.  In a sense, climate change can be considered a competing use of the ocean because of the fundamental ecosystem changes it may cause.

The interactions of fishing and fisheries with other uses of the ocean can be categorized as direct effects, indirect effects and complex effects.  A direct affect of a non-fishing activity on fisheries (or of fisheries on itself) occurs when that activity results in changes in mortality of fish stocks in the ecosystem.  For example, by-catch is a direct effect of fishing on fisheries.  By-catch can cause mortality of young stages of commercial important fish species.  Chemical or nutrient contaminants may result in large-scale die-offs of marine life through their respective toxicity or creation of anoxic zones.  Conservation and preservation efforts may directly affect fisheries by lowering the fishing mortality rate.  In this case, the effect may be positive or negative with regard to fish yield.  Reduced mortality for an overfished resource may allow rebuilding and increased yields.  At the same time, efforts to protect a large part of an ecosystem may result in a smaller proportion of the commercially important fish stocks available for exploitation.

An indirect effect occurs when an activity results in changes in the productivity, from reproduction or somatic growth, of commercially important fish populations.  For example, habitat destruction due to mining operations can result in reduced productivity because loss of habitat can reduce growth during young stages or reduced reproductive success.  Climatic changes may reduce forage fish availability, thereby reducing productivity of commercially important species.  Conservation and preservation efforts may increase productivity through increased abundance of prey or increased availability of high quality habitat.

A complex effect occurs when the combined impacts of three or more factors affect the marine ecosystem upon which fisheries depend.  For example, habitat loss and contaminants may combine to reduce the productivity of ecosystems.  Habitat loss reduces the available areas of feeding, growth, spawning or nursery grounds, and contamination may reduce the suitability of the remaining habitat, even if large-scale mortality does not occur.  Such an effect occurs in near-shore or estuarine areas with combined effects of filling of the estuary and runoff from developed land.  Aquaculture may cause habitat degradation and cause competitive interactions between farmed and wild fish, which in combination reduce the productivity of the ecosystem and hence fisheries.

These categories are not exclusive, and the lines between them are somewhat blurred.  Nevertheless, they provide a useful classification of competing uses of the ocean.  However, there are only a few classes of interactions that can be quantified with regard to the extent of the effect.  It is sometimes possible to quantify direct effects by estimating mortality rates over time.  Less frequently, productivity can be quantified over time.  Rarely are we able to understand enough about complex interactions to quantify their impact.  Hence, the scientific challenge is to improve our understanding and ultimately our ability to enumerate and quantify the impacts of competing uses of the oceans.

The policy challenge is to address these impacts in the absence of complete or quantitative information.  Here, the precautionary approach to resource management can serve as a guide.  Fundamentally, fishery management policy should be cautious if a negative interaction is reasonably likely to occur, even if the extent of that interaction is unknown.  In practice, this means restraining competing uses that may damage fisheries irrevocably, particularly in highly sensitive areas.  For example, mining and drilling activities should be viewed very critically if they are proposed near or in areas of high fisheries production.  Even if there is a lack of conclusive evidence that such activities are harmful, caution should be exercised, particularly when the potential risks to the ecosystem are high.  In addition, if it is clear that an indirect effect has occurred or is unlikely to be avoided in future, fisheries should be restrained so that the, now reduced, productive capacity of the ecosystem is accounted for.  If the productivity of a fish stock has been compromised because of, for example, habitat loss, that stock will be unable to withstand the same fishing pressure as before the loss.  Regardless of whether the loss in productivity was due to fishing or other causes, it is important to reduce fishing pressure so as not to compound the error of habitat loss with the error of overfishing.

Overall, competing uses of the oceans are likely to be complex from a management policy perspective.  They are also likely to have a major, even dominant role in fisheries management in the near future.

Impacts of fishing on marine Benthic habitats

Michel J. Kaiser, Jeremy S. Collie, Stephen J. Hall, Simon Jennings, Ian R. Poiner
Fishing affects seabed habitats worldwide.  However, these impacts are not uniform and are affected by the spatial and temporal distribution of fishing effort, and vary with the habitat type and environment in which they occur.  Different fishing methodologies vary in the degree to which they affect the sea bed.  Towed bottom fishing gears and hydraulic harvesting devices re-suspend the upper layers of the sedimentary habitat and hence re-mobilize contaminants and fine particulate matter into the water column.  The ecological significance of these fishing effects has not yet been determined.  

Structurally complex habitats (e.g. seagrass meadows, biogenic reefs) and those that are relatively undisturbed by natural perturbations (e.g. deep-water mud substrata) are more adversely affected by fishing than unconsolidated sediment habitats that occur in shallow coastal waters.  Structurally complex and stable habitats also have the longest recovery trajectories in terms of the re-colonization of the habitat by the associated fauna.  

Comparative studies of areas of the sea bed that have experienced different levels of fishing activity demonstrate that chronic fishing disturbance leads to the removal of high-biomass species that are composed mostly of emergent seabed organisms.  These organisms increase the topographic complexity of the sea bed and have been shown to provide shelter for juvenile fishes, reducing their vulnerability to predation.  Conversely, small-bodied organisms, such as polychaete worms and scavengers, dominate heavily fished areas.  Such a change in habitat may lead to changes in the composition of the resident fish fauna.  Fishing also has indirect effects on habitat through the removal of predators that control bio-engineering organisms such as algal-grazing urchins on coral reefs.  However, such effects are only manifested in those systems in which the linkages between the main trophic levels are confined to less than ten species.  

Management regimes that aim to incorporate both fisheries and habitat conservation objectives can be achieved through the appropriate use of a number of approaches, including total and partial exclusion of towed bottom fishing gears, and seasonal and rotational closure techniques.  Different management regimes can only be formulated and tested once objectives and criteria for seabed habitats have been defined.

The Magnitude and Impact of
By-Catch Mortality by Fishing Gear

Robin Cook
Most fishing operations trap organisms that are not the primary fishing target, and are commonly referred to as the by-catch.  It may include small individuals of the target species, or other species with little or no commercial value.  The problem is widespread, with a global estimate of  approximately 20 million metric tonnes, representing about a quarter of the total world catch.  Shrimp fisheries tend to generate the largest quantities of by-catch, while fisheries for small pelagics the least.  By-catch rates in mixed demersal and large pelagic fisheries are intermediate.

By-catch arises because fishing gears have imperfect selection properties, but the problem is made worse by economic pressures resulting from overexploitation.  This leads to inefficient use of resources and changes in the abundance of both target and non-target species.  Some by-catch species, including certain fish, reptiles, birds and mammals, may be threatened with extinction.  Raised public awareness means that these conservation issues increasingly influence fishery management.

Much of the by-catch is simply discarded at sea. While not intended, the imposition of regulations such as minimum landing sizes and catch restrictions may encourage discarding.  Most discards do not survive, but the material provides food for other organisms, especially scavengers, whose abundance may increase.

Technical conservation measures, which involve modifications to fishing gear or practices, offer an effective means of reducing by-catch.  For trawls, these include grids and square mesh panels that sort animals by size, allowing a part of the catch to escape.  For fixed gear, methods can be used to prevent the capture of large animals such as birds and mammals.  The successful use of these devices, however, depends on overcoming gear handling constraints and the short-term economic losses often associated with their use. 

By-catch is just one component of the total mortality of species affected by fishing.  Hence by-catch is not an isolated issue.  Addressing the problem requires consideration of the broader question of resource management, including the target species.  Success in reducing by-catch requires that chronic problems of excessive exploitation must be tackled, and this remains a major challenge worldwide.
The Effects of Fishing on Species and Genetic Diversity

Ellen Kenchington
The preservation of genetic resources has become an important element of conservation.  This overview is meant to provide an understanding of the importance of conserving genetic variation both at the level of species and of populations within species.  The loss of species in the marine environment is not as extensive as in freshwater or terrestrial systems.  However, we have an imperfect knowledge of both the numbers of marine species and of extinction events.  New species are still being discovered, even in well-studied areas, while proving that something is no longer there has produced conservative estimates of losses.  Extinction of marine mammals and gastropod mollusks has been documented.  Of these, overfishing has caused the extinction of the Steller’s sea cow and was instrumental in the loss of the Caribbean monk seal.  Within species, genetic diversity is partitioned among and within populations.  

Overfishing is seen as the major threat to the loss of marine populations, while habitat degradation is threatening anadromous, estuarine and freshwater species, and population extinction has been documented.  The number of spawning components is a guide to assisting managers in preserving this aspect of within-species diversity, as they are often identifiable in space and time.  Certain species, such as herring, have a large number of populations, while others, such as mackerel, have fewer.  Fishing can also alter genetic diversity within populations, even when numbers are high.  When fishing is highly selective, it has the potential to permanently change the characteristics within a population, usually in directions of less economic value.  Removing large fish generally appears to favour slow-growing, early maturing fish.  At all three levels of organization, previous paradigms have not stood the test of time.  Marine species can go extinct; marine fish have much more genetic structure than previously supposed; and selective fishing can cause heritable differences in yield and life-history traits.  

Effects of Fishing on Non-target Species and Ecosystem Structure and Function 

Henrik Gislason
Marine fisheries landings increased through most of the 1900s, at the same time as their composition has shifted from larger, fish-eating species towards smaller, plankton-eating fishes.  Fishing can affect the composition of the fauna by changing the relative abundance and size distribution of target and by-catch species, by affecting the habitat or by providing discards to scavenging populations such as seabirds.  This can lead to changes in species interactions that can affect other parts of the ecosystem.  In some cases, fisheries-generated reductions in populations of important forage fish has been reported to affect the growth, abundance and distribution of populations of fish, seabirds and marine mammals that depend on these species for food.  Other studies have shown that fisheries-generated habitat changes have had knock-on effects on the local fauna.  However, most of the cases where changes in species interactions have been linked to fishing come from relatively simple ecosystems, where a major part of the energy has to pass one or a few species positioned at an intermediate level in the food web.  In the more complex systems, the effects of fishing are difficult to separate from natural changes in species abundance due to environmental changes in, for example, temperature and currents, or from man-made changes, such as increases in nutrients.  For most of these systems, it is therefore unknown how fishing affects their overall structure and function.  Although attempts have been made to develop overall indicators of the impact of fishing on marine food webs, the performance of these indicators has not yet been sufficiently studied to allow them to be used in fisheries management.

Anthropogenically-induced Changes in the Environment:  Effects on Fisheries

Katherine Richardson
In considering “responsible fisheries,” the focus is usually on potential effects of fisheries on ecosystems and habitats (i.e. effects of fisheries on the environment).  For most, the term “responsible fisheries” implies a need for a change in fishing practices to improve the state of the environment.  The state of the environment, however, also inevitably affects fish and therefore fisheries.  Many societal activities influence the state of aquatic environments.  Thus, in moving towards “responsible fisheries,” changes in societal activities other than fisheries alone may also need to be considered.  

The indirect (i.e. non-fishing) effects on fish and fisheries can be divided into two types: those that affect ecosystem structure or population processes, such that recruitment to the fishable stock is reduced, and those that affect the quality (and hence marketability) of the fish product.  Environmental changes that can influence recruitment include land use changes that may alter habitats for fish.  Damming and re-routing of streams and rivers may reduce access to spawning grounds for fishes that migrate between salt and freshwaters.  Erosion (leading to increased turbidity) and eutrophication lead also to changes in habitats and food availability that can also affect recruitment.  Intentional and unintentional introductions of new species to a region can alter ecosystems to the point that fisheries are severely affected.  All of these influences are well described for individual stocks or local regions.  However, a global assessment of the quantitative impact of such changes on fisheries is lacking. 

Chemical contamination of aquatic ecosystems can influence the physiology of organisms and thus both the recruitment and the marketability of fish products.  Many studies dealing with the potential toxicity of contaminants to physiological processes at the cell and organism level have been carried out.  However, few studies have dealt with the effect of contaminants at the population level and thus attempted to quantify the effects of environmental contamination on fisheries.  Monitoring of contaminant concentrations in fish meat is, in many regions of the world, standard protocol as part of public health protection measures, and some fisheries, especially in fresh and semi-enclosed marine waters, have been restricted as a result of such contamination.  Although, in most cases, contaminant concentrations in wild fishes have been found to below the levels considered to be safe for human consumption, recent studies have shown that, for example, PCB contaminant levels in the muscle of wild fishes are higher than those found in meat produced in commercial agriculture. As knowledge concerning the effects of contaminants on human physiological processes increases, the contaminant concentrations considered as safe for human consumption are being reconsidered and, in some cases, reduced.  Thus, the fact that wild fish meat is among the most contaminated with respect to PCBs of the common meat protein sources for the human population suggests that environmental effects on fisheries will be an area of increasing concern in coming years. 

The Performance of Fisheries Management Systems and the Ecosystem Challenge

Jon G. SUTINEN and Mark SOBOIL

This paper has three objectives. First, it presents a modest update of the evidence used in the study by the Organization for Economic Co-operation and Development (1997) that showed which management measures are effective in conserving marine fisheries and producing significant economic and social benefits. In its original report, OECD found that individual fishing quotas (IFQs) are an effective means of controlling exploitation; of mitigating the race-to-fish and most of its attendant effects; of generating resource rent and increased profits; and of reducing the number of participants in a fishery. IFQs have been effective in limiting catch at or below the total allowable catch (TAC) determined by management authorities. In addition, the OECD evidence indicated that competitive TAC management results in a race-to-fish with all its attendant effects; and that time and area closures have not been effective in assuring resource conservation, though conservation might well have been poorer without them. The update indicates that most of the original results are upheld. The second objective is to report on recent trends in policy since 1995, with a focus on ecosystem-based management policies. These include closures and marine protected areas, large marine ecosystem programmes, measures to protect habitat, and the use of other rights-based management approaches – such as community quotas. Third, the paper examines the governance challenges of ecosystem-based fisheries management. The paper argues that the political marketplace that produces fisheries management policies tends to be biased against conservation and long-term economic benefits. The paper concludes with recommendations for reforming our fishery governance institutions.

THE ROLE OF HARVEST CONTROL LAWS, RISK AND UNCERTAINTY AND THE PRECAUTIONARY APPROACH IN ECOSYSTEM-BASED MANAGEMENT

Doug S. Butterworth and Andre E. Punt
The traditional fisheries management approach involves scientists providing their best assessment of the status and productivity of a resource.  They then use these results to recommend a control measure, such as a Total Allowable Catch (TAC), based upon some harvest control law, which is usually associated with a biological reference point (e.g. 
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).  Superficially, the Operational Management Procedure (OMP), or equally the Management Strategy Evaluation (MSE), approach for providing TAC recommendations may appear identical, as this often also links the results from some form of assessment to a harvest control law.  However, the key difference is that the OMP/MSE approach involves simulation testing of the whole process that gives rise to the TAC recommendation within an adaptive management framework.  This testing includes checks that application of the control law adopted will not lead to major problems, even if key perceptions about the resource happen to be in error; in other words, explicit account is taken of scientific uncertainties, in the spirit of the precautionary approach.  Furthermore, quantitative evaluations are provided of the levels of catch to be anticipated in the medium term, and how these trade off against levels of risk of unintended depletion of the resource, to provide managers with a readily interpretable basis to choose between different management options.  However, the process involves some problems in defining risk, which have yet to be resolved.  

Examples where ecosystem considerations have been taken into account in extending this OMP/MSE approach beyond the single-species level can be conveniently divided into two broad categories, depending on whether they concentrate primarily on operational (e.g. by-catch) or biological (e.g. predator-prey) interactions between species, and examples are given of each.  To date, actual practical applications of this approach are more readily found for cases of operational interactions, particularly in the area of marine mammal by-catch.  For practical applications involving biological interactions, the key limiting factor thus far is the paucity of data to estimate the form and magnitude of predation and competition interactions, which precludes confident computation of the trade-offs between harvest policy options that differ in the extents to which they concentrate upon different species.  Nevertheless there are approximate approaches for dealing with this problem.  We recommend the use of such approaches, while recognizing their limitations, until the data needed to develop more reliable models of biological interactions become available. 

Modifying Fishing Gears to Achieve Ecosystem Objectives

John Willy Valdemarsen and Petri Suuronen
There have been considerable efforts in recent years to modify fishing gears and practices to target particular sizes and species of fish and other marine organisms more efficiently, as well as to have less impact on bottom habitats.  Recent developments in navigational aids and instruments for improving the classification of bottom habitats enables the fishing industry to harvest target resources more efficiently and to reduce impacts on benthic habitats and their communities.  These changes hold promise for the achievement of broader ecosystem objectives, such as maintaining species and ecosystem diversities. 

This paper provides a review of successful developments and applications of selective fishing techniques that have been used to achieve ecosystem objectives.  For example, the introduction of turtle excluder devices (TEDs) in shrimp trawls has dramatically reduced mortality of endangered sea turtles; the declines of the by-catches and discards of finfish in many shrimp trawl fisheries has mainly been the result of the sorting grids and square mesh panels introduced in these fisheries; changes in the construction and operation of tuna purse seines have significantly reduced the mortality of dolphins that are incidentally captured; and technical measures to reduce the incidental catch of seabirds in longline fisheries have been successfully developed.  By-catch considerations and gear modifications play an important role in the regulation of several major fisheries, and new by-catch reduction devices and other innovative gear modifications are continuously being proposed and tested to mitigate problems. 
This paper also reviews the status of the development of gears, instruments and practices that can reduce the impacts of fishing on benthic communities and their habitats.  During the last two decades there has been increasing concerns over the effects of bottom-fishing activities on benthic ecosystems in all major regions where commercial fishing is done.  The evidence that fishing gears may injure benthic organisms and at least locally reduce habitat complexity and cause reduced biodiversity has appeared in various media with increasing frequency.

Finally, this paper discuss the most likely future development of commercial fishing practices, including an analysis of the likely consequences that changes to achieve ecosystem objectives might have on the efficiency of fishing.  It is unlikely that gear modifications will eliminate all adverse effects completely – progress will take place by modest steps.  Therefore, realistic short- and long-term objectives are necessary when attempting to minimize ecosystem impacts of a fishery.  Managers should set measurable limits for by-catch levels and benthic disturbances caused by fishing gears.  In many cases, a combination of technological improvement, active avoidance of areas and seasons of high by-catch rates (hot spots), and other management actions may be necessary to achieve the desired outcomes.  Some gear modifications may make gears more expensive to construct, and more difficult to operate and maintain.  Moreover, catches of marketable fish may be reduced.  Measures and techniques that increase costs and reduce earnings are unattractive to fishermen.  There is little point in introducing totally unacceptable concepts or modifications – they will probably fail.  The fishing effectiveness and practicality of new designs are important because an inefficient gear will not be used or will be “sabotaged,” or may require so much additional fishing effort that overall impacts could actually be increased.  Close cooperation between the fishing industry, scientists and other stakeholders will be necessary in the process of developing and introducing environmentally friendly fishing technology. 

In conclusion, technologies developed in recent years demonstrate that the impact of fishing gears on non-target species and habitats can be significantly reduced without major negative effect on the profitability of the fishing operation.  Clearly, economic rewards should be offered for the creation of new types of gear and modifications that reduce by-catch and minimize impact on habitats.

Incorporating ecosystem objectives into management of sustainable marine fisheries, including ‘best practice’ reference points and THE use of Marine Protected Areas

Keith Sainsbury and Ussif Rashid Sumalia
The broadening of fisheries management to include ecosystem-related objectives raises a potentially confusing range of possible issues for consideration in management decisions, in reporting, and in assessing management performance.  However, there are methods available and approaches to addressing the issues that are practical, accessible to stakeholder participation, and scientifically assessable.  Three broad and interrelated elements are described that allow ecosystem objectives to be practically and operationally incorporated into marine fisheries management systems. 

Reporting and assessment of the whole management system against sustainability objectives. 

Three major points are developed and emphasized: 

(i)
Indicators and reference points – and consequently performance measures – must explicitly relate to the high-level objectives of management; 

(ii)
The structure and focus of reports on sustainability must be transparently derived from the high-level objectives.  A methodology for this is described that can be used in meetings with stakeholders to elucidate the issues, indicators and reference points, management response and the justification for decisions.  It can include risk-based methods to help identify the relative importance of different issues. 

(iii)
Performance assessment must be of the management system as a whole, rather than solely on the merits of particular parts in isolation.  An established methodology (Management Strategy Evaluation) is described that can be used to quantitatively test the likely performance of different management strategies in achieving ecosystem objectives.  A management strategy in this context is a combination of monitoring, use of the monitoring data for assessment against reference points, identification of appropriate management measures, and implementation of these measures.  This methodology can be used to test any aspect of the strategy in the “common currency” of the management objectives, and to identify the circumstances in which particular strategies are likely to perform well or fail.  It has already been used in fisheries in relation to target species, important by-catch species, predator-prey dependencies, and seabed habitats. 

Indicators, reference points and performance measures for fisheries ecosystem objectives.

There are many options available and some recent summaries are identified.  A set of target- and limit-reference points for fisheries ecosystem objectives are provided.  These are based broadly on experience to date, and could be practically implemented in the short term.  It is not claimed that these reference points are necessary or adequate to achieve sustainability for fisheries and marine ecosystems.  Rather, they represent a practical and emerging “best practice” means of operationally accommodating ecosystem-related objectives in fisheries management.

Use of marine protected areas to achieve ecosystem objectives in fisheries management

Fisheries have long used some forms of spatial management, such as closure of nursery areas to protect juvenile fish, but more recently there has been a focus on use of marine protected areas (MPAs) to achieve fishery objectives for the target species and for the ecosystem more generally. 

MPAs hold promise as a rational and practical way of managing ocean resources to achieve fishery ecosystem objectives, although this promise should not be overstated.  MPAs are best seen as part of a collection of management tools and measures, with a combination of on-reserve and off-reserve measures being used together to achieve sustainable fisheries and marine ecosystems.  Several new technological developments are making their design and management more practical.  These recent developments are reviewed.

GOVERNANCE FOR RESPONSIBLE FISHERIES:
AN ECOSYSTEM APPROACH 

Michael P. Sissenwine and Pamela M. Mace
The term, “responsible” can be interpreted in many ways.  For an ecosystem approach to fisheries, we believe responsible means sustainable production of human benefits, which are distributed “fairly,” without causing unacceptable changes in marine ecosystems.  Governance is broader than fisheries management.  It consists of formal and informal rules, and understandings or norms that influence behaviour.  An ecosystem approach for responsible fisheries requires self-governance by the scientific community, the fishing industry, and the public (including politicians), as well as responsible fisheries management.

Much has been written about the principles that should underlie an ecosystem approach to fisheries management.  The key elements of the approach should be (1) goals and constraints that characterize the desired state of fisheries and undesirable ecosystem changes; (2) conservation measures that are precautionary, take account of species interactions, and are adaptive; (3) allocation of rights to provide incentives for conservation; (4) decision-making that is participatory and transparent; (5) ecosystem protection for habitat and species of special concern; and (6) management support, including scientific information, enforcement, and performance evaluation.  Fisheries Ecosystem Plans are a useful vehicle for designing and implementing fisheries management systems that capture these six elements.  Such Plans should highlight a hierarchy of management entities, from an ecosystem scale to the local scale of communities; ocean zoning, including MPAs and other geographically defined management measures; and specification of authorized fishing activities, with protocols required for future authorizations.   

The scientific community needs to govern itself so that it produces scientific information that is relevant, responsive, respected and right.  A multifaceted approach is needed, including monitoring of fisheries and ecosystems, assessments and scientific advice tailored to management needs, and strategic research investments to improve monitoring and assessments in the future.  One serious problem facing scientists is the controversial nature of assessments and scientific advice.  This problem needs to be addressed with a three-pronged strategy that calls for: separation of scientific institutions from management; collaborative research with the fishing industry; and transparent quality assurance of scientific advice.  The last-named requires peer review, which can be either integrated into the process of preparing the advice (referred to as integrated peer review) or it can be conducted following the preparation of the advice (referred to as sequential peer review).  The appearance of potential conflict of interest by peer reviewers is a factor in the credibility of the peer review process.  

For an ecosystem approach for responsible fisheries, the fishing industry should govern itself to accept responsibility for providing fisheries information, embrace collaborative research, participate in the fishery management process and live with the outcome, comply with regulations, avoid waste, and develop training to instil a responsible fishing ethic.  The public (including environmentalists) should also participate in the fisheries management process and live with the outcome.  Politicians should produce legislation that is clear in intent and achievable within realistic funding levels.  No one should make or condone “end runs” that undermine fishery management decisions.  All stakeholders should be respectful of other stakeholders. 
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