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2.5 Fisheries and Mariculture

2.5 Fisheries and Mariculture 

A complex set of driving forces has resulted in over-exploitation of most of the capture fisheries of Europe. Many stocks are now considered to be outside safe biological limits.  A range of alternate management regimes has been introduced, but most of these have failed to achieve policy objectives, primarily because the forces driving over-exploitation have not been addressed.  Indeed, Government subsidies to the sector may have exacerbated the problem.

There is general agreement that there is an urgent need to further reduce the capacity of many fishing fleets.  This will require the forces that are driving over-investment and over-fishing to be modified at a policy level, and exit from the industry to be facilitated to reduce the severity of the socio-economic impacts.  It is this aspect of persistent chronic over-exploitation that forms the greatest current environmental concern.

While fisheries are generally in decline, aquaculture has grown dramatically, especially marine aquaculture in Western Europe.  The main aquaculture related environmental concerns are associated with intensive cultivation of salmon and other marine finfish species and with trout or carp in freshwater. The local effects of aquaculture practices on the aquatic environment are well understood, and highly regulated and monitored in the main producing countries. The wider impacts on the nutrient status of receiving waters, and effects on wild populations, are, however, less well understood and more difficult to monitor and manage. Better integrated coastal zone and watershed management, that takes proper account of pressures from other contributing activities, is urgently needed to address these issues.  

2.5.1 Fisheries

2.5.1.1.Economic drivers and pressures 

Most of the fisheries in Europe are over-exploited as a result of a powerful set of driving forces. Declining catches have not reduced fishing pressures. In some cases they have decreased profitability and those with significant sunk investment have had little choice but to fish harder to pay off their investment. This type of influence is represented in the fisheries economic production index shown in Figure 2.5.1, where recent trends suggest there is increasing pressure to fish harder.  This may manifest itself in behaviour intended to circumvent legal constraints on fishing activity.  Subsidies, and especially capital subsidies, have exacerbated the problem. 

On a more positive note, technical advances and improved labour productivity have, to some extent, compensated for declining catches. Further, rising prices associated with declining catches have tended to stabilise earnings, but these same factors can also facilitate and encourage substantial increases in effort and levels of exploitation. Profitability, tradition and, in some places, lack of alternatives remain the main incentives to invest in fishing enterprises and continue fishing. 
Figure 2.5.1. Western European fisheries economic production index

[image: image1.wmf]Notes: 
The economic fisheries production index provides a signal of income levels derived from fishing.  Under the circumstances of a falling index fishermen and vessel owners are more likely to seek to increase income from further fishing activity, while others may choose to leave the industry. The reverse is likely in a rising index.  

The index has been calculated using the first hand value of fish catch expressed in terms of value per full-time fisherman, modified by the strength of the local economy, and the technological scale (power) of the local fleet, indexed against a base year of 1994.  
Includes only Belgium, France, Greece, Netherlands and UK as all required data was only available for these. 1999 data point should be approached with caution as not all data are available for all countries.

Sources:
Anon 2002, FAO; OECD; Eurostat NewCronos database; Pacific Exchange Rate Service; Icelandic Ministry of Fisheries; World Bank.

· The decline in this index for the third year running indicates the worsening economics of marine fishing in Western European countries at a general level, and signals rising incentives to increase fishing effort and to work around control regulations or to leave the industry. 

One of the most commonly used indicators of fishing pressure (fishing capacity measured in terms of the combined main engine power of the fleet) has decreased since 1990 (Figure 2.5.2).  The largest reductions have been in the EU fleet, driven by EU fisheries policy and financial assistance for decommissioning. The NIS fleet size has also decreased following the collapse of many previously state-operated fishing enterprises.  

Although some fleet capacity reductions in terms of engine power have been achieved in the EU (Figure 2.5.2), this positive influence may be neutralised by increases in fishing efficiency. Much larger reductions are needed as a matter of urgency to reduce overfishing.  The current process of reform of the Common Fisheries Policy (CFP) indicates that a further reduction of around 40 % is still required (European Commission, 2002).  This will require strong political will and some measures to reduce the adverse short-term socio-economic impacts.
The increases in the capacity of the Norwegian and Icelandic fleets suggest a worsening of the situation, but it should be noted that these changes take place in the context of national management regimes and practices that are the most advanced in Europe in supporting and encouraging responsible and sustainable fisheries. 

Figure 2.5.2.  European fishing fleet power (kW)
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Sources:  Eurostat, Icelandic Ministry of Fisheries, Norwegian Directorate of Fisheries, FAO

· Only modest reductions in fleet capacity have been achieved in Europe over the last decade.

2.5.1.2. Impacts of fishing

The most direct impact of fishing is the removal of a significant proportion of target fish populations – the catch.  Since 1990, total landings of marine catch have increased by 25 % (Figure 2.5.3). This increase has occurred throughout Europe and for most major types of fish and shellfish. Landings of many key stocks, e.g. Atlantic cod, Atlantic mackerel, and Blue-fin tuna, have declined significantly in recent years. 

Official landings of Beluga sturgeon (Huso huso), Russian sturgeon (Acipenser gueldenstaedtii), Stellate sturgeon (Acipenser stellatus) and Persian sturgeon (Acipenser persicus) in the Caspian have fallen dramatically since 1992 (Figure 2.5.4).  This is due not to decreased fishing but to a lack of available fish. Illegal landings of sturgeon are many times greater than legal landings and illegal trade in sturgeon products, especially caviar, continues to fuel illegal fishing.

Figure 2.5.3.  Total landings of catch by region [image: image3.wmf]90

100

110

120

130

1994

1995

1996

1997

1998

1999

index relative to 1994

 

(tonnes), 1990 – 2000
Notes: 
All North East Atlantic Ocean (includes Baltic Sea), Mediterranean Sea & Black Sea (including the Azov Sea) and Arctic Ocean catches of all species.  Caspian Sea and Aral Sea not included, as these are considered to be “inland waters” by FAO

Western Europe: Belgium, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Monaco, Netherlands, Norway, Portugal, Spain, Sweden, UK. Central & Eastern Europe: Albania, Bosnia-Herzegovina, Bulgaria, Croatia, Cyprus, Estonia, Latvia, Lithuania, Malta, Poland, Romania, Slovenia, Turkey, Yugoslavia. Newly Independent States: Georgia, Russian Federation, Ukraine. Other European countries not included due to either a lack of fishing activity or a lack of data

Sources:
FAO Fishstat Plus 

	· Total European marine landings have increased by 25 % (2.4 million tonnes) since 1990.
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The indirect and less easily observable impacts of fishing are those on the wider marine ecosystem, such as the effects of removing large quantities of fish that form the food for other species (e.g. sand-eels), or removing predators (e.g. cod). These ecosystem impacts are poorly understood, but may have knock-on effects on other commercial fish species, marine mammals and seabirds.

A recent ICES (International Council for the Exploration of the Sea) Working Group on the Ecosystem Effects of Fishing Activity (WGECO, to be published) warns that intensive and recurrent beam trawling could damage the seabed more than the commercial extraction of marine aggregate (Tesche, 2002), while deep sea trawling off the West coasts of Scotland and Ireland are causing concern due to their potential to damage the fragile deep sea coral beds in these areas. Other environmental problems that may affect the sector, such as the effects of climate change, pollution and habitat destruction on fish stocks, are poorly understood.

Figure 2.5.4.  Catch of Caspian Sea sturgeon 
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Notes:
Data from the Russian Federation and the Islamic Republic of Iran have been combined to give sturgeon landings for the Caspian.  Landings from other countries are not included due to lack of reliable and comprehensive data. Landings of Sterlet sturgeon (Acipenser ruthenus) and Ship sturgeon (Acipenser nudiventris) have not been included as they are caught in only small amounts (<2 tonnes and < 25 tonnes in any one year respectively). All landings of Persian sturgeon (Acipenser persicus) are made by the Islamic Republic of Iran. Landings do not take into account illegal / unrecorded landings

Sources:
The Management Authority for Sturgeon of the Russian Federation

2.5.1.3. Status of fish stocks

The total biomass of spawning stock (SSB) is the main indicator used by ICES and other fisheries organisations to assess the status of fish stocks, and reference points have been established which indicate whether a stock is healthy or at risk of collapse. 

Stocks are assessed in terms of the level that is considered to be healthy.  This is denoted by ICES as the precautionary level of SSB (SSBpa) and is the level below which the spawning stock should not be allowed to fall - the safe biological limit (SSBlim). When a stock is below SSBpa, management measures should be employed to ensure it does not fall below SSBlim. When SSB is below SSBlim, recruitment is likely to be affected and the risk of stock collapse is increased. SSBpa and SSBlim do not take fisheries into account.  They are purely biological reference points for sustainability against which the current state of the stock can be compared. Figure 2.5.5 shows such an assessment for European Atlantic cod stocks.

ICES considers all European stocks of Atlantic cod and Atlantic mackerel to be outside safe biological limits and stocks of Eastern North Atlantic blue-fin tuna are also a cause for concern.  Only some commercially important fish stocks are monitored.  ICES only monitors stocks in the North East Atlantic Ocean and adjacent seas such as the Arctic Ocean, Baltic Sea and North Sea.  Stocks in other areas such as the Mediterranean Sea and Black Sea are not closely monitored, although this is improving.  Biological reference points have only been set for a few commercially exploited species, mainly those in EU waters.

Figure 2.5.5. Spawning stock biomass (SSB) of European Atlantic cod stocks
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Source:  ICES

	(
Most European cod stocks have declined significantly since 1980 and most are considered to be outside safe biological limits.


2.5.1.4. Management of fisheries
The FAO Code of Conduct for Responsible Fisheries, agreed by all major countries of the world, defines a responsible fisheries policy as one which ensures “effective conservation, management and development of living aquatic resources with due respect for the ecosystem and bio-diversity in order to provide, both for present and future generations, a vital source of food, employment, recreation trade, and economic well-being for people”. Greater integration of environmental concerns, and the application of the Precautionary Principle to fisheries and aquaculture management are key elements in EU fisheries policy and are specifically mentioned in the EU’s plans for the reform of the CFP (European Commission, 2002).  Most of these sentiments are re-iterated in other national, bilateral and regional agreements and conventions. Commitments are increasingly being made, at national, international and EU levels, to a more ecosystem-based approach to fisheries and aquaculture management.

Management regimes are normally designed to control pressures (e.g. fishing capacity) and impacts through a combination of quotas, gear controls, closed areas, and vessel restrictions.  Controls on the economic driving forces (e.g. capping prices, sales or salaries) are rarely considered - indeed, subsidies are often available which may undermine other management initiatives. 

Membership of International Fisheries Organisations (IFOs) gives a rough indication of a country’s commitment to fisheries management. 

Figure 2.5.6. European Membership of IFOs with a European area of operation, 2002
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Notes: EIFAC: European Inland Fisheries Advisory Commission. GFCM: General Fisheries Commission for the Mediterranean (responsible for the Mediterranean Sea, Black Sea and connecting waters).  Georgia, Russia and Ukraine are not members of GFCM, but experts participate at GFCM meetings concerning the Black Sea. IBSFC: International Baltic Sea Fishery Commission. NEAFC: North East Atlantic Fisheries Commission. NASCO: North Atlantic Salmon Conservation Organization. ICCAT: International Convention for the Conservation of Atlantic Tunas

Possible membership – the number of countries with fisheries relevant to the International Fisheries Organisation’s area of operation . Membership – the number of countries that are members of the International Organisation. Some EU countries are not represented on International Organisations individually but by the European Union.  Countries represented by the EU are included in the number of countries counted as being “members”. Some countries are also members of other International Fisheries Organisations, which have a remit for fisheries in other areas of the world, e.g. the Northwest Atlantic, the Antarctic.

Sources:
EIFAC, GFCM, IBSFC, NEAFC, NASCO, ICCAT

Membership of IFOs is high in Western European and Central & Eastern European countries but low among Newly Independent States.  Many of the fisheries in the NIS  are in large inland lakes or seas (e.g. Caspian Sea, Aral Sea, Lake Peipus).  It is not necessary to form an IFO in these situations but co-ordinated management is required.  This is becoming more common, which is encouraging.  

The role of IFOs in the management of international fisheries is expected to expand, with increasing monitoring and the application of sanctions in cases of non-compliance.

2.5.1.5. Inland fisheries 
Inland fisheries provide an important source of fish for consumption and trade, and recreational fisheries are becoming increasingly important economically. Inland waters are subject to many pressures – fishing, abstraction, pollution, aquaculture, damming, irrigation, climate change and land-use change.  The FAO considers environmental degradation, not overexploitation of fish stocks, to be the greatest threat to inland fisheries (FAO, 1999). This reinforces the view that more integrated environmental management of watersheds is required, specially as demand for the utilisation of inland waters is expected to increase.

Commercial inland fisheries catches have fallen by 32 % (258 000 tonnes) since 1990. Recreational fishing is increasing, but data relating to their scale are very limited.

2.5.2 Aquaculture

2.5.2.1. Economic drivers and pressures 
The rapid increase in production of farmed fish (Figure 2.5.7) is driven by strong market demand, and made possible through technical advances. Strong market demand is due mainly to: 

· population growth and increased income;

· the world-wide popularity of seafood as a healthy food, and as a luxury food;

· declining wild catches of high-value fish species;

· cheaper and easier international trade, transport and communications.

Aquaculture has also been promoted in many parts of Europe as an alternative to fisheries where these are in decline, or where other development options are limited in remote regions.

Intensive aquaculture currently depends on high quality pelleted feeds containing a significant proportion of fishmeal. This is boosting demand for fishmeal and generating strong incentives to increase fishing pressure on wild stocks throughout the world. This pressure should be understood in the context of global demand and trends for fishmeal and oil for animal feeds generally.

The price of farmed marine finfish has declined significantly over the past decade as production has increased rapidly.  This has stimulated substantial rationalisation of the industry. The bulk of production is now produced by a few major multi-national enterprises. Small-scale producers find it increasingly difficult to survive.

Recent negative publicity relating to intensive farming of marine species may lead to some fall in demand and prices unless the industry demonstrates better environmental and product-quality management.

Figure 2.5.7. European production of major commercial aquaculture species

[image: image8.wmf]0%

20%

40%

60%

80%

100%

120%

140%

Portugal

(Atlantic) (1)

Spanish

(Atlantic) (2)

Finland

(Baltic) 

Irish

(Atlantic) (3)

Scottish

(Atlantic)

Norway

(North +

Norwegian

Seas) (4)

Estimated mariculture nutrient discharges as percentage 

of coastal direct and riverine nutrient inputs

% Aquaculture contribution to total N 

% Aquaculture contribution to total P 

Notes:includes all countries and production environments for which data are available

nei. = not elsewhere indicated (includes rainbow trout and all other trout species)

Source:
FAO Fishstat Plus

Total production in 2000 was just over 2 million tonnes. Most of the increase during the 1990s was from marine salmon culture in Northwest Europe, and to a lesser extent trout culture (throughout Western Europe and Turkey), sea bass and sea bream cage culture (mainly Greece and Turkey), and mussel and clam cultivation (throughout Western Europe). Inland aquaculture of carp (mainly common and silver carp) declined significantly throughout Eastern and Central Europe, partly resulting from political and economic changes.

2.5.2.2. Environmental impacts 

Different types of aquaculture generate different pressures on the environment. Intensive finfish production in marine and freshwater generates the greatest environmental pressure, and it is this kind of production that has increased most rapidly in recent years. 

For intensive finfish aquaculture in marine, brackish and freshwater, pressures include discharge of organic matter, nutrients, chemicals and the escape of cultured organisms, and possibly increased density of pathogens.  Inland pond aquaculture of carp usually requires less intensive feeding, and in most cases a greater proportion of the nutrients discharged are assimilated locally. In the case of bivalve molluscs, pressures include removal of plankton, and local concentration and accumulation of organic matter and metabolites. 

Nutrients, organic matter, and chemicals discharged from intensive cultivation of finfish have well-understood effects in the immediate vicinity of cages or pond discharges, but also contribute to the overall load on the inland and coastal environment from agriculture, forestry, industry, and domestic waste. Wider impacts on water quality and ecology can only be considered in the context of this wider pressure. Figure 2.5.8 shows the relative significance of nutrient discharges from marine cage culture in some important producing countries. Although the figures should treated as indicative only, it is clear that where aquaculture has become a major industry in otherwise relatively undeveloped coastal areas, it can become the major anthropogenic source of nutrients. 

Figure 2.5.8. Relative contribution of nutrients from marine and brackish water finfish culture in selected countries
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Notes:
1. Nitrogen limited to riverine discharge only (no data on direct inputs)


2. Phosphorus discharge: average of lower and upper estimates


3. Total N for riverine discharge estimated as NH3-N+NO3-N.  This will overestimate the 

relative N discharge from aquaculture.


4. The OSPAR data on direct discharges includes only sewage effluents and industrial effluents. It does not include discharges from aquaculture or other coastal activities. Hence >100% for aquaculture corresponds to an aquaculture contribution of more than 50% of total.


5. Nutrient discharge applicable to sea areas in which the bulk of marine and / or brackish water finfish aquaculture takes place have been used


6. These figures do not include N and P discharges from inland aquaculture production.  Production figures relate to marine species only, except Finland, which refers to brackish water production

7. The proportion of aquaculture production which results in nutrient waste is based upon the mid-range of values stated in the OSPAR 2000 report (55g N /production kg ( 5.5 %) and 7.5g P /production kg (0.75 %)). The figures for Finland are based upon the HELCOM 1998. This gives both the total discharge and the aquaculture discharge, therefore the OSPAR 2000 water ratio figure is not required to calculate aquaculture percentage of total.

Source:
FAO Fishstat Plus, Jonsson and Alanara, Ospar Commission, Haugen and Englestad, Beveridge, Helsinki Commission

	(
Marine finfish culture (mainly Atlantic salmon) now makes a significant contribution to nutrient discharge in coastal waters, but there is no clear evidence that this has resulted in significant undesirable changes in the wider coastal environment. 


[image: image10.wmf]The point at which the pressure from organic matter, nutrients or chemicals triggers undesirable changes in the wider coastal environment - such as harmful algal blooms or other changes in ecology - is not well understood, but there is no clear evidence that aquaculture has contributed to such problems (Scottish Association for Marine Science & Napier University, 2002). Indeed, aquaculture (especially of salmonids) generally takes place in relatively pristine waters, in which water quality historically has remained well within environmental quality standards. In most cases, however, monitoring programmes do not sample coastal waters systematically in relation to existing pressures.

2.5.2.3. Environmental management 

Aquaculture is relatively highly regulated in Western Europe and less well regulated elsewhere (Figure 2.5.9). Regulation is strongest in those countries where the growth of aquaculture has been most rapid, suggesting that governments have taken a precautionary approach. 

However, assessment, regulation and monitoring have been concerned mainly with the micro-impacts of organic matter in the immediate vicinity of farms and have not addressed the potentially more serious impacts on wild fish populations and the wider environment. These can only be addressed through comprehensive monitoring and integrated management of aquatic systems, taking account of the pressures from aquaculture and other economic activities.

Figure 2.5.9. Levels of aquaculture regulation, monitoring and policy in selected European countries

Note: The regulations, policy and monitoring requirements for which data are available are capacity limits, environmental quality standards, food standards, medicinal and pesticide regulation, self-testing of food and environmental quality, authority testing of food and environmental quality, specific aquaculture policy, national aquaculture plans, centralised administrative framework, established aquaculture zones, Environmental Impact Assessment and GMO legislation.

The percentage score for regulation uptake refers to the proportion of key regulatory tools that are used by the country. Where data is unavailable for a particular regulatory tool this does not contribute to the percentage calculation. Information is available for at least five of the above categories for all countries.

Source:
Adapted from Fernandes et al 2000 and Christofilogiannis (2000)..

· Aquaculture is highly regulated in many major producing countries, but generally at the individual farm level with little attention to diffuse and cumulative impacts and few links between monitoring and regulatory response. 

The industry itself has responded with technical and management measures to reduce waste and other environmental pressures. The efficiency of nutrient utilisation in intensive salmonid aquaculture has increased steadily. Industry sources suggest that the quantity of nitrogen discharged per tonne of production has decreased from almost 180kg/tonne of production in the late 1970s to less than 40kg/tonne in the mid 1990s. While these improvements have come mainly from improved feed quality, future progress is more likely to come from improved feed management systems.

Some sectors of the industry have also responded to consumer concern by initiating codes of practice and joining quality management and organic certification schemes.
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Box 2.5.1. Discards & by-catch





The catch is composed not only of fish that are landed and sold, but fish that are discarded and subsequently die, as most do, and non-targeted species such as starfish, marine mammals and seabirds. 





The level of discarding is very variable and depends on the interaction of a range of factors.  High levels of discarding may occur if there are lots of juvenile fish in the sea.  This may be due to natural fluctuations in breeding.  





Discarding is affected by the net mesh size and minimum landing size (MLS) allowed.  If mesh sizes are such that large numbers of fish just below the legal MLS are caught, then discarding will be high.  This problem can be alleviated by ensuring that regulations are complementary and do not undermine or contradict each other.





Quotas can also affect discard rates.  Low quotas mean that fishermen have to discard all fish of a particular species once their quota for that species has been fulfilled.  Low quotas can also lead to ‘highgrading’, whereby low-value (e.g. small or damaged) fish are discarded in the hope that higher-value examples can be caught in the future, in order to gain the most income from a given quota. 





Economics and market conditions can also affect the level of discards.  If a previously discarded species becomes marketable then discards will decrease, but overall the amount of fish caught will remain the same as that species is now being caught and sold instead of caught and discarded.





Box 2.5.2. Escaped fish from fish farms


Significant numbers of farmed fish escape from fish cages and may affect wild populations through competition, genetic change, and disease transmission. The largest producer of salmon, Norway, recorded 276,000 escapes in 2000 (NDF 2000), corresponding to just under 1 escape per tonne produced – a ratio significantly lower than that achieved in the early 90s.  In Scotland, total recorded escapes from cages varied between 67 000 in 1998 and 420 000 in 2000 (SERAD 2002); these have been released into an area that probably supports about 60 000 wild salmon. Salmon farming could be contributing, along with other important pressures, to the current poor state of wild salmon and sea-trout stocks. Direct indicators of competition, genetic change or disease incidence in wild stocks are currently not available or reliable enough to illuminate these issues.
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