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FOREWORD
In the reform of the common fisheries policy (CFP) adopted in December 2002, emphasis
was put on the improvement of the scientific basis for the advice needed by the EU for
fisheries management. Today, more than ever before, when so many fish stocks are heavily
exploited, decisions on fisheries management need a solid basis in science. The relevance
and effectiveness of measures taken under the CFP depend to a large extent on the quality
and timeliness of the scientific advice on which they are based. The European Commission
also recognises the importance of aquaculture in the framework of the reform and the
necessity to develop a strategy for the sustainable development of this sector supported by
EU-wide research. Finally, assuring the quality and safety of the seafood supply in
response to consumer needs while enhancing the competitiveness of the European seafood
industry is also a priority for the Fisheries DG.

Research activities carried out under the fifth framework programme in the field of
fisheries concerned three key actions of the thematic programme ‘Quality of life’ (QoL):
‘Food, nutrition and health’, ‘Control of infectious diseases’ and ‘Sustainable agriculture,
fisheries and forestry, and integrated development of rural areas including mountain
areas’. Special attention was given to quality monitoring and traceability throughout the
food chain, to the development of strategies to identify and control infectious diseases, to
the improvement of the scientific basis for fisheries management, to the improvement of
aquatic production, to the integration of environmental requirements, and to the investiga-
tion of the economic dimension of sustainable fishing and aquaculture.

This synopsis summarises 112 projects of high scientific quality demonstrating the excel-
lent response from the scientific community to the research priorities defined in the
different calls for proposals. Strong collaboration has been established among the different
research groups and cluster-type projects have been launched, promoting valuable
cooperation and exchanges among project leaders in several fields of research such as
interaction between the environment and fisheries and fishmeal and oil replacement in
aquaculture feeds.

I hope that this document will be a useful guide, not only to researchers involved in
fisheries research in Europe, but also to public authorities and other stakeholders involved
in the fisheries, aquaculture and food technologies sectors.

Jörgen Holmquist
Director-General
Directorate-General for Fisheries
European Commission
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INTRODUCTION
Research projects of direct interest for the Fisheries DG in the fifth framework programme
(FP5) concern three key actions (KAs) of the thematic programme ‘Quality of life’ (QoL):
KA1 ‘Food, nutrition and health’; KA2 ‘Control of infectious diseases’; and KA5
‘Sustainable agriculture, fisheries and forestry, and integrated development of rural areas
including mountain areas’. A limited number of projects were also funded under the hor-
izontal domain ‘Support to research infrastructure’ (six projects funded).

Most of the selected projects (85 or 88 %) concerned KA5.

The objective of this document is to present a general overview of all research projects
funded under the QoL programme in the field of fisheries, aquaculture and food process-
ing. The analysis is limited to pure research projects: shared-cost projects, concerted
actions, thematic networks, and combined projects (research and demonstration). Each
project description includes: background, objectives, and expected research and achieve-
ments, as well as information on the partnership and the duration of the project. Web sites
are also indicated when available.

The projects are classified by area and sub-area of research as defined in the original work
programme (see detailed repartition in the index of projects by area). Projects funded
under the horizontal domain ‘Support to research infrastructure’, area ‘Facilities for aqua-
culture and fishery research’, are also considered.

The proposed classification intends to give a clear picture of the situation and to provide
research institutions and policy-makers and other stakeholders with information on how
the QoL work programme was covered regarding research in the field of fisheries, aqua-
culture and food processing. The global figures are indicated in the following table.

Table 1: Number of QoL projects selected by area and by instrument in the field of fisheries, aquaculture,
and seafood quality and safety

KA1 KA2 KA5
Area 1:

New and
sustainable
systems of
production
(fisheries and 
aquaculture)

SC 6 2 5 7 63 11 6 100
CA 1 1 7 1 10
TN 1 1 2
CO 1 1
Sub-
total 7 2 5 8 71 14
Total 9 13 85 6 113

NB: SC (shared-cost), CA (concerted action), TN (thematic network), CO (combined projects, research and demonstration).

Area 1:
Technology

and raw
materials

Area 2:
Food
safety

Area 1:
Development

of
vaccines

Area 2:
Control of
infectious
diseases

Area 4:
Support

for common
policies

Support
to

infrastructure
Total
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Utilisation and stabilisation of by-products from cod species

BACKGROUND

By-products from cod species will be studied with the aim of increasing their utilisation to
produce value added food ingredients. Work will focus on fat and protein fractions (liver,
viscera, heads, skins and cut-offs). Increasing the proportion of fish catch used for human
consumption will increase profitability, reduce waste and reduce pressure on overfishing.
The project will aim to develop systems to sort, handle and store by-products on board
vessels, find safe and effective preservation methods and develop well-functioning
logistics. Chemical composition of the by-products will be characterised regarding
species, seasonal and habitat variation. Processing methods to extract biomolecules with
application in food, feed and pharmaceuticals will be studied and optimised. Finally, the
market for these compounds will be assessed.

OBJECTIVES

The main objective of this work is to increase the utilisation of by-products from cod and
carp species to produce value added food ingredients. This project will focus on the
following species of Gadidae/cod: cod (Gadus morhua), saithe (Gadus virens), haddock
(Melanogrammus aeglefinus), tusk (Brosme brosme), ling (Molva molva).

This will be done by technology development on board vessels to produce, handle and
store by-products. The technology development will be such as to ensure that the by-
products are in a condition suitable for subsequent production of value added isolates for
food, pharmaceutical and other purposes. The work will focus on the fat and protein frac-
tions mainly from the liver, viscera, heads, skin and cut-offs from cod species and carp.

Scientific and technological objectives:

1. To develop value added food ingredients from by-products from cod and carp species.

2. To develop systems to recognise and separate different fractions.

3. To characterise the chemical composition of different by-products.

4. To develop suitable methods for preserving the different fractions.

5. To develop methods to extract the interesting fractions/biomolecules.

6. Where appropriate, to develop the capacity to do all of the above on board vessels to
optimise the quantity and quality of high value added by-products.

7. To review the market potential for the selected by-products.

EXPECTED RESULTS AND ACHIEVEMENTS

1. High value added products from by-products.

2. Characterisation of the chemical composition of the selected by-products including
variations on the basis of season, habitat, individual and species.

3. Development of an overview of new applications for the components from by-products
in foods, healthcare products, pharmaceuticals and cosmetics.

4. Increased knowledge about the market potential for the selected by-products by contact
with potential industrial users.

5. Evaluation of which by-product operation can be done practically on board the vessel
and which can be done onshore — logistics.

6. Find suitable equipment and machinery for handling the by-products.

7. Build knowledge about the physical behaviour of the selected by-products.

8. Build knowledge about new technology for extraction and preservation by evaluating dif-
ferent processes with special focus on product stability, practicable and economic factors.
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Application of the knowledge gained in this project has three distinct phases:

1. Gaining more scientific knowledge about the chemical composition and the stability of
the by-products, especially the protein and lipid fractions with a view to extending the
utilisation of the by-products. The project will look at extending the utility of fish
collagen and gelatine as a substitute for mammalian collagen and gelatine. The project
will also look at methods to extract and take care of the nutritionally valuable fish lipids.

2. The knowledge gained in phase 1 will be used to find safe and effective preservation
and storage methods.

3. Further research will look at an extended range of by-products, which the research in
phase 1 has shown is there in commercial quantities.
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Improved quality of smoked salmon for the European consumer

BACKGROUND

Over 80 % of the world’s production of farmed Atlantic salmon is farmed in Europe.
About 40 % of this quantity, or above 250 000 tonnes, is smoked. Recently, concerns have
been expressed by smoked-salmon producers regarding the flesh quality and suitability for
smoking of salmon that is farmed today. The main purpose of the project is to establish the
necessary technical base to solve the main quality problems related to smoked-salmon
products. This will be done by multidisciplinary research activities carried out in a
continuous chain from farming to the consumer using physical, chemical and sensory
measurements. To understand the origin of these phenomena, an experimental design is
proposed to identify influential factors such as feed/feeding and salting and smoking
processes on the quality of the final product, and to adapt the results to consumers’
expectations in five different market segments in Europe.

OBJECTIVES

The main objective of the project is to improve the quality of smoked salmon by enabling
the European industry to deliver salmon with adapted quality to the different market seg-
ments in Europe. Furthermore, the aim of the project is to establish the necessary techni-
cal base to solve the main quality problems, i.e. fat leakage in processing and colour fading
during storage, related to smoked-salmon products.

This will be achieved by the following:

1. Mapping differences between preferences and deliveries by:
• mapping the preference/habit of consumption of smoked salmon in selected EU countries;
• mapping sensorial, chemical and physical characteristics of smoked salmon in selected

EU countries.

2. Tailoring smoked salmon according to consumer preferences by:
• investigating the effects of chilled storage prior to smoking, final product salt content

and smoking temperature during smoking on the predicted quality characteristics for
different raw materials;

• understanding the mechanisms behind fat leakage to be able to control it;
• understanding the mechanisms behind colour fading to be able to control it.

EXPECTED RESULTS AND ACHIEVEMENTS

The project will increase the competitiveness of the European salmon production and
smoking industry by enabling it to deliver products to the European markets that satisfy
the consumers’ preferences.

A better understanding of the mechanism behind fat leakage and colour fading will make
it easier to control the quality of smoked salmon; hence, fewer incidences where unequal
quality causes significant losses can be expected.

Products that are of consistent quality will result in increased competitiveness as well as
improved image of the product and producer.

The extension of possible markets for small and medium-sized enterprises (SMEs) within
Europe could be achieved with the dissemination of results through an established user
group. The information will enable farmers and SME processors to tune the attributes of
their products more efficiently to different market requirements.



— 7 —

Contract number: QLK1-2002-02433
Contract type: Shared-cost project
Starting date: 1.1.2003
Duration: 36 months
Scientific Officer: Sigurdur Bogason
Project web site: www.ceva.fr

Coordinator
Patricia Burtin
Centre d’Étude et de Valorisation 
des Algues
Presqu’Île de Pen Lan
F-22610 Pleubian
Tel. (33) 296 22 93 50
Fax (33) 296 22 84 38
E-mail: algue@ceva.fr

Karl-Werner Glombitza
Rheinische Friedrich-Wilhelms-
Universität Bonn
Institut für Pharmazeutische Biologie
Nussallee 6
D-53115 Bonn
Tel. (49-228) 73 32 52
Fax (49-228) 736 01 93
E-mail: K.W.Glombitza@uni-bonn.de

Clarissa Gerhauser
Deutsches Krebsforschungszentrum
Abteilung Toxikologie 
und Krebsrisikofaktoren
Im Neuenheimer Feld 280
D-69120 Heidelberg
Tel. (49-6221) 42 33 06
Fax (49-6221) 43 33 59
E-mail: c.gerhauser@dkfz-heidelberg.de

Paolo Simonetti
Università degli Studi di Milano
Dipartimento di Scienze e Tecnologie
Alimentari e Microbiologiche
Sezione Nutrizione
Via Celoria, 2
I-20133 Milan
Tel. (39) 0250 31 66 47
Fax (39) 0250 31 66 00
E-mail: Paolo.Simonetti@unimi.it

Maria-Teresa Mitjavila
Universitat de Barcelona
Departament de Fisiologia
Facultat de Biologia
Avinguda Diagonal, 645
E-08028 Barcelona

Tel. (34) 934 21 23 30
Fax (34) 934 11 03 58
E-mail: tmitja@bio.ub.es

Harry Wichers
Agrotechnical Research Institute
Bornsesteeg 59
6700 AA Wageningen
Netherlands
Tel. (31-317) 47 52 28
Fax (31-317) 47 53 47
E-mail: h.j.wichers@ato.wag-ur.nl

Klaus Menrad
Fraunhofer-Institut für Systemtechnik 
und Innovationsforschung
Breslauer Straße 48
D-76139 Karlsruhe
Tel. (49-721) 680 93 30
Fax (49-721) 680 94 76
E-mail: me@isi.fhg.de

David Gaudout, Diana Vegetal
La Gare
F-35560 Antrain
Tel. (33) 299 98 40 77
Fax (33) 299 98 45 39
E-mail: gaudout@diana-vegetal.com

Hariolf Grupp
Karlsruhe Technical University
Institut für Wirtschaftspolitik und –forschung
Kaiserstraße
D-76128 Karlsruhe
Tel. (49-721) 608 79 32
Fax (49-721) 608 84 29
E-mail: grupp@iww.uni-karlsruhe.de

Seaweed antioxidants as novel ingredients for better health and food quality
SEAHEALTH

PARTNERS



— 8 —

Seaweed antioxidants as novel ingredients for better health and food quality

BACKGROUND

The main objectives of the Seahealth project are to develop a new generation of algal
antioxidant ingredient and functional foods, and to demonstrate the benefits for human health
in prevention of atherosclerosis and cancer. Analysing consumer appreciation and sensory
perception of these novel functional foods linked to the marketing investigation constitutes
an important task of the project as well as socioeconomic aspects and relevant gender
specifications. It is intended to develop communication strategies in order to inform
consumers about the health effects and specific benefits of algal ingredient products.

OBJECTIVES

The Seahealth project aims at studying the role of algal antioxidant substances as novel
food ingredients:

1. for cancer and atherosclerosis prevention;

2. for food quality enhancement.

The objectives are to develop an optimised procedure at laboratory and pilot scale for
extraction and isolation of antioxidant substances, to demonstrate the antioxidant potential
of the extracts by in vitro and in vivo tests, and to evaluate their role in cancer and
atherosclerosis prevention and also as novel ingredients for food quality preservation. This
project also aims at developing new food products and at setting up a strategy to improve
the consumers’ acceptability of such extracts or food products.

EXPECTED RESULTS AND ACHIEVEMENTS

1. To provide an optimised manufacturing protocol of antioxidant substances (carotenoids,
polyphenols, tocopherols) contained in selected brown algae at both laboratory and pilot
scale (details on algae pretreatment, extraction/purification processing, and packaging
conditions to warranting antioxidant potential).

2. To characterise the antioxidant substances in terms of structure and content in order to
improve knowledge about the diversity of antioxidant substances extracted from brown
algae.

3. To provide a detailed report on the in vitro antioxidant potential of the seaweed extracts.

4. To provide a detailed report on the extracts’ antioxidant activity by estimating safe and
effective use levels (in vivo study on rats) and bioavailability (in vivo studies on animals
and humans).

5. To provide a documented report on the potential role of these antioxidant substances in
preventing cancer and atherosclerosis diseases (in vitro and in vivo studies on animals)
in order to obtain a better understanding of the structure/function relationships and to
identify the principal components responsible for beneficial health effects.

6. To evaluate the usefulness of the extracts as antioxidants in the food industry by
formulation of some functional foods (beverages, milk products and snacks).

7. To study the effects of processing conditions, matrix composition and storage
conditions on antioxidants’ availability and stability.

8. To improve consumer acceptance of and preference for these novel functional foods by
defining the best formulations in some beverages, milk products, such as yoghurt, and
snacks.

9. To provide details on the seaweed ingredients: features, potential applications, storage
conditions, and consumers’ perception of comparative advantages over functional
ingredients from other sources in order to speed up their acceptance by scientists,
manufacturers and consumers and favour a rapid commercial exploitation of the results.
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10. To provide points to consider for an efficient exploitation and dissemination plan to
facilitate communication between researchers from various backgrounds (nutrition
technology, behavioural sciences, e.g. psychology, sociology and marketing sciences),
the food industry, consumers and food distributors.

11. To provide a strategic plan to promote employment and relationships between the
research world and industry with regard to the project results and the enormous
potential of the growing use of algal antioxidant additives in the consumption of foods.

12. To ensure efficient technical and financial coordination during the whole duration of
the project in order to secure a successful outcome, while promoting the role of women
scientists in European research as coordinator or task leader.





Sub-area 1.2: Advanced and optimised food technologies,
packaging systems and process control
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Radio-frequency heating technology for minimally processed fish products

BACKGROUND

The proposed project will investigate radio-frequency heating of foods in flexible vacuum
pouches during water immersion and its application to minimal processing of convenience
cook/chill or cook/freeze fish products. The rapid volume heating of the process is
expected to reduce overcooking of the heat-sensitive fish flesh and to result in better
product quality while maintaining product safety and shelf life. Application of the process
is expected in fish processing as well as in large food service companies; the processed
products will go to the retail market and to food services. The proposed project covers
process adaptation and optimisation, investigation of safety and microbiological process
validation, validation of achieved product quality, and estimation of processing cost and
of potential convenience fish product markets. Expected project results will enable the
industrial implementation of the process and will help to judge the potential and economy
of the novel process for producing high-quality prepared fish meals.

OBJECTIVES

1. Explore the potential of a combination of radio-frequency heating (RF heating) with water
immersion for production of minimally processed cook/chill or cook/freeze convenience
fish dishes. It is intended to use a mild thermal treatment with temperatures < 100 °C,
which requires subsequent chilling or freezing for safe storage and distribution.

2. Investigate and optimise the process with respect to heating uniformity, rapidity and repro-
ducibility, and develop a temperature–time treatment that will retain most of the desired
fish quality while achieving safe reduction of potential hazardous micro-organisms.

3. Adopt and develop methods and predictive models for process validation and demonstrate
experimentally microbiological safety of the heating process.

4. Verify quality achievements with respect to texture, cook-out, taste, colour, and shelf
life of heated products and compare with conventionally autoclave or hot water-bath
processed products.

5. Estimate the economic feasibility of the process and investigate markets and the
distribution system for minimally processed fish products.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Demonstration of microbiological safety and product quality achievement of the novel
RF heating process for minimally processed fish products.

2. Availability of experimental tools and predictive models to optimise the process, to
perform microbiological validation, to implement the process on an industrial scale, and
to adopt the process for other prepared foods or for temperature–time regimes with
short-time sterilisation.

3. Estimation of the economic feasibility and competitiveness of the process for both the
fish/food processor as well as the manufacturers of process equipment and packaging
material.





Sub-area 1.3: Quality monitoring and traceability throughout
the food chain
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Traceability of fish products

BACKGROUND

The overall objective of this concerted action is to go some way towards establishing a
broad consensus for what traceability data should be recorded and transmitted for fish
products, and how these data should be coded. To accomplish this, we will establish a
forum where representatives of various parts of the fish/product industries and research
institutes can meet to discuss traceability related issues. This forum will be implemented
in the form of four conferences over two years with presentations, discussions and work
groups. Representatives of other food chains will make presentations that will form a basis
for discussion and a reference point in the fish/product chains. Suppliers and buyers of fish
products will present their often conflicting views, systems and requirements. Researchers
will share relevant results, especially relating to what data elements influence health,
safety, shelf life and yield, and how these may be quantified.

OBJECTIVES

1. To provide a forum for discussing traceability-related industry issues in the fishing
industry.

2. To facilitate the transfer of traceability-related ideas and technology from other food
industries to the fish/product industry.

3. To produce a document that recommends what data typically should be recorded and
disseminated for farmed fish and for captured fish.

4. To produce a document that recommends how these data should be coded and
transmitted/shared electronically.

5. To result in implementation projects based on the common ground represented by the
documents.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Four international conferences with focus on all the different aspects of traceability for
fish products.

2. One voluntary industry standard establishing consensus with respect to what data
should be recorded and made available in the chain for captured fish, from vessel to
consumer.

3. One voluntary industry standard establishing consensus with respect to what data
should be recorded and made available in the chain for farmed fish, from fish farm to
consumer.

4. One voluntary industry standard establishing consensus with respect to how the data
should be coded and transmitted or made available electronically.
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Development of molecular genetic methods for the identification 
and quantification of fish and seafood

BACKGROUND

So far, it is not possible to quantify reliably the constituents of fish or other seafood
products. The methods used today rely on the quantification of substances which are
highly susceptible to processing conditions. Due to its stability, the quantification of DNA
is a very promising attempt to overcome this problem. Practicable, fast and easy-to-use
methods for quantification are in the interest of consumers and industry to prevent fraud
and mislabelling. The technical progress in DNA quantification offers the opportunity to
develop methods applicable in routine analysis. The excellent access to the European
market and to fisheries with long experience in DNA analytical and state-of-the-art
equipment will provide the fundament to achieve protocols and procedures for high-
throughput identification of fish and seafood and a sensitive, reliable technique to quantify
species in fish and seafood products.

OBJECTIVES

1. Improvement of DNA-based fish and seafood identification.
2. Development of reliable as well as sensitive quantification techniques for fish and

seafood products. In recent years, the growing interest in quantitative applications for
the PCR has favoured the development of a large number of assay procedures suitable
for this purpose. We will focus on two methodological approaches for quantitative poly-
merase chain reaction (PCR) based on the use of fluorogenic probes. The remarkable
technical and analytical progress made can now be exploited to gain routine analytical
procedures.

3. Evaluation of the developed techniques, protocols and procedures for identification and
quantification by collaborative studies of the participants.

4. Evaluation of the techniques developed in routine practice by end-users.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Collection of authentic organisms, and relevant fish and other seafood products.
2. DNA identification and quantification methods will be adopted for fish and seafood

products.
3. The DNA database will be complemented with information relevant for fish and seafood

products.
4. Primers and probes for fish and seafood identification; DNA-arrays-PCR-quantification

exploiting the properties of competitive-, online-PCR and high pressure liquid chro-
matography (HPLC).

5. Ring trials among participants and end-users for harmonisation and maximum
practicability.
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A new method for the objective measurement of the quality of seafoods

BACKGROUND

No satisfactory physical method exists for the objective measurement of the quality of
seafood products. Thus concluded the project AIR3 CT94 2283. This project concerns a
completely new physical method for seafood quality measurement. It arises from obser-
vations made in FAIR project CT97 3020. It is proposed to carry this work further with
determination of quality as the main objective. The quality factors to be studied will be:

1. post-catching/slaughter deterioration of fresh fish;
2. changes due to frozen storage and to multiple freezing;
3. correlation with organoleptic variables, texture, and other quantifiable quality-related

variables.

Prototype instruments will be built for validation in the field.

OBJECTIVES

To develop and validate a new rapid method and instrumentation for determination of the
quality of seafood products. This objective will be achieved through several secondary
objectives:

1. The acquisition of dielectric data of seafood products under the influence of various
quality changes.

These dielectric data will comprise:

• the dielectric spectra of seafood materials over a frequency range from 100 MHz to 
12 GHz;

• time domain dielectric responses to input electromagnetic pulses of well-defined char-
acteristics of the materials under investigation.

The quality changes will be:

• spoilage of freshly harvested fish kept on ice at 0 °C;
• changes in quality of frozen fish subjected to different thermal histories.

2. The analysis of the dielectric data obtained to provide calibration equations for use in
hand-held and online instruments.

3. Design and construction of a hand-held instrument.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Performing an initial set of trials where results should demonstrate the feasibility of a
method for each area of quality.

2. Completion of three prototype instruments for use in experiments where instruments
have been recalibrated by the first set of results.

3. Completion of full quality trials.
4. Completion of full chill spoilage trials and end of project.





Area 2: Development of tests to detect and processes 
to eliminate infectious and toxic agents throughout the 
food chain

Sub-area 2.1: Improved understanding and control of
contamination conditions arising among the entire 
food chain from primary producer to consumer
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Virus-safe seafood

BACKGROUND

The problem of shellfish contamination is currently under-diagnosed and under-managed,
although significant epidemiological studies have linked viral illnesses to the consumption
of contaminated shellfish meeting bacterial standards. Protecting the consumer will imply
preventing action based on seafood specificity. Shellfish are a unique foodstuff because of
the characteristics of the animal (filter-feeder) and the way they are eaten (slightly cooked,
and even raw for oysters). These animals are grown in seawater, and hydric environment
is the main source of contamination. They accumulate contaminants, among them human
enteric viruses, which are able to persist for a long time in the animal. If viral hydric
contamination occurs in harvesting areas, shellfish could be contaminated. As bacterial
indicators have now been proved not to be correlated with viral presence, regulation set up
to protect consumers is inefficient. Even if EU rules recommend depuration for bacterial-
polluted shellfish, the efficiency of the depuration process to remove viruses still needs to
be demonstrated. Efficient consumer protection must take into consideration the viral
contamination of growing areas (sewage input and harvesting water quality) and the viral
elimination during the depuration process. The food chain here is ‘harvesting and
depuration’. All these factors are taken into account in constructing and organising the
project ‘Virus-safe seafood’.

OBJECTIVES

The overall objective of the ‘Virus-safe seafood’ project is to provide, along the food
chain, useful and rapid tools for the evaluation of human viral contamination of shellfish
and innovative technology for their quality control and depuration. The final objective is
to assure the safety of the food supply.

Expertise from fundamental research, R & D and shellfish producers is complementary to
address the following objectives:

1. Determination of viral input and shellfish contamination: the main human enteric
viruses implicated in diseases linked to shellfish consumption chosen for this study are:
astrovirus (AV), calicivirus (CV), enterovirus (EV), hepatitis A virus (HAV), and
rotavirus (RV). They will be searched to appreciate the role of the environment as a
reservoir. The following techniques will be used:

• extraction/concentration of viral particles and purification of nucleic acids;
• commercial kit validation and evaluation for routine detection;
• detection by RT-PCR, hybridisation; quantification and standardisation of the protocols;
• molecular typing to determine the strains persisting in the environment.

These techniques will be applied to assess viral contamination of wastewaters, rivers,
seawater and shellfish samples. Shellfish imported or sampled from harvesting areas
will be analysed. The concentration of actual and potential indicators (Escherichia coli
and F+RNA specific phages) will be compared with the presence of human enteric
viruses and evaluated to propose a more valuable approach for shellfish safety.

2. Evaluation of the persistence of enteric viruses in the environment: virus-like particles
(VLPs) of astrovirus, calicivirus and rotavirus will be constructed. This new technology
resulting from molecular research will be used to:

• simulate and compare their behaviour in seawater;
• follow viral capsid degradation and thus obtain information on infectivity;
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• evaluate the role of physical (temperature, salinity) and biological (bacterial flora)
parameters on viral fate.

3. Optimisation of shellfish depuration: to assess the efficiency of the depuration process
on viral contamination:

• VLP artificially contaminated shellfish will first be used;
• different parameters will be evaluated to enhance depuration processes;
• after VLP assay optimisation, the same depuration processes will be applied to

naturally contaminated shellfish;
• efficiency of depuration enteric viruses and indicators will then be evaluated.

EXPECTED RESULTS AND ACHIEVEMENTS

This information will define various tools to evaluate the accuracy of EC standards,
reducing the risk caused by seafood consumption and providing a sustainable development
of shellfish production:

1. understanding of pathogen distribution and designing ‘viral risk months’;
2. providing valuable information on viral risk for countries involved in shellfish trade;
3. improving shellfish safety by defining ‘good depuration practices’ and a ‘warning

system’ in harvesting areas.
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Sources, consumer exposure and risks of organotin contamination in seafood

BACKGROUND

The biocide tributyltin (TBT) is widely used in anti-fouling ship paint and accumulates
through the marine food chain.

A recent literature survey revealed that in some European countries present levels of TBT
in seafood exceed the tolerable daily intake for humans and may pose a risk to the
consumer. However, the available data were very limited and for most EU countries no
information was available. The main objective of OT-SAFE is to improve the quality of
seafood in Europe and end the current uncertainty regarding TBT levels and the associated
risks to consumers. An extensive database will be compiled on TBT levels in seafood at
major EU fishing grounds and the possibilities to reduce the TBT content of seafood
during kitchen preparation will be studied. A risk assessment will be carried out and
maximum residue limits for TBT in seafood will be derived, taking import/export fluxes
and consumption patterns into account. OT-SAFE will contribute positively to the ongoing
discussion between scientists, government, industry and environmental pressure groups on
the risks of TBT. If necessary, the results will help EU regulators to set seafood advisory
guidelines.

OBJECTIVES

The objectives are to improve the quality of seafood and reduce the current uncertainty
regarding its safety for consumers by:

1. building an EU-wide database on TBT in seafood at major European seafood farms and
fishing grounds;

2. studying possibilities of TBT-level reduction in seafood during various different
cooking procedures;

3. assessing whether there is a risk for consumers associated with the consumption of
TBT-containing seafood sold on the European market.

If necessary, the final results of this study can be used to assist authorities in drawing up
seafood advisory guidelines.

EXPECTED RESULTS AND ACHIEVEMENTS

The expected outputs of OT-SAFE are the completion of an evaluated database on TBT
levels in seafood at major shellfish farms and fishing grounds across Europe, and a full
evaluation of TBT degradation during kitchen preparation of seafood. The final outcome
will be a thorough risk assessment of TBT in seafood for EU consumers. Irrespective of
the results, OT-SAFE will reduce the current uncertainty regarding TBT levels in seafood
in Europe and the associated risks to consumers.



KA2: CONTROL OF INFECTIOUS DISEASES

Area 1: Development of improved or novel mono-component,
multi-component and combined vaccines
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Intraperitoneal immunopathological reactions following vaccination of farmed fish —
Studies of basic immune mechanisms

BACKGROUND

The efficacy of disease prevention by vaccination of farmed fish against some of the major
bacterial and viral diseases relies at present on the use of oil-adjuvanted vaccines. The
main benefit is the induction of long-lasting protective immunity. The side effect of using
adjuvanted vaccines is the formation of visible lesions at the injection site — the peritoneal
cavity. This may on some occasions also result in downgrading of fish at slaughter or after
processing, meaning a negative economic impact. The overall challenge in vaccine
formulation for fish is to find the balance between inducing immune response and at the
same time maintaining an acceptable level of adverse reactions.

OBJECTIVES

This project studies the immune mechanisms of granuloma formation in the peritoneal
cavity of vaccinated farmed fish, warm-water (sea bass) and cold-water species (Atlantic
salmon and rainbow trout), following the use of oil-adjuvanted vaccines containing
Aeromonas salmonicida, Vibrio anguillarum or Pasteurella piscicida. The specific
objectives are:

1. to elucidate the effect of single and combined bacterial components and vaccine
formulations for the initiation, development and maintenance of intraperitoneal immune
granulomas;

2. to investigate the key cellular mechanisms related to the development of vaccine
granulomas both with regard to cell profile and cytokine profile.

EXPECTED RESULTS AND ACHIEVEMENTS

1. To identify the contribution of the individual vaccine components as regards induction
and maintenance of immune granulomas at the injection site in commercial aquaculture
fish species.

2. To obtain an overview of the kinetics of the inflammatory responses induced at the
injection site following vaccination and their development over time.

3. To elucidate the underlying immune mechanisms with emphasis on pro-inflammatory
cytokines and their complex interactions.

Results will be of importance for designing oil-adjuvanted vaccines, the aim being to
optimise the side-effect profiles.

The data obtained can also be of value for the pharmaceutical companies in Europe
involved in vaccine development for aquaculture fish species.



— 34 —

PARTNERS

Contract number: QLK2-2000-01049
Contract type: Shared-cost project
Starting date: 1.1.2001
Duration: 36 months
Scientific Officer: Isabel Minguez-Tudela
Project web site: None

Coordinator
Claudio Ghittino
Istituto Zooprofilattico Sperimentale
dell’Umbria e delle Marche
Via G. Salvemini, 1
I-06126 Perugia
Tel. (39) 07 44 40 24 76
Fax (39) 074 45 97 18
E-mail: c.ghittino@pg.izs.it

Stefan Chilmonczyk
Institut National de la Recherche
Agronomique
Domaine de Vilvert
F-78352 Jouy-en-Josas Cedex
Tel. (33) 134 65 24 76
Fax (33) 134 65 26 21
E-mail: stephan@jouy.inra.fr

Avi Eldar
Kimron Veterinary Institute
PO Box 12
Beit Dagan 50250
Israel
Tel. (972-3) 968 17 60
Fax (972-3) 968 17 39
E-mail: aelda@vs.moag.gov.il

Marino Prearo
Istituto Zooprofilattico Sperimentale del
Piemonte, Liguria e Valle d’Aosta
Via Bologna, 148
I-10154 Turin
Tel. (39) 01 12 68 62 51
Fax (39) 01 12 47 44 58
E-mail: ittiopatologia@to.izs.it

Pathophysiology and prevention of Lactococcus garvieae
and Streptococcus iniae infections in rainbow trout

TROUT STREPTOCOCCOSES



— 35 —

Pathophysiology and prevention of Lactococcus garvieae and Streptococcus iniae
infections in rainbow trout

BACKGROUND

Streptococcal infections are nowadays considered the major cause of rainbow trout losses
in several European and Mediterranean countries. Average mortality during the hot season
may be over 50 % of the trout population. Due to the stormy character of these diseases,
conventional treatments are not very effective. Besides being inadequate, massive use of
antibiotics is expensive and environmentally unfriendly. In addition, a few gram-positive
cocci have also been associated with human infections and are therefore a risk to public
health. The definition of valid methods to prevent the onset of Lactococcus garvieae and
Streptococcus iniae infections, through the generation of pathophysiological and
immunological data, is therefore essential.

OBJECTIVES

The aim of the project is to generate information that will enable a more comprehensive
understanding of streptococcal infections in fish. The pathophysiological events that lead
to the onset of these diseases will be evaluated from two different aspects:

1. bacterial mechanisms of virulence, analysed through in vivo, in vitro and ex vivo
models;

2. the host’s response to the pathogens, analysed through the assessment of the cellular
non-specific and specific immune functions.

These data will allow a better understanding of the pathophysiological and immunological
events that precede the onset of these diseases and characterise their course, enabling a
rational approach for designing specific vaccines and testing their efficacy in rainbow
trout.

EXPECTED RESULTS AND ACHIEVEMENTS

The results expected from the project consist of:

1. the elucidation of the fundamental aspects of the agents’ pathogenetic mechanisms;
2. the definition of the immune mechanisms which might allow fish to overcome

Lactococcus garvieae and Streptococcus iniae infections;
3. the formulation of vaccines eliciting a specific immune response in rainbow trout.

The generation of basic data on Lactococcus garvieae and Streptococcus iniae infections
will lay the basis for the future development of preventive tools.

The availability of efficient vaccines will improve aquaculture production in Europe,
diminish the risk to public health and preserve the environment from the undesired impact
of antibiotic residues.
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Development of a pathogen epitope prediction programme, 
and evaluating its usefulness in designing fish vaccines

BACKGROUND

At present, no vaccines are available that successfully protect against viral infections in
fish. Peptide-based vaccination is an approach that has been proven successful in warm-
blooded vertebrates in particular relating to viral pathogens. In this project, we will
generate sufficient knowledge to evaluate this technology in a cold-blooded vertebrate.
The peptide-binding specificity for MHCSasa class I alleles will be established providing
the basis for peptide-binding assays, a pathogen epitope prediction programme, and a
prototype viral peptide vaccine. By-products generated throughout the project will be
immunological reagents and cellular model systems adapted to fish.

OBJECTIVES

The objective of the project is to develop a pathogen epitope prediction programme and to
design a viral pathogen peptide vaccine. This will be accomplished by determining the
interaction of the Atlantic salmon major histocompatibility complex (MHC) class I
molecule with peptides derived from viral pathogens.

EXPECTED RESULTS AND ACHIEVEMENTS

The project will provide a broader understanding of the interactions between the immune
system and viral pathogens. The approach of using peptide vaccines targeted at the
animals’ immunological content will be tested and evaluated as an approach for the future.

The project will develop reagents for use in immunological research in Atlantic salmon. A
pathogen epitope prediction programme will enable easier detection of viral peptides
exploitable for vaccine production. Additionally, a viral peptide vaccine will be developed
and tested. If successful, it represents a new approach to developing vaccines against viral
agents in fish and may be further developed into a commercial product available to the
public.
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Oral vaccination of fish with plant-derived protein vaccines

BACKGROUND

In Europe and elsewhere, viral haemorrhagic septicaemia (VHS) and spring viraemia of
carp (SVC) are two devastating viral diseases causing serious problems in farm-reared
salmonids and carp, respectively. Several experimental vaccines comprising the G protein
of the VHS virus (VHSV) resulted in the production of protective antibodies upon parental
immunisation of rainbow trout and in protection in case of a DNA vaccine developed by
one of the partners. Commercial vaccines are limited to some bacterial diseases and
vaccination is mainly by labour-intensive injection or immersion methods. The major
advantages of oral vaccines is that they will enable the farmer to immunise fish with a
minimum of stress and handling at mass scale and from the moment that young fish are
immune competent. Earlier fundamental research by one of the partners has shown the
potency of oral vaccination. However, the procedures necessary to overcome digestion of
the vaccine in the digestive tract are too expensive for commercial application.

OBJECTIVES

In Fishov, the complementary skills of seven research groups will be combined to develop
a cost-effective oral vaccination method for the prevention of VHS and SVC. To this end,
the specific objectives are:

1. production of viral G proteins of VHSV and SVCV in plants and evaluation of
immunogenicity;

2. estimation of the most effective carrier molecule for gut delivery;
3. investigation of antigen processing in rainbow trout (Oncorhynchus mykiss) and carp

(Cyprinus carpio) gut and subsequent immune responses;
4. production of the most promising vaccine in tubers and formulation in fish feed and

evaluation of protection against VHS and SVC by challenging.

EXPECTED RESULTS AND ACHIEVEMENTS

The expected results will be:

1. production of viral G protein antigens and carrier complexes in potato tubers;
2. knowledge about antigen transport, uptake and immunogenicity in carp and rainbow

trout;
3. detailed characterisation of antigen processing and aspects of immunity (systemic and

mucosal immune responses, cell-mediated immunity) in trout and carp;
4. a method for the incorporation of plant-derived protein vaccines into fish feed;
5. knowledge about the relation between immunity and protection.

The results obtained in Fishov can lead to a safe and cost-effective innovative procedure
for oral vaccination. Methodologies and findings will be published in peer-reviewed
journals and our web site (www.fishov.org) and through presentations at international
scientific meetings. The technology developed and tested on farm-reared fish can be
extended much further and used for the development of edible vaccines for veterinary and
human purposes. A marketing plan will assess further commercialisation of the
technology.
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Antiviral innate immunity in cultured aquatic species

BACKGROUND

Viral infections are among the most destructive diseases that affect vertebrate and
invertebrate species in aquaculture. Despite the impact that these diseases have on aquatic
organisms, we know relatively little about what farmers can do to prevent and treat viral
infections. The problems in controlling viral infections in aquaculture come mainly from
the lack of commercial vaccines and specific therapeutic agents. Moreover, the use of
currently available drugs in aquaculture is highly regulated in order to avoid risks to public
safety and to prevent the development of resistant pathogen strains. Consequently, farmers
are left with few resources other than the use of basic preventive measures. In the long
term, alternative treatments using antiviral drugs may be developed in combination with
the production of animals selected for disease resistance.

OBJECTIVES

Antiviral non-specific defence mechanisms (innate immunity) are important because they
constitute the first line of defence in vertebrates, and the only one in invertebrates. The
project aims to characterise antiviral innate immunity in fish, bivalves and crustaceans in
order to provide new approaches for the control of viral infections in aquacultured species.
Some molecules and genes involved in antiviral innate immunity will be defined and
compared in different species. Selected antiviral effectors will be monitored by in vitro and
in vivo assays to assess potential antiviral effects in different cellular and animal models.
Furthermore, expression of the genes encoding selected molecules will be analysed in
healthy and virus-infected individuals. Candidate molecules and genes will be supplied for
further exploitation in aquaculture and to aid in the development of tools to control viral
diseases of humans and other animals.

Five viral disease models will be studied in parallel in order to provide important
information on complementary steps in defence mechanisms. The models involve specific
pathogens: oyster herpesvirus 1/Pacific oyster (Crassostrea gigas), white spot syndrome
virus (WSSV)/crabs (Liocarcinus puber and Carcinus mediterraneus), nodavirus/sea
bream (Sparus aurata), koi herpesvirus (KHV)/common and ghost carp (Cyprinus carpio)
and viral haemorrhagic septicaemia virus (VHSV)/rainbow trout (Oncorhynchus mykiss).

EXPECTED RESULTS AND ACHIEVEMENTS

The expected achievements of this research project are:

1. to characterise new genes and molecules involved in antiviral innate immunity in
bivalves, crustaceans and fish;

2. to correlate functional data obtained in this project with genetic information already
available through ongoing genomic projects in vertebrate and/or invertebrate species;

3. to assess the efficacy of candidate genes and molecules in the control of viral diseases
of aquatic species.

In turn, the programme will be of benefit to the design of more potent vaccines in fish and
antiviral therapeutic agents, and to the identification of new targets for preventive actions
in different cultured aquatic species.





Area 2: Strategies to identify and control infectious diseases

Sub-area 2.1: Comprehensive approaches for treatment 
and protection
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Stimulation of fish larval defence mechanisms against infectious diseases

BACKGROUND

Production cycles, especially for Atlantic halibut and sea bass, are at present restricted by
large larval mortality within hatcheries due to microbial infections. This problem is also
experienced in the production of cod, wolffish and carp eggs and larvae and is encountered
throughout the European aquaculture industry. As a consequence, it is imperative that a
greater understanding of the ontogeny of the defence system within larval fish is
developed.

OBJECTIVES

The project aim is to examine the immune defence (e.g. lymphocytes, macrophages,
antibodies, complement proteins, pathogen-degrading enzymes) status during ontogenic
development of different fish species (sea bass, Atlantic cod and halibut, spotted wolffish
and carp). This will be achieved using immunological, immunocyto- and histochemical,
enzyme histochemical, chromatographic and molecular biological techniques. The effects
of immunotherapeutics on these fish larvae will be measured as survival after experimental
challenges with pathogenic bacteria. In addition, the immune responses after
immunotherapeutic treatments could be monitored as elevation of defence mechanisms
and immune cell numbers during the treatments.

EXPECTED RESULTS AND ACHIEVEMENTS

By achieving the objective, the fish larval health, survival and welfare will be improved
and this will contribute to a decrease in the economic losses of the European aquaculture
industry.

Traditional techniques for delivering immunotherapeutics, such as intraperitoneal
vaccination with an oil-based adjuvant, are far too traumatic, or even physically
impossible, to be attempted on larval animals. The project will present new knowledge
about immunotherapeutic strategies to modulate the immune defences of these
commercial and potentially commercial species during the delicate larval stages. In
addition, the outcome of this project, such as the development of strategies to prevent
infectious diseases, may also be adaptable to other aquacultured fish species kept in the
aquaculture industry.
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The genetic basis of Gyrodactylus salaris resistance in Atlantic salmon 
(Salmo salar)

BACKGROUND

Gyrodactylus salaris is a monogenean ectoparasite of fish that occurs in a number of
European countries, and that has had devastating effects on Atlantic salmon stocks in
rivers, most notably in Norway. The usual method of control in Norway is treatment of the
affected rivers with the chemical rotenone. This is a very severe treatment, resulting in the
death of all vertebrates in the river, and so is unsuitable for rivers with great biodiversity.
It is also not feasible for use in the treatment of complicated river systems. Alternatives to
this approach are therefore required. The current project is based on the results of
challenge experiments using G. salaris, which have shown that salmon stocks from the
Baltic area appear to be resistant to the parasite, while Atlantic salmon stocks are highly
susceptible. This difference in resistance is thought to have a genetic basis. Examination
of differences in fish response at the gene expression level, and isolation of resistance-
associated DNA markers, will provide alternative approaches to the control of this
dangerous fish pathogen.

OBJECTIVES

The main aim of the project is to gain an understanding of the interaction between 
G. salaris and its salmon host through investigation of the host immune response, the
molecular basis for variation in host resistance to the parasite, and differences in genetic
make-up of the parasite populations. Understanding the genetics of host resistance and
parasite pathogenicity will be integrated and used to develop novel management options
in relation to:

1. limiting the potential for inadvertent introductions of pathogenic strains of G. salaris
into areas with susceptible salmon stocks;

2. genetically enhancing susceptible wild salmon stocks for increased resistance to 
G. salaris in rivers where inadvertent introductions take hold.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Isolation of molecular markers or quantitative trait loci (QTLs) linked to resistance to
G. salaris infection.

2. Development of molecular-marker-based selection methods that could be applied to
introducing heritable resistance to parasites into wild salmon populations.

3. Isolation of markers for discrimination of G. salaris at the population level for use in
the identification of pathogenic strains and epizootiology studies.

4. Elucidation of the immune response of salmon to G. salaris infection.
5. Elucidation of specific differences in host/parasite response that confer resistance to 

G. salaris.

The project aims to enhance animal welfare by increasing survival of salmon infected by
G. salaris. Isolation of genetic markers linked to G. salaris resistance provides the
potential for developing appropriate breeding programmes where the desired markers and
associated genes can be increased in the population with the minimum loss in stock genetic
diversity. Knowledge of the salmon immune response to G. salaris infection may provide
information that can be used in the development of vaccines or immune enhancement.
These may have limited use in the wild, but may reduce the potential of farmed fish to act
as reservoirs for G. salaris. Knowledge of the salmon immune response to G. salaris will,
in turn, provide insights into other fish/parasite interactions.
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Improved control of G. salaris will protect the aquatic environment by preventing future
loss of salmon populations and reducing the need for management approaches based on
harmful chemicals such as rotenone, which eradicate G. salaris but also have a negative
impact on the biodiversity of treated areas. Therefore, the management of the natural
resources of salmon and the aquatic environment will be improved and sustainable
fisheries will be protected through the control of this infectious disease.

The results of the project could potentially be used by legislators, fisheries managers and
disease control authorities in planning and implementing methods for detection and
prevention of disease, thus conserving at-risk populations of an already endangered
species, the salmon.



Sub-area 2.2: Antimicrobial drug resistance and changes 
in virulence
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Sea lice resistance to chemotherapeutants: diagnosis, mechanisms, 
dynamics and control

BACKGROUND

Throughout northern Europe, the salmon louse, Lepeophtheirus salmonis, seriously affects
the marine phase of Atlantic salmon production. The development of sustainable methods
of pest management has been unable to keep pace with the intensification of production,
leading to excessive and very fragile reliance on very few chemotherapeutants, a situation
that may promote development of resistance in the parasites.

Resistance against organophosphates has been demonstrated in sea lice in important salmon-
producing countries, and resistance against pyrethroids and avermectins seems to be emerg-
ing. Most reports of clinical failures of control agents are, however, of an anecdotal nature.
Unless they are verified as cases of resistance using validated diagnostic methods, control
actions are difficult. Possible actions should be based on knowledge of the underlying mech-
anism in order to be effective. A thorough knowledge of the dispersion of the genetic materi-
al between salmon farms is vital for the assessment of the risk posed by resistance develop-
ment in sea lice. The main objective of this project is, by a multidisciplinary effort involving
scientists and aquaculture industry in Norway, the UK, Ireland and Canada, to develop strate-
gies for identification and control of resistance development in sea lice.

OBJECTIVES

1. To develop biochemical and toxicological methods (bioassays) for early detection 
of reduced sensitivity to the pyrethroids cypermethrin and deltamethrin, the
organophosphate azamethiphos, the avermectin emamectin and the chitin synthesis
inhibitor teflubenzuron.

2. To study the underlying mechanisms using biochemical and molecular biology techniques.
3. To monitor sensitivity against the available chemotherapeutants in Norway, Scotland,

Ireland and eastern Canada.
4. To study the dispersal of genetic material between individual farms under different

control strategies by developing and applying microsatellite PCR methods.
5. To propose control strategies for handling resistance problems based on the knowledge

generated through the project.

EXPECTED RESULTS AND ACHIEVEMENTS

The project is expected to result in:

1. validated protocols for the diagnosis of resistance in sea lice;
2. a thorough description of underlying mechanisms (e.g. altered detoxification, target site

mutations);
3. an overview of the sensitivity towards the available control agents in Norway, Scotland,

Ireland and eastern Canada;
4. a genetic population structure analysis on lice from adjacent salmon farms within fjords

(Norway), in defined single-bay management schemes (Scotland and Ireland), and in a
location with unusual hydrogeography (Canada).

The basic diagnostic protocols will be established in each of the participating countries,
and will provide the industry and the authorities with knowledge-based tools to handle
cases where resistance has developed. The project will help to establish strategies that
minimise the risk of eroding the agent’s effect, and with minimal consequences for the
industry and the environment.





Sub-area 2.3: Diagnostic tests for humans and animals
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Infectious salmon anaemia — Development and standardisation
of diagnostic methods and aspects of the epidemiology of ISA

BACKGROUND

Infectious salmon anaemia (ISA) is a viral disease affecting farmed salmon. Since the first
reports of this disease in Norway, ISA has occurred in many salmon-producing countries
within the European Union and the Americas. Economic losses resulting from ISA can be
severe. Rapid and reliable diagnostic methods are essential for the study of the
epidemiology of ISA, and for the development of effective control measures. At present,
there are no standardised detection procedures for the causative agent of ISA, an
orthomyxovirus-like virus (ISAV). Cell culture isolation procedures have been developed
for the detection of ISAV, together with molecular-based techniques including RT-PCR.
However, the sensitivity and specificity of currently available diagnostic procedures are
limited, and, consequently, the development of improved methods is urgently required.

OBJECTIVES

The objectives of this project are to develop and standardise rapid methods to detect
infectious salmon anaemia virus. Both molecular and immunological probes will be
developed. Methods studied will include real-time nucleic acid amplification (RT-PCR
and NASBA), immunohistochemistry and serology. Antibodies against ISAV will be
prepared using phage display technology. Once established and optimised, these methods
will be used to investigate aspects of the epidemiology of ISA, including the role of wild
fish as carriers, assessing the risk of vertical transmission, and to determine whether
persistent infection with ISAV may occur.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Optimised nucleic acid amplification procedures for the detection of ISAV (real-time
RT-PCR; real-time NASBA).

2. In situ hybridisation test for ISAV.
3. Optimised immunohistochemical detection method for ISAV.
4. ELISA for detection of ISAV.
5. Standardisation of methods.
6. Anti-ISAV antibodies produced by phage display.
7. Assessment of the role played by wild fish and vertical transmission in transmission of

ISA.

The results of this project will be used by veterinary diagnostic laboratory services
throughout Europe, and will contribute to the control of ISA. The results are also
applicable to the diagnosis of diseases caused by other pathogens of fishes, such as
nodavirus, infectious pancreatic necrosis virus, and viral haemorrhagic septicaemia.
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Diagnosis, epidemiology and control of an enteric myxosporosis 
of commercial Mediterranean fish

BACKGROUND

Myxidium leei (Myxozoa) is an important pathogen of sparid fish cultured in the
Mediterranean and causes high mortalities in netpens and in land-based mariculture
systems, with a notable economic impact for Mediterranean mariculture. Despite the
relevance of this myxidiosis, there are important gaps in the knowledge of the parasite life
cycle, transmission, epidemiology, mechanisms of infection and immunology. Reliable,
high-throughput diagnostic methods and efficacious control measures are currently
unavailable.

OBJECTIVES

The overall objective of this project is to generate tools and knowledge which are useful
for developing efficacious measures for the prevention and control of this enteric
myxosporosis. The detailed objectives are:

1. to provide and validate a reliable PCR-based test for the specific diagnosis of the
parasite, including non-lethal sampling methods for the fish;

2. to apply this PCR assay in field epidemiological studies involving diverse sparid
systems in the different countries;

3. to use this PCR assay to evaluate the role of wild fish and invertebrates as reservoirs of
the parasite;

4. to study the mechanisms involved in transmission, pathogenesis and infective process
in sparid fish in the course of experimental infections;

5. to study relevant aspects of the innate and adaptive immune responses to the parasite,
and evaluation of immunomodulation strategies for the prophylaxis of the infection.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Validated PCR diagnostic tests and methods.
2. Data on the epidemiological situation of the disease in cultured and wild fish.
3. Data on the role of invertebrates as reservoirs or true alternate hosts.
4. In situ hybridisation methods for detecting all parasite stages.
5. Knowledge of parasite/host interaction, parasite development, and pathogenic

mechanisms.
6. Knowledge of key factors involved in the immune response and determination of the

existence of antibody response.
7. Evaluation of the adequacy of levamisole for disease prevention.

POTENTIAL APPLICATIONS

1. The PCR-based test for the specific diagnosis of Myxidium leei will be exploited by the
partners, after an adequate agreement. It could be applied by the partners’ laboratories,
or by other licensed laboratories, including national and European reference
laboratories. End-users will be fish farmers, veterinarians and diagnostic services on fish
health. The use of this test will allow:

• knowledge of the epidemiological status in the different countries, coastal areas and
farms and evaluation of the risk of infection;
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• control of the introduction and dispersion of the disease in national and international
fish transactions.

2. Eventually, a protocol for the use of levamisole for disease prevention. Its exploitation
will depend on the results obtained and the criteria of the laboratories involved, but the
end-users would be fish farmers.

3. The knowledge generated on the parasite epidemiology, life cycle, transmission, and
pathogeny will facilitate the design of management recommendations for the prevention
and control of this disease. Such recommendations will be disseminated among the
entities involved, and some of them will be exposed in a final meeting with end-users
and, eventually, by using a web site (to be developed).
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Diagnoses, pathogeneses and epidemiologies of salmonid alphavirus diseases

BACKGROUND

Salmon pancreas disease (SPD) of farmed Atlantic salmon and sleeping disease (SD) of
farmed rainbow trout are emerging, economically important diseases, which have been
reported in many European countries. The causal agents of SPD and SD have recently
been characterised as closely related isolates of a novel alphavirus, the first to be reported
in fish. Both diseases, which are associated with increased mortality and growth
retardation, are thought to be significantly under-diagnosed because histology, the
currently used method of diagnosis, is time consuming, labour intensive and requires input
from an experienced pathologist. Sensitive, specific and convenient diagnostic tests, based
on the detection of virus antigen and virus nucleic acid within tissue samples, are required
to provide accurate information on the prevalence, severity and economic importance of
these diseases. Such methods are also required to investigate the pathogeneses and
epidemiologies of SPD and SD, providing information with which disease control strate-
gies can be formulated.

OBJECTIVES

The primary aim of this project is to develop and evaluate tests for diagnosing infections
caused by salmon pancreas disease virus (SPDV) in farmed Atlantic salmon and sleeping
disease virus (SDV) in farmed rainbow trout. The tests include immunohistochemistry,
cryostat section fluorescent antibody and tissue imprint fluorescent antibody, which
depend on the detection of virus antigen, reverse transcription polymerase chain reaction
for detecting virus nucleic acid, and an enzyme-linked immunosorbent assay for detecting
serum antibody. Secondary aims are to improve the understanding of the pathogeneses of
SPD and SD and to investigate epidemiological aspects of SPDV and SDV infections.
Seven objectives, each associated with a separate work package (WP), have been
identified. These are:

1. experimental reproductions of SPD and SD (WP1);
2. collection and characterisation of field samples (WP2);
3. production of recombinant SPDV/SDV proteins and virus-specific antibodies (WP3);
4. development of tests for detecting virus antigen, nucleic acid and virus-specific

antibody (WP4);
5. comparative evaluation of diagnostic tests (WP5);
6. pathogeneses of SPD and SD (WP6);
7. epidemiological aspects of SPD and SD (WP7).

EXPECTED RESULTS AND ACHIEVEMENTS

1. The first sensitive, specific and convenient diagnostic tests for salmon pancreas disease
of farmed Atlantic salmon and more convenient diagnostic tests for sleeping disease of
farmed trout.

2. Improved understanding of the pathogeneses of salmon pancreas disease and sleeping
disease.

3. Improved understanding of the epidemiologies of salmon pancreas disease and sleeping
disease.

4. Information with which disease control strategies can be formulated.



Sub-area 2.4: Risk assessment and transmission
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Appraisal of the zoo-sanitary risks associated with trade 
and transfer of fish eggs and sperm

BACKGROUND

As the fish farming industry matures and becomes more competitive on an international
level, there is a growing need to increase productivity by use of genetically improved
stocks. In the resulting international trade, import requirements to prevent transfer of
diseases are still mostly based on a ‘zero-risk’ approach, and there is generally a
discrepancy between less stringent regulations being applied to movements inside States
as opposed to stricter regulations applying to transfers across State borders. Knowing of
the paucity and advanced age of scientific data forming the basis for current zoo-sanitary
legislation in this field, a scientific appraisal of hazards and quantitative risks associated
with the transfer of fish eggs and sperm has now become timely. A further motivation for
the project is current work to revise European Community legislation on fish disease
control.

OBJECTIVES

The aim of this concerted action is to scrutinise the scientific basis for current zoo-sanitary
control requirements imposed upon the transfer and trade in seed stocks for international
aquaculture, and to identify future research needs in this field. The quantification of risks
for transferring certain infections when moving eyed eggs and fish sperm, and the potential
of new techniques for improving the efficacy of disease risk management will be
especially addressed.

During a series of project meetings, disease hazards associated with the transfer of
fertilised eggs or gametes from cultured finfish, and scientific documentation relevant to
risk assessment will be subjected to scientific scrutiny and in-depth discussions. Particular
focus will be on the potential for ‘true’ vertical transfer (inside the egg) of studies allowing
for a quantitative assessment of risks, and of studies on disease transfer risks with fish
sperm. Pathogen survival and resistance to disinfection, and the quality of diagnostic tests
for surveillance will also be addressed.

EXPECTED RESULTS AND ACHIEVEMENTS

In the outcome of the project, reports and scientific opinion documents will be produced,
giving comprehensive and up-to-date background data for use in risk assessment and risk
management procedures according to the sanitary and phytosanitary (SPS) agreement
governing world trade. Scientific dissemination and publication based on the results of the
project will be pursued.

Reports and scientific documents from this project will give comprehensive and up-to-date
background data for use in risk assessment and risk management procedures according to
the SPS agreement governing world trade. The reports from the project will also be utilised
during the revision of current European Community legislation in this specific field, for the
update of zoo-sanitary recommendations made by the Office International des Epizooties
(OIE)<, and for the update on national and industrial rules and practices.

Through dissemination activities directed towards the international aquaculture industry
and regulatory authorities, the project will contribute towards a commonly accepted risk
perception, and stimulate the settlement of current disputes between European and non-
European aquaculture trading partners.
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Linking hydrographic frontal activity to ecosystem dynamics in the North Sea and
Skagerrak: importance to fish stock recruitment

BACKGROUND

One of the main objectives of the common fisheries policy is to consider environmental
issues and interactions between fisheries and the ecosystem in fisheries management
decisions. This so-called ecosystem approach is based on:

1. the identification of processes in, and influence on, the ecosystems which are critical in
maintaining their characteristic structure and functioning, productivity and biological
diversity;

2. taking into account the interaction among food-webs of the ecosystem;
3. protecting the chemical, physical and biological environment necessary to the well-

being of these ecosystems.

The call for more in-depth ecosystem-oriented research is a consequence of the currently
limited understanding of ecosystem functioning. Neither is it possible to explain the
reasons for the gadoid outburst in the mid-1960s nor is the role of environment (circulation
anomalies) in the recruitment failures of the North Sea herring stock fully understood. In
other ecosystems, dramatic breakdowns of stocks (northern cod, west Greenland cod) have
recently occurred, which were believed to be well monitored and managed. Managers and
scientists are blamed for these developments, but also environmental effects may have
contributed to the recruitment failures. The present interpretation of the processes involved
in these stock collapses remains speculative as insufficient research effort was directed to
the impact of environmental processes on stock development trends and available stock
abundance indices.

The present project is a major step in this direction, taking a holistic approach to the under-
standing of a key element of the North Sea ecosystems: resolving the importance of the
frontal regions, a key organising process in the marine environment, for recruitment suc-
cess of important North Sea fish stocks. The fulfilment of this objective, when combined
with spawning stock characteristics, will provide environmentally sensitive tools for the
assessment, management and conservation of North Sea commercial fish stocks

OBJECTIVES

The key objective of this project is to resolve the importance of hydrographic fronts (h/U3

and shelf break) and their variability for recruitment success of North Sea commercial fish
stocks. Thereby, the proposed programme addresses the effects of a key hydrographic
process on the dynamics of the ecosystem in a holistic manner rather than following a
single-species approach. The approach proposed is mechanistic, resolving links and key
processes, a strategy which is necessary to understand the effects of environmental
warming on the ecosystem.

EXPECTED RESULTS AND ACHIEVEMENTS

First, we will resolve the influence of inter- and intra-annual climatic forcing on bottom-
up processes, i.e. limited food resources for subsequent trophic levels in frontal and
stratified regimes. This will involve the development and implementation of a nested
small-scale physical/biological model incorporating organism behaviour and nutrient
fluxes to simulate phytoplankton and zooplankton production and aggregation relative to
frontal processes. This work step will allow us to simulate the horizontal and vertical
distribution of potential prey items for larval and juvenile fish as well as the inter- 
and intra-annual variability of these items relative to frontal processes. Simulated 
fields developed by the model will then be validated with state-of-the-art field and remote
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sensing techniques. Using this approach and time series of climatic forcing, the pro-
gramme will develop a time series of frontal activity, as a proxy variable for larval fish
prey availability, for testing of recruitment variability of fisheries stocks. The completion
of this research task will also contribute significantly to the understanding of the dynam-
ics of the North Sea ecosystem as it has recently been hypothesised that up to 40% of the
North Sea’s annual primary production occurs in these regions with climatic processes
potentially modifying this dramatically.
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Interactions between the marine environment, predators, and prey: 
implications for sustainable sand eel fisheries

BACKGROUND

The industrial sand eel fishery is the largest single fishery in the North Sea. Sand eels are
a major food source for seabirds and cetaceans. Severe ecosystem effects of sand eel stock
collapses have occurred, but the fishing industry contests the view that its activities
negatively affect top-predators. Earlier studies have focused on the geographical overlap
between feeding areas of seabirds and prey stock, but the relationship between stock size
and prey availability to predators is poorly understood. As a result, current knowledge
does not suffice to give fishery managers high-quality advice with respect to allowable
levels of exploitation. In this project, predator–prey relationships in marine ecosystems
will be studied in unprecedented detail using advanced technology. Threshold values of
prey density will be established under which feeding is not feasible. Fishing techniques
and exploitation strategies of industrial fisheries will be evaluated and discussed to assess
the risks of overfishing.

OBJECTIVES

The main objective of the project is to assess the potential impact of sand eel fisheries on
the higher levels of the food-web and to provide high-quality advice on allowable levels
and strategies of human exploitation. To achieve this, prey selection and fine-scale
temporal and spatial patterns in foraging strategies and feeding techniques of marine
predators and in their foraging habitat requirements are described and compared with types
(group) and habitats of sand eels targeted by industrial fisheries. Detailed information on
the behaviour and rules which underpin the exploitation of sand eels by natural
populations is fundamental for a better understanding of why certain predators are severely
affected by low food stocks and others relatively little. The project aims at a combination
of fundamental fieldwork, experimentation, the development and use of advanced
technology to follow individual animals (innovation), individual-based modelling and
oceanographic models on small space and timescales to look forwards and backwards in
time under different climatic and prey availability scenarios.

EXPECTED RESULTS AND ACHIEVEMENTS

The project will determine the true relationship between hydrography, relevant sand eel
population characteristics, i.e. the temporal and spatial patterns in abundance and age and
size distributions, and the foraging performances of the groups of seabirds and marine
mammals. This knowledge should enable exploitation strategies to be defined of the
industrial sand eel fisheries that mitigate the impact on the top-predators of marine
ecosystems.

The technological developments proposed under Impress, including the development of
accurate, miniaturised compass-based loggers and GPS loggers to record the position and
performance of individual seabirds at sea, will greatly enhance future possibilities to study
top-predators in the marine ecosystems at sea and in unprecedented detail. The
development and fine-tuning of such devices will form a major breakthrough in the
potential for ecological research in the marine environment.
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Management of silver eel: human impact on downstream migrating silver eel 
in the River Meuse

BACKGROUND

During the last two decades, a substantial decrease in the European eel (Anguilla anguilla)
population has been observed in Europe, undoubtedly related to the decline of elver
immigration. It is not clear which factor is crucial in the decline of the eel population:
fisheries at different life stages of eel, hampering the immigration of glass eel or
emigration of silver eel, mortality due to hydropower stations, water quality issues,
parasites (e.g. Anguillicola crassus) or oceanic processes.

Impact on the downstream migrating silver eel in inland waters is caused by commercial
fisheries and by mortality of eel passing the turbines of hydropower stations. Mortality
rates for silver eels range from 13 to 50 % at individual hydropower stations. These human
activities are widespread in many European rivers and might have detrimental effects on
the population level of the European eel. Therefore, it is important to know to what extent
damage to eel caused by hydropower stations is a threat to the population as well as the
impact of withdrawal of eel by commercial fisheries. Which part of the silver eel
population goes through the turbines has never been investigated. Until now, information
on eel mortality by turbines has only been known of some individual hydropower stations
in a limited number of rivers. No estimation has been made of the cumulative mortality
caused by a series of hydropower stations. No comparison has been made between
fisheries mortality and mortality caused by hydropower stations in a river system.

In this research project, we seek to find answers to mortality caused by commercial
fisheries and hydropower stations in a large river system: the River Meuse (Maas).
Commercial fishing of silver eel using various catch methods takes place on this river
between the Belgian border and Diep in the Netherlands, a total length of 260 km. In the
River Meuse, eight hydropower stations (six in the Belgian part of the river and two in the
Dutch part) are currently in operation. For the Dutch part of the river, plans are being
developed for three new stations. The governments of a number of countries (the
Netherlands and Germany among others) require that the power station operators take
expensive protection measures for fish. In view of the decline of the eel population, these
requirements will increase.

Countermeasures to protect downstream migrating eels at hydropower stations are under
research. One optional countermeasure is turbine management, i.e. to close down the
turbines during the migrating periods of silver eel and to offer them a safe passage over
the weirs. Closing down the turbines for longer migration periods, for example a number of
months during the autumn, this being the main migration period for silver eel, means a
substantial loss of electricity production for the electricity companies. Closing down the
turbines during short periods at peak migration will be a better option. Until now, no
practical tools have been available to assess the distinct periods of silver eel peak migration.

OBJECTIVES

The main goal of this research project is to contribute to a sustainable eel fishery and a
sustainable production of electricity by hydropower in European waters. To achieve this
goal, a research programme has been developed for the River Meuse area with the
following objectives:

1. to monitor the catch of silver eels by professional fisherman in the River Meuse;
2. to monitor the cumulative mortality of downstream migrating silver eel passing two

Dutch hydropower stations in the River Meuse on the basis of innovative telemetric
methods;
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3. to assess the impact of hydropower stations and fisheries on the eel population in the
entire Meuse system;

4. to test an early-warning system for the prediction of the beginning of migration peaks
of silver eel at the two Dutch hydropower stations, Linne and Lith, on the River Meuse;

5. to develop a turbine management system as a tool to protect silver eels passing turbines
in order to improve the sustainable aspect of hydropower stations on the basis of the
early-warning system;

6. to show the Migromat and NEDAP TRAIL systems at the Linne and Lith hydropower
stations on the River Meuse to European and national authorities and power companies.

EXPECTED RESULTS AND ACHIEVEMENTS

To reach the goal, information will be provided for a management plan. The results of the
investigations on mortality due to fisheries and hydropower stations will give an idea of
the impact of these human activities on silver eel populations. On the basis of the level of
this impact, the need for management measures for the fisheries and/or hydropower
stations will be discussed. A valuable option for turbine management might be the closing-
down of the turbines during short periods with peak migration forecasted on the basis of
information from the Migromat system. The information provided will comprise the
following elements:

1. withdrawal of silver eel by professional fisheries;
2. mortality of silver eel passing hydropower stations;
3. knowledge on the impact of fisheries and hydropower stations on silver eel;
4. development of an early-warning system for downstream migration by validation of the

Migromat system.
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Reducing the conflict between cormorants and fisheries on a pan-European scale

BACKGROUND

Two subspecies of the great cormorant (hereinafter ‘cormorant’) occur in Europe: the
‘Atlantic’ subspecies Phalacrocorax carbo carbo and the continental subspecies P.c.
sinensis. Latest (1995) breeding estimates for carbo are of 40 000 pairs, mostly on the
coasts of Norway, the UK, Ireland and northern France. The sinensis population (1995) is
estimated to be over 150 000 pairs throughout the region, a dramatic increase since the
1960s. It is likely that the species is now more numerous across Europe than even before.
The geographical range of these populations has also expanded with cormorants returning
to some areas after a long absence and also moving into previously unoccupied areas. The
reasons for such expansion is unclear, but possible causal factors include a ‘non-limiting
food supply’ and protective legislation, particularly Directive 79/409/EEC on the
conservation of wild birds. Cormorants are generalist fish-eating predators taking a wide
variety of species in shallow coastal seas, running and standing freshwaters, and both
traditional/extensive and intensive aquaculture systems. In almost all countries where
cormorants are found, their increasing numbers and geographical spread have led to a
growing number of conflicts with commercial fisheries and recreational angling interests.

OBJECTIVES

The overall objective of the project is to synthesise current cormorant/fisheries information
and to identify and evaluate methods of reducing the current Europe-wide conflicts
between conservationists and fisheries interests. The project will have five work packages,
each with an overall objective as follows:

1. to synthesise available information on cormorant conflicts with fisheries, incorporating
best estimates of associated financial losses;

2. to synthesise available information on aspects of cormorant ecology leading to these
conflicts;

3. to produce a set of potential management tools, incorporating information on their
efficacy and cost-effectiveness;

4. to develop and run a cormorant–fishery conflict resolution process based on a specific
case study;

5. to disseminate information on cormorant conflicts with fisheries, relevant aspects of
cormorant ecology, and strategies for conflict resolution at the local, national and
European level.

The project will provide:

1. a synthesis of relevant information required as a precursor to conflict resolution;
2. an evaluation of potential management tools as a tool for cormorant/fisheries conflict

resolution.

EXPECTED RESULTS AND ACHIEVEMENTS

The major milestones will be a cormorant/fisheries conflict workshop, cormorant ecology
and potential management tools working group meetings and a case study workshop
focusing on a specific case study. This work will establish a framework for improved
communication and information transfer between stakeholders and other groups within the
EU. The expected result will be the production of two reports detailing the findings of the
project. These reports will also identify priorities for further, appropriate, cost-effective
research.
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Effects of changes in fishery discarding rates on seabird communities

BACKGROUND

Huge quantities of demersal fish are discarded by fisheries. Scavenging seabirds eat many
of these. This extra food may affect seabird community stability. The EU’s CFP aims to
manage fisheries in order to minimise damaging impacts on ecosystems, including top-
predators. Knowledge of impacts of discarding rates on seabirds has been identified by the
European Community (EC), the International Council for the Exploration of the Sea
(ICES), and the Food and Agriculture Organisation (FAO) as a prerequisite. This study
will provide such information. New state-of-the-art technologies (satellite tracking,
geolocational data loggers, stable isotope and fatty acid biomarkers) will be used to
quantify the importance of discards in seabird population ecology related to measures of
breeding success. High-quality archived data on breeding ecology will be related to the
best data sets on discarding rates. Results will inform policy on discard management.

OBJECTIVES

The main objective is to quantify the impact of change in fishery discarding rates on
seabird communities in order better to inform fishery discard management. The study will
determine whether winter at-sea distributions of selected scavenging seabird species are
influenced by the distribution of fisheries generating many discards, and quantify how
feeding on discards in winter affects seabird demography through influences on adult body
condition, breeding and survival. Existing databases will be used to determine how
changes in discarding rates in well-documented fisheries in the north-west North Sea and
western Mediterranean over many years have influenced seabird diet, demographic
parameters, and populations, and how changes in discarding rates are affecting the
predatory impact of scavenging seabirds on smaller seabird species, and hence altering
seabird community structure. The aim is to provide a better understanding of scavenging
seabird ecology that can be used to inform policy.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Mapped distribution of scavenging seabirds at sea in relation to discarding rates.
2. Measurement of the dependence of scavenging seabird population demography on

discard availability.
3. Measurement of the effects of annual discard rates on scavenging seabird diet, body

condition, breeding and population trend.
4. Measured impacts of scavenging seabirds on other bird populations as a result of diet

switching.
5. Improved scientific basis for policy on discard management and seabird conservation.
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Costing the impact of demersal fishing on marine ecosystem processes 
and biodiversity

BACKGROUND

The European Union currently faces potentially conflicting objectives of maintaining
sustainable fisheries in European waters with all the economic benefits afforded to the
Community through the fishing industry, while at the same time maintaining biodiversity
and avoiding negative effects on the environment.

To date, the economic arguments for controlling fishing effort have focused on the costs
of fishing per unit catch and maintenance of sustainable fish stocks for the future.

The current objectives of the EU are to control the environmental impact of fishing and to
strike a balance between economic needs and protection of the environment.

OBJECTIVES

COST-Impact aims to put an economic valuation or costing on marine ecosystem resources
or goods and services and indicate how this value is affected by fishing. This will provide
fisheries and coastal zone managers with an effective tool to determine their policies.

The primary objectives are to provide advice to decision-makers on:

1. how demersal fishing impacts on the biodiversity of marine benthos and the associated
goods and services, such as nutrient cycling, that they provide;

2. how these impacts influence other marine ecosystem processes;
3. what the likely values of marine ecosystem goods and services are and how these values

are affected by fishing.

More specifically the objectives are:

1. collating existing data on the effects of demersal fishing;
2. experiments on goods and services provided by biodiversity;
3. modelling the effects of fishing on marine ecosystems;
4. modelling the costs/benefits of changes in fishing on the value of ecosystem services

and natural capital.

EXPECTED RESULTS AND ACHIEVEMENTS

The project will help managers to integrate fishing policy with environment policy. COST-
Impact will provide tools that help determine whether a balance can be achieved between
the economic value of fisheries and the impacts of fishing on marine ecosystems and the
economic value of the goods and services they provide.

With such knowledge, strategies can be developed for management of fisheries effort.
Such strategies would balance the environmental impact on marine benthic biodiversity
and the services the benthos provide for marine ecosystem functioning against the
socioeconomic benefits of fishing.

More specifically, the expected results are:

1. an integrated European database;
2. empirical models of relationships between fishing and biodiversity;



— 85 —

3. empirical models of relationships between biodiversity and nutrient cycling, and
ERSEM modelling of the impact of changes in fishing effort on marine ecosystem
processes;

4. a bioeconomic model of the effects of changes in fishing on marine ecosystem
processes, the economic value of the goods and services they provide and the value of
the fisheries;

5. a management manual.



— 86 —

PARTNERS

Contract number: Q5RS-2001-01685
Contract type: Shared-cost project
Starting date: 1.1.2001
Duration: 36 months
Scientific Officer: Jacques Fuchs
Project web site: www.efep.org

Coordinator
Christopher L. J. Frid
University of Newcastle
Dove Marine Laboratory
Cullercoats, North Shields
Tyne and Wear NE30 4PZ
United Kingdom
Tel. (44-191) 252 48 50
Fax (44-191) 252 10 54
E-mail: c.l.j.frid@newcastle.ac.uk

Maria-de-Fátima Borges
Instituto de Investigação das Pescas 
e do Mar
Avenida da Brasília s/n
P-1449-006 Lisbon
Tel. (351) 213 02 70 00
E-mail: mfborges@ipimar.pt

Knut Mikalsen
University of Tromsø
Department of Political Sciences
N-9037 Tromsø
Tel. (47) 77 64 43 12
E-mail: knutm@sv.uit.no

Stefán Áki Ragnarsson
Marine Research Institute
Skúlagata 4
PO Box 1390
IS-121 Reykjavik
Tel. (354) 552 02 40
E-mail: steara@hafro.is

Gerjan Piet
Netherlands Institute for Fisheries
Research
PO Box 68
1970 AB IJmuiden
Netherlands
Tel. (31-255) 56 46 46
E-mail: G.J.Piet@rivo.dlo.nl

European fisheries ecosystem plan
EFEP



— 87 —

European fisheries ecosystem plan

BACKGROUND

The US National Marine Fisheries Service developed the concept of fisheries ecosystem
plans (FEPs). The plans are designed to incorporate the principles and policies of
ecosystem conservation into fisheries management. Specifically, an FEP provides a
description and understanding of the basic environmental and human context in which a
fishery is managed, they direct the use of that information for fisheries management and
define strategies by which management objectives can be developed and implemented.

The European fisheries ecosystem plan (EFEP) will be achieved through the involvement
of marine scientists, social scientists, economists and stakeholders (fishermen, fisheries
managers, non-governmental organisations, etc.). The North Sea will be used as a case
study; however, consideration will be given to the additional issues/regional differences
that would influence the development of such plans for the northern/subarctic and Atlantic
margin fisheries.

OBJECTIVES

The specific objectives of the project incorporated into work packages are:

1. to consult and develop links with stakeholders that have an interest in the North Sea
(WP1);

2. to characterise the biological and physico-chemical environment of the North Sea which
supports the fishery and to develop a conceptual model of the North Sea’s key processes
and food-web (WP2);

3. to rationalise the North Sea web into a ‘significant web’ which includes, amongst other
criteria, habitats/species (as defined in EC legislation). A review of the metrics that have
been used to measure the state/health of ecosystems and, potentially, develop new
and/or modify existing ones (WP3);

4. to calculate total removals of harvest by-catch and incidental mortality in the North Sea
(WP4);

5. to assess the degree of uncertainty in WP3 and WP4. A review of the input from stake-
holders and develop a set of possible management regimes for later testing on the
‘significant web model’ (WP5);

6. to assess the evidence for ecosystem effects of fishing and match management responses
that are acceptable to stakeholders and which are against them where they are significant
(WP6);

7. to feed back results of management scenarios to stakeholders, elicit views and develop
a draft FEP for the North Sea (WP7).

EXPECTED RESULTS AND ACHIEVEMENTS

The EFEP project will lead to a greatly increased understanding of the effect of fisheries
on major components of the ecosystem and food-web dynamics. In addition, a set of tested
management responses will be produced giving indications as to how to control the effect
where significant. Policy-makers and managers will be informed of the results through the
adoption of a project web site, a strict publication plan, academic- and policy-based
conferences via the members of the EFEP Steering Committee, ICES meetings,
dissemination through workshops and regular briefing/press releases.
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Estimation of the reproduction capacity of European eel

BACKGROUND

The ultimate goal is to stop the decline of the European eel population. The decline is
probably multifactorial. We will determine the reproduction capacity of silver eels from
different locations and the impact of parasites on their physical fitness. Furthermore, we
aim to provide management tools allowing the formulation of reliable decisions for eel
ecosystems and eel fisheries management. For this, we will estimate the capacity of yellow
eel to transform into the downstream migratory silver eel (‘silvering’). Finally, we aim to
provide fundamental knowledge on the reproduction process, which is likely to be critical
for the recruitment of the species.

1. The capacity of the silver eel to swim to the spawning grounds will be studied.
Swimming performance, high-pressure resistance, and the effect of swimming and high
pressure on maturation are the key factors in this project.

2. The development of a silvering index. This will allow for formulation of reliable
decisions for eel ecosystems and eel fisheries management.

3. Maturation index. Silver eels are still in a prepubertal stage, the gonad development
being heavily depressed. We will develop selection criteria for stimulated maturation,
and new procedures for inducing sexual maturation either by long-term swimming/
pressure or by hormonal treatments.

OBJECTIVES

The ultimate goal of the project is to stop the decline of the European eel population. For
this purpose, we need to understand the underlying cause of the decline. In this project, we
will determine the reproduction capacity of silver eels from different locations and the
impact of diseases and PCBs on their physical fitness. Furthermore, we aim to provide
management tools allowing the formulation of reliable decisions for eel ecosystems and
eel fisheries management. For this, we will estimate the capacity of yellow eel to transform
into the downstream migratory silver eel (‘silvering’). Finally we aim to provide
fundamental knowledge on the reproduction process, which is likely to be critical for the
recruitment of the species. This knowledge might be used in future studies to develop a
procedure for artificial reproduction.

The specific objectives are as follows:

1. To study the capacity of the silver eel to swim to the spawning grounds. The relation
between swimming fitness, PCB levels and infection will be determined as well as the
relation between pressure tolerance and infection.

2. To develop fundamental knowledge that can be used to estimate the silvering capacity.
So far, little is known about morphological and physiological changes coupled to the
transition from yellow to silver eel stage. Analysis of the various morphological and
physiological parameters will lead to the establishment of a silvering index.

3. To develop fundamental knowledge on the maturation process. The role of hormonal
and metabolic factors in the regulation of silvering and sexual maturation processes will
be investigated.

The necessary activities within the programme are divided into six work packages (WPs):

1. silvering;
2. swimming performance;
3. pressure performance;
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4. maturation performance;
5. genetic variability;
6. synthesis and recommendations.

EXPECTED RESULTS AND ACHIEVEMENTS

All activities in this project regarding the reproduction capacity of the European eel
(sub)populations are focused on two lines of investigation: estimation of the capacity to
reach the Sargasso Sea and understanding of the silvering and maturation process,
including the potential disturbing effects of environmental factors.

The two lines will provide complementary knowledge and the tools to measure distinct eel
populations with respect to the capacity to spawn and produce viable eggs and sperm. This
knowledge is essential to set up a Europe-wide eel management system, which, in turn, is
required to stop the decline of the European eel population. The project will also provide
fundamental knowledge on the eel reproductive process, thereby contributing to the
development of artificial eel reproduction technology. With the technology to produce
viable eggs, aquaculture will no longer be dependent on the natural influx of glass eel,
which will also help to stabilise the eel population.

The conclusions from the different tasks will be combined. Information on swimming
endurance, high-pressure acclimation, ion regulation capacity, hormone responsiveness,
genetic variability, and environmental conditions will be brought together in estimating
the reproductive capacity of silver eels from different locations. Based on this information,
recommendations will be made for European eel ecosystems and fisheries management. In
addition, important information will be obtained for the development of eel artificial
reproduction. All the work packages will start simultaneously, even WP6, since in each WP
new techniques have to be developed, and applications must be made for the eel studies.
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Response of benthic communities and sediment to different 
regimens of fishing disturbance in European coastal waters

BACKGROUND

Response is an integrated strategy to determine the response of the biotic environment
structure and the changes of the particulate matter dynamic caused by the disturbance of
fishing activity. This research is focused to provide new perspectives and management
options to the CFP in order to achieve sustainable fisheries and protection of biodiversity,
a widely recognised problem in moving towards ecosystem-based management in
fisheries. The main objective is to obtain more knowledge on medium- and long-term
effects to different regimens of fishing trawl perturbation on the seabed, analysing
cessation of fishing activity and different levels of fishing effort. The study will be
performed in real fishing grounds of European coastal waters. The objectives will be
achieved by means of six multidisciplinary work packages, by estimation of changes in the
sedimentological process, benthic and fish community, and secondary production of the
lower trophic levels.

OBJECTIVES

The main objective of Response is to analyse the physical and biological response of the
benthic ecosystem to different regimens of fishing disturbance in real fishing grounds.
Response will address the following specific objectives:

1. to identify an appropriate studied area in each study area of the North Sea, Irish Sea and
Mediterranean Sea;

2. to estimate the seasonal fishery and fishing effort;
3. to analyse the responses (community structure variability, diversity and abundance) of

the benthic communities (macroinfauna, epifauna, fish) and sediment (resuspension,
water turbidity) by considering cessation of fishing activity and different levels of trawl
fishing effort;

4. to estimate the secondary production of lower trophic levels to contribute to coupling
and to integrate biological (benthic communities) and physical (sedimentological) data.

This is a case study for biological and physical geology interactions. Special attention will
be devoted to synthesis of results from different work and recommendations to the CFP to
achieve an ecosystem well-being. The comparison of the results of the different
geographical areas can provide information on different responses of benthic communities
and sediments to the same kind of disturbance. The dissemination of the results obtained
to scientists, decision-makers, user groups and the public at large is an important objective
of the project.

EXPECTED RESULTS AND ACHIEVEMENTS

Response will provide additional information on the variability and resilience of marine
ecosystems especially for marine communities relevant to fisheries. This information may
help elucidate the potential effectiveness of using different time-limited closure periods on
the impacts of fishing, providing unique data on organisms and sediments due to cessation
of fishing activity and different levels of fishing effort, and on secondary production of
different regimens of fishing disturbance. This investigation will be the mechanism that
will permit us to minimise or to reduce fishing impact in order to allow recovery of the
benthic ecosystems. Response will offer a valuable interface with stakeholders.
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The effect of turbidity and hypoxia on the behaviour of coastal marine fishes

BACKGROUND

Current knowledge of the behavioural and physiological processes that regulate the
interaction between environmental variations (both man-made and natural) and the
ecology of animals (i.e. their abundance and distribution) is limited. This knowledge is
fundamental for understanding and predicting the effect of environmental disturbances on
ecosystems, while its limitation is an obstacle to the development of specific
environmental regulations. Turbidity and oxygen availability are two important
environmental factors that are greatly affected by human activities along coasts. We will
examine the effect of turbidity and oxygen availability on ecologically relevant behaviours
such as habitat selection, predator–prey interactions and aggregation. We will use modern
methods integrating laboratory and field studies. As a result, we will determine
experimentally the thresholds beyond which turbidity and oxygen saturation alter fish
behavioural and/or physiological processes. Experimental results will be incorporated into
a conceptual model, including situation-specific sub-models of fish behaviour in response
to hypoxia and turbidity.

OBJECTIVES

1. To assemble and further develop an integrative laboratory and field methodology,
linking physical measurement with behaviour and physiological monitoring, for in situ
evaluation of the effects of turbidity and hypoxia on fish behaviour.

2. To determine experimentally the thresholds above which turbidity, and below which
oxygen saturation, alter fish behavioural and/or physiological processes.

3. To understand how habitat selection behaviour, an important determinant of
biodiversity, is modulated by variation in turbidity and oxygen levels.

4. To determine the extent to which predator–prey interactions (focusing both on predator
and prey) and the schooling behaviour of fish are affected by turbidity and/or hypoxia.

5. To integrate the results obtained into a conceptual and predictive model.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Improved laboratory and field methodology for measuring physical variables and fish
behaviour.

2. The effects of hypoxia and turbidity on metabolic scope and activity pattern.
3. Field observations on habitat selection and activity patterns in relation to oxygen and

turbidity.
4. An understanding of the effects of variations in turbidity and oxygen on predator–prey

interactions, aggregation behaviour and habitat selection.
5. Implementation of results into a conceptual model.
6. Dissemination through a web site, scientific articles in peer-reviewed journals, and

conferences.
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Cod spatial dynamics and vertical movements in European waters and implication
in fisheries management

BACKGROUND

Fisheries managers face a number of management problems for European cod stocks,
some of them generic, some of them specific. Most seriously, stock decline in the north-
east Atlantic has alarmed fisheries managers everywhere. Firstly, the recent development
of recovery plans for North Sea and Irish Sea cod stocks have highlighted the absence of
high-quality basic biological information on which to build robust multiannual technical
measures to conserve and rebuild stocks. Such information is particularly important in
order to evaluate the utility of the closed areas that have already been applied to protect
cod in the North Sea and to the west of Scotland. Similar problems are likely to be
experienced in the Baltic Sea and Barents Sea. Secondly, assessment of stocks has become
increasingly difficult as the quality of commercial catch statistics has declined. Attention
is now shifting towards fisheries independent stock assessments, and greater emphasis
needs to be placed on understanding the causes of variation in these assessments. Thirdly,
the effect of climate change on stock distribution and spatial dynamics of cod may be
considerable. In each of these problems, a lack of basic biological knowledge hampers the
development of conservation policy. Behaviour is a crucial aspect to consider when
determining the nature of ‘basic biology’ because behavioural decisions underlie habitat
selection and therefore influence the distribution, abundance and survival of populations.
By improving our understanding of the horizontal migrations and vertical movements of
cod and the influence of environmental and biological factors on them, we can provide
management-relevant information as to the availability, accessibility and vulnerability of
cod to fishing activities.

The fundamental basis and innovation of the Codyssey project is in its use of the
comparative approach. A key benefit of using a multi-ecosystem comparative approach is
that a greater range of behaviour and environmental conditions will be observed than by
looking at one ecosystem only, thus permitting the formulation of quantitative
relationships between specific behavioural traits and ecological variables. In doing so,
these relationships can then be used to formulate and test specific management hypotheses
or scenarios. Our adoption of this approach has been prompted by recent findings that
suggest cod behaviour is rather more variable than has been assumed. Such differences
may be linked to genetic or environmental factors, and by simultaneously comparing the
behaviour of geographically, and apparently genetically, separate stocks, the role of
environment and stock identity can be separated.

OBJECTIVES

The principal aim of the proposed research is to improve understanding of the horizontal
migrations and vertical movements of cod and the influence of environmental and
biological factors on them in order to provide management-relevant information as to the
horizontal availability, vertical accessibility and individual vulnerability of cod to fishing
activities. The fulfilment of this objective will provide tools for the evaluation of stock
assessment methodology, management and conservation of cod stocks in European waters
and will be greatly relevant to future stock assessment and the management of cod stocks
under the soon-to-be renegotiated common fisheries policy, and other fisheries
management instruments. In order to achieve this aim, we will need to test the hypothesis
that patterns of horizontal and vertical movement of individual cod vary systematically,
and that the variation is the consequence of behavioural responses to environmental
factors. The main objectives of the project are defined below.

1. To undertake a comprehensive data storage tagging programme to collect individual-level
behavioural and environmental experience data from cod in four contrasting ecosystems:
the North Sea, the Baltic Sea, the Barents Sea and Icelandic/Faroese waters.
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2. To develop a geolocation database based on existing comprehensive hydrographic data
sets.

3. To reconstruct horizontal movements of cod in relation to spawning/feeding grounds.
4. To identify key environmental forcers of horizontal movements of cod.
5. To simulate cod-population-level processes using behaviour-based models of spatial

dynamics.
6. To describe patterns and mechanisms of vertical movement in relation to environmental

parameters and develop predictive models of vertical distribution of cod.
7. To identify and validate signature microstructures in otoliths (‘ethotyping’) from

recaptured fish and quantify their frequency distributions in populations in order to scale
up individual-level behavioural results to population-scale behavioural phenomena.

8. To disseminate management-relevant information gained from the research as widely as
possible through a variety of forums (e.g. ICES working groups).

EXPECTED RESULTS AND ACHIEVEMENTS

Achievement of these objectives will provide:

1. information on the timing, duration and scale of horizontal and vertical movements of
cod;

2. definition of systematic changes in the horizontal availability and vertical accessibility
of cod to fishing and acoustic survey gear, and recommendations for acoustic/fishing
survey interpretation;

3. assessments of the potential and location of effective closed areas to conserve cod
stocks;

4. understanding of the mechanisms of cod horizontal and vertical movements;
5. understanding of the links between the environment and cod behaviour;
6. improvement in our ability to predict the movements and spatial distribution of cod in

response to changes in fishing effort or environmental parameters, and thus provide new
biological inputs to models of assessment and management;

7. presentation of management-relevant information to fisheries managers through
publications and appropriate forums, such as attendance of key project personnel at
relevant ICES working and study groups, publication of project progress in the ICES
newsletter, articles in the popular press (e.g. International Fishing News);

8. presentations of key results at ICES and other conferences, organisation of EU-wide
workshops and mini-symposia;

9. dissemination of important scientific results in peer-review publications.

In addition, further benefits of the project will be:

1. identification of the limitations and applications of archival tag technology;
2. opportunity for collection of biological material for cod genetic programmes;
3. development of data analyses/technologies (e.g. feeding tags).
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Managing fisheries to conserve groundfish and benthic invertebrate 
species diversity

BACKGROUND

Fishing affects marine ecosystems beyond the effects on just the target species. Populations
of non-target species, and species diversity have declined, contrary to the Rio Convention on
Biological Diversity. The 1997 intermediate ministerial meeting determined that an
ecosystem approach to management be developed, enabling marine ecosystems to be utilised
in a manner consistent with sustainable development and the conservation of biological
diversity. This project aims to develop a management protocol which, when added to the
present ICES fisheries management advice process, would allow managers to predict the
consequences of management policy on species diversity. A theoretical model underpinning
the management protocol will be developed, taking account of the actual ecological impact
on fishing activity. The data required to use and test the ecological model, and apply the
model within the management protocol, will be collected.

OBJECTIVES

The project will develop a management protocol to predict the consequences of setting
particular total allowable catches (TACs) on benthos and fish species diversity.
Developing and testing the theoretical ecological model underpinning this management
protocol are a major objective of the project. Such a model requires a sound understanding
of how fishing activities affect marine ecosystems, so the relationship between ‘effort
statistics’ and actual ecological impact will be explored. The data required to run the
ecological models (e.g. local productivity), and to test the model results (fish/benthos
species diversity), will be collected. Finally, fisheries management statistics will be
examined to determine the relationship between fishing effort and catch so that the
ecological model, based on effects of fishing effort, can be applied within a management
framework dealing with ‘catch limitation’. The management protocol will be tested using
recent stock assessment data and management advice scenarios.

EXPECTED RESULTS AND ACHIEVEMENTS

The Mafcons project is concerned with providing fisheries managers with a ‘tool’ which
should enable them to start to adopt a proactive ecosystem approach to fisheries
management. This should be of economic benefit to all EU Member States with a stake in
the North Sea fishing industry.

Mafcons will develop a management protocol that will allow managers to assess directly
the consequences to fish and benthos species diversity of setting specific TACs, so
enabling them to balance the needs of fishermen and the ecosystem. Ultimately, if
successful, Mafcons will provide a ‘blueprint’ for future management, and the procedures,
or protocols, developed during the project will become a routine part of the ICES/EC/fish-
eries ministers’ management process.

It is important that the correct balance between the needs of the fishing industry and
protection of the natural environment is maintained. Mafcons is designed to provide
managers with the ability to maintain this balance.

The Community ecology science carried out to date in the North Sea has tended to be
descriptive, with little attention paid to defining the underlying ecological theory and
testing specific hypotheses. Mafcons should redress the balance, being theory oriented,
with the emphasis on deriving and testing explicit hypotheses.

In addition to disseminating the work within the scientific literature, and through working
documents to ICES, a Mafcons web site will be established. It is intended that a full
description of the work being planned for Mafcons will be posted on the web site. All for-
mal documentation (deliverables) and published papers will be available for downloading
from the web site as portable document files.
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Assessment of biomass export from marine protected areas and 
its impacts on fisheries in the western Mediterranean Sea

BACKGROUND

The export role of marine protected areas (MPAs) has been emphasised as one of their
major prospective benefits, but not a single study has been able to produce export esti-
mates. Such export is a main economic output of MPAs as it represents a production that
can be used without damaging the MPA itself. The main objective is to test and develop
methods to estimate export of fish biomass from MPAs to surrounding areas. These
methods and their results will be the basis for developing a common management strate-
gy for European MPAs. Mediterranean coastal fisheries have decreased over the last 
25 years with subsequent socioeconomic consequences on rural employment.
Management of MPAs to optimise biomass export can certainly contribute to the
development of coastal fisheries through production of larger and more numerous fish.
Thus, local fisheries can maintain their activity using traditional fishing gear and
subsequently produce high market value and quality fish.

OBJECTIVES

Biomex will investigate the efficiency of MPAs as sources of biomass and the consequent
export that can be expected. In this project, we consider MPAs as a management tool for
providing sustainable fisheries in areas open to fishing. Thus, the main objective is to
assess export of fish biomass from MPAs to surrounding areas. Measures of efficiency of
MPAs for biomass export will be based on a multidisciplinary approach that will include
biological and fisheries aspects. The standardised methods we intend to deliver by the end
of the project will be applicable to the management of existing MPAs, as well as to
designing future ones. The final goals are to develop a common strategy, to estimate the
biomass export from MPAs, to assess the impact of export in a fisheries economics
perspective, and to make widely available the knowledge gained in this project.

Four specific objectives have been identified:

1. To estimate the export of adult fishes from MPAs. This component will involve
methods for estimating ‘spillover’ resulting from random movements and the density-
dependent process.

2. To estimate pelagic export resulting from the dispersal of eggs and larvae. As eggs and
larvae are often pelagic (see exception for benthic egg strategy), we will investigate pelag-
ic export, which has always been the most difficult part to quantify in recruitment studies.

3. To estimate the contribution of adult fish export to fisheries. To quantify the impact of
MPAs on fisheries, we will carry out experimental fishing surveys at increasing
distances from the MPA boundaries to assess gradients of catch per unit effort. 

4. To translate our findings from the first three project components into management
actions and recommendations for MPA policies in order to ensure the valorisation of
these scientific results into actual achievements for a better management of marine
coastal areas. This objective will be achieved through: 

● the organisation of workshops involving MPA managers and scientists;
● the elaboration of scientifically sound recommendations for MPA policies.

EXPECTED RESULTS AND ACHIEVEMENTS

Biomass export will be assessed in several Mediterranean MPAs to provide comparative
results. This project will also aim to homogenise surveys of MPAs in the western
Mediterranean to allow directly comparable results and then transferring these methods to
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MPA managers. The project uniquely will produce a set of comparable data across several
MPAs that will be collected and analysed together in order to determine the effectiveness
of the different MPAs with respect to their export value. Ultimately, we intend to identify
physical and biological characteristics of MPAs that influence their inherent potential for
export, and therefore define a strategic work plan to improve the design of MPAs when
export is the desired goal. 

We expect significant achievements in the following items:

1. tools to manage the project work (network, committees, web, training);
2. export estimate from fisheries survey; 
3. export estimate from experimental fishing survey; export estimate from gradient of bio-

mass from underwater visual survey; 
4. export estimates for eggs and larvae.



2. Interactions between environment and aquaculture
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Biofiltration and aquaculture: an evaluation of substrate deployment performance
within mariculture developments

BACKGROUND

The use of biofiltration as a way of optimising water quality in land-based intensive mar-
iculture systems where water is recycled has become standard practice over the last few
years. In recent years, however, a significant proportion of mariculture has been
undertaken under intensive farming conditions in open cage culture in inshore coastal
waters. At present, the farms are solely reliant on the local environment for waste
dispersal. The accumulation of highly organic waste material on the seabed can have
substantial effects on the biological composition of the seabed communities and, in severe
cases, impact on the health and growth of target culture species with deleterious effects on
the economic performance of the farm.

Biofaqs (‘Biofiltration and aquaculture: an evaluation of substrate deployment
performance with mariculture developments’) is a new project supported by the European
Commission, and includes partners from the United Kingdom, Israel, Slovenia and
Greece. The objectives aim to demonstrate the effectiveness of biological filters
(‘biofilters’) in reducing the environmental impact of intensive cage mariculture in inshore
coastal waters of all the project partner States.

OBJECTIVES

This research project will demonstrate the effectiveness of reducing the environmental
impacts of organic inputs from intensive mariculture by using biofilter deployments. The
objectives relate principally to biofilter use over a pan-European scale that includes the
inshore coastal waters of all the project partner States (i.e. will include fieldwork and
experimental conditions relative to the Mediterranean and Red Sea interests of Israel). The
project has three interrelated principal objectives:

1. To quantify the validity (effectiveness) of biofilter use in association with mariculture
within both economic and environmental frameworks on a pan-European scale. As
components of this, the project aims to:

• review the current knowledge base relating to mariculture impacts on a pan-European
scale;

• appraise current and past biofilter initiatives both within and outside Europe and
synthesise this previously disparate research;

• examine existing biofilter designs to determine design principles that could be
transferred from aquarium recirculation systems to open water deployments;

• develop and/or advance quantitative impact assessment models and methodologies;
• undertake test field deployments of biofilters in association with existing mariculture

concerns over a range of mariculture types and impact levels;
• examine the potential for combining additive mariculture concerns with the physical

structure of the biofilters.

2. To optimise biofilter designs and placement protocols in line with geographical
differences and validated model predictions. This objective will be assessed principally
through mesocosm experimentation and will examine:

• biofilter design and performance over a range of temporal scales, a range of
environmentally relevant physico-chemical parameter variations and under differing
organic loading rates;

• energy and nutrient fluxes in order to estimate levels at which intervention (removal
or cleaning) will be required;
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• the dynamics and/or requirements for biofilter fallowing;
• the placement parameters of biofilter deployment in relation to the relative location

organic input point source and prevalent hydrological influences.

3. To examine the environmental and regulatory options governing post-biofilter usage
and to provide detailed economic analyses of biofilter use compared with existing
practices. Within this objective, the project aims to:

• review the current regulatory status of mariculture impacts and mid-water substrate
deployments in European waters and to ascertain the likely acceptance of biofilters
within these regulatory frameworks;

• evaluate the transferability of legal models within the European context;
• develop an analytical tool within the framework of comparative legal analysis;
• prepare pan-European cost–benefit analyses of biofilter deployment in association

with mariculture development with specific reference to environmental value.

EXPECTED RESULTS AND ACHIEVEMENTS

Through the achievement of the specific objectives outlined above, the project will deliver:

1. a comprehensive trans-European assessment of the environmental benefits of biofilter
deployment in association with mariculture concerns;

2. guidance on both the physical design of the artificial substrate complex intended as the
biofilter as well as the size and location of the deployments in relation to estimated
organic load profiles and the prevailing hydrological dynamics of the deployment site;

3. a socioeconomic cost–benefit analysis of biofilter deployment compared with non-
deployment;

4. guidelines on the regulatory framework required for such deployments;
5. targets for future research priorities after the termination of the initial project within a

determined framework of standardised research protocols;
6. a network of researchers and practitioners in the field through the mutual publishing of

findings and the formal and informal exchange of data and results integral to the project
via joint fieldwork programmes and annual workshops. The network will be extended
with the project partners through close association with the Meramed programme and
through selective invitations from representatives of the mariculture industry and
statutory regulatory bodies to attend the final workshop;

7. dissemination of the findings of the project both within Europe and beyond, including
academics, practitioners and policy-makers, through the publication of academic
papers, trade press articles, notes and project reports;

8. the posting of project summaries on a project-specific Internet site;
9. presentations at conferences, workshops and industry meetings.
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Rapid and ultrasensitive fluorescent test for the tracking of toxic algae 
in the marine environment

BACKGROUND

The occurrence of harmful algal blooms (HABs) has been known since antiquity, but,
during recent years, these events have become an increasing problem in coastal marine
waters, and particularly along European coasts. Monitoring for HABs is a requirement of
EU Directive 91/492/EEC and most European countries have monitoring programmes to
ban shellfish harvesting during harmful algal bloom events or when shellfish reach a
specified level of toxicity that is potentially harmful to humans.

Planktonic toxic blooms can cause neurotoxic shellfish poisoning (NSP), paralytic
shellfish poisoning (PSP), amnesic shellfish poisoning (ASP), ciguatera fish poisoning
(CFP) or diarrhetic shellfish poisoning (DSP). New species of harmful algae are
continuously detected, and more worrisome new toxins are being found and chemically
characterised. Currently, PSP is the most widespread shellfish poisoning occurring all over
the world, followed by DSP. These two toxic syndromes are of particular importance on
European coasts. The other poisonings, ASP and NSP, have more restricted geographical
occurrences, although there are now new reports of ASP from Scotland. CFP is localised
in tropical waters only.

OBJECTIVES

DNA and RNA probes, cell-surface antibodies and other molecular and biochemical
techniques have come into more widespread use for identification of a limited number of
harmful algal species. Our final objectives corresponding to five work packages are:

1. to collect and cultivate harmful algae belonging to three selected genera: Alexandrium
(dinoflagellate, PSP), Pseudonitzschia (diatom, ASP) and Prymnesium (haptophyte, fish
kills);

2. to design and test oligonucleotide probes for the specific and sensitive detection of
selected harmful algal species in the marine environment;

3. to prepare monoclonal antibodies specific to surface antigens of toxic algae for the
specific and sensitive detection of selected harmful algal species in the marine
environment;

4. to validate the specificity of the methodology on cultured and field material;
5. to transfer this technology to the different national harmful algal monitoring networks

which represent the best-controlled sampling conditions existing to study the evolution
of the populations of toxic algae.

EXPECTED RESULTS AND ACHIEVEMENTS

We will utilise state-of-the-art technology both in the use of molecular probes and
antibodies for species/strain-level recognition. The probes will be incorporated into a
format using a new solid phase cytometer, which uses a laser beam to scan a filter
membrane onto which field samples have been concentrated, process signals from the
probes, and record the number of micro-organisms. This proposed novel technology
should allow for: a faster method of detection; an increased level of sensitivity in case of
low cell concentration; and the identification of toxic or non-toxic strains within a species.
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Aquaculture and coastal economic and social sustainability

BACKGROUND

The small-scale fisherman, the aquaculture firm, the tourist industry, the private landowner
and local government all have particular concerns in the coastal zone and their activities
and their futures are related in complex ways. Although they all depend on a sustained
resource base in coastal zones, their interests are often in conflict since different values,
goals and interests motivate them. Thus, there is a need for a collaborative process in
addressing complexities of this nature and deriving a sustainable development of coastal
areas. The Aqcess project offers a holistic approach integrating the dimensions of
ecological, socioeconomic, community and institutional sustainability.

OBJECTIVES

The key objective is to define the sustainability of fisheries and aquaculture in biological
and socioeconomic terms. The project is assessing the effects of interactions between
environment, fisheries and aquaculture. It focuses, in particular, on the effects of
aquaculture on local economies and employment, fishery performance, abundance of fish
species and coastal biodiversity. The project aims to design and suggest tools and methods
to assess the contribution of aquaculture and fisheries to the economic development of
coastal areas and their socioeconomic interactions with other available economic
activities. The project will review options and strategies for integrated utilisation of
renewable marine resources in different rural regions. It will propose methods to obtain the
participation of local actors in rural development processes and strategies, and tools for the
transfer of experience, innovation and knowledge where they are needed.

To achieve these goals, the following objectives will be pursued:

1. analysis of labour market conditions in selected areas of five European countries where
aquaculture and fisheries coexist in widely different social and biological environments;

2. analysis of the impact on the local economy of aquaculture and fisheries: social and
economic circumstances of rural communities given the interaction between
aquaculture and fisheries, fluctuations in profitability and demand for products, and
changes in regulations and incentives;

3. analysis of the impact of aquaculture on spatial and temporal patterns of coastal fisheries
and biodiversity; quantification of both positive and negative effects;

4. synthesis of results and evaluation of existing coastal resource management regimes in
different European countries;

5. formulation of recommendations for sustainable coastal resource management.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Describe and model the social and economic value of coastal fisheries and aquaculture
in selected regions of the European Community.

2. Provide information on the diversification of the employment opportunities in these
coastal areas.

3. Recommend policy and management initiatives for the enhancement of sustainable
economic activity in coastal areas where fishing and aquaculture activities contribute
significantly to local economies.

4. Recommend appropriate management policies aimed at reaching a balance between
aquaculture and fisheries activities, taking into account the social and economic
development of coastal areas and ensuring the reduction of any detrimental effects on
the physical and biological environment.
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5. Provide guidance to policy-makers for the design of local employment initiatives and
explore the available opportunities for the participation of local people in the decision-
making process.
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Species diversification and improvement of aquatic production in seaweed
purifying effluents from integrated fish farms and from other waste sources

BACKGROUND

Sustainable poly-aquaculture systems based on seaweeds (macroalgae) are tested, in
which algal growth is integrated with fish farms, in conjunction with SMEs, so that the
environmental impact and the costs of fish farms in Europe are reduced. The project is
innovative in the following respects:

1. high-value seaweed species not used before in poly-aquaculture are grown as sources of
cosmetics, pharmaceuticals and fine chemicals, and as fish feed;

2. seaweed production is improved by controlling day length to induce year-round growth,
avoiding unwanted sporulation, seeding somatic cells, and the use of new tank and
raceway designs;

3. health assays are developed for the farmed seaweeds, together with tests for the
antibiotic activity of seaweeds against fish-pathogenic bacteria.

OBJECTIVES

1. Increase of seaweed species diversification in integrated poly-aquaculture systems
(IPAS), based on the cultivation of new seaweed species of economic importance to
reduce nutrient loads of intensive fish aquaculture in onshore systems, in conjunction
with SMEs.

2. Improvement of seaweed production in IPAS by:

• manipulating physiological processes controlling growth and reproduction;
• seeding somatic seaweed cells on newly developed artificial substrates;
• testing new culture systems with different hydrodynamics.

3. Development of reliable assays for health and physiological status of farmed seaweeds,
and tests for possible antibiotic activity against fish-pathogenic bacteria.

4. Economic evaluation of IPAS including the value of the seaweed produced and the
benefits of purifying aquacultural and domestic wastes.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Completion of cultivation procedures of high-value seaweed species for purifying high-
nutrient effluents from fish farms and testing farmed seaweed as an addition to fish feed,
in conjunction with SMEs.

2. Completion of the development of techniques for improving seaweed culture for
obtaining year-round growth, prevention of mass sporulation, seeding somatic cells, and
using new tank designs.

3. Completing health assays for, and obtaining antibiotics from, farmed seaweeds.
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Development of monitoring guidelines and modelling tools for environmental
effects from Mediterranean aquaculture

BACKGROUND

In the last decade, aquaculture of sea bass and gilthead sea bream has experienced a period
of exponential growth in the Mediterranean region; however, little detailed information is
available on the environmental impacts of this industry. In general, it has been assumed
that these will, at least qualitatively, follow the pattern established in northern latitudes.
Environmental assessment strategies, developed and proven in northern European cage
farms, underpin effective regulations in those areas. However, the application of such
strategies to Mediterranean coastal cage farms would be inappropriate without
modification and adaptation to the ecological particularities of the Mediterranean Sea. In
addition to differences in the species cultured, the climate, the current regime, and the level
of eutrophication, differences in the composition and diversity of fauna and flora between
the north Atlantic and the Mediterranean Sea must be addressed.

The development of an appropriate and effective impact assessment and monitoring
system for cage farms is essential in order to ensure the sustainable development of
aquaculture in Mediterranean coastal areas, while taking into consideration other aspects
of integrated management of the coastal zone, including tourism, fishery and environmental
protection.

OBJECTIVES

In order to address these various concerns, Meramed aims to develop and establish a
model-based control system for the environmental monitoring of fish cage farms in the
eastern Mediterranean. This will require the fulfilment of three major objectives:

1. to undertake a review of procedures used in the regulation and monitoring of marine fish
cage farms in Norway, Scotland and elsewhere to be used as the basis for creating an
appropriate set of protocols, monitoring systems and techniques for the control of such
farms in Mediterranean conditions;

2. to carry out a field research programme to provide appropriate data on the environmental
impact of marine fish cage farms in a range of conditions in the eastern Mediterranean;

3. to develop a predictive model to simulate the environmental response at Mediterranean
Sea cage farms to differing cage stocking levels and feeding regimes. This will be
designed as a management tool for both the industry and regulatory authorities.

Successful fulfilment of these objectives will result in the development of methods and
strategies to assess the effects of the interaction between the environment and aquaculture
by determining the influence of farm effluents on faunal distributions and on the
interactions between wild and farmed organisms.

EXPECTED RESULTS AND ACHIEVEMENTS

A review will be made of the current regulations governing marine fish cage farms and of
the environmental monitoring required at such farms operating in Norway, Scotland and
elsewhere. The aspects of these regulations and requirements that are appropriate to marine
fish cage farms in the Mediterranean will be identified and adapted to reflect the differing
conditions. The best practices currently being used in regulating cage aquacultural operations
in the other areas will then be used to suggest guidelines, control protocols and monitoring
techniques suitable for regulating cage farms in the eastern Mediterranean.

Surveys will be undertaken at a series of cage farms in Greece that are representative of
different environmental conditions and farming practices. Environmental conditions in the
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water column and sediments will be measured in the vicinity of the cages and in control
areas beyond the influence of the cages. Assessments will be made of the benthic infauna
and epifauna and of wild fish populations in both the control and impact areas. Fish
assemblages around cage farms and their effect on the flux of solid wastes will be
evaluated. Detailed feed and production data from the farms over the years prior to the
surveys will be collected. These various information sets will be analysed and collated to
provide both an overview of the environmental impact of cage farms in the eastern
Mediterranean and an appropriate data set to drive and validate a predictive model of cage
farm effects.

This model will build on the experience already gained in modelling impacts at marine
cage farms. Current models based on conditions in northern European tidal waters will be
reconfigured and developed to ensure that model outputs truly reflect the complexity of
Mediterranean conditions and are sufficiently sensitive to safeguard the interests and needs
of both the industry and the regulatory authorities.
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Impact of aquaculture on the immune response genes of natural salmonid populations:
spatial and temporal genetic signatures and potential fitness consequences

BACKGROUND

Salimpact assesses the extent to which disease transmission from Atlantic salmon
aquaculture affects genetic variation in natural populations of Atlantic salmon and brown
trout. This is achieved by comparative analyses of loci that are critically involved in
immune responses (i.e. major histocompatibility complex (MHC) genes) with selectively
neutral microsatellite loci. Spatial and temporal genetic studies of affected and unaffected
salmonid populations in two geographical regions will be complemented by field
experiments testing for fitness differences among MHC genotypes. This allows
assessments of potential fitness consequence of disease impacts on MHC variability in
natural populations.

OBJECTIVES

The objective of Salimpact is to assess the extent to which disease transmission has, or has
had, an impact on genetic variation in natural salmonid populations. Genetic signatures of
impact of aquaculture will be identified by comparison of patterns of variability at selected
and neutral markers. We have developed molecular tools to investigate genetic variation
at loci that are critically involved in the immune response (i.e. major histocompatibility
complex (MHC) genes) with variability at a number of selectively neutral markers
(microsatellites). Both temporal and spatial cases, comprising affected (i.e. with
documented history of impact) and unaffected Atlantic salmon and brown trout
populations, will be identified and analysed. These studies will be complemented with
field experiments which will assess the effect of mate choice and the fitness consequences
of different MHC genotype frequencies in populations under semi-natural and natural
conditions.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Validated protocols and techniques for the detection of microsatellite markers from
archived scales and extant fish populations.

2. Collection of DNA samples obtained from selected populations (affected and
unaffected by aquaculture activities) over time and space and the field experiments.

3. Marker analyses of DNA samples and statistical evaluation of the results.
4. Identification and quantification of the effect of fish farming on fitness-related traits

within natural populations.
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Effect of nutrient release from Mediterranean fish farms on benthic vegetation 
in coastal ecosystems

BACKGROUND

The coastal ecosystem is an important resource throughout the Mediterranean for
commercial as well as recreational purposes. Marine aquaculture production of fish is a
rapidly increasing industry in the Mediterranean where aquaculture is relatively new.
Consequently, it is important to elucidate the environmental impact of this production.

The information indicating that the coastal zones may not be able to sustain the pressure
from human activity is rapidly growing. The Mediterranean is generally considered an
oligotrophic ecosystem, but there are signs of nutrient enrichment in some areas. The
number of reports on the flourishing of fast-growing macroalgae in the summer with many
visitors on the beaches is increasing every year and investigations of seagrass beds along
the east coast of Spain show that the distribution of seagrasses is declining, as the rate of
recruitment is slower than mortality. The loss of seagrasses may have a significant impact
on the coastal ecosystem due to increased erosion and loss of habitat for a variety of
marine animals.

Aquaculture production contributes to the pressure on the coastal zones. Fish farms are
often located in near-shore areas which are also suitable habitats for dense and coherent
seagrass meadows due to the strong currents and coarse sediments at such locations. This
can lead to conflicts of interest between efforts to protect and conserve seagrasses in
coastal zones and exploitation of farming activities.

OBJECTIVES

The objective of this project is to examine the effects of nutrients released during fish
farming on community dynamics of the benthic vegetation in coastal zones in the
Mediterranean. We wish to obtain new and valuable insight into the following subjects:

1. fate of nutrients released from aquaculture production in the Mediterranean;
2. effects of aquaculture on seagrasses and associated benthic fauna;
3. shifts in coastal vegetation communities (from seagrass to macroalgae);
4. seagrasses and fauna as early-warning indicators of aquaculture impacts.

Nutrients are released from fish farms in dissolved and particulate forms, and both types
of input may alter the benthic community significantly by enhancing the nutrient in the
benthic compartment. In particular, the slow-growing seagrass Posidonia oceanica, which
is the dominant seagrass in the Mediterranean, may be affected by a higher nutrient
availability. Fast-growing species, such as smaller seagrasses or macroalgae, may take
over the benthic community. Such a shift in vegetation will affect other trophic levels such
as the associated benthic fauna. By understanding these shifts, we aim to identify early-
warning indicators of aquaculture impacts.

EXPECTED RESULTS AND ACHIEVEMENTS

Due to the fact that the aquaculture industry is new in the Mediterranean, the amount of
information on environmental impacts is relatively small. The use of the existing
knowledge from Atlantic aquacultures is limited due to major differences between
locations, for example the oligotrophic or ultra-oligotrophic conditions found in the
Mediterranean and the presence of seagrasses in close proximity to aquaculture
installations there. It is thus very important to acquire more knowledge on the
environmental effects on regional scales as well as on the European level. The presence of
seagrasses may prove to be a valuable tool for monitoring fish farming effects and for
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planning new fish farm locations. The seagrasses are permanent plants, which may
accumulate the effects during time and at the same time they are easy to monitor. In this
project, we will utilise a number of methods to assess the effects of farming activities on
seagrasses and the associated benthic fauna, which can be used by monitoring authorities.
Supplementary to this, we will develop a dose/response model of the nutrient release and
effects on primary producers in the surroundings. This model can be used during planning
of new farms and, together with the fish farmer, to optimise the size of the farms and the
composition of fish food, and thus contribute towards improved sustainability of the
farming industry.
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Sustainable management of interactions between aquaculture 
and wild salmonid fish

BACKGROUND

This multidisciplinary project addresses questions relating to:

1. the decline in wild salmonid populations in north-western Europe;
2. aspects of the migratory behaviour and physiological responses of juvenile salmonids,

as they adapt to seawater and as they respond to the additional environmental challenge
and stress of ectoparasitic sea lice infestation;

3. up-to-date appraisals and modelling of the socioeconomic importance, and interaction,
of the aquaculture and game angling industries in peripheral rural regions of north-
western Europe.

The research is necessarily multidisciplinary in approach and will engage academic and
applied scientists, an SME consultancy and an industrial pharmaceutical company in
focusing the various components on the overall objectives of quantifying the infestation
levels which elicit significant physiological stress on the host fish, and an assessment of
the possibilities of conserving and enhancing small definable stocks of salmonids in a
sustainable context, but with minimum management intervention.

OBJECTIVES

Using state-of-the-art cell biological and physiological techniques and socioeconomic
modelling, recommendations on target lice burdens to allow the sustainable development
of both industries will be achievable. For wild fishery managers, recommended levels will
be those below which it can be assumed that sea lice are exerting no significant negative
impact on local stocks. For the aquaculture industry, target infestation levels will be those
below which significant impacts on the health of their stocks are minimal. Perhaps most
importantly, however, by incorporating our data into mathematical models in a parallel
programme, we will be able to recommend target levels for lice on farmed stocks which
are sufficiently low as to minimise the possible impacts of farmed stocks on wild
populations with regard to larval lice export and cross-infestation of wild fish. These latter
farm levels are expected to be considerably lower than the minimal levels which elicit
physiological stress effects on their own fish, and hence will have obvious economic
consequences for the farming industry and social and economic implications for wild
fishery interests.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Identification of early migratory routes of salmonid smolts.
2. Assessment of species’ susceptibility to sea lice infestation and the levels eliciting lethal

and significant non-lethal stress.
3. Assessment of a prophylactic treatment protecting smolts from initial infestation by sea lice.
4. Socioeconomic appraisals of the aquaculture and wild game fishery industries, and their

interaction, in rural areas of the EU.
5. Recommendations of the minimal levels of ectoparasitic lice infestation which are

mutually beneficial to both industries and allow their sustainable development.





Sub-area 2.2: Scientific basis for fisheries management

Q5RS-2002-00856 ‘Mafcons’
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Genetic identification of fish by species-specific DNA markers for use in stock 
biomass assessments and detection of commercial fraud

BACKGROUND

The main objective of the project is to improve a fisheries independent method of fish
spawning stock biomass estimation by developing genetic-based methods for the accurate
identification of the early stages of the eggs of 13 commercially important marine species:
Trachurus trachurus, T. mediterraneus, T. picturatus, Macroramphosus scolopax,
Scomber scombrus, S. japonicus, Gadus morhua, Melanogrammus aeglefinus, Merlangius
merlangus, Merluccius merluccius, M. senegalensis, Lepidorhombus whiffiagonis, L.
boscii. Probes will be developed for eight more species for commercial fraud
identification. The species of each group show overlapped distributions and spawning
period and their eggs can be confounded in plankton surveys. Protocols will be used in real
surveys.

OBJECTIVES

1. To determine the most suitable method for preserving fish eggs to allow both visual
sorting and DNA recovery.

2. To develop species-specific mtDNA and nDNA probes for: hake, Argentine hake,
Austral hake, black hake, Chilean hake, Patagonian hake, Cape hake, Boston hake,
megrim whiffiagonis, megrim boscii, cod, haddock, whiting, Atlantic mackerel, Spanish
mackerel, Atlantic horse mackerel, Mediterranean horse mackerel, blue jack mackerel
and snipe fish.

3. To develop PCR-based protocols for gene probe identification of fish eggs.
4. To assess the degree of improvement of the new PCR-based method for egg

identification with respect to the visual method of egg identification.
5. To validate the method for the detection of commercial fraud in the European fish markets.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Development of an egg preservation protocol.
2. Development of a protocol for routine DNA extraction from fixed eggs.
3. Development of species-specific markers for 21 commercially important fishes.
4. Development of an automated protocol for genetic identification of species using the

new markers.
5. Assessment of the improvement achieved for egg identification using the new markers.
6. Validation of the new method for detection of commercial fraud in fish markets.
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Population structure, reproductive strategies and demography of redfish 
(genus Sebastes) in the Irminger Sea and adjacent waters 
(ICES V, XII and XIV; NAFO 1)

BACKGROUND

The present project has been internationally developed to increase the fragmentary and
preliminary biological knowledge about commercially exploited golden and deep-sea
redfish stocks (Sebastes marinus L. and S. mentella Travin) in the Irminger Sea and
adjacent waters within the framework of an agreed four-year research programme. The
multidisciplinary intentions are designed to jointly investigate unsolved problems in the
field of stock delimitation, reproductive strategies and demography as three separate work
packages, respectively. A total of 16 scientists and six technicians from the Federal
Research Centre for Fisheries (EU–Germany coordination), the Institute of Marine
Research (EU–Spain), the Marine Research Institute (Iceland), the Institute of Marine
Research (Norway) and the University of Bergen (Norway) will collaborate and contribute
to the various analyses.

OBJECTIVES

Two commercially exploited redfish species occur in the Irminger Sea and adjacent
waters, golden redfish (Sebastes marinus, Linnaeus, 1758) and deep-sea redfish (Sebastes
mentella, Travin, 1951) which are currently treated as three management units straddling
over European, Faeroese, Icelandic and Greenlandic exclusive economic zones (EEZs) as
well as international waters. They are defined as golden redfish and deep-sea redfish on the
continental slopes and oceanic redfish distributed over the pelagic Irminger Sea waters.
The pelagic occurrences of redfish below 500 m and the ‘giants’ of the Reykjanes Ridge
remained unidentified. The first work package investigates the genetic relation across these
redfish, while the second work package deals with the reproductive strategy of the
viviparous redfish species in terms of fecundity and seasonal cycles by sex. The third work
package focuses on the dynamic demography of the redfish stocks including scientific and
commercial fleet data.

EXPECTED RESULTS AND ACHIEVEMENTS

The project will provide essential information on stock identification and genetic relations
between the redfish occurrences, and improve the basis for assessing their biomass
production. Thus, the results are expected to contribute significantly to international
management regimes and achieve sustainable exploitation.
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Combining geostatistical and Bayesian methods to improve the scientific basis 
for the management of Atlantic mackerel fisheries

BACKGROUND

Atlantic mackerel fisheries are economically important in EU waters. A major tool for the
assessment of these stocks, which forms the main scientific basis for the fishery
management, is a triennial survey of pelagic mackerel eggs. From these surveys, absolute
estimates of spawner abundance are obtained. However, recent research has suggested that
there may be large biases in survey estimates of abundance due partly to incomplete
survey coverage of the spatial and temporal extent of pelagic eggs in the spawning season.
It is also unclear whether the estimation methods applied account adequately for
uncertainties in the estimates of spawner abundance and whether the current management
approach is sufficiently robust to address these uncertainties.

The pelagic egg survey is to date the only fisheries independent data source available for
the mackerel and horse mackerel stocks. The calculated egg abundance is entered into a
stock assessment model that applies an age-structured population estimation method,
VPA. This project aims to combine geostatistical and Bayesian estimation methods to
reduce bias in estimates of egg abundance and to better account for uncertainties in these
estimates.

OBJECTIVES

The main objectives of the project are:

1. to combine geostatistical and Bayesian statistical methods to improve the scientific
basis for the management of Atlantic mackerel stocks;

2. to apply Bayesian decision theory to evaluate the potential consequences for fishery
management of applying both total allowable catch (TAC) and spatial controls, and to
assess the information-gathering requirements of these controls.

The fundamental research carried out in this project deals with the sequential survey data
on pelagic egg densities and aims to improve the estimates of egg production from this
data and better account for uncertainty. Research does not directly seek to improve the
stock biomass estimation methods and does not consider parameters such as fecundity and
sex ratio. However, an improved estimate of egg production will have a positive impact
on the output of models currently used to estimate stock abundance. Based on this
principle, this project also aims at quantifying the impact of improved egg production
estimates on the stock biomass estimates obtained through conventional modelling
techniques which use the egg abundance estimates as one of the input parameters.

Geostatistical and Bayesian estimation methods are being combined to reduce bias in
estimates of egg abundance and to better account for uncertainties in these estimates.
Furthermore, Bayesian decision analysis methods will be applied to identify fishery
control measures and information-gathering and estimation methods that will ensure that
the management methods applied are adequately robust to deal with the uncertainties and
conform to the recently adopted precautionary guidelines for fishery management in the
CFP. The project also aims to use the uncertainty calculation methodology developed to
design an ‘optimal’ egg survey design.

EXPECTED RESULTS AND ACHIEVEMENTS

The expected achievements of the project are:
1. development of a mathematical Bayesian framework for geostatistical analysis of

sequential spatial data on pelagic egg densities to improve estimates of egg production
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and better account for uncertainty; incorporate environmental/bathymetric data to
improve estimates;

2. development of Bayesian Monte Carlo integration methods to estimate annual spawner
abundance from geostatistical analysis of sequential data for pelagic egg densities;

3. development of a method for optimising egg survey designs which, for given levels of
total annual pelagic egg survey effort, will minimise bias and variance in spawner
biomass estimates provided by a geostatistical estimator;

4. assessment of the potential biological consequences of some alternative management
options for the western and horse mackerel fisheries that involve different abundance
surveying and harvest control methods;

5. identification of the optimal resource abundance survey and estimation approaches for
each combination of methods for controlling fishing mortality;

6. comparison of the risks of over-depletion and robustness with uncertainties in stock size
of the western and horse mackerel fisheries under different methods of controlling
fishing mortality with the quality of information available to different methods for
gathering information;

7. identification of how alternative management strategies can potentially be applied to
improve sustainability of the western and horse mackerel fisheries.



— 135 —

Contract number: QLK5-1999-01272
Contract type: Concerted action
Starting date: 1.1.2000
Duration:

42 months + 6 months’ extension
Scientific Officer: Tore Jakobsen
Project web site: None

Coordinator
Oliver Tully
University of Dublin — Trinity College
Department of Zoology
College Green
Dublin
Ireland
Tel. (353-1) 608 27 28
Fax (353-1) 677 80 94
E-mail: otully@tcd.ie

Michael Keatinge
Irish Sea Fisheries Board
Crofton Road
PO Box 12
Dun Laoghaire
Co. Dublin
Ireland
Tel. (353-1) 214 42 35
Fax (353-1) 230 05 64
E-mail: keatinge@bim.ie

Ivor Marsh
Marine Institute
Fisheries Research Centre
Abbotstown
Dublin
Ireland
Tel. (353-1) 821 01 11
Fax (353-1) 820 50 78

Julian Addison
Centre for Environment, Fisheries and
Aquaculture Science
Lowestoft Laboratory
Pakefield Road
Lowestoft
Suffolk NR33 0HT
United Kingdom
Tel. (44-1502) 56 22 44
Fax (44-1502) 52 45 69
E-mail: j.t.addison@cefas.co.uk

Daniel Latrouite
Ifremer — DRV/RH
Laboratoire de Sclérochronologie des
Animaux Aquatiques
BP 70
F-29280 Plouzane
Tel. (33) 298 22 43 69
Fax (33) 298 22 45 47
E-mail: daniel.latrouite@ifremer.fr

Juan Freire
Universidad de La Coruña
Departamento de Bioloxía Animal,
Bioloxía Vexetal e Ecoloxía
La Zapateira s/n
E-15071 La Coruña
Tel. (34) 981 16 70 00
Fax (34) 981 16 70 65
E-mail: jfreire@udc.es

Raquel Goñi Beltran de Garizurieta
Instituto Español de Oceanografía
Centro Oceanografico de Baleares
Muelle de Poniente s/n
Apartado 291
E-07080 Palma de Mallorca, Balearic
Islands
Tel. (34) 971 40 15 61
Fax (34) 971 40 49 45
E-mail: raquel.goni@ba.ieo.es

European decapod fisheries: assessment and management
EDFAM

PARTNERS



— 136 —

Francesc Maynou Hernandez
Consejo Superior de Investigaciones
Científicas
Instituto de Ciencias del Mar
Departamento de Recursos Marinos
Renevables
Passeig Maritim de la Barceloneta, 37–49
E-08003 Barcelona
Tel. (34) 932 21 64 16
Fax (34) 932 21 73 40
E-mail: maynouf@icm.csic.es

Cristina Silva
Instituto de Investigação das Pescas 
e do Mar
Departamento de Recursos Marinhos
Avenida de Brasília s/n
P-1449-006 Lisbon
Tel. (351) 213 02 70 96
Fax (351) 213 01 59 48
E-mail: csilva@ipimar.pt

Henrique Queiroga
Universidade de Aveiro
Departamento de Biologia
Campus Universitário
P-3810 Aveiro
Tel. (351) 234 37 07 87
Fax (351) 234 42 64 08
E-mail: hqueiroga@bio.ua.pt

Franco Biagi
Università degli Studi di Pisa
Dipartimento di Scienze dell’Uomo e
dell’Ambiente
Via Volta, 6
I-56126 Pisa
Tel. (39) 050 50 09 43
Fax (39) 050 04 96 94
E-mail: biagifra@discat.unipi.it

Chryssi Mytilineou
National Centre for Marine Research
Institute of Marine Biological Resources
Fisheries Department
Aghios Kosmas
Hellinikon
GR-16604 Athens
Tel. (30) 21 09 82 25 57, ext. 116
Fax (30) 21 09 81 17 13
E-mail: chryssi@ncmr.gr

Dimitris Vafidis
National Agricultural Research
Foundation
Fisheries Research Institute
Nea Peramos
GR-64007 Kavala
Tel. (30) 25 94 02 26 91
Fax (30) 25 94 02 22 22
E-mail: fri@otenet.gr

Per Olav Moksness
University of Gothenburg
Kristineberg Marine Research Station
PO Box 2130
S-450 34 Fiskebäckskil
Tel. (46-523) 185 42
Fax (46-523) 185 02
E-mail: p.moksness@kmf.gu.se

Helen Pickering
University of Portsmouth Higher
Education Corporation
Centre for the Economics and
Management of Aquatic Resources
Locksway Road
Portsmouth PO4 8JF
United Kingdom
Tel. (44-23) 92 84 40 86
Fax (44-23) 92 84 40 37
E-mail: helen.pickering@port.ac.uk

Ken Collins
University of Southampton
School of Ocean and Earth Science
Southampton Oceanography Centre
European Way
Southampton SO14 3ZH
United Kingdom
Tel. (44-1703) 59 36 42
Fax (44-1703) 59 30 59
E-mail: kjc@soc.soton.ac.uk



— 137 —

European decapod fisheries: assessment and management

BACKGROUND

The overall aim of the EDFAM concerted action is to provide a framework for future data
requirements, assessment and management of European decapod crustaceans. EDFAM
will also discuss the optimum management structures and policies that connect the  struc-
ture and dynamics of these resources, the fishing process and the socioeconomic frame-
work within which they are exploited. These actions are warranted given the low level of
assessment work and consequent poorly defined management policies for the majority of
these species and the importance of these resources to artisanal and offshore fisheries in
Europe. Although some stock monitoring programmes exist in many countries and
assessment is carried out at the ICES WG level, this applies to the minority of species.
Assessment procedures need to be reviewed. Also, there is significant new knowledge
worldwide in relation to assessment and management models to allow EDFAM to incor-
porate new developments and to apply them to the management of European crustacean
fisheries.

OBJECTIVES

The objectives and actions of the project are to:

1. review existing assessment data collection programmes for European decapod
crustaceans;

2. review the biology and fisheries for each of the commercially exploited species in
Europe;

3. produce a web-hosted metadatabase for European crustacean fisheries (ECFM) that will
host all available metadata on these fisheries including biological, economic and social
metadata (www.edfam.net);

4. review current stock assessment methodologies. This will include the models used,
methods of parameter estimation, assumptions and robustness of the assessments;

5. host a conference on the assessment and management of crustaceans that will also
explore new developments in source sink dynamics and metapopulation concepts;

6. explore the capacity for standardised assessment data collection for decapods and
develop a database template for such a standardised protocol;

7. review the systems for management of crustacean fisheries in Europe. Issues discussed
will include institutional arrangements, national policies, delegation of management,
property rights, management scale and distribution of the fish resources.

EXPECTED RESULTS AND ACHIEVEMENTS

EDFAM is expected to identify gaps in knowledge of European decapod stocks and to
make definite recommendations through:

1. a synthesis of new approaches to assessment. This is important as it will define future
data and research requirements;

2. identification of the optimum management structures. This is important for future
national and European legislation and the common fisheries policy.

The findings of the project will be disseminated to industry and to fisheries laboratories in
Europe involved in research and assessment of decapod resources.
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A multidisciplinary approach using genetic markers and biological tags in 
horse mackerel (Trachurus trachurus) stock structure analysis

BACKGROUND

The aim of this project is to assess the stock structure of the horse mackerel (Trachurus
trachurus), which is an important target species in many north-east Atlantic and
Mediterranean fisheries. The project will provide information which is currently lacking
for an effective definition of horse mackerel stock boundaries, and will evaluate the status
of the horse mackerel populations. The overall objective will be achieved by integrating
the results from several techniques such as genetic markers, other biological tags such as
morphometric studies and the use of parasites, physical tagging and life history traits
(growth, reproduction and distribution). The genetic stock assessment will be performed
by means of five different genetic approaches comprising the analysis of allozymes, the
mitochondrial DNA and the microsatellite DNA. The proposed research will therefore set
up an improved multidisciplinary tool for fish stock identification, and an exhaustive
knowledge of horse mackerel stock structure, in order to allow enhanced management of
horse mackerel resources in EU waters in the short, medium and long term.

OBJECTIVES

The project aims by means of the development and validation of methods to establish the
geographical limits and the genetic structure of the horse mackerel stocks in the north-east
Atlantic and Mediterranean. A combination of various techniques that cover the use of
biological tags (molecular genetic markers, parasites, morphometry), physical tagging and
life history traits (growth, reproduction and distribution) will be applied to obtain the
information requirements for the stock identification. A better understanding of the horse
mackerel stock structure will allow the establishment of management policies that take
into account the genetic integrity on a medium- and long-term basis.

To obtain this, a number of sub-objectives will be developed:

1. identify, by using different molecular genetic markers, populations and stocks from the
Mediterranean Sea and north-east Atlantic that maintain and sustain the
Castle–Hardy–Weinberg equilibrium;

2. indirect quantitative estimation of gene flow among the stocks, to evidence the population
fragmentation;

3. characterisation of the genetic diversity of the horse mackerel along its entire area of
distribution;

4. assessment of the summary statistics of levels of infection in terms of prevalence, mean
intensity and/or abundance of metazoan infection in different horse mackerel samples;

5. interpretation of the results in terms of host population biology (migration routes,
feeding and spawning areas, recruitment grounds, etc.) after the comparison of
infestation levels in intra- and inter-sampling areas;

6. application of the geometric morphometrics on the horse mackerel body and otoliths, as
a tool for the identification of intraspecific variation;

7. isolate body and otolith shape differences among areas, by applying multivariate
statistical techniques;

8. evaluation of the viability of the application of internal and external tags in the horse
mackerel;

9. examination of the different population parameters — growth rate, maturity ogive,
fecundity, age structure, distribution and abundance — to identify horse mackerel pro-
duction units;
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10. assessment of the effects of the extrinsic factors (environmental conditions, fishing
pressure), space and time, in the population parameters observed;

11. analysis of the relationship between the genetic characterisation and the production units
— consequences for the management in relation to preserving the genetic integrity.

EXPECTED RESULTS AND ACHIEVEMENTS

The project will provide:

1. genetic markers to identify horse mackerel stocks;
2. the selection of tag parasites;
3. results based on morphometric analysis;
4. conclusions on the viability of physical tagging and the characterisation of production

parameters by area;
5. the integration of all the information to delineate the boundaries of stocks.

The results produced will be scientific data allowing an improved formulation of
managerial advice for the CFP, in order to plan sustainable exploitation of the horse
mackerel, as well as a developed and validated multi-method approach to assess fish stock
structure.
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A coordinated approach towards the development of a scientific basis 
for management of wild Atlantic salmon in the north-east Atlantic

BACKGROUND

The project seeks to advance the scientific basis upon which advice is given to managers
of local, national and international salmon fisheries, compatible with the precautionary
approach, as adopted by all signatories (including the EU) to the North Atlantic Salmon
Conservation Organisation 1998 Accord on Salmon Management. Specifically, experts in
salmon biology and in fishery modelling will carry out a concerted action to improve our
ability to set salmon conservation limits, addressing transportability and dynamic change
issues, and taking account of underlying stock structure. Work will also be carried out to
develop more reliable estimates of pre-fishery abundance (PFA) for north-east Atlantic
salmon stocks and to develop predictive PFA estimates that can be used to advise on catch
options.

OBJECTIVES

The overall objectives of Salmodel are to improve our ability to set salmon conservation
limits (CLs), addressing transportability and dynamic change issues, also taking into
account underlying stock structure, and to examine methods of estimating pre-fishery
abundance for north-east Atlantic salmon stocks and to determine whether and how PFA
estimates can be used to give catch advice.

A number of specific tasks were set up to address these objectives, as follows:

1.   to examine and agree definitions and principles involved in the use of biological
reference points in salmon management;

2.   to review the quality of relevant data existing in national laboratories/databases and
determine whether additions/improvements are necessary;

3.   to review and evaluate progress in individual countries towards setting river-specific
or regional conservation limits;

4.   to review and evaluate progress on establishing national and international conservation
limits and their use in developing ICES advice for the management of fisheries;

5.   to examine methods for interpreting stock-recruitment data upon which conservation
limits can be based; to explore the use of new data sets (e.g. catch time series) and to
investigate the effects of dynamic change in both the stock and the habitat;

6.   to evaluate currently available habitat assessment methods in order to assess our abil-
ity to transport stock/recruitment relationships between rivers and to examine uncer-
tainty inherent to these extrapolations; to evaluate new technologies (e.g. GIS) that
may assist this process;

7. to review the model currently being used to estimate pre-fishery abundance at an
international level, and investigate means for independent validation of the PFA
estimates; to examine the sensitivity of the PFA model to variability in input parameters;

8.   to review the options for developing PFA forecast models and to determine the most
appropriate stock groupings for use in international management;

9.   to examine the role of risk assessment and to investigate the uncertainties in the use of
the above models for management advice; to determine the biological and fishery
implications of these uncertainties;

10. to evaluate alternative management approaches and consider management risks
compared with the approach currently being developed;

11. to provide recommendations for further collaborative R & D in these areas, to trigger
new bids for shared-cost project funding (particularly in model development).
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EXPECTED RESULTS AND ACHIEVEMENTS

Development of scientific assessment methods to the stage where they can confidently be
used for advice on the management of salmon fisheries.

More specifically, the following results are expected:

1. decisions on whether present interim assessment methods will support development, or
whether alternative approaches should be adopted;

2. satisfactory method of setting and transporting conservation limits;
3. reliable estimates of salmon pre-fishery abundance in the north-east Atlantic.
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Sexual identification and development in the swordfish — Improved determination
tools for more efficient stock assessment and implementation of control measures

BACKGROUND

In the large, economically important, Mediterranean and Atlantic marine fishery for the
swordfish (Xiphias gladius), the determination of both sex and gonadal maturity of fishes
at capture are important requisites for the controlled regulation of the fishery. This fishery
accounts for a yearly financial turnover of well over EUR 300 million within the combined
fisheries of the EU. In many cases, the sex and the gonadal maturity of the swordfish
cannot be determined due to the lack of external sexual dimorphisms between the sexes or
due to the fact that much of the catch is ‘gutted’ at sea thereby making determinations on
the landing of the catch obsolete. This type of data can then only be ascertained by the use
of scientists ‘on board’ to examine the catch, an undertaking which may be both costly and
time consuming under harsh conditions. In search of a more efficient and cost-effective
assessment method of these two parameters, an enzyme-linked immunosorbent assay
(ELISA) mediated muscle biopsy (EMMB) will be developed to establish the levels of the
sex hormones together with the lipoprotein vitellogenin for the swordfish and standardised
using morphological and histological techniques.

OBJECTIVES

The objective of the project is to sample swordfish populations from the eastern, central
and western Mediterranean Sea and develop methods to determine steroid hormone
concentrations and vitellogenin concentrations in plasma and tissue of these fish over a
seasonal reproductive cycle. These will then be used to determine sex and sexual maturity
and compared with histological studies made at the same time. Using this study as a
calibration, a muscle biopsy test will be evolved for standard determination of sex and
maturity from single muscle samples. This will be tested by simulated market conditions
and ‘double blind’ experiments under field conditions.

The objectives will be carried out over two fishing seasons, with the second season serving
as market testing. In the first season, the main objectives are to determine the stability of
the sampling methods and to develop the necessary methods for determining steroids and
vitellogenin in swordfish plasma and muscle.

EXPECTED RESULTS AND ACHIEVEMENTS

From the first fishing season, over 400 fish were examined throughout 118 fishing days.
Steroid stability was proven and vitellogenin was isolated from female fish and antibodies
for an ELISA test have now been prepared. From early results, it appears that some large
male swordfish have levels of vitellogenin in their plasma and these have been correlated
with the presence of the female hormone estradiol. Further examination of the gonads of
at least eight male specimens from the central Mediterranean confirm the presence of
oocytes in the testis. This may be the first evidence of ‘endocrine disruption’ in a top
pelagic predator within the Mediterranean basin and requires further study.

From the second fishing season (2001), 184 fish were sampled in Italy (62 males and 
122 females), 184 fish were sampled in Greece (86 males and 98 females) and 335 fish
(mostly sex unknown) were sampled in Spain. The histological analysis of testes led to the
identification of a high percentage of intersex (25 %) showing the presence of isolated or
grouped oocytes inside the testicular tissue of Spanish, Greek and Italian fish. The results
from the steroid determinations were unsatisfactory and cannot be used for sex determi-
nation on a regular basis. Vitellogenin has, however, proved to be an excellent marker for
sex and in a discrimination window from May until August with a lower jaw-fork 
length > 140 cm, all females could be determined using this molecular marker.
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The earlier evidence of endocrine disruption shown in the first fishing season has been
confirmed from fish taken in the second fishing season.

One of the main problems for the fishery is the large percentage (> 70 %) of immature fish
which are caught which have not reproduced previously as shown by histological and
molecular markers.
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Development of structurally detailed, statistically testable models 
of marine populations

BACKGROUND

Fish stock assessment is the basis for fisheries management advice. Data and models
currently used for fish stock assessment in the north-east Atlantic area provide estimates
of abundances of fish and exploitation rates, and estimates of precautionary limits for these
quantities. Multispecies effects and dynamic growth are usually omitted as are spatial
variation and fish migration. In some cases, specialised models (e.g. multispecies virtual
population analysis — MSVPA) have been used to quantify some of these relationships
and are believed to provide better fundamental descriptions of the stocks in question but,
as the various models are rarely statistical, it has been difficult to make formal evaluations
about the extent to which they are supported by the data or the improvements they may
offer in practical terms.

OBJECTIVES

The overall goal of the project is to decide on the level of complexity to use in modelling
fish stocks for management advice. The first objective is to collect relevant data into data
warehouses and provide objective means of analysing these through libraries of computer
programs. The next objective is to validate present estimates of the stock sizes and
exploitation histories for key fish stocks, using statistical models that include descriptions
of growth, migration and predation. This will be followed by an evaluation to find out
whether, when and how increased complexity in models enhances management advice on:
(i) closed area restrictions; (ii) state of stocks and catch forecasts; (iii) small-scale effects
such as local depletion of forage species. Finally, perceptions of limit reference points for
safe exploitation of resources, taking spatial and multispecies concerns into account, will
be evaluated and validated.

EXPECTED RESULTS AND ACHIEVEMENTS

Construction of models that are empirically justifiable in that they contain an amount of
detail in their structure which is appropriate to the data which are available. The intention
is to develop fisheries science as far as the information will support such development.
This can be used as support for decisions about the most appropriate level of complexity
to be used in modelling fish stocks for supporting annual management decisions, and also
in formulating long-term strategic advice.
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Demonstration of maternal effects of Atlantic cod: combining the use of unique
mesocosm and novel molecular techniques

BACKGROUND

Atlantic cod is a major target species for the European fishing fleet. All European cod
stocks are under heavy fishing pressure or overexploited. An effect of overexploitation is
a reduction in the average age and size, with an increasing proportion of recruit spawners
in the stock. The basis for this project is to follow offspring from selected families of cod
reared under identical and semi-natural conditions from hatching, through the larval and
juvenile stages, and until sexual maturity, and compare their viability through these stages.
Viability comparisons will be made between and within recruit female spawners and
repeat female spawners. The investigation will improve our understanding of the relative
importance of individual genetic variation compared with maternal effects on the growth
and survival of cod and the results will be incorporated into management models to study
how to improve fishery management strategies.

OBJECTIVES

The main objectives are:

1. to examine the viability of offspring from recruit female spawners compared with
offspring from repeat female spawners of Atlantic cod;

2. to examine variations in viability between the offspring of individual pairs of cod;
3. to analyse the demographic structure (age, sex, and maturity structure) of selected

European cod stocks by means of historical data sets;
4. to evaluate the possible effects on cod recruitment and implications for fishery

management based on the results of objectives 1, 2 and 3.

EXPECTED RESULTS AND ACHIEVEMENTS

The expected result of this project will improve the understanding of the relative
importance of individual genetic variation compared with maternal effects on the growth
and survival of cod. The experimental results will be compared with a study of the
demographic structure of selected European cod stocks to investigate how the spawning
stock composition affects recruitment. The results will be incorporated into management
models to study how to improve fishery management strategies.
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The role of sub-stock structure in the maintenance of cod metapopulations

BACKGROUND

The geographical management units (stocks) of most commercially exploited fish species
almost certainly do not represent single spawning stocks, but complex aggregations, or
metapopulations, comprising many distinct sub-stocks. The number of sub-stocks
comprising a stock has been referred to as the ‘stock-richness’.

The stocks of many commercial fish species in the north Atlantic are considered to be
overexploited, but groundfish, and especially cod, appear to be in a particularly depleted
state. A recurrent feature of the decline in cod stocks (and those of many other species) has
been the collapse of the spatial distribution of fish into decreasingly small areas of the
original stock regions, implying loss of stock-richness. From theoretical considerations,
erosion of stock-richness should decrease the genetic diversity and reproductive potential
of the stock as a whole. Indeed, where moratoriums on exploitation have been effectively
implemented, recovery of depleted stocks appears to have proceeded more slowly than
might be expected on the basis of historical reproductive rates. If the depleted stocks have
been damaged in this way by overexploitation, then the lesson to be learned is that fisheries
management measures should be concerned not only with maintaining stock biomass
within safe biological limits, but also with conserving stock-richness.

OBJECTIVES

The overall objective of this project is to develop the conceptual and mathematical basis
for advising on how fisheries management measures might be framed to conserve or
restore not only stock biomass, but also sub-stock diversity. The case studies will be the
cod stocks off Iceland and the west and north of Scotland. The aim is to establish the extent
of genetic sub-structure in these stocks, how it is maintained, and the extent to which
overall population dynamics are dependent on the sub-stocks. To achieve this, it is
necessary to reach the sub-objectives of establishing the genetic, behavioural and
oceanographic basis for the richness of the cod stocks, and the variations in productivity
between sub-stocks, and to compile all the strands of evidence for sub-stock diversity in
these cod stocks into a conceptual and mathematical model of the overall population
dynamics incorporating sub-stock dynamics.

EXPECTED RESULTS AND ACHIEVEMENTS

Improved understanding of the metapopulation structure of cod stocks and how vulnerable
the populations are to disruption of the metastructure. The development of a conceptual
and mathematical model as the basis for advising on management measures aiming at
conserving or restoring both stock biomass and sub-stock diversity. 



— 155 —

Contract number: Q5RS-2001-01370
Contract type: Shared-cost project
Starting date: 1.1.2002
Duration: 36 months
Scientific Officer: Tore Jacobsen
Project web site:
http://www.hull.ac.uk/hergen/

Coordinator
Dorte Bekkevold
Danish Institute for Fisheries Research
Vejlsøvej 39
DK-8600 Silkeborg
Tel. (45) 89 21 31 00
Fax (45) 89 21 31 50
E-mail: db@dfu.min.dk

Henrik Mosegaard
Danish Institute for Fisheries Research
Department of Marine Fisheries
Charlottenlund Castle
DK-2920 Charlottenlund
Tel. (45) 33 96 31 00
Fax (45) 33 96 31 50
E-mail: hm@dfu.min.dk

Rene Stet
Wageningen University
Department of Animal Sciences
Cell Biology and Immunology Group
Marijkeweg 40
PO Box 338
6709 PG Wageningen
Netherlands
Tel. (31-317) 48 35 09
Fax (31-317) 48 39 55
E-mail: rene.stet@wur.nl

Nils Ryman
Stockholm University
Division of Population Genetics
Svante Arrhenius väg 16
Biologihus F, 5th floor, Frescati
S-106 91 Stockholm
Tel. (46-8) 16 42 78
Fax (46-8) 15 40 41
E-mail: nils.ryman@popgen.su.se

Carl André
Tjärnö Marine Biological Laboratory
S-452 96 Strömstad
Tel. (46-8) 16 42 78
Fax (46-8) 15 40 41
E-mail: carl.andre@tmbl.gu.se

Gary Carvalho
University of Hull
Department of Biological Sciences
Molecular Ecology and Fisheries Genetics
Laboratory
Cottingham Road
Hull HU6 7RX
United Kingdom
Tel. (44-1482) 46 55 40
Fax (44-1482) 46 54 58
E-mail: g.r.carvalho@hull.ac.uk

Else Torstensen
Institute of Marine Research
PO Box 1870
Nordnes
N-5817 Bergen
Tel. (47) 37 05 90 53
E-mail: else.torstensen@imr.no

John Simmonds
Fisheries Research Services Marine
Laboratory
PO Box 101
375 Victoria Road
Aberdeen AB11 9DB
United Kingdom
E-mail: simmondsej@marlab.ac.uk

Conservation of diversity in an exploited species: 
spatio-temporal variation in the genetics of herring 

(Clupea harengus) in the North Sea and adjacent areas
HERGEN

PARTNERS



— 156 —

Conservation of diversity in an exploited species: spatio-temporal variation in the
genetics of herring (Clupea harengus) in the North Sea and adjacent areas

BACKGROUND

Herring populations have previously been distinguished by stocks based on tag returns,
differences in spawning times and other life history characteristics. The characteristics of
individual stocks suggest a complex population structure, but most previous genetic
studies have failed to reveal significant differences among populations. This could reflect
the use of markers with relatively low polymorphism and unsuitable sampling from lack
of attention to ecological and life history detail, rather than genuine genetic homogeneity
among populations. The objective of this study is to apply high-resolution microsatellite
DNA analysis in order to estimate the genetic structure of herring spawning populations
in the North Sea, Skagerrak, Kattegat, western Baltic and west of Scotland. Furthermore,
the aim is to estimate the proportions that these spawning populations contribute to feeding
aggregations of mixed origin targeted by commercial fisheries. This will be achieved by
integrating genetic data with knowledge of the ecology and demography of herring,
regional and temporal differences in spawning and migration, and oceanography.

OBJECTIVES

The project’s overall goal is to provide guidelines for the conservation and management
of the biodiversity of Atlantic herring in the North Sea and adjoining waters by identifying
its genetic population structure, and by quantifying relative stock contributions to the
fishery.

Within the project there are six major objectives:

1. Estimation of genetic differentiation among spawning aggregations. The partners will
determine the degree to which the different spawning populations of Atlantic herring in
the North Sea, Skagerrak, Kattegat, western Baltic and west of Scotland can be
distinguished genetically.

2. Determination of temporal stability of population differentiation. The degree of short-
and long-term temporal variation in the genetic composition of the spawning
aggregations will be determined by (i) taking annual samples from spawning
aggregations found on the same or geographically related locations and by (ii)
comparing the allozyme and mtDNA data with results from surveys in the early 1980s
(allozymes) and early 1990s (allozymes and mtDNA).

3. Determination of composition of mixed-feeding aggregations. Using advanced
statistical techniques (e.g. mixed stock analysis (MSA) and assignment tests, etc.), the
proportions of fish from the various regional spawning components that contribute to
mixed aggregations found on common feeding grounds in areas targeted by major
fisheries in the North Sea and Skagerrak/Kattegat will be determined.

4. Determination of temporal (seasonal and annual) variability in contributions to mixed
aggregations. The partners will examine seasonal and annual variation in stock
contributions to mixed fisheries by comparing contribution estimates from repeat
samples in two regions.

5. Proposal for incorporation of findings into management of herring stocks. The most
appropriate management units and data collection requirements to monitor selected
populations will be recommended, taking into account genetic diversity and practical
management issues.

6. Dissemination of results and guidelines. The information will be disseminated in at least
three ways:

• annual and final reports to the EU;
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• scientific papers at conferences and in peer-reviewed journals;
• contributions to ICES annual meetings and working groups.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Identification of the spatial genetic structure of Atlantic herring in the west of Scotland,
North Sea, Kattegat, Skagerrak and western Baltic.

2. Provision of estimates quantifying temporal variation in genetic structure of up to 
20 years.

3. Delivery of quantified population proportions and confidence intervals for commercial
fish catches in the targeted geographic regions.

4. Assessment of the extent and dynamics of temporal variation in stock contributions to
mixed aggregations.

5. Delivery of reports on management units, methodology and data requirements to ICES
annual meetings and the Herring Assessment Working Group.

6. Delivery of reports and publication of studies in the scientific literature.



— 158 —

PARTNERS

Contract number: Q5RS-2001-01998
Contract type: Shared-cost project
Starting date: 1.1.2001
Duration: 36 months
Scientific Officer: Sigurdur Bogason
Project web site: Not available

Coordinator
Luc van Hoof
LEI
Dutch Agricultural Economics Research
Institute
Fisheries Research
PO Box 29703
2502 LS The Hague
Netherlands
Tel. (31-70) 335 83 07/335 83 10
Fax (31-70) 361 56 24
E-mail: l.j.w.vanhoof@lei.dlo.nl

Jesper Raakjær Nielsen, Sten Sverdrup-
Jensen
Institute for Fisheries Management and
Coastal Community Development
PO Box 104
Willemoesvei 2
DK-9850 Hirtshals
Tel. (45) 98 94 28 55
Fax (45) 988 94 42 68
E-mail: jrn@ifm.dk

ssj@ifm.dk

Dominique Rommel
Pharos Fisheries Consultants Ltd
PharosDa Auld House
Westshore
Scalloway, Shetland ZE1 0XJ
United Kingdom
Tel. (44-1595) 88 09 24
Fax (44-1595) 90 07 34
E-mail: dominique@pharosconsult.com

Steve Cunningham, Joseph Catanzano,
Clotilde Bodiguel
Institut du Développement Durable et des
Ressources Aquatiques
1, les Terrasses de Marianne
135, rue Nivose
F-34000 Montpellier
Tel. (33) 467 99 67 66
Fax (33) 467 64 61 44
E-mail: sc.iddra@agropolis.fr

jcat57@yahoo.fr
bodiguel@iddra.org

Juan L. Suárez de Vivero
Universidad de Sevilla
Facultad de Geografia e Historia
Departamento de Geografia Humana
Maria de Padilla s/n
E-41004 Seville
Tel. (34) 954 55 13 65
Fax (34) 954 55 69 88
E-mail: vivero@cica.es

Svein Jentoft, Knut Mikalsen, Geir Runar
Karlsen
University of Tromsø
Faculty of Social Science
Institute of Planning and Community
Studies
N-9307 Tromsø
Tel. (47) 77 64 43 07/77 64 43 12
Fax (47) 77 64 64 70/77 64 49 05
E-mail: sveinj@sv.uit.no

knutm@sv.uit.no
geir.runar.karlsen@samf.norut.no

Sharing responsibilities in fisheries management
RESPONSIBLE



— 159 —

Sharing responsibilities in fisheries management

BACKGROUND

The research provides different alternatives for division of responsibilities resulting from
the CFP’s conservation and structural policy and in the fisheries management of five EU
countries and in Norway. These alternatives will be based upon an evaluation of the
current division of responsibilities, whereby the perceptions of different stakeholders will
be taken into account. The process towards more stakeholder involvement will be explored
and external pressures upon responsibility chains will be assessed.

OBJECTIVES

The research aims to contribute to good governance in fisheries management by:

1. evaluating the division of responsibilities within the CFP and in the fisheries management
of Denmark, France, the Netherlands, Spain, the United Kingdom and Norway;

2. investigating decentralisation and delegation of responsibilities. 

The work will start with an elaboration of a framework for institutional analysis, based on
the institutional framework that has been used in the OECD study ‘Towards sustainable
fisheries’. The completed common framework will then be used to describe the division of
responsibilities within the CFP and in the fisheries management of Denmark, France, the
Netherlands, Spain, the United Kingdom and Norway. Developments in these
responsibility structures will also be described.

EXPECTED RESULTS AND ACHIEVEMENTS

Comparison of these responsibility divisions between the countries mentioned above
should give more insight into nation-specific (e.g. socio-cultural) circumstances and this
will contribute to the evaluation of current divisions of responsibilities. Identifying the
perceptions of stakeholders in the fisheries management in these countries about the
responsibility chains will be another component of this evaluation.

If the outcome of this evaluation justifies changes, alternative divisions of responsibilities
will be suggested. A process towards these alternatives will be explored and external
pressures upon responsibility chains will be assessed. This includes external pressures
arising from technological developments and from the markets.

The key results and outputs are:

1. completed common framework of analysis;
2. interim report containing division of responsibilities; 
3. interim report containing comparison and evaluation of responsibility structures;
4. interim report containing conditions for devolved management and, if justified,

alternatives for division of responsibilities.
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Combining acoustic and trawl data for estimating fish abundance

BACKGROUND

The principal, fisheries independent data source for the stock assessment of commercial
groundfish in European waters is the standard bottom trawl surveys. It is now possible, and
often routine, to collect simultaneously acoustic data during these surveys. However, these
two sources of information are used separately. Combination of these two methodologies
would be one of the most cost-effective ways of improving these surveys.

Data sets will be selected to encompass existing situations with a focus on the international
bottom trawl surveys. For each data set, the relationships between acoustic and trawl data
will be analysed, modelled and used to provide combined indices of abundance. Intrinsic
model performance will be evaluated as will the performance of the derived indices in
comparison with existing assessment indices. The findings will be used to define possible
survey design improvements.

OBJECTIVES

The overall aim of this project is to develop and apply appropriate combination
methodologies for the use of both acoustic and trawl data from bottom trawl surveys.
Bottom trawl surveys are the most important, fisheries independent data source used in the
stock assessment of commercial groundfish in European waters. The inclusion of
simultaneously collected acoustic survey data, with their more resolved sampling
structure, could improve the precision and accuracy of these surveys at little extra cost.

Within this overall aim, the project has four main objectives:

1. to determine the relationships between the acoustic and trawl data;
2. to develop mathematical models to calculate combined stock abundance indices;
3. to test the performance of these new indices within the stock assessment process;
4. to provide and test improved survey designs, which allow optimum collection of both

types of data.

EXPECTED RESULTS AND ACHIEVEMENTS

Common quality-controlled data sets will be built. Relationships between acoustic and
trawl data will allow the selection of a combination of data from which we wish to
compute a combined index of abundance. Four different methodologies will be used:
geostatistics, generalised additive/linear modelling, fuzzy logic modelling and artificial
neural networks. In each case, the results will be models of interrelationships, derived
combined indices and tests of performance in terms of robustness and internal consistency.
Reports on field trials of some survey design improvements are expected.
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Species identification methods from acoustic multi-frequency information

BACKGROUND

Acoustic methods are used extensively within fisheries research for estimating the
abundance and distribution of fish. The major problem for estimating indices of abundance
from such surveys is the correct allocation of observed echoes to species. The current
solution to this problem employs trawl samples to provide ‘ground truth’, but this is oppor-
tunistic and punctual, giving direct information for only a few kilometres. The information
is then extrapolated to the surrounding area, often in an ad hoc manner.

Simfami aims to apply modern multi-frequency acoustic techniques, in addition to the
single-frequency methods available, to establish methods for acoustic identification of
echo traces that are applicable to routine survey procedures. Multi-frequency techniques
alone have been shown to be successful for acoustic species identification, particularly for
distinguishing fish with a swim bladder (e.g. herring) from those without (mackerel).
Ultimately, the project will improve acoustic surveys, allow the techniques to be used
efficiently for mackerel assessment, and enable the techniques to be carried out on
platforms other than research vessels.

OBJECTIVES

The overall goal of the project is to enhance fisheries management through improved fish
stock survey methodology by improved identification of fish species using acoustic
methods. The project will apply modern multi-frequency fisheries acoustic techniques, in
addition to the single-frequency methods available previously, to establish methods for
acoustic species identification of echo traces that are applicable to routine survey
procedures. The project will:

1. construct an echogram library;
2. apply single-frequency extraction/identification methods on multi-frequency data;
3. develop multi-frequency algorithms for the differentiation of fish from plankton and for

the identification of fish (with and without swim bladders);
4. combine these techniques in a generic algorithm for plankton and fish stock identification.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Construction of an echogram library.
2. Selection of single-frequency shape and environmental recognition criteria.
3. Construction of a database of object characteristics by species.
4. Development of algorithms for separating plankton and fish.
5. Development of algorithms for identifying fish species without swim bladders.
6. Development of algorithms for identifying fish species with swim bladders.
7. Development of generic algorithms for generic fish group, species and plankton

identification.
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Sardine dynamics and stock structure in the north-east Atlantic

BACKGROUND

This project will provide a comprehensive study of the life history and structural dynamics
of the sardine (Sardina pilchardus) in Atlantic European waters with an emphasis on the
aspects required for improvement of the assessment and management of this species. The
study will lead to the modification/extension of existing assessment models or to the
development of a new model based on biologically defensible definitions of the stock
boundaries and a better understanding of the sardine dynamics within the stock area of
distribution. A multidisciplinary team will study the stock structure of sardine in the north-
east Atlantic, describe the sardine dynamics in relation to the environment and integrate
the results into models that can be used to enhance the quality of management advice.

OBJECTIVES

The principal objective of this project is to improve the basis for management advice
provided for sardine (Sardina pilchardus) in Atlantic European waters. This will be
achieved by undertaking a comprehensive analysis of the factors influencing the spatial
structure of sardine recruitment, growth, movements, reproduction and mortality. Survey
design, assessment models and management strategies will be reviewed and extended to
incorporate biologically defensible definitions of the stock boundaries and internal
dynamics. A multidisciplinary team will study sardine stock structure in the north-east
Atlantic, describe the spatial dynamics of sardine in relation to environmental variability,
and integrate the results into models that can be used to enhance the quality of manage-
ment advice.

EXPECTED RESULTS AND ACHIEVEMENTS

This study will identify appropriate stock boundaries for sardine in Atlantic European
waters, describe sardine dynamics, and develop assessment methods that capture key
biological aspects of the stock. The milestones are: adequate execution of planned
sampling; thorough compilation of historical data; successful application of
complementary stock identification analyses; adequate delimitation of spawning areas;
identification of crucial periods/areas for sardine dynamics; appropriate model
development.
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Research on effective cod stock recovery measures

BACKGROUND

The cod and hake stocks in some European waters are at critical survival levels. Cod
represented in 1999 a total of 24% (in weight) of the landings of fish for human
consumption in the North Sea fishing ports. These fisheries involve thousands of direct
employees in the fishing industry. The biodiversity action plan furthermore demands that
fish stocks are conserved and sustainably used. The European Commission issued an
emergency plan for North Sea cod in 2001 and has also developed a longer-term
rebuilding plan for cod and hake. The Commission’s strategies on rebuilding cod stocks
include actions such as catch limits, closing fishing areas and setting annual time limits for
fishing. In addition, the EU common fisheries policy has a range of technical measures that
relate to the technical specifications of fishing gear to be developed. Selectivity is usually
based on the size of the fish in relation to a specific cod-end mesh size. However, this is
problematic in the mixed fisheries of the North Sea and the Irish Sea where differences in
minimum landing size and fish morphology exist. This situation can be greatly assisted by
improving the species selectivity in gear and also by using behavioural differences.

OBJECTIVES

The main objective is to develop novel species-selective gear prototypes for the mixed-
species demersal trawl fisheries (otter trawling, Nephrops trawling and beam trawling) in
the North Sea and the Irish Sea, where cod is an important catch component. Sub-
objectives are: design new selective gear using scale models and behavioural observations;
conduct sea trials on newly developed species-selective gear modifications on the three
principal gear types; consult representatives of the fishing industry and fisheries manage-
ment during the design and development of the new selective gear.

EXPECTED RESULTS AND ACHIEVEMENTS

The main expected achievement will be effective and acceptable new designs of species-
selective otter trawls, Nephrops trawls, and beam trawls. The development of these gear
types is intended to reduce the fishing mortality rate on cod of all ages/sizes, to enhance
the recovery of the cod stock and at the same time permit the continued exploitation of
other species taken in the same fisheries as cod.



— 169 —

Contract number: Q5CA-2002-00962
Contract type: Concerted action
Starting date: 1.10.2002
Duration: 36 months
Scientific Officer: Tore Jakobsen
Project web site:
http://www.abdn.ac.uk/~nhi904/eurosquid/
cephstock.htm

Coordinator
Graham J. Pierce
University of Aberdeen
Department of Zoology
Tillydrone Avenue
Aberdeen AB24 2TZ
United Kingdom
Tel. (44-1224) 27 24 59
Fax (44-1224) 27 23 96
E-mail: g.j.pierce@abdn.ac.uk

Vasilis Valavanis
Institute of Marine Biology of Crete
Department of Sonar and Marine
Information Systems
GR-71003 Iráklion, Crete
Tel. (30) 28 10 34 68 60
Fax (30) 28 10 24 18 82
E-mail: zouros@imbc.gr

vasilis@imbc.gr

Pilar Sánchez
Consejo Superior de Investigaciones
Científicas
Instituto de Ciencias del Mar
Passeig Maritim de la Barceloneta, 37–49
E-08003 Barcelona
Tel. (34) 932 30 95 00
Fax (34) 932 30 95 55
E-mail: pilar@icm.csic.es

Angel Guerra
Instituto de Investigaciones Marinas
Ecobiomar Research Group
Eduardo Cabello, 6
E-36208 Vigo
Tel. (34) 986 23 19 30
Fax (34) 986 29 27 62
E-mail: brc1@iim.csic.es

afg@iim.csic.es

David Agnew
Imperial College of Science, Technology
and Medicine
Faculty of Life Sciences

Department of Environmental Science and
Technology
Renewable Resources Assessment Group
Prince Consort Road
London SW7 2BP
United Kingdom
Tel. (44-20) 75 94 92 73
Fax (44-20) 75 89 53 19
E-mail: d.agnew@ic.ac.uk

Jean-Paul Robin
Université de Caen
Laboratoire de Biologie et
Biotechnologies Marines
Institut de Biochimie et Biologie
Appliquée
Esplanade de la Paix
F-14032 Caen Cedex
Tel. (33) 231 56 53 95
Fax (33) 231 56 53 46
E-mail: robin@ibba.unicaen.fr

John Latchford
University of Wales, Bangor
School of Ocean Sciences
Menai Bridge
Anglesey LL59 5EY
United Kingdom
Tel. (44-1248) 35 11 51
Fax (44-1248) 71 63 67
E-mail: oss016@bangor.ac.uk

Cephalopod stocks in European waters:
review, analysis, assessment and sustainable management

CEPHSTOCK

PARTNERS



— 170 —

Marina Santurtun Mazquiaran
AZTI Foundation
Department of Fisheries Resources
Txatxarramendi Ugartea z/g
E-48395 Sukarrieta
Tel. (34) 946 02 94 00
Fax (34) 946 87 00 06
E-mail: msanturtun@uk.azti.es

Patrizia Jereb
Istituto Centrale per la Ricerca Scientifica
e Tecnologica Applicata al Mare
Via di Casalotti, 300
I-00166 Rome
Tel. (39) 06 61 57 01
Fax (39) 06 61 56 19 06
E-mail: pajereb@tin.it

Matthew Dunn
Centre for Environment, Fisheries and
Aquaculture Science
Lowestoft Laboratory
Pakefield Road
Lowestoft
Suffolk NR33 0HT
United Kingdom
Tel. (44-1502) 52 42 50
Fax (44-1502) 52 45 69
E-mail: s.m.bramford@cefas.co.uk

m.r.dunn@cefas.co.uk
b.a.roel@cefas.co.uk

Drosos Koutsoubas
University of the Aegean
Department of Marine Sciences
5 Sapfous
GR-81100 Mytilene, Lesvos Island
Tel. (30) 25 13 68 02/25 13 68 14
Fax (30) 25 13 68 09
E-mail: drosos@aegean.gr

Paul Show
University of London, Royal Holloway
School of Biological Sciences
Egham Hill
Egham TW20 0EX
United Kingdom
Tel. (44-1784) 44 37 74
Fax (44-1784) 47 07 56
E-mail: p.shaw@rhul.ac.uk

Yraola Sobrino
Unidad de Cádiz
Instituto Español de Oceanografía
Muelle Pesquero s/n
E-11006 Cádiz
Tel. (34) 915 97 08 40
Fax (34) 915 55 19 54
E-mail: alvaro.Fernandez@md.ieo.es or
Tel. (34) 956 26 13 33
Fax (34) 956 26 35 56
E-mail: ignacio.sobrino@cd.ieo.es

Teresa Cerveira Borges
University of Algarve
Centre of Marine Sciences
Faculty of Marine and Environmental
Sciences
Campus de Gambelas
P-8000-117 Faro
Tel. (351) 289 80 09 00
Fax (351) 289 81 83 53
E-mail: tborges@ualg.pt

Uwe Piatkowski
Institut für Meereskunde an der
Universität Kiel
Forschungsbereich Marine Ökologie
Düsternbrooker Weg 20
D-24105 Kiel
Tel. (49-431) 600 45 71
Fax (49-431) 600 15 15
E-mail: upiatkowski@ifm.uni-kiel.de

João Pereira
Instituto de Investigação das Pescas 
e do Mar
Avenida de Brasília s/n
P-1449-006 Lisbon
Tel. (351) 213 02 70 00
Fax (351) 213 01 59 48
E-mail: marcelo@ipimar.pt

jpereira@ipimar.pt

Louise Allcock
Queen’s University Belfast
Lanyon North
Belfast BT7 1NN
United Kingdom
Tel. (44-28) 90 27 25 77
Fax (44-28) 90 27 25 70
E-mail: h.anderson@aub.ac.uk



— 171 —

Sonial Isabel Fernandes Borges 
Pena Seixas
Universidade Aberta
Rua Escola Politécnica, 147
P-1269-001 Lisbon
Tel. (351) 213 91 63 00
Fax (351) 213 96 92 93
E-mail: Sonia-Marco@netc.pt

Lidia Orsi Relini
Laboratorio di Biologia Marina ed
Ecologia Animale del Dip. Te. Ris
Università di Genova
Via Balbi, 5
I-16126 Genoa
Tel. (39) 01 03 58 81 38
Fax (39) 01 03 53 81 47
E-mail: largepel@unige.it

biolmar@unige.it

Eugenia Lefkaditou
National Centre for Marine Research
Institute of Marine Biological Resources
Aghios Kosmas
GR-16604 Hellinikon
Tel. (30) 21 09 82 13 54
Fax (30) 21 09 81 17 13
E-mail: teuthis@posidon.ncmr.gr

Belcari Paola
Università di Pisa
Dipartimento di Scienze dell’Uomo e
dell’Ambiente
Via Volta, 6
I-56126 Pisa
Tel. (39) 50 50 09 43/50 00 18
Fax (39) 504 96 94
E-mail: belcari@discat.unipi.it



— 172 —

Cephalopod stocks in European waters: review, analysis, assessment 
and sustainable management

BACKGROUND

Cephalopods constitute increasingly important fishery resources in European waters, with
total landings of between 40 000 and 50 000 tonnes/year since 1993. Cephalopods have
the potential to substitute for overexploited finfish stocks as a source of both protein and
revenue. Cephalopods are not quota species under the common fisheries policy and their
population dynamics remain relatively poorly known.

The European Commission has funded several large-scale R & D projects on cephalopod
biology and fisheries, as well as a number of smaller-scale data collection projects. There
remains, however, a need for further analysis, synthesis and dissemination of previous
results on cephalopod fishery biology. The social and economic importance of cephalopod
fisheries needs to be described to allow the consequence of changing fishery patterns and
management regimes to be explored.

Because cephalopods are short-lived, semelparous and difficult to age, and stock-
recruitment relationships have not been determined, traditional methods of stock
assessment have generally been thought to be unsuitable. Another problem is that few
European countries collect detailed data on cephalopod fisheries. To make real advances
in stock assessment, there is a need to ensure that cephalopod fisheries are well described
and adequate fishery data are collected. In particular, biological and management reference
points need to be identified and specified for the various stocks.

OBJECTIVES

A major aim of the concerted action is to facilitate publication and wider dissemination of
existing data and results, and to assemble definitive comparative reviews synthesising
information on the status of all major fished cephalopod stocks in European waters, in a
common format. The concerted action forum will also provide a mechanism for generating
new R & D proposals focused on perceived gaps in knowledge, and opportunities for
training of young scientists. The CA aims to review current knowledge and issues in
cephalopod fisheries science, to assemble, organise, analyse and synthesise data from
ongoing national projects, previous and new European-Commission-funded R & D
projects, and to recommend future actions for scientists and cephalopod fishery managers
in European waters.

EXPECTED RESULTS AND ACHIEVEMENTS

Reports on current stock status for all exploited cephalopod species in European waters.
Reports on fishery data collection and current cephalopod fishery management practice in
all participating European countries. Review paper on the socioeconomic value of
European cephalopod fisheries. Review papers on cephalopod biology and ecology
relevant to their sustainable exploitation. Review paper on management options for
currently unregulated cephalopod fisheries. Review of cephalopod aquaculture.
Recommendations for improving data collection on fished cephalopods. A common
database and GIS for cephalopod fisheries. A feasibility study of the commercial
development of the GIS as a tool for managers and for provision of data products to
fishermen.
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A multidisciplinary approach to the identification of herring (Clupea harengus L.)
stock components west of the British Isles using biological tags and genetic markers

BACKGROUND

Herring are important in EU commercial fisheries. They are highly migratory and it is not
uncommon for them to be caught in management areas outside their area of origin.
Assessment of stocks under these circumstances is problematic. We aim to describe the
interrelationships of herring stocks to the west of the British Isles through a combination
of traditional and novel biological tools and multivariate statistical techniques, to provide
a framework for discriminating between stocks. Our research, therefore, aims to provide
an unambiguous classification of herring in the catch, such that they can be assigned to
their areas of origin. This will provide the basis for a sound assessment for the
management and the conservation of biodiversity.

OBJECTIVES

Westher’s goal is to describe the structure of herring stocks in west European waters,
distributed from the Celtic Sea to the north-west of Scotland. This goal can be split into
four objectives:

1. Estimation of genetic and phenotypic differentiation between spawning aggregations:
analysis of ripe-and-running herring from the major spawning grounds in the area to
determine the number of stock components present, to provide the stock structure
reference collection against which non-spawners will be assessed.

2. Determination of stock origins and life history of juveniles: comparisons of the genetic
and developmental attributes of juveniles from nursery and overwintering grounds with
the spawning reference collections, to enable an estimation of natal stock and
subsequent spawning stock affiliation to be made.

3. Determination of composition of feeding aggregations: comparisons of non-spawning
stock feeding aggregations fished commercially with the spawning reference
collections, to see if feeding aggregations are stock specific or not. In the case of the
latter, the proportions of each stock component fished within a particular area could be
determined.

4. Improved guidelines for the conservation and management of biodiversity and stock
preservation by incorporation of the findings into the assessment processes for western
herring.

The project aims to provide information, currently lacking, for an effective separation or
aggregation of herring stocks in west European waters and clear association of spawning
and nursery areas with adult stocks. This will be achieved through integrating several
techniques, both innovative and established, each of which will be applied to individual
herring collected at different stages of the life cycle. We will optimise the determination
of stock structure of herring in west European waters creating a unified database of
individual herring characteristics using the following techniques: body morphometry,
otolith morphometry, meristic analysis (pyloric caeca counts), microsatellite DNA
analysis of tissue, fish parasite assemblages, parasite genetics, otolith microstructure, and
otolith core microchemistry. This approach, combining a suite of complementary
identification techniques that cover multiple aspects and stages of herring life history and
biology on the same individuals, will allow apparent discrepancies implied by individual
methods to be resolved and improve confidence in the results of the stock identification.
The combined use of these methods over the three years of the project, targeting sampling
at both adults and juveniles, will allow the population structure to be described, providing
a basis for the management guidelines that will be delivered to the ICES Herring
Assessment Working Group (HAWG).
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EXPECTED RESULTS AND ACHIEVEMENTS

Westher aims to characterise herring in west European waters so that they can be assigned
to their area of origin, wherever they were caught. It will provide a sound basis for
understanding the life history of herring in west European waters. The results of the project
will be used to provide guidelines for the conservation and management of biodiversity
through input to the ICES Herring Assessment Working Group (HAWG) and ultimately
to management of these stocks. A number of the members of the consortium are members
of HAWG and this will ensure that the project results are applied quickly to the assessment
and available to the fishery managers.

More specifically, the following results are expected:

1. collection of all herring samples through involved partners;
2. completion of data collection from morphometrics, meristics, parasites, genetics, otolith

microstructure and otolith microchemistry work packages;
3. completion of testing, and finalisation, of multivariate statistical procedures;
4. delivery of results to ICES HAWG.
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Association of physical and biological processes acting on recruitment 
and post-recruitment stages of anchovy

BACKGROUND

Environmental conditions are closely linked to the year abundance fluctuations in fish
populations. These physico-chemical processes, concurrently with biological processes,
act upon the recruitment and post-recruitment of small pelagic fishes such as sardines and
anchovies. This project will be carried out over a period of three years and fieldwork
surveys will be undertaken for two years in order to:

1. understand the major sub-processes within the recruitment and post-recruitment
processes as well as physical and biologically induced changes which affect them;

2. improve prediction of the effects of such changes on an anchovy stock;
3. address more efficiently the management of anchovy stocks.

OBJECTIVES

Environmental conditions and oceanographic features in relation to the location and the
timing of spawning of fish species can greatly affect the management of fishery by
influencing both the variation in stock size and the complexity of the population structure.
The main objectives of ANREC are to advance the understanding of the recruitment of
small pelagic fishes (anchovy) in relation to physical and biological forcing and to improve
the capability of predicting the effects of environmental and biological variability and
change on such recruitment. To achieve these objectives, the project includes multilevel
sampling in three ontogenetic stages of anchovy (larvae, juveniles, adults) and the online
and remote monitoring of the events. The scientific innovation will be realised from a
multidisciplinary study of several key parameters, such as the environmental impact on
anchovy recruitment and the importance of the post-recruitment processes. The area for
this project has been selected for its oceanographic complexity and its importance as a
spawning and nursery ground for anchovy.

EXPECTED RESULTS AND ACHIEVEMENTS

By studying the Thracian anchovy stock, we intend:

1. to provide new insights into the major sub-processes within the recruitment and post-
recruitment processes and the physical and biologically induced changes which affect
them;

2. to improve the capability in predicting the results of these changes on this anchovy
stock;

3. to evaluate the effects of these changes on the anchovy fishery in the area;
4. to provide the decision-makers with inputs necessary for the management of the species;
5. to propose management plans based on all the above.
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Development of a predictive model of cod-end selectivity

BACKGROUND

This project will develop further a predictive model of cod-end selection so that the
selectivity of commercially used cod-ends fished in commercial conditions can be
predicted.

The influence of (i) netting materials made from thicker and stiffer twines, (ii) the dynamic
effects of the interaction of sea state, fishing vessel, trawl gear and cod-end, and (iii) fish
morphology and fish escape behaviour will be investigated and included in the model.

An individual-based model of cod-end selection will also be developed. This model will
be more complex and make better use of the behavioural information that is available.

OBJECTIVES

The overall objective of this project is to develop further a predictive selectivity model so
that it can predict the selectivity of commercially used cod-ends fished in commercial
conditions. Briefly, the influence of (i) netting materials made from thicker and stiffer
twines, (ii) the dynamic effects of the interaction of sea state, fishing vessel, trawl gear,
and cod-end, and (iii) fish morphology and fish escape behaviour will be investigated and
included in the model.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Methodology for the measurement of mesh opening stiffness and twine elasticity of
netting used on the commercial fleet.

2. Models of catch in the cod-end, of the dynamic of the trawl and of the dynamic of the
cod-end.

3. Measurement of selectivity, fish geometry and fish behaviour in the cod-end during sea
trials.

4. Models of selectivity process in the cod-end and comparison with results of sea trials.
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Mutualisation of fisheries and aquaculture European research institutes

BACKGROUND

The concerted action aims at contributing to a European research area on fisheries and
aquaculture and supporting the common fisheries policy. The main objectives are to enable
the coordination and integration of research in these fields in the Community. This action
will allow the different directors of fisheries research organisations from the European
Union to develop coordinated and joint effort on key biological issues and parameters for
fisheries and aquaculture management.

OBJECTIVES

The common fisheries policy applies to the European fish populations and their fishermen
for managing the European exclusive economic zone. This common framework, with the
same objective to reach sustainability of fish populations and their ecosystems, could be
strong enough to build the base of scientific research programmes which are well
integrated and coordinated to give the best scientific advice. The analysis of the fourth and
fifth programmes showed clearly that the way to answer European calls does not allow that
objective to be achieved.

On some topics, there are duplications or redundancies, even if all the proposals are
excellent on the basis of scientific criteria. On the other hand, on some other topics which
are crucial for the future of the CFP, there are no answers. For example, on the marine
protected areas in relation to the environmental impact of fisheries, there is no EU research
effort, although the society demand needs to develop our scientific knowledge in relation
to the evolution of the CFP which is described in the ‘Green Paper on the future CFP’.

For these reasons, it is urgent to move ‘towards a European research area’ to establish 
‘a common system of scientific and technical reference’ to build a common research
programme. This strategic EU plan will be the foundation for cooperative research which
will be based on national programmes of research institutes.

The directors of the main European institutes of research in fisheries and aquaculture pro-
pose this concerted action as a first step towards integrating and increasing cooperation
between their institutes in order to achieve the sustainable development of fisheries and
aquaculture in Europe.

During the last meeting of the directors of fisheries research organisations, it was decided
to increase the cooperation between the main fisheries research organisations and to
answer the fifth programme through a concerted action to focus on some research subjects:

1. to avoid duplication in research;
2. to create synergy between the different institutions;
3. to create critical masses of research for different institutions.

In order to contribute to building a European research area on fisheries and aquaculture to
support the common fisheries policy and to develop coordinated and integrated research,
it is proposed to develop some of the objectives of research detailed previously.

EXPECTED RESULTS AND ACHIEVEMENTS

Three types of outputs will be produced by this concerted action:
1. Technical exchanges of knowledge and standardisation of methods of research on the

following subjects:
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• fisheries and genetic approaches of population dynamics;
• identification of rare species;
• new improvements in acoustic methods;
• selectivity and impact of fishing gear.

2. Increased cooperation on subjects where critical masses of research do not exist in the
different EU countries:

• environmental interactions with fisheries;
• environmental protected areas;
• research of indicators for ecosystems management.

3. Take strategical decisions with the common board of directors:

• exchange of boats and equipment;
• evolution of the EU fisheries research fleet;
• evolution of fisheries management;
• aquaculture research strategy.

The dissemination of the outputs of the different workshops will be large as they will be
available on the network’s Internet site. Some important reports (annual meeting) will be
published for distribution to scientists, national administrations, and EU directorates.

Exchanges of students and searches will be developed to increase cooperation between the
institutions. A consequence of the concerted action will be a jointly developed project with
or without the support of the new instruments of the sixth framework programme.
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An assessment of mortality in fish escaping from trawl cod-ends and its use 
in fisheries management

BACKGROUND

Regulations on selectivity in fishing gear have been a widely used and trusted means of
managing fisheries. In the last decade, we were convinced that a proper mesh size and grid
system gave a sound and selective strategy for gadoid species. However, according to
ICES, the spawning stock biomass of several important gadoid fisheries is alarmingly low.
It is clear that changing regulations towards improved selection in fishing gear is of little
value if the fish do not survive the selectivity devices. It has recently been demonstrated
that previous investigations in this field may be fundamentally flawed with respect to their
sampling techniques. As such, there are currently no reliable estimates of escape mortality
for fish escaping from towed fishing gear.

OBJECTIVES

This project will provide the technology for accurate survival estimates that may be used
as standards in future survival experiments. Furthermore, it will give an estimate of the
seasonal variation in survival estimates and a method for inclusion of these estimates in
stock assessment models for haddock (Melanogrammus aeglefinus) and cod (Gadus
morhua). This project will provide knowledge on survival in high-intensity fisheries and
in fish escaping at the surface in side-trawling fisheries.

The first challenge is the development of a new cod-end cover to ensure that the problems
concerning low flow around the cod-end and high flow in the cover can be eliminated. This
will be technically achieved by a new cover design that is already under development. The
flow around the cod-end will be undisturbed and the rear end of the cover will provide a
static environment for the safe collection of captive fish. Full-scale testing of the cover and
operational procedures will be carried out during the first sea trials.

The next objective is to determine if escape mortality is influenced by the fishing intensity
in the area, i.e. if repeated encounters with a selection device will impair the probability
of survival. Currently, there are no estimates of selectivity or survival of fish escaping
from a trawl in the surface position. Surface selection is profound in side-trawlers where
the cod-end is floating alongside the ship after haul back.

The estimates of survival will be incorporated into current virtual population analysis
(VPA) models and tested in simulations.

EXPECTED RESULTS AND ACHIEVEMENTS

New selection technology must be used in the North Sea in order to decrease the unwanted
by-catch of undersized fish and increase the population growth of demersal fish species.
This development must be linked to studies of unaccounted mortality caused by the new
fishing gear. This project will give rise to improved technology for estimating trawl escape
survival and thereby lead to higher precision in future estimates of unaccounted mortality
in trawl fisheries. Furthermore, it will provide a better tool for estimating parameters
connected to sustainable fisheries.
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Integrated approach to the biological basis of age estimation in commercially
important fish species

BACKGROUND

Our objective is to develop a fuller understanding of the environmental influences on
otolith growth, leading to a new protocol for estimating fish age. Focusing primarily on
gadiform otoliths, we will use known-age material to develop artificial neural network
models of age. Otolith growth models will be integrated with results from new laboratory
and field investigations to improve the objective basis for interpreting seasonal and non-
seasonal growth structures. We will work on hake, cod, haddock and whiting, representing
a large proportion of the European fisheries in both value and volume. As such, this project
will improve the confidence and reliability of the scientific data used to underpin
management of sustainable fisheries.

OBJECTIVES

This project is a cooperative venture to improve our understanding of the biological basis
of age estimation for commercial fish species. Our objective is to integrate modelling, and
laboratory and field observations to provide an objective basis for interpreting the
macrostructures of otoliths used for the estimation of fish age. We will take a
multidisciplinary approach, including mathematical modelling, geochemical analysis of
oxygen isotope ratios, experimentation and collection of biological and environmental
data, to develop generic models of otolith formation. We will establish a new age
estimation protocol, and enable training through a web site and DVD accessible by
fisheries laboratories and fishermen’s organisations.

To achieve a generic understanding of the formation of calcified tissues, we will progress
from model development, through new field and laboratory investigations, to the produc-
tion of a new protocol for age estimation supported by interactive training media. We will
begin by developing models of otolith growth and shape. We will evaluate historical
collections of otoliths and other calcified tissues, creating a database of this material to
model seasonal influences on the formation of these structures. The models will draw on
a critical literature review and identify gaps in the data to be filled by new investigations.
Field-caught fish will be marked in the otoliths and fitted with data logging electronic tags.
Additional observations on field samples will include marginal analysis and measurement
of otolith oxygen isotope ratios. The effects of temperature and food availability will be
investigated through experiments in controlled laboratory conditions to study the
formation of otolith macrostructures. Together, the laboratory and field-caught fish will be
used to test model predictions about seasonality and temperature effects. Because the field
and laboratory experiments will be directed at closely related species, we will have a
strong data platform for a generic model and age estimation protocol. A new protocol for
age estimation will be produced, based on refined models using all available data. Neural
network models will be used to classify known and unknown age material to help elucidate
the steps necessary in the new protocol. Example images, showing the biological
interpretation of features, will be assembled and distributed. The efficiency of the new
protocol will be tested through a scheduled age estimation exercise.

EXPECTED RESULTS AND ACHIEVEMENTS

We expect to complete and deliver our primary model by the end of the first year. Field
observations and laboratory experiments will deliver data for model refinement throughout
the first two years of the project. The final year will be dedicated to integrating the new
data to refine the model, testing the predictions with artificial neural networks, and
delivering an accessible new protocol for fish age estimation. We expect our results to
enable more precise and accurate fish age data.
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European advice system evaluation

BACKGROUND

Routine work from data collection to the yearly updating of fish stock assessments absorbs
a very significant amount of the available human and budgetary resources. Assessment
methods used in most cases require a large amount of detailed data, collected in a standard
way. The existing procedures imply an almost complete reassessment each year, especially
for the more sensitive stocks. Nevertheless, the relationship between the amount of
‘energy’ devoted to each specific task or action (e.g. ageing fish or reassessing completely
each year the status of a stock) and the quality of final scientific advice delivered to
managers is rarely considered. The added value of the existing machinery compared with
a less data and/or time-consuming procedure is not known.

It would be unwise to disrupt the present ongoing data collection and/or annual
reassessment processes before the consequences of any changes are properly appreciated.
However, the stress on the present processes and lack of clarity as to their cost-
effectiveness indicate the need to improve procedures.

Until now, scientific research devoted to the methodology of ‘classical’ assessment
(including data collection) methods has been limited. At present, even basic expertise in
sampling techniques is lacking in many Member States. Due to insufficient
communication between groups of scientists, some potentially useful techniques are
ignored in some areas, while they are the only ones considered for other fisheries (e.g.
length-based techniques or surplus production models). Existing methods are, however,
far from being systematically used and combined. An overall framework would make it
possible to establish links between scientific teams working on similar issues, to put within
the proper context the ‘partial’ problems addressed until now, to promote awareness about
existing methods, and to identify existing gaps not covered by any existing method and not
addressed by any existing research programme.

OBJECTIVES

The overall objective of the concerted action is to set up the basis for more appropriate data
collection and analysis programmes in order to support existing and emerging fisheries
management issues. The main objectives of the concerted action are as follows:

1. To understand the current balance between resources devoted to data collection and
value of these data in the provision of advice. This requires the evaluation of the range
of advice requested on fisheries management and the data needs to perform the science
to support it. Of particular importance are the so-called basic data, i.e. routinely
collected data to support existing fisheries management since these are used in almost
all analyses. However, consideration will be given to other types of necessary data.

2. To quantify the quality of the scientific outputs derived from the data inputs. Since
much advice is qualitative and relies on expert judgment, this objective will be limited
to quantifying the reliability of routine annual stock assessments upon which advice is
formulated.

3. To identify alternative uses of data and alternative analytical methods which could
support present fisheries management needs as well as those which could address new
and emerging issues.

4. To analyse ways of redeploying existing resources in order to support a modern fisheries
management system.
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EXPECTED RESULTS AND ACHIEVEMENTS

The proposed concerted action will directly address problems related to competitiveness
with direct implications for the sustainable production of renewable resources providing
better objective information in support of fishing systems and of policy orientations of the
common fisheries policy.

The action will not only take into account the existing procedures for delivering scientific
advice as required by the implementation of the existing CFP, but it will also consider
emerging requests for other management approaches, giving, among other things, more
importance to environmental questions.

The concerted action is devoted to the issues of collection and interpretation of data
resources and management, and more specifically to the efficiency and accuracy of such
assessment. It will offer a strong basis for rationalising the collection of data essential for
the common fisheries policy, and will suggest methods to improve the reliability and
usefulness of the scientific advice concerning fisheries management. The results obtained
will make it possible to improve the implementation of the existing regulations, and to
facilitate the anticipated revision of these regulations.
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Policy and knowledge in fisheries management — The North Sea cod case

BACKGROUND

European fisheries management has, as described in the Commission’s Green Paper on the
future of the common fisheries policy, not delivered sustainable exploitation of fisheries
resources and will need to be changed to do so. This has happened despite a long tradition
of knowledge-based management and a detailed regulatory system. Against this
background, it is pertinent to consider and analyse the factors that have contributed to the
failure of the management system. The interaction between knowledge and policy
decisions is a crucial link in the European management system. The pressures on the
scientific advisory process include requirements, within a total allowable catch (TAC)
system based on annual predictions, to produce very accurate predictions of catch rates in
a situation where unknown variables or variables known with low precision carry
substantial weight in the prediction. The advisory process itself is also under political and
economic pressure caused by losses of legitimacy among users, which are related to their
lack of involvement, and increasing costs to produce the advice when better precision is
required. This project will investigate how these aspects of the institutional set-up of the
management system have contributed to the shortcomings and negative developments in
relation to North Sea cod.

OBJECTIVES

The overall objectives of the project are to identify and understand specific shortcomings
in the European fisheries policy and its implementation, which have contributed to the
problems evident in several European fisheries, and to devise means for their rectification.
The project will focus on the knowledge production and decision-making within the
fisheries management system, the interrelationships between these processes and the role
played by stakeholders. Fisheries for North Sea cod will be adopted as a case study.

EXPECTED RESULTS AND ACHIEVEMENTS

The project milestones are the output of an initial documentary study of North Sea cod
management, project seminars to track and communicate the progress of work and
external project products. The products of the project will be a policy brief summarising
results and presenting proposals for improvement, and papers in the international scientific
journals presenting the research results.
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Framework for the evaluation of management strategies

BACKGROUND

Develop a simulation framework to evaluate management strategies that are consistent
with the precautionary approach whilst maintaining the viability of the fishing industry.
Thereby provide advice to managers on the response of fish stocks to exploitation and
management.

Understand the impact of processes related to environmental fluctuations, complex stock
dynamics and fisheries interactions on management. Quantify the benefits of including such
processes in current stock assessment management procedures and, where appropriate,
develop alternative assessment management strategies.

Conduct comparison of management strategies across life history strategies and assessment
and management bodies.

OBJECTIVES

Initially simulation models (referred to as base cases) will be developed for the study of
stocks (demersal and large pelagics) consistent with current dynamics assumptions and
management procedures as used by the International Council for the Exploration of the
Sea (ICES) and the International Commission for the Conservation of Atlantic Tuna
(ICCAT).

These base cases will then be modified to include more realism in order to test the
robustness of current procedures. The North Sea cod and north Atlantic albacore base
cases will be modified to include environmental factors that have been shown to influence
biological processes (recruitment and spatial distribution and migration pattern). The east
Atlantic and Mediterranean bluefin tuna and North Sea plaice base cases will be modified
to include complex dynamics (long-term fluctuations in carrying capacity and density
dependence in biological processes). The North Sea flatfish and tropical tuna base cases
will be modified to include multispecies. Simulations will be performed to evaluate a
variety of management options consistent with the precautionary approach. This will be
done to evaluate current practice and to develop new strategies that reflect a variety of
management objectives. Where appropriate, generic conclusions will be drawn from a
comparison across stocks and management procedures.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Quantify the benefits of a variety of management strategies in terms of yield and
probability of exceeding sustainable limits.

2. Develop alternative assessment/management strategies where appropriate.
3. Compare management strategies of ICES and ICCAT.
4. Contrast the responses of a variety of stocks (from data rich to data poor, from tropical

to temperate species and from pelagic to demersal fish) to exploitation.
5. Provide flexible free software that can be used by fish biologists to address a wide range

of stocks and management questions.
6. Review the relevant biological and bioeconomic models used in the formulation of 

fisheries advice.

FEMS will provide software and methodology that will be used by other current EU
projects (e.g. PKFM, EASE, Bemmfish and BASER) to evaluate the consequences of
improving our understanding of fishery systems.



— 198 —

Contract number: Q5RS-2002-01825
Contract type: Shared-cost project
Starting date: 1.10.2002
Duration: 36 months
Scientific Officer:

Mario Lopes dos Santos
Project web site: http://raser.imr.no/

Coordinators
Financial/Administrative Coordinator:
Olav Sigurd Kjesbu
Institute of Marine Research
PO Box 1870
Nordnes
N-5817 Bergen
Tel. (47) 55 23 85 00/55 23 84 87
Fax (47) 55 23 85 84
E-mail: olav.kjesbu@imr.no

Scientific Coordinator:
Peter R. Witthames
Centre for Environment, Fisheries and
Aquaculture Science
Lowestoft Laboratory
Pakefield Road
Lowestoft
Suffolk NR33 0HT
United Kingdom
Tel. (44-1502) 52 44 03
Fax (44-1502) 51 38 65
E-mail: p.r.witthames@cefas.co.uk

Hilario Murua
Fisheries Resources
AZTI Foundation
Herrera Kaia
Portualde
E-20110 Pasaia, Basque Country
Tel. (34) 943 00 48 00
Fax (34) 943 00 48 01
E-mail: hmurua@pas.azti.es

Francisco Saborido-Rey
Instituto de Investigaciones Marinas
Eduardo Cabello, 6
E-36208 Vigo
Tel. (34) 986 21 44 66
Fax (34) 986 29 27 62
E-mail: fran(a)@iim.csic.es

PARTNERS

Reproduction and stock evaluation for recovery
RASER



— 199 —

Reproduction and stock evaluation for recovery

BACKGROUND

The traditional stock-recruitment models assume that spawning stock biomass (SSB) is
proportional to reproductive potential, which implies that the survival chances of progeny do
not change with age, condition or size of parents. However, the reproductive potential of a
population is a measure of the capacity of the population to produce viable eggs and larvae in
a given year. This concept goes beyond the simple estimation of spawning stock biomass.
Recent studies indicate that, for a given population, larger individuals have different repro-
ductive attributes than smaller fish. Moreover, a population comprising solely of smaller fish
is seldom able to compensate for the loss of reproductive potential associated with the disap-
pearance of the larger individuals due to fishing. As a response to this change in perception,
it is now important to consider reproductive potential in relation to population demographics
in cod and hake recovery plans. The current very low number of spawning fish strengthens
this view. New and existing methods will be developed and evaluated to reduce the cost and
improve the accuracy of estimating realised fecundity (number of eggs spawned), previous
spawning activity and reproductive potential. The preferred methodology will be applied to
samples of cod and northern hake collected across a large part of their distribution in European
shelf-edge waters. These results will provide the first comprehensive data set on reproductive
potential of these species in relation to biological reference points and stock demography.

OBJECTIVES

The overall objective is to measure the reproductive potential of cod and northern hake
across their latitudinal range, applying enhanced methods developed during the project, to
simulate complex stock dynamics using the revised biological reference points and
fisheries interactions on management options for stock recovery.

The project will focus on three main objectives:

1. Development of a methodology to reduce costs of assessment and increase the precision
in estimating realised fecundity.

2. Assessment of cod and northern hake reproductive potential across their latitudinal range.
3. Synopsis work packages:

• evaluate the impact on assessment and management of cod and hake populations including
models of more realistic variations in population reproductive potential for cod and hake;

• assess the geographic variation in size and age at maturity, fecundity and spawning
activity in relation to the observed variation in environmental conditions including
fishing pressure;

• incorporate new experimentally proven data on atretic and post-ovulatory follicle
duration into previous ICES egg-production-based assessments to determine the
potential bias in the assessment of realised fecundity and SSB.

EXPECTED RESULTS AND ACHIEVEMENTS

The main achievements will be to develop more cost-effective tools (automation through
image analysis and less reliance on costly histology) for fecundity estimation, and accurate
assessment of the dynamics of spawning and atretic follicle degradation for less
uncertainty in egg-production-based stock assessment. Following from this, new
information will be provided on the reproductive potential of cod and hake (data-poor
species, ICES recruitment workshop 2001 and 2002) across their latitudinal range.

These data will be used to quantify the benefits of including such processes in current stock
assessment procedures and developing alternative management strategies where appropriate.

An evaluation of the potential costs and benefits of incorporating fisheries independent
methods (egg production over a daily period or annual basis) into assessment of spawning
stock biomass will also be carried out.
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Towards accreditation and certification of age determination of aquatic resources

BACKGROUND

There is a discrepancy between sophisticated research into age determination and
biomineralisation processes and the state of the art of routine age reading in fisheries
assessment. While sclerochronological research in Europe has progressed tremendously
throughout the past decades, routine age estimation has not adequately kept pace. Often,
the quality of age data depends on skill and experience, and lacks, in most cases,
standardisation, objective control and statistical evaluation. The quality of input data, such
as the age data of fish populations, plays a vital role in the ability to manage fish resources.
The need for reliable data is especially acute in times when stock levels are low and errors
in predictions can have devastating effects on the resources. It is therefore important that
age reading procedures in Europe are standardised and that quality assurance and quality
control mechanisms for age reading are introduced.

OBJECTIVES

The concerted action aims to increase the adoption of procedures for age reading that
include quality assurance and quality control mechanisms for the improvement of stock
assessment and environmental management techniques. The overall objective is to
increase the reliability of age estimation procedures in the European Community,
compatible with the possibility of the future establishment of Europe-wide international
fisheries laboratories. The ultimate objective is to stimulate the achievement of a higher
level of quality within and integration between the partner institutes concerning fish age
determination. Methods for age determination will be evaluated where more than one
method is applied in the total data input for a stock assessment or an environmental
management model.

EXPECTED RESULTS AND ACHIEVEMENTS

A strengthening, through a network of excellence, of the competitive position of European
institutions involved in fish ageing, promoting institutional synergy and international
cooperation. Improvement of dissemination of information on activities and results to the
European institutes of fisheries science and fish ecology engaged in age determination
activities. Development of a manual on quality assurance and standardised practices in age
determination to be applied on the European level. This will involve statistical criteria as
well as an evaluation of legal aspects of accreditation and certification and implications for
the EU.





Sub-area 2.3: Improvement of aquatic production

1. Aquaculture genetics
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Cloning and functional analysis of fish peroxisome proliferator-activated receptors:
the transcriptional control of lipid metabolism in farmed fish species

BACKGROUND

Among the major problems encountered in intensive fish aquaculture, the accumulation of
fat in the tissues of farmed fish and the dependency of the aquaculture industry on fish oils
for high-quality feeds are issues of exceptional economic interest. The above problems can
be efficiently addressed only by an increased understanding of the processes involved in
lipid homeostasis in fish. In the work proposed herein, this is to be accomplished through
the cloning and functional analysis of fish peroxisome proliferator-activated receptors
(PPARs). PPARs are lipid-activable transcription factors that regulate both arms of lipid
homeostasis in higher vertebrates. This study intends to provide the scientific background
necessary for innovative solutions to the lipid metabolism-associated problems encountered
in aquaculture and thus to contribute towards the sustainability of the industry.

OBJECTIVES

The specific objectives of this project are:

1. to clone and characterise the PPAR genes and cDNAs from four fish species of particular
importance for the European aquaculture industry, i.e. sea bass (Dicentrarchus labrax), sea
bream (Sparus aurata), Atlantic salmon (Salmo salar), and plaice (Pleuronectes platessa);

2. to study the functional properties of fish PPARs (fPPARs), i.e. their DNA and ligand
binding properties, the PPAR-dependent transcriptional activation, and the expression
pattern of PPARs in fish tissues; to establish species-specific and PPAR subtype-
specific differences in the above-described properties; to identify potent subtype-
specific ligands for the fPPARs;

3. to develop appropriate in vitro assays, i.e. cell and tissue culture systems, that will be
used to clearly establish the role of PPARs in lipid metabolism in fish;

4. to examine in vivo the effect of induced PPAR expression and PPAR-dependent
transcriptional activation on fat accumulation and lipid composition in fish tissues.

EXPECTED RESULTS AND ACHIEVEMENTS

During the first years of this project, it has been possible:

1. to clone and sequence the cDNAs and genes of the three PPAR subtypes from sea bass,
sea bream, Atlantic salmon, and plaice. This represents the first report for the identification
of three different PPAR subtypes in the above four species, and in fish in general;

2. to develop fish PPAR (fPPAR) subtype-specific antibodies, to be used in the study of
the functional properties of the fPPARs;

3. to develop protocols for the primary culture of hepatocytes, adipocytes, and enterocytes
from the fish species studied. These primary cell culture systems provide a valuable tool
for the in cellulo study of the fPPAR properties.

The above achievements will allow, during the course of this project, the study of the
properties of fPPARs both in vitro and in vivo. As regards the functional properties of the
fPPARs, i.e. transcription activation properties, tissue distribution, and DNA and ligand
binding properties, preliminary results support the hypothesis that these receptors have
functions similar to those of their mammalian homologues and are therefore key regulators
of lipid homeostasis in fish.
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Improving production efficiency of sea bass farming by developing methodologies
to eliminate environmental androgenesis

BACKGROUND

Probass addresses the problem faced by sea bass aquaculture due to the fact that under
culture conditions most of the fish (70–99 %) are males. Males grow slower than females
and weigh up to 40 % less at harvest, which reduces their market value, or need to be
longer, which increases production costs. Thus, a highly desirable goal for sea bass
aquaculture is to develop methods to control sex differentiation to reduce unwanted males
and increase females. Since environmental factors can influence sex ratios in fish,
including the sea bass, Probass investigates hormonal, biochemical and molecular
parameters to understand the regulation of sex differentiation, and aims to develop an
environmental, hormone-free, feminisation protocol based on temperature and density
manipulations. Female-dominant stocks will result in more efficient production and
increased profitability of sea bass aquaculture.

OBJECTIVES

The overall objective of Probass is to understand the mechanisms regulating sex differen-
tiation in cultured sea bass in order to develop methodologies to minimise the proportion
of males in cultured stocks. This will result in an increase in production efficiency and
profitability of the EU sea bass industry, since female-dominant stocks will reach market
size earlier and produce more muscle mass.

There is accumulating evidence that sex differentiation in sea bass may be under the
control of complex genetic and environmental interactions. Many factors of the
brain–pituitary–gonad axis contribute to the development and differentiation of the
gonads. These factors include sex determining genes, brain and pituitary hormones,
growth factors, steroidogenic enzymes, sex steroids and sex-steroid receptors. The
available information indicates that it is important to establish if there is a sexually
dimorphic pattern of expression of the various factors implicated in the sex differentiation
pathway, and to determine whether the environment can alter this pattern of expression.

Therefore, the first objective of Probass is to perform a temporal evaluation in sea bass
during the period encompassing sex differentiation in order to understand which sex
differentiation genes, brain and pituitary hormones, key steroidogenic enzymes, sex-
steroid receptors, sex-steroid hormones or growth factors may be involved in the
regulation of sex differentiation in males and females.

The underlying hypothesis of Probass is that environmental factors are influencing andro-
gen/oestrogen production, with an excess of androgen leading to masculinisation. Whether
a single or several environmental factors are involved is not known. Of the environmental
parameters studied, temperature seems to be the best established parameter influencing sex
differentiation in fish since temperature effects on phenotypic sex have been demonstra-
ted, so far, in more than 24 species, including the sea bass. There is also evidence that
density and relative size can influence sex differentiation.

The second objective of Probass is to manipulate the environment (temperature and
density) during critical periods in early development in order to reduce or eliminate male
dominance in cultured sea bass, and to determine which regulators of the sex
determination pathway — sex differentiation genes, steroidogenic enzymes, steroid
receptors, hormones or growth factors — are being influenced by those conditions. This
understanding will facilitate the development of a practical procedure, easily employed by
the EU aquaculture industry, to eliminate environmental androgenesis.
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EXPECTED RESULTS AND ACHIEVEMENTS

1. Production of male- and female-dominant stocks by selective grading.
2. Study the brain–pituitary–gonadal axis during sex differentiation and understanding the

role of key components on this axis in relation to age, size and sex. 
3. Study of how and when temperature and density affect sex differentiation, and

production of female-dominant stocks.
4. Development of a novel method based in the manipulation of these environmental

factors and trials of this method in production facilities to test usefulness.
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Protein and growth efficiency in salmonid selection

BACKGROUND

The overall goal is to establish a sufficient knowledge base for selection programmes
aimed at improving protein growth. Three major objectives are identified: to provide
reliable heritability estimates for protein growth, protein efficiency and meat quality; to
develop predictive tools to recognise high-quality genotypes of these traits with the help
of genetic correlations and growth curves for protein and lipid deposition; and to under-
stand the biological correlates causing variation in these traits. Six work packages form a
three-step work plan; rearing of fish according to a family-based genetic design; sampling
and analysis of biological material (e.g. growth, feed intake, body composition, protein
turnover, lipid deposition, muscle fibres); and genetic analyses and modelling on the basis
of the biological assays. The results will be readily applicable to the improvement and re-
evaluation of ongoing selection programmes.

OBJECTIVES

The overall goal is to establish a sufficient knowledge base to facilitate new selection pro-
grammes aimed at improving protein growth. Three major objectives are identified: 

1. to provide reliable heritability estimates for protein growth, protein efficiency and meat
quality;

2. to develop predictive tools to recognise the high-quality genotypes of these important
traits with the help of genetic correlations and growth curve models for protein growth
and lipid deposition;

3. to understand the biological correlatives causing variation in these traits, genetic
correlations and growth curves.

EXPECTED RESULTS AND ACHIEVEMENTS

1. The generation of families for the genetic set-up .
2. Provide a sufficient knowledge base of the heritabilities and genetic correlations of

protein growth and efficiency as well as meat quality .
3. Predictive tools to recognise high-quality genotypes for these traits.



— 213 —

Contract number: Q5RS-2001-01701
Contract type: Shared-cost project
Starting date: 1.11.2001
Duration: 48 months
Scientific Officer:

Mario Lopes dos Santos
Project web site: www.bassmap.org

Coordinator
Filip Volckaert
Katholieke Universiteit Leuven
Laboratory of Aquatic Ecology
Ch. de Bériotstraat 32
B-3000 Leuven
Tel. (32-16) 32 39 66
Fax (32-16) 32 45 75
E-mail: filip.volckaert@bio.kuleuven.ac.be

Giorgios Kotoulas
Institute of Marine Biology of Crete
Department of Genetics and Molecular
Biotechnology
PO Box 2214
GR-71003 Iráklion, Crete
Tel. (30) 28 10 33 78 52
Fax (30) 28 10 33 78 20
E-mail: kotoulas@imbc.gr

Brendan McAndrew
University of Stirling
Institute of Aquaculture
Genetics and Reproduction Research
Group
Stirling FK9 4LA
United Kingdom
Tel. (44-1786) 46 78 84
Fax (44-1786) 44 20 78
E-mail: b.j.mcandrew@stir.ac.uk

Chris Haley
Roslin Institute (Edinburgh)
Division of Genetics and Biometry
Roslin
Midlothian EH25 9PS
United Kingdom
Tel. (44-131) 52 74 32
Fax (44-131) 440 04 34
E-mail: chris.haley@bbsrc.ac.uk

Costas Batargias
Nireus Chios Aquaculture SA
Kardamila
GR-82300 Chios
Tel. (30) 26 34 07 13 61
E-mail: batc@imbc.gr

Andreas Georgoudis
Aristotle University of Thessaloniki
Laboratory of Farm Animal Genetics and
Breeding
Department of Animal Production
GR-54006 Thessaloniki
Tel. (30) 23 10 99 86 83
Fax (30) 23 10 99 87 19
E-mail: andgeorg@agro.auth.gr

Angelo Libertini
Istituto di Biologia del Mare di Venezia
Consiglio Nazionale delle Ricerche
Castello, 1364/A
I-30122 Venice
Tel. (39) 04 12 40 47 11
Fax (39) 04 15 20 41 26
E-mail: liber@ibm.ve.cnr.it

Uwe Radelof
RZPD Deutsches Ressourcenzentrum für
Genomforschung GmbH
Heubnerweg 6
D-14059 Berlin

Giovanni Chillemi
Veneto Agricultura
c/o Agripolis
Via Romea
I-35020 Legnaro

PARTNERS

Tools for the genetic improvement of sea bass — Construction and 
preliminary application of a medium-density linkage and synteny map

BASSMAP



— 214 —

Tools for the genetic improvement of sea bass — Construction and preliminary
application of a medium-density linkage and synteny map

BACKGROUND

The aquaculture of sea bass represents a growing industry on the coasts of the Mediterranean
Sea and the south-eastern Atlantic Ocean. The current production of 40 000 tonnes (four times
more than in 1990) employs directly and indirectly an estimated 20 000 people in mostly rural
and underdeveloped regions. Growth over the past decade has been 15 % or more and
predictions are that this rate will continue as markets are expanding. But there is a serious
shortage of genetic information, both quantitative and molecular, to support the marine fish
farm industry dependent on sea bass (and sea bream). At present, production is nearly
completely based on wild-caught fish reproducing under often semi-controlled conditions in
the hatchery. It is common practice to introduce wild broodstock into the hatchery. The 
20 years of mass production of sea bass has not yet generated a single domesticated stock.
This is, of course, a major difference to the situation in farm animals where only highly
selected stock is available. For some time, the need to introduce genetic management in sea
bass aquaculture has been recognised by the scientific community, and is now generally
accepted by the aquaculture community.

There are several ways to improve the knowledge of the genetic base of this species for
aquaculture such as a comparative strain testing programme to assess the levels of genetic
variation in natural populations of sea bass. Alternatively, this can be done by initiating a
classical selection scheme for economic traits, which has been adopted by several
companies recently. However, any approach — assuming it will follow the development
of other farmed species — will be heavily underpinned by molecular genetic techniques.
The essential requirements will be a genetic map containing a large number of informative
genetic markers for pedigree and linkage analysis and with landmark genes that will
enable comparisons to be drawn between the more detailed maps being constructed for
model genetic species. We believe that current conceptual and technological progress in
the field makes it possible to generate in a relatively short period a linkage and synteny
map of sea bass. This will be a first for a marine fish. It will result in a very useful tool for
breeding sea bass, and it also sets a standard for other farmed fish and shellfish on the
verge of genetic improvement.

OBJECTIVES

The main objective of the project is to prepare a medium-density linkage map of sea bass
that includes both type 1 (functional coding sequences) and type 2 (non-functional
sequences) markers in a single project so that it will be immediately available as a practical
tool by the end of the project for the aquaculture industry. The practical application of the
map will be enhanced by the availability of a partially characterised bacterial artificial
chromosome (BAC) library. This can be used to isolate expressed sequence tags (ESTs)
identified during the project but also as an open resource that will enable additional genes
and markers to be readily identified and isolated as the scientific base of this species
develops. The project will not only benefit the aquaculture industry, but also fisheries
management and fundamental science.

The specific aims to reach the project goal are:

1. the breeding of F1, meiotic gynogenetic, single and double haploid (mitotic) crosses of
sea bass reference families in preparation for mapping of type 1 and type 2 markers in
order to generate a low-density genetic linkage and synteny map;

2. the provision of DNA from the reference sea bass families, normal diploid, haploids,
meiotic and mitotic gynogenetics to other mapping projects in an attempt to reduce
duplication and speed up the acquisition of additional markers and genes on the map;
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3. the development of a partially characterised bacterial artificial chromosome (BAC)
library (103 expressed sequence tags (ESTs) and 100+ markers identified to clones) for
the long-term support of mapping and comparative genomic in this species;

4. the development and anchoring of a genetic linkage map using a mixed strategy
including dominant (more than 200 amplified fragment length polymorphisms
(AFLPs)) markers and more than 300 co-dominant short tandem repeat (STR) or DNA
microsatellite markers;

5. the development of a synteny map on the basis of ESTs for comparative mapping
purposes;

6. a pilot study based on the new medium-density genetic linkage map in the field of
quantitative trait loci (QTL): mapping QTL, which links to at least 12 commercially
important features of sea bass. 

EXPECTED RESULTS AND ACHIEVEMENTS

The main achievement will include a publicly available linkage map, which will become
a standard tool for a marker-assisted selection programme and evolutionary genetics in sea
bass. A 10x coverage BAC library will be developed to be openly available as plated
clones or as gridded filters for future work. The applicability of the constructed map will
be demonstrated in a pilot project in a commercial environment targeting QTL.

With the recent rapid developments in technology, this project hopes to achieve in a single
four-year project something that has not yet been achieved in other commercial farmed
species such as salmon and trout with longer research histories. The tools developed, a
medium-density map and a usable BAC library, will be needed to make rapid genetic
progress in this species in the future. This project will go some way towards rebalancing
the lack of genetic research effort in non-salmonid marine species, and will be the main
basis for any large-scale aquacultural developments in the countries surrounding the
Mediterranean.
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Bridging genomes: an integrated genomic approach towards genetic improvement
of aquacultured fish species

BACKGROUND

The present project will use a combined approach of radiation hybrid, linkage and QTL
mapping as well as creation of resources for genome research (BAC library, cDNA
libraries, ESTs and database) to:
1. transfer genome information from model organisms to commercial species through the

approach of comparative genomics;
2. bridge the gaps in maps by merging radiation hybrid maps and linkage maps;
3. bridge the distance between research and industry by accelerating the identification of DNA to

phenotype relationships by a pilot application to a commercial selective breeding programme;
4. integrate evolutionary theory and modern technology to generate an applied endpoint;
5. integrate genome maps of various teleosts with data from higher vertebrates, thanks to

the high potential of comparative mapping;
6. transfer technology and know-how from leading laboratories in genome analysis and

mapping to more classical fish genetics laboratories.

OBJECTIVES

The project work plan is centreed around the application of modern biotechnological
methods to aquaculture. It is subdivided into eight main work packages, each of which is
coordinated by the partner with the relevant expertise, and the completion of which will
contribute to the attainment of the project objectives.
The work packages articulate with each other and can be subdivided into three main
groups according to the nature of the methods used:
1. Molecular biotechnology, which includes methodologies for generating mapping pan-

els for the linkage map (WP1) and radiation hybrid mapping (RH) (WP2), a highly
automatable new method for physical mapping, genotyping the linkage map (WP3) and
RH map (WP5), by use of high-throughput automated methods, and isolating STS
markers for RH mapping (WP4).

2. Conventional genetic: the tools generated in WPs 1 to 5 will be used to screen sea bream
(Sparus aurata) generated in a breeding programme on an SME fish farm. This will
result in the transfer of molecular biotechnological methodologies to conventional
genetics and the implementation of technology transfer from science to industry;

3. The final work package which will run simultaneously with the other project tasks, is
the analysis of the extensive data which will be generated by the various work packages
of the project. Bioinformatics will be essential for the handling and interpretation of the
data and for their successful dissemination in order that the project can have a maximum
impact in the fields of aquaculture research, fish genetics, and comparative mapping.

EXPECTED RESULTS AND ACHIEVEMENTS

Biotechnological and scientific expertise will be transferred from model organisms to
commercial aquaculture species, for example the sea bream. An integrated map, merging
physical and linkage maps, will be generated and applied to a selective breeding pro-
gramme. This will be achieved by production of a radiation hybrid panel. Sea bream
cDNA and BAC genomic libraries will be produced and coding genes with potentially
commercial importance will be identified and mapped. A sea bream–zebra fish compara-
tive map integrated with ‘gene rich’ vertebrate maps will shed light on the gene to pheno-
type relationship. This will be based on mapping of about 2000 genes and markers thanks
to the creation of the radiation hybrid panel. Such a combined map of genes and poly-
morphic markers will directly link QTLs to chromosomal regions of known gene content
through the comparative mapping approach. The project is expected to establish a refer-
ence genome information for marine percifomes species.
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A functional genomic approach to measuring stress in fish aquaculture

BACKGROUND

The overall aim of this study is to identify in fish candidate genes associated with resistance
to stress conditions and thus provide the physiological and genetic basis for new marker-
assisted selection strategies. The recent development of genomic tools, particularly
microarray technology, allows systematic gene expression analysis of biological material
and provides an integrated overview of the global response at the level of gene expression.
Such information is of major importance for identifying genes responsible for genetic
variation in response to stress and for further development of a sufficient number of
molecular markers, a critical requirement for marker-assisted selection schemes. The present
study proposes, for the first time, to apply this new functional genomic approach to examine
a complex physiological problem: analysis of the pattern of gene expression at the tissue
level in response to exposure to a stressor. It is proposed to examine gene expression profiles
in rainbow trout during exposure to a range of stressors typical of those encountered in the
aquaculture environment. This should lead to characterisation of stress-responsive genes as
potential candidate gene markers.

The rainbow trout has been selected as the focus of this project for several reasons: it is an
important aquaculture species throughout Europe; there is a large body of physiological
and genetic data available for this species; strains with divergent responsiveness to stress
are available; all the partners have worked extensively on this species.

OBJECTIVES

The primary objective of this study is to develop whole animal gene expression profiles to
identify candidate genes which are associated with resistance to various stressors in
rainbow trout. Information obtained from genomic expression profiles of stressed fish is a
necessary base for further development of a marker-assisted selection strategy.

The primary goal will be achieved by utilising DNA microarray technology together with
whole animal physiology to address several subsidiary objectives:

1. the gene expression profiles of selected tissues will be determined in fish exposed to
standardised stressors;

2. genes whose expression is linked to adaptation response to stress will be identified;
3. the difference in gene expression profiles between selected trout, which display a

divergent trait (stress responsiveness, growth, salinity adaptation), will be used to
identify potential candidate markers of genotypic variation in stress responsiveness.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Construction of suppression subtractive hybridisation (subtracted) cDNA libraries
derived from tissues collected from rainbow trout exposed to several stressors. 

2. Preparation in microarrays, implementation of a bioinformatic management system, and
the isolation of cDNA encoding for stress-regulation genes. 

3. Use of selected families of rainbow trout to identify stress-regulated genes and to allow
discrimination between stress-sensitive and stress-resistant individuals.
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Towards the development of technologies for cryopreservation of fish oocytes

BACKGROUND

The growth of intensive aquaculture requires efficient and effective methods to preserve
gametes for higher flexibility in broodstock management, genetic improvement
programmes and preservation of genetic diversity. While methods for cryopreservation of
fish spermatozoa are well known, preserving maternally inherited important genetic
factors has yet to be achieved. Methods for cryopreservation of yolk-laden fish embryos
remain elusive so far, but immature or mature oocytes are a specific challenge. The
objective is to develop technologies for cryopreservation of fish oocytes. Multidisciplinary
studies will be performed on the oocyte envelope structure, on biological processes during
oocyte maturation and hydration, on development of in vitro procedures for oocyte
maturation, ovulation and fertilisation, and on molecular (nucleic acid and protein)
markers for indicating oocyte viability prior to and after cryopreservation.

OBJECTIVES

The main objectives are to develop methods for cryopreservation of fish oocytes while
ensuring their viability (e.g. maturation, fertilisation and embryonic development) after
cryogenic storage and thawing. These aims will be achieved by innovative studies
conducted on:

1. anticipated biological barriers for cryopreservation including the formation and
structure of the vitelline envelope proteins and the process of oocyte hydration of
pelagic eggs;

2. identification of specific biological markers to monitor oocyte viability after
manipulation and/or cryopreservation;

3. development of oocyte in vitro incubation procedures to promote oocyte maturation,
ovulation and fertilisation;

4. development of new cryopreservation technologies. Studies on two models (zebra fish
and the gilthead sea bream) will highlight differences between marine and freshwater
species and hydrating and non-hydrating oocytes. The results will improve fish
production and increase its efficiency by genome banking of cultured and wild species.

EXPECTED RESULTS AND ACHIEVEMENTS

1. The primary end-product will be the development of procedures for successful
cryopreservation of fish oocytes maintaining their developmental capabilities.

2. New and powerful tools for evaluating oocyte and egg characteristics as important
diagnostic products for farmed fish and eco-toxicological studies. These will include
stage-specific molecular markers (in the form of DNA micro- or macroarrays) and protein
markers for fish oocytes and egg envelopes, biochemical assays to test the correct
enzymatic cleavage of the yolk proteins, and markers to evaluate the buoyancy of pelagic
eggs.

3. Methods for obtaining oocyte maturation and ovulation in vitro that will be extremely
helpful in promoting fertilisation of naturally non-ovulating oocytes from farmed and
wild fish species.

4. The formation of cryobanks for storage of preserved oocytes for genetic improvement
programmes, for storage of important maternal genetic traits and easier transfer of
genetic material between culture locations at reduced costs and reduced danger of dis-
ease transmission. It will provide a unique methodology and greatly contribute to
improving the competitiveness of the European aquaculture industry.
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Genetic implications in the production of rotifers in commercial finfish hatcheries

BACKGROUND

For first feeding of sea bream, turbot, cod, sole and halibut, the rotifer Brachionus
plicatilis is the most common live food.

Success in rotifer production is still one of the major bottlenecks in the further industrialisa-
tion of the larviculture process. Mismanagement and bacterial contamination are parameters
that cannot be neglected, while genetic reasons are getting no attention at all.

In natural conditions, rotifer populations have an alternating asexual and sexual reproduction
cycle. When the environmental conditions become adverse, males are produced and sexual
reproduction takes place. This ensures a recombination of the genome, as males coming from
a female belonging to one clone can reproduce with a female from another clone.

The situation in commercial hatcheries is completely different. As parthenogenesis results
in a faster increase in rotifer numbers and as rotifer males swim too fast for the fish larvae,
farmers keep the conditions in the rotifer tanks in favour of parthenogenesis. This implies
that there is little exchange of genetic material between the different clones present in the
hatchery culture. Farmers exchange a relatively small number of rotifers to start a new
culture so the new rotifer population suffers from a founder effect.

OBJECTIVES

1. A collection of isolated rotifer clones obtained from previous research and commercial
cultures will be created. Several genetic identification techniques will be used. Protocols
for sampling and preservation will be issued. The collection will be used to compose
mixtures of clones for use in the project.

2. To determine the interclonal selection during rotifer culture, mixtures of clones will be
cultured in three different culture methods. The data will provide evidence of the
selection next to its rate. Harvesting and reinoculating the rotifer clones for three culture
cycles will document the effect of its frequency on the selection.

3. The selective pressure of stable or variable culture conditions on the gene pool of the
mixture, starting from disinfected parthenogenetic eggs, will be verified in monoxenic
conditions using validated genetic markers. A comparison of the selection between
stable and variable conditions will be made. Rotifers cultured under one set of stable
conditions will be changed to two other conditions and followed.

4. The microbial flora in the culture systems may play an important role. The selection in
cultures will be determined, starting from the five mixtures of disinfected
parthenogenetic eggs with the addition of beneficial bacteria. Verification will be made
under pilot-scale conditions. The adaptability of the rotifers will be followed.

5. Resting egg production of rotifer clones will be studied and the methodology of
production and harvesting will be optimised.

6. A commercial hatchery and other hatcheries near the scientific partners will send
samples to follow the genotypic diversity of the rotifers.

The results will be combined in a workshop for the industry.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Mixtures of genetically identifiable rotifer clones.
2. A correlation between a rotifer culture method and the genetic clonal selection.
3. Abiotic and biotic conditions resulting in a low selection rate.
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4. A bacterial mixture enhancing growth and survival of several rotifer clones.
5. A culture method with the addition of beneficial bacteria, and biotic conditions resulting

in high production and low selection.
6. A production/harvest procedure giving high yields of resting eggs for use in

aquaculture.
7. Data on clonal selection in rotifer populations in commercial cultures.
8. Dissemination of the results to the industry.





2. Aquaculture general
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Researching alternatives to fish oil in aquaculture

BACKGROUND

The overall objective of the project is to research and develop vegetable oil alternatives to
fish oils in aquafeeds for Atlantic salmon, rainbow trout, sea bream and sea bass, and to
do so without compromising the health and welfare of the farmed fish, or the growth
performance of the fish, or the processing characteristics and organoleptic properties of the
final product, or the nutritional properties of the final product, especially its content of
health-promoting nutrients. Achieving the objective will include substantially advancing
the understanding of how the basic metabolism of fish responds and adapts to changes in
dietary lipid composition.

OBJECTIVES

1. To feed Atlantic salmon, rainbow trout, sea bream and sea bass diets containing various
blends of fish oil and vegetable oils, including linseed oil, grapeseed oil and olive oil,
in two trials: first, with fish grown from at least six months before market size up to
market size, this to define the best candidate oils and blends (dietary trial I); second,
using oils and blends so defined, with fish grown from first feeding up to market size
(dietary trial II).

2. To determine in these trials: feed intake, growth, utilisation of nutrients and energy;
classes and fatty acid compositions of flesh lipids and, for salmon and trout, flesh
carotenoids; levels and fatty acid compositions of serum lipoproteins; activities of
lipoprotein and triacylglycerol lipases in liver, muscle and adipose tissue; activities of
selected lipogenic enzymes in liver and muscle; rates of oxidation of polyunsaturated fatty
acids (PUFAs) and other fatty acids in isolated hepatocytes and in muscle; activities of
selected enzymes regulating fatty acid oxidation in liver and muscle; rates of conversion
of C18 PUFAs to C20 and C22 PUFAs in isolated hepatocytes and in vivo.

3. To clone and characterise ➘6 and ➘5 fatty acid desaturases and to determine their
expression, together with the expression of glucose-6-phosphate dehydrogenase and
fatty acid synthetase.

4. To determine plasma levels of insulin, leptin, cortisol, prostaglandins E and F, and, in
trout, voluntary feed intake.

5. To determine the potency of commercial vaccines to protect against commercially
important disease organisms and the haemolytic capacity of the alternative complement
pathway in serum.

6. To determine the organoleptic properties of cooked fillets for all species, and smoked
fillets for salmon and trout, using taste panels in France, Norway, Spain and the UK; to
assess sashimi products in Japan; to relate the results to non-subjective measurements
based on electronic detection of volatile compounds in fillets.

7. To determine the stability during ice and frozen storage of flesh of all the species, and
the quality and yield of flesh during processing of smoked salmon and trout.

8. To update understanding of fatty acid nutrition and metabolism in fish and to provide advice
to the industry and the public on best practices for substituting fish oils with vegetable oils in
fish feeds, without compromising the health and welfare of the fish, or the health-promoting
benefits and acceptability of the final product to the consumer and producer.

EXPECTED RESULTS AND ACHIEVEMENTS

Detailed recommendations and guidelines to the aquaculture industry for substituting fish
oils in aquafeeds for Atlantic salmon, rainbow trout, sea bream and sea bass with blends
of sustainable vegetable oils, such recommendations and guidelines to be underpinned by
advanced understanding of the nutritional biochemistry and physiology of lipids in fish.
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Perspectives of plant protein use in aquaculture

BACKGROUND

Studies will be undertaken with a freshwater and a marine teleost (rainbow trout and
gilthead sea bream) in order to define the ideal protein amino acid profile for maximising
muscle growth. Through adequation of amino acid balance, non-protein energy supply and
reduction of anti-nutritional factors (ANFs), fishmeal-free (FMF) practical diets will be
developed using plant protein sources. The consequences on digestion, absorption and
nutrient utilisation leading to lower environmental load will be analysed. The metabolic
and endocrine control of muscle growth, protein and fat synthesis will be studied both in
vivo and in vitro. Long-term effects on voluntary feed intake, muscle quality, health and
reproduction will be assessed. A socioeconomic analysis of the switch from the
dependence of aquafeeds on marine resources to plant protein-based diets will be made.

OBJECTIVES

1. To define the ideal amino acid profile for maximum muscle protein growth.
2. To evaluate the interrelationships between amino acid supply and protein, carbohydrate

and lipid metabolism.
3. To assess the effects of amino acid profiles and of plant protein use on digestive and

metabolic processes affecting muscle protein growth and adiposity.
4. To develop ‘fishmeal-free’ or low-fishmeal diets based on mixtures of plant proteins; to

assess the effects of such plant protein diets on metabolic and endocrine potential affect-
ing muscle growth, protein accretion and adiposity.

5. To analyse the consequences of long-term feeding on flesh quality, fish health, immune
response, reproductive performance and quality of gametes.

6. To provide scientific objective data for feed manufacturers.
7. To provide guidelines based on analysis of the ethical, economic and social issues.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Identification of the most suitable amino acid profile that can promote maximum protein
growth.

2. In-depth knowledge on nutritional, metabolic and endocrine factors that govern protein
growth and adiposity and their molecular basis. 

3. Development of practical low/fishmeal-free diets that promote muscle growth, flesh
quality, reproductive performance and affluent water quality. 

4. Social and economic analysis of a possible shift from fishmeal to plant protein-based
feeds in European aquaculture.
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European network for the dissemination of aquaculture RTD information

BACKGROUND

AquaFlow is a European network providing information on the results and progress of EU-
funded and national research and technological development programmes to aquaculture
producers across Europe. After a very successful first three years (as FAIR-CT97-3837)
that saw the development of an effective network capable of disseminating information in
14 languages throughout 17 European countries, AquaFlow now operates in 16 languages
and in 19 countries. An estimated 145 000 end-users have access to AquaFlow summaries
and other services.

Enhancing contacts between the research and production sectors at both horizontal
(between producers) and vertical (between scientists and producers) levels is key for
improved information exchange and the successful transfer of innovative technology.
Such actions are vital in maintaining the competitiveness of both sectors in Europe.

OBJECTIVES

AquaFlow has one principal goal — an increase and improvement in the exchange of
information and interactions leading to a wider enhanced application of research results at
an industrial level. 

The objectives are:

1. to consolidate AquaFlow as a successful international network bridging the gap
between the aquaculture industry and the research community;

2. to provide a more diversified range of information through the production and
publication of technical leaflets based on European, regional and national RTD
programmes, addressing more specifically SMEs’ needs and interests;

3. to expand the network by further developing the national AquaFlow teams already
active in 17 European countries and involving two acceding countries, the Czech
Republic and Poland;

4. to further enhance horizontal (between SMEs) and vertical (between SMEs and
scientists) contacts at an international level;

5. to provide decision-makers, administrations, researchers, and producer representatives
with concise and up-to-date overview documents, reflecting the industry as a whole;

6. to enhance the use of electronic media and electronic means of communication (e-mail,
Internet) for the transfer of information and to set up an intranet.

EXPECTED RESULTS AND ACHIEVEMENTS

The collection, classification and dissemination of information in 16 languages,
originating from European-funded aquaculture projects, will provide a unique overview of
aquaculture RTD throughout Europe and an efficient platform for diffusion of that
information. Several databases will be created, supplying information for Internet-based
services. European aquaculture SMEs will give their views on the suitability of AquaFlow
as a dissemination tool, which will be a basis for its long-term development.
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Feed for aquatic animals that contains cultivated marine micro-organisms 
as alternatives to fish oil

BACKGROUND

At present, aquaculture consumes nearly 50 % of the available quantities of fish oil and the
requirements are increasing. However, the world’s fish oil production is decreasing and toxins
that are difficult to monitor can be present. Alternatively, marine micro-organisms that are
high in long-chain polyunsaturated fatty acid (LCPUFA) content may be added to feeds.
However, the availability of such micro-organisms (algae, marine fungi) is limited. Therefore,
there is a strong and increasing demand for high-quality, stable and affordable raw material
for fish feed production. The lack of it may even hinder the growth of the fish farming indus-
try in Europe within the short term. This project is aimed at the production of PUFA-rich
micro-organisms, as an alternative resource to fish oil, in feed for the aquaculture industry.
This approach offers several advantages: it reduces the requirements for fish oils; toxin-free
feeds will be produced; and feed of constant quality will be available throughout the year.

OBJECTIVES

The overall objective of the PUFAfeed project is the development of alternative feed
resources to fishmeal and fish oil employing heterotrophic and mixotrophic micro-organisms
in order to supply the aquaculture industry with feed of constant and good quality that is free
of toxins or genetically modified materials. In addition, feed based on a combination of
heterotrophic (growth in the dark with a suitable carbon source) and autotrophic (growth in
light) produced micro-organisms will be developed. PUFAfeed aims at the evaluation of
single cell oils (SCOs), obtained from micro-organisms which include microalgae and
diatoms, that are rich in the polyunsaturated fatty acids docosahexaenoic acid (DHA) and/or
eicosopentaenoic acid (EPA) as alternative/complementary feed ingredients for fish oils.
Within the project, fundamental aspects of lipid accumulation in algae will be elucidated and
the technologies to produce microbial biomass and novel feeds, based on this biomass, will
be developed. Furthermore, the performance of these feeds and the economic feasibility of the
integrated process will be established in order to provide a cost-effective alternative to or
complementary solution for fish oil use in feeds for aquaculture.

The project involves several disciplines which are all aimed at the complete integrated process
of biomass production under controlled conditions, processing, packaging and storage and the
application of the final product within the aquaculture industry. Results with newly developed
feed will be evaluated and compared with conventional fish-oil-based feeds.

EXPECTED RESULTS AND ACHIEVEMENTS

It is expected that the achievements of this project will include the following:

1. An efficient process for the production of microbial biomass containing long-chain polyun-
saturated fatty acids (LCPUFAs) such as DHA. For EPA (or EPA/DHA) production, a
novel process will be developed. So far, most EPA originates from autotrophic microalgae.
In order to improve the availability of EPA-containing biomass, reduce the costs and have
material of constant quality throughout the year, heterotrophic or mixotrophic production
will be established. Physiological tools as well as the naturally present variability between
strains will be used to improve the yields of the selected strains.

2. Production of feeds for aquaculture that are based on untreated or processed microbial
biomass. At the end of the project, the performance of microbial biomass or microbial oils
in starter feeds for salmon and sea bream or enrichment feeds will have been determined.

3. Based on the results obtained in feeding trials with respect to, for example, growth,
survival and stress tolerance of the fish larvae as well as on economic data of the produc-
tion costs, the economic evaluation of the whole integrated process will be established.
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Improved procedures for flatfish larval rearing through the use of probiotic bacteria

BACKGROUND

Strategies to control bacterial growth (particularly the growth of unwanted bacteria) in
intensive rearing of marine fish larvae have frequently resorted to the prophylactic use of
antibiotics, with the attendant problems which arrive when antibiotic resistance develops
in bacteria. This problem is not limited to the larval culture system as resistance can often
be transferred to micro-organisms in other environments. Subsequently, such resistance
may spread to bacteria causing disease in humans. 

The aim of the project is to reduce the reliance on antibiotics by developing methods that
can positively regulate the microbial flora of flatfish by other means and to provide a new
and systematic approach to improving the rearing conditions of larval turbot by using
biological, non-antibiotic-dependent measures of disease control. The results will be
transferable to other larval rearing systems in aquaculture.

OBJECTIVES

The objective of this project is to identify promising bacteria that can be used to regulate
the bacterial microflora during rearing of larval turbot and thereby improve larval survival
and health. 

1. Development will take place in the laboratory to test the effectiveness of this approach.
2. Large numbers of bacterial isolates from a range of sources will be provided which are suit-

able for use as probiotics in larval flatfish. These will be screened using in vitro tests to iden-
tify those suitable for use as probiotics. Promising candidates as probiotics will be tested
for their effects on larvae and in disease control during larval rearing on a small scale.

3. Methods for delivery of such bacteria to larvae will be optimised and the most
promising candidate probiotics will finally be tested on an industrial scale.

It is intended to transfer the science-based knowledge and understanding of bacterial
interactions with marine fish larvae to practical use in industrial-scale production sites for
turbot and other species of fish.

EXPECTED RESULTS AND ACHIEVEMENTS

The project is expected to identify a large number of bacteria that could potentially be used
in aquaculture to improve larval rearing. The mechanisms by which bacteria cause losses
in larval turbot rearing as well as the mechanisms which potential probiotics inhibit their
actions will be determined and this fundamental knowledge will be important for
developing future strategy in this area. The route by which probiotic bacteria need to be
delivered to larval rearing systems for optimum protective effect will be determined and
this requires study of their stability, efficiency of delivery via water or live food prey
organisms, levels required in the rearing system and frequency of application. The
methods investigated in laboratory-scale trials will be chosen so that they can be applied
to commercial-scale rearing in due course.

The expected benefits to the industry should include:

1. improved health, disease resistance and welfare of fish;
2. enhanced survival and better reproducibility between batches of fish;
3. reduced use of antibiotics and, consequently, reduced environmental impact;
4. rapid transfer of laboratory findings to commercial-scale culture;
5. allowing the industry to become more competitive and potentially lead to significant

expansion and economic growth of the flatfish aquaculture industry;
6. application of the work to other larval rearing systems; 
7. increased food safety through minimising the use of antibiotics in the food chain.
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Environmental, nutritional and neuroendocrine regulation of skin coloration 
in the red porgy (Pagrus pagrus): towards the development of natural hue 
in cultured populations

BACKGROUND

The red porgy, Pagrus pagrus, is one of the most popular sparids in the Mediterranean
region and the Atlantic coast, characterised by high price value, highly appreciated flesh
and good market perspectives. Initial commercial trials have already been performed in
several Mediterranean fish farms. Intensively reared fish show good adaptability to culture
conditions, a high growth rate, and present no serious disease problems. Therefore, red
porgy has been considered a prime species for diversification of aquaculture production.
However, the main problem for moving towards commercial production is the
discoloration of skin observed in cultured fish. Red porgies fed formulated feeds exhibit a
dark colour at the back and sides, unlike wild specimens which have a pink and silver
colour on the dorsolateral surface of the body with scattered blue spots. The overall aim
of the project is to resolve this market-related problem towards the generation of a natural
hue in cultured populations, through a better understanding of the different environmental,
nutritional and neuroendocrine mechanisms regulating skin coloration.

OBJECTIVES

1. To gain basic knowledge on the coloration pattern of red porgy through the
identification of basic differences in skin colour pattern between wild and cultured fish.

2. To identify the nutritional and neuro-physiological basis of colour change.
3. To develop the most appropriate husbandry conditions towards the development of

natural hue.
4. To estimate the cost-effectiveness of the developed product and appreciate the effects

of colour on the buyer’s evaluation of red porgy as a viable product for commercial
aquaculture.

Partners from academia, research institutes, aquaculture producers’ associations and
marine fish farmers are joined to address the following:

1. Investigation into the basic coloration pattern of red porgy. The objectives are to explore
the natural coloration pattern of red porgy (wild fish) and to set the coloration standards
that the cultured red porgy should fulfil.

2. Understanding of the physiological basis of colour change in culture conditions. The
aims are:

• to determine the physiological basis of colour change in culture conditions;
• to define the nature (central/peripheral, neural/hormonal) of colour change;
• to define the neural mechanisms that underline the control of skin coloration.

3. Manipulation of husbandry conditions towards the development of natural skin colour.
The aims are:
• to determine the role of environmental and rearing-related factors (light, background

colour, handling, and stocking density) on colour change;
• to evaluate the relationship between pigmentation and stress;
• to identify the appropriate husbandry conditions for the development of natural hue.

4. Nutritional impact on skin colour. The aims are to gain knowledge on the role of nutri-
tion and to develop a feeding scheme towards natural coloration of cultured fish.
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The outcome of the project’s results will be applied to the installations of an end-user to
validate the developed methodology and feeding scheme at an industrial scale (end-user
— fish farm). In addition, analysis of the acceptability of the developed product (red
porgy) in its different forms (including size and colour) within the traditional and
developing markets for European aquaculture produce will be performed. This will also
assist the assessment of the industrial applications of the project’s results.

EXPECTED RESULTS AND ACHIEVEMENTS

Through a multidisciplinary approach, the project will contribute to a better understanding
of the mechanisms regulating pigmentation in fish. The application of modern techniques
in the study of brain circuits controlling skin colour will enhance our understanding of the
hypothalamic regulatory system and of the nervous system in fish, the mechanisms
governing biological, ethological and behavioural (chromatic adaptation) processes and
their interrelationship. The project also includes in its scope the development of an
appropriate food and the definition of a feeding strategy for this species. The identification
of the appropriate culture conditions for the development of natural hue will lead to an
improved and integrated culture strategy for a new species for aquaculture. Finally, red
porgy may be used as a model species for solving discoloration problems observed in
several other commercially important marine species.
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Gastrointestinal functions and food intake regulation in salmonids: 
impact of dietary vegetable lipids

BACKGROUND

Sustainable and ethical aquaculture is of great future economic importance for many rural
areas of the European Community, providing a healthy food source to the Community. To
achieve this, the industry needs to lessen its dependence on fishmeal and fish oil as the
basis for fish feed. Vegetable lipids may be a major source of alternative energy for
cultured fish, but current knowledge on their effects on the gastrointestinal tract of fish is
insufficient to give recommendations on content and composition in fish feed.

OBJECTIVES

The gastrointestinal tract has a number of vital functions. In fish as in other vertebrates, it
is the site of food digestion and nutrient uptake, imparts postprandial information for the
regulation of food intake, is a regulatory site for ion and water balance, and acts as a barrier
against infections. Changes in diet composition may affect any of these functions, and thus
the nutritional and osmoregulatory balance, hunger and satiation level, disease resistance
and health. The maintained integrity of the gastrointestinal tract, irrespective of diet
composition, is therefore of major production concern during finfish aquaculture, as well
as an important issue of animal welfare.

The overall goal of the project is to provide a strong factual basis for the quantitative and
qualitative incorporation of vegetable lipids into feed for salmonids, a group of
commercially important European aquaculture species, without compromising the growth,
health and welfare of the animals.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Understanding how vegetable lipids affect the gastrointestinal tract, especially
absorption processes, nutrient uptake mechanisms, barrier function, indigenous
microbiota and disease resistance.

2. Understanding how vegetable lipids affect food intake, how this is mediated through
signals by gut peptides and hormones, and how fish are able to discern between lipid
sources.

3. Understanding how the health of the fish, i.e. performance during development, growth,
welfare and ability to recover, is affected by disturbance of the intestinal integrity.
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Dietary self-selection in fish: a geometrical approach for optimising 
aquaculture production

BACKGROUND

Despite abundant reports on fish nutrition, dietary self-selection is little explored. To date,
to compose diet mixtures, theoretical formulations have to be practically evaluated in long
and costly feed trials. However, fish show considerable ‘nutritional wisdom’ to select
nutritionally balanced diets from suboptimal feeds. Better knowledge of macronutrient
self-selection in fish has important economic, welfare and environmental benefits. The
geometric analysis of dietary selection represents a major innovation, providing new
concepts for fish nutrition. The partners involved in this concerted action have made
significant contributions to this field and are currently developing research programmes at
a national level. The harmonisation of their research activities and the communal
discussion of data sets will improve the performance and relevance of the national
projects, integrating the data analysis and designing new experimental programmes.

OBJECTIVES

The main objective is to harmonise individual research activities to take advantage of
recent theoretical and experimental advances in fish nutrition to assess:

1. whether and how fish regulate their macronutrient intake, finding targets in the
nutritional space (three macronutrients’ axes) and verify that fish defend them;

2. how they balance overingesting some nutrients against undereating others when
provided with suboptimal diets of animal and plant origin;

3. how they regulate food selection, growth and body composition post-ingestively;
4. how such points of regulation change with the age of the fish, season and rearing

conditions.

Such data will allow manufacturers to formulate feeds that better reflect the needs and
regulatory responses of fish. As a result, feeding performance and flesh composition will
be optimised, fish welfare improved, and nitrogenous and other waste products minimised,
providing considerable benefits to the aquaculture industry and its consumers.

EXPECTED RESULTS AND ACHIEVEMENTS

The geometric analysis of dietary self-selection will provide:

1. improved performance and relevance of existing national research programmes;
2. a geometric framework of dietary selection in farmed fish;
3. advanced self-feeding methods for food selection;
4. knowledge of macronutrient preferences of fish with different feeding habits;
5. new concepts for aquaculture and feed industries;
6. formulation of a major research and development programme with added European

value.
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Optimisation of rearing conditions in sea bass for eliminated lordosis and improved
musculoskeletal growth

BACKGROUND

Lordosis is a significant problem in the aquaculture of several species, including sea bass.
The development of skeletal abnormalities in reared fish exerts disadvantageous influences
upon fish biological performance, welfare, market image and acceptability by the
consumers, and therefore on fish commercial value and on the productivity and efficiency
of the aquaculture industry.

Sea bass (Dicentrarchus labrax L.) is one of the two main species of the Mediterranean
marine aquaculture and its farming is extending to other parts of Europe (FEAP 2000, web
site). It is an extremely popular fish not only in the Mediterranean but also on the Atlantic
coast, while the market demands for it have increased in other European countries as a
result of market diversification during the last few years.

When intensive aquaculture of sea bass first started, up to 70 % of fish presented serious
vertebral lordosis (requiring sorting and discarding) due to inadequate knowledge on the
biological and technological mechanisms of swim bladder inflation. The application of
adequate rearing conditions solved the problem of lordosis induction by swim bladder
non-inflation. However, lordosis continued to develop in reared sea bass with functional
swim bladders reaching frequencies of 25–70 %. Other studies have implicated a range of
possible factors that might influence lordosis induction in fish with functional swim
bladders. These factors include dietary deficiencies, notochordal distortions during early
development, pollutants, myopathies, and high swimming activity due to high velocity of
water currents.

OBJECTIVES

The overall objective of this project is to apply a multidisciplinary scientific investigation
of the influence of environmental and nutritional factors on the incidence of lordosis and
on the development and function of the musculoskeletal system. This will be achieved
through an integrated approach where an understanding of the underlying science will be
addressed in consort with the aquaculture industry.

The specific objectives of the project are as follows:

1. To assess the influence of rearing temperature, nutrition (mainly vitamins C and E and
selenium), and current velocities and their interactions on the incidence of lordosis. This
will be achieved by rearing eggs and larvae at two different temperatures (15 and 20 ºC)
up to 18–20 mm total length (TL). The juveniles will then be reared at different swimming
speed currents up to about 1 g. In parallel studies, juveniles will be fed differing levels of
selenium, vitamin E and vitamin C for different swimming speed groups.

2. To assess, for the same factors and same groups of fish, the influence on musculoskeletal
development and growth at tissue, cell, protein and molecular level, as an informed basis
for reducing the problem of lordosis and for optimising musculoskeletal growth.

3. To provide a tool for standardised assessment of quality in a commercial environment,
which will take into account not only the presence or absence of skeletal deformities,
but also the real effects of their different expression intensities on both biological
performance and product final image.

EXPECTED RESULTS AND ACHIEVEMENTS

The results will help in the understanding of the reasons for vertebral deformities including
lordosis and will indicate the optimum rearing conditions for its elimination and for
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improved musculoskeletal growth. The findings of this project will lead to benefits for the
consumer, producer and animal, namely:

1. for the consumer — optimisation of production will lead to improved product quality;
2. for the producer — by optimising production and improving product quality, the

competitiveness of European aquaculture will be increased;
3. for the animal — the well-being of cultured stocks will be improved.

Although the species to be investigated is the sea bass, it is expected that the principles
derived will be applicable to other species.
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Calcium, the backbone of fish culture: importance in skeletal formation, 
reproduction and normal physiology

BACKGROUND

Despite improved methodologies for farming of marine fish species, the viability of eggs
and larvae is still, in most cases, no more than 20–30 %. This is a consequence of high
mortalities and/or a high incidence of larvae with skeletal deformities (dystrophies). Often
dystrophies are not immediately apparent leading to a wasteful use of food, energy, space
and human resources until dystrophic fish are graded and removed. Skeletal deformities
arise as a consequence of abnormal calcification of cartilaginous tissue and there is
evidence that hypercalcaemic factors may be involved. Therefore, the elucidation of the
processes controlling ossification in fish larvae is of extreme importance in order to devise
culture methodologies that minimise abnormal development. Calcium is also important in
a range of other physiological processes of practical importance to aquaculture, such as
during reproduction when high concentrations of calcium need to be available for
vitellogenesis and for growth, which requires both bone remodelling and ossification.
Surprisingly, there is relatively little information available on how calcium requirements
vary in teleost fish during their life cycle or the physiological mechanisms employed to
raise plasma calcium levels. The aim of this project is to determine how calcium homeostasis
and availability are maintained during critical stages of the life cycle of the teleost fish
Sparus aurata, an important marine aquaculture species in south European countries.

Whilst hypocalcaemic factors, such as stanniocalcin and calcitonin, have been identified
and characterised in fish, until now there has been no recognised hypercalcaemic factor.
However, the project partners have cloned and identified a gene in sea bream for a
potential hypercalcaemic factor, parathyroid hormone-related protein (PTHrP), and shown
that teleost PTHrP does elevate internal calcium. This discovery indicates that raising
circulating calcium levels is an important physiological function, but the mechanisms by
which this is achieved are currently unknown.

OBJECTIVES

The first objective of the project is to identify the relative importance of dietary,
endogenous and environmental sources of calcium during critical phases of development,
growth and reproduction of sea bream during a normal production cycle in the fish farm. 

The second objective is to determine, experimentally, the roles of the parathyroid
hormone-related protein (PTHrP) in whole animal calcium homeostasis. Tissues sensitive
to changes in calcium availability, including gut, kidney and gills, will be identified by in
vitro and in vivo techniques. This will be carried out at stages in which calcium
requirements are high, namely during skeletal development, reproduction and growth. A
multidisciplinary approach will be used including molecular techniques to produce
recombinant homologous PTHrP for in vivo treatments and production of specific antisera.
These will be used to establish specific assays for PTHrP in tissues and plasma.

The third objective will be to study the molecular mechanisms that underpin bone
formation in fish and the way in which PTHrP regulates this process. This will involve the
identification of factors in vivo that may influence its expression.

Overall, these objectives will provide new information on calcium physiology in sea
bream hitherto unavailable. This will allow the identification of causal factors in abnormal
bone development in larvae, the mechanism by which calcium is incorporated into
vitellogenin, the general requirements of calcium for normally growing fish and the
function of PTHrP in these processes.
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EXPECTED RESULTS AND ACHIEVEMENTS

The Fishcal project will start by generating new specific tools based on the genomic
information available, which will be used as reagents and assay methods in the
experiments to be carried out. Then a series of studies will follow to evaluate calcium
requirements and the source of calcium in rapidly growing fish and in larvae undergoing
skeletal development. The way in which calcium homeostasis is maintained in changing
conditions of calcium availability, and the role of PTHrP, its receptor and of the calcium-
sensing receptor in this process will be elucidated. A similar approach will be taken to
study calcium homeostasis during vitellogenesis when high loads of calcium are required
for gamete development and maturation. In a third phase, the molecular mechanisms,
which underpin bone formation in fish, will be studied. This will involve the identification
of genes activated during initiation of endochondral bone formation and characterisation
of their response to the presence of PTHrP. Factors which regulate the PTHrP gene
expression, and thus ossification, will be identified by studying the promoter region of the
PTHrP gene.

The overall achievement of the project will be to provide new information on calcium
physiology in sea bream hitherto unavailable. This will allow the identification of causal
factors in abnormal bone development in larvae, the mechanism by which calcium is
incorporated into vitellogenin, the general requirements of calcium for normally growing
fish and the function of PTHrP in these processes.
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Fish oil and meal replacement

BACKGROUND

A thematic network on fish oil and meal replacement based on five existing EU-funded
programmes (PEPPA, Gutintegrity, PUFAfeed, FPPARS and RAFOA) will be formed.
All five projects focus research on and evaluate the consequences of the expected shortage
in fish oil and meal. Based on existing knowledge, healthy and productive fish farming still
greatly depends on these feed ingredients. Four network meetings will be organised, and
new research results will continuously be added together with new information and
informed comments on an Internet site. While all projects represent important activities,
there is a marked imbalance between effort on fish oil and meal replacement. None of the
projects considers food safety or consumer health as a consequence of changed fillet
composition stemming from changes in feed resources. There are no considerations of
genetically modified feed resources, which may soon dominate the alternative feed
resource market. The five projects are keen to widen the knowledge pool, by informed
discussions with other authorities and stakeholders in the field of farmed fish, fish feed
producers and bodies concerned with health and safety.

OBJECTIVES

1. To optimise scientific networking, management, coordination, monitoring and
exchange of information on a volunteer basis by utilising and expanding the existing
activities of the ongoing EU-funded projects PEPPA, Gutintegrity, PUFAfeed,
FPPARS and RAFOA.

2. To utilise, at modest cost, existing knowledge in the partners’ scientific institutions in
the aforementioned EU-funded projects so as to strengthen and expand scientific
discussions and information exchange relevant to fish oil and meal replacement.

3. To relate findings emerging from existing programmes to the wider field of farmed fish
quality and safety by information exchange and informed discussion between
participants in existing programmes and experts from the feed- and fish-producing
industries, producer and consumer organisations, and health and safety authorities.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Establish a thematic network — FORM — to enhance interactions between the
scientific partners and the feed industry, producers and consumer organisations.

2. Organise four network meetings, one per annum:

• alternative feed resources — influences on feed consumption, protein and lipid
metabolism, physiological changes and product quality;

• alternative feed resources — with special focus on genetically modified ingredients
and/or ingredients derived from genetically modified plants or micro-organisms versus
genetic modification of farmed fish species;

• aquaculture and food safety — with special focus on dioxins and other potential
hazardous contaminants;

• aquaculture and healthy eating — with special focus on tailoring the farmed product
to consumer needs.

3. Provide the public with up-to-date factual information and informed comments on current
and developing issues on farmed fish quality and safety through a planned web site.
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Arrested development: the molecular and endocrine basis of flatfish metamorphosis

BACKGROUND

Flatfish species such as halibut, turbot and sole form a major focus of the diversification
of the European aquaculture industry. However, production has been severely hampered
by biological problems in larval rearing.

Metamorphosis of flatfish involves major and easily recognised changes in body form,
which convert a bilaterally symmetric pelagic larva into a benthic juvenile with both eyes
on the same, pigmented, side of the body. In addition to the tissue remodelling and
differentiation that produces these dramatic transformations, metamorphosis also involves
myriad biochemical and physiological alterations mediated through differential gene
expression and endocrine systems.

Despite juvenile quality being determined during larval metamorphosis, the knowledge of
flatfish metamorphosis is still rudimentary, especially in terms of the molecular and
endocrine basis. As normal metamorphosis is a prerequisite for post-larval development,
growth and survival of the fish, it is literally vital, in nature as in hatcheries, for this
transition to proceed correctly.

Arrested development during metamorphosis arises at a high frequency in the aquaculture
of Atlantic halibut, sole and turbot. The high percentage of juveniles exhibiting these
abnormalities limits the cost-effectiveness of the juvenile production industry. At the same
time, the juvenile rearing phase represents the bottleneck in an industry with huge
potential for growth. If this problem can be overcome, existing facilities could reliably
multiply their juvenile production rates with marginally added running costs, such as heat,
water, feed, and infrastructure.

OBJECTIVES

The overall project objective is to determine the biological basis for arrested
metamorphosis and find ways of alleviating the problem.

This will be achieved by addressing key questions concerning the morphological
endocrine and molecular basis of metamorphosis in a model species. The information will
form the basis for improved cost-effective rearing techniques for the production of marine
flatfish juveniles, and thereby strengthen European marine flatfish aquaculture, an industry
of great potential and importance for rural coastal areas.

The specific objectives of the project are:

1. to elucidate the morphological and molecular transformations that constitute
metamorphosis;

2. to elucidate the complex interaction between age, growth rate, size and metamorphic
stage;

3. to determine the endocrine mechanisms which regulate metamorphosis;
4. to determine the underlying cause(s) of arrested development during metamorphosis;
5. to suggest rearing practices that will alleviate the problem.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Characterisation of morphological and biochemical changes associated with halibut
metamorphosis through studies of morphology and histology, and the analysis of known
markers of metamorphosis.
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2. Characterisation through construction of a gene microarray of gene expression profiles
during metamorphosis. Subtractive hybridisation and construction and screening of a
gene microarray will be used to provide information on the timing, order and regulation
of the various tissue transformations that occur during normal metamorphosis.

3. Elucidation of the endocrine regulation of metamorphosis. Known or potential
regulators of metamorphosis (thyroid hormones and deiodinase enzymes, prolactin,
growth hormone, cortisol and IGF-I) will be determined in halibut larvae at different
stages, using whole body measurements and hormone gene expression (in situ
hybridisation, gene arrays, Q-PCR). Furthermore, the potential responsiveness of
specific tissues to hormones will be assessed by measurements of receptor gene
expression. The roles of individual hormones will be further examined through in vivo
treatment studies.

4. Determination of the basis for arrested metamorphosis. This will be made by carefully
comparing normally and abnormally metamorphosing larvae using the above approaches.

5. Elucidation of functional relationships between nutritional supplements (iodine,
selenium), endocrinology and rate and success of metamorphosis to establish
‘functional feeds’ for metamorphosing larvae.
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Reproduction of the bluefin tuna in captivity — 
Feasibility study for the domestication of Thunnus thynnus

BACKGROUND

The present project draws on the exceptional opportunity to combine forces of an
international group of scientists and commercial ‘growing-out’ facilities for bluefin tuna
(BFT) to provide an in-depth study of the reproduction of BFT in captivity, thereby
providing a strategic feasibility study for the domestication of this species. Controlled
reproduction is a crucial step on the road to domesticating a wild species. We have to study
the hormonal regulation on gonadal development, maturation of gametes, spawning and
fecundity, and finally develop suitable methods to control the reproduction of the BFT.
The availability of captive broodstock will allow us to increase the knowledge on the input
of reproductive cues to recruitment determinism in the wild, hence allowing better
management of the resource in a global sense.

OBJECTIVES

Four main objectives can be identified:

1. in order to develop an aquaculture farming technology for bluefin tuna (BFT), it is of
utmost importance to improve our knowledge of the reproductive biology of the species
in captivity and compare this with wild populations;

2. a second major objective of this project is to assess the capability of BFT broodstock to
mature and spawn in captivity;

3. we then have to assess the feasibility to obtain viable eggs from BFT breeders and bring
them to hatching;

4. we need to develop handling techniques for routine operations in BFT aquaculture,
including the use of adequate transport systems for live fish, testing of appropriate
anaesthetics, and removal of tissue samples by non-invasive methods for monitoring
maturation.

EXPECTED RESULTS AND ACHIEVEMENTS

The progress of the project will be clearly marked by the milestones, such as: development
of handling techniques and the completion of wild and caged fish sampling programmes
for sex and maturity; successful broodstock maintenance; natural spawning and induced
spawning success; determination of reproductive hormonal control; and successful
hatching of eggs. The long-term results will determine the global strategy to be followed
for the successful and sustainable aquaculture of BFT.
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Photoperiod control of puberty in farmed fish: development of new techniques 
and research into underlying physiological mechanisms

BACKGROUND

Early male puberty is a significant economic problem in the farming of several fish species
in Europe. It is therefore necessary to develop strategies to delay puberty. These strategies
should meet both consumer acceptance and the economic interests of aquaculture.
However, significant gaps exist in our knowledge as regards the physiological regulation
of puberty, which preclude developing strategies to approach the problem. Similarly,
although it is already known that differences in the genetic background within a species
can result in differences in the timing and/or incidence of early male puberty, there is
virtually no information on how genetic differences are reflected in differences in
reproductive physiology. The same holds true for the potentially very interesting option of
combining suitable genetic traits from identified sibling groups with certain photoperiod
treatment regimes. Since photoperiod control appears to be one of the most promising
techniques for controlling puberty in farmed fish, this project focuses on:

1. improving the understanding of the physiological regulation of puberty;
2. the interactions with factors such as genetic background, nutrition and adiposity;
3. notably clarifying how the photoperiod affects the BPG axis during puberty.

The aims are to further develop photoperiod protocols to be used on Atlantic salmon and
sea bass, and also to provide a scientific framework for the future use of such (or similar)
protocols in new farmed species such as cod, halibut and turbot.

OBJECTIVES

Our overall objective is to develop improved photoperiod protocols for delaying first
sexual maturation (puberty) in commercially farmed European fish species by:

1. improved knowledge on the mechanisms of activation of the BPG axis during puberty
in fish, including development of new tools to study the BPG axis in salmon, rainbow
trout and sea bass;

2. improved understanding of the importance of differences in light intensity and spectral
quality in affecting the BPG axis and the initiation/postponement of puberty, by
assessment of pineal melatonin production in vitro and in vivo in salmon and sea bass;

3. improved understanding of the interactions between photoperiod protocols, genetic
background and adiposity in arresting/promoting puberty in salmon and sea bass.

Specific objectives are to:

1. alter the timing of puberty by use of different photoperiods, nutritional treatments and
different sibling groups to (i) more fully understand how these factors interact with the
initiation/suppression of puberty by their effects on the BPG axis, and (ii) further
develop photoperiod protocols to reliably delay unwanted sexual development in
salmon and sea bass under commercial farming conditions;

2. identify the pineal sensitivity to light of different intensities and spectral compositions
to determine threshold values for artificial light to control puberty in salmon and sea
bass in outdoor fish farms/sea cages;

3. further develop tools to study the roles of selected components of the BPG axis
(gonadotropin-releasing hormones, gonadotropins, gonadal steroids and the receptors
for these hormones) in determining puberty in fish by use of different model species
such as Atlantic salmon, rainbow trout and sea bass in order to fill gaps in our
knowledge with respect to the activation of the BPG axis;
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4. define critical periods in the season and life cycle, during which the timing of puberty
might be altered by photoperiodic protocols and study, by in vivo and in vitro
approaches, the endocrine changes that accompany enhanced/delayed puberty;

5. measure growth rate, body size and lipid stores in genetically defined sibling groups at
assumed critical points in the life cycle and season to identify putative thresholds for
puberty.

EXPECTED RESULTS AND ACHIEVEMENTS

The project aims to identify environmental and physiological key factors responsible for
initiating puberty in fish along with the development of photoperiod protocols to reliably
control puberty in farmed fish. The project will study a broad range of parameters during
natural puberty, or in response to environmental treatments (photoperiod and nutrition), in
the context of different genetic backgrounds. Significant original information is expected
from studies using different photoperiod treatments, diets and sibling groups to develop
large differences in the incidence of early puberty. To combine this means with the
thorough analysis of the endocrine processes during treatment-induced advancements or
delays of pubertal development is the major innovative approach that characterises the
experimental model used in this project. Significant progress is expected for both the
applied and fundamental branches of aquaculture research, as well as for aquaculture
industries.
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Technical efficiency in EU fisheries: implications for monitoring and management
through effort controls

BACKGROUND

Effort control measurements in the EU are currently based largely on the reduction of
capacity, measured in terms of days fished, engine power and gross tonnage. However,
effort depends on factors other than the physical characteristics of the boat and the number
of days fished. These factors manifest themselves as differences in the level of technical
efficiency of the vessels. Understanding the extent to which technical efficiency varies in
different fishing fleets has implications for the targeting and effectiveness of effort control
programmes. Differences in apparent technical efficiency may be due, however, to
misreporting of landings. Multi-output measures of technical efficiency will be derived
and applied to a range of different fishing fleets. The possible effects of misreporting on
these measures will be estimated and implications for monitoring and effort control
measures derived.

OBJECTIVES

1. To estimate the distribution of technical efficiency of selected EU fishing fleets using:
• single-output measures (e.g. revenue);
• multi-output measures (e.g. landings of different species).

2. To examine the contribution of different factors to the level of technical efficiency (and,
conversely, inefficiency) of different types of fishing boats.

3. To examine how average technical efficiency has changed over time in selected EU
fishing fleets.

4. To identify implications for effort reduction or control programmes.
5. To determine the extent to which under-reporting of landings can be identified by using

multi-output measures of technical efficiency.

EXPECTED RESULTS AND ACHIEVEMENTS

The milestones included reports on:
1. methodology;
2. fisheries to be examined;
3. single-output measures of technical efficiency;
4. multi-output measures of technical efficiency;
5. implications for effort controls and measurement of non-reported catch.

The results indicated that efficiency varies considerably across the EU fleets. Multi-output
measures were less susceptible to the output mix of the vessels examined, and generally
resulted in higher average estimates of efficiency. Multi-output measures were also
successfully used in identifying non-recorded catch.
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Establishing traceability for cod (Gadus morhua): determining location 
of spawning and harvest

BACKGROUND

Cod is one of the EU’s most economically important fish species; yet, as cod cannot be
traced to their origin, problems arise with stock management and consumer safety. We will
develop methods to establish traceability for cod, placing unknown cod to their location of
spawning and of harvest. Our objectives are to differentiate fish spawned in different
basins, identify their harvest location including differentiating wild-caught and farm-
reared individuals, and place the results in a context of the EU common fisheries policy
and law. Objectives will be achieved through the use of multiple tracing techniques
(genetics, chemistry and molecular/physical markers) followed by multivariate statistics.
Our technique will provide a high statistical probability of correctly classifying individual
cod to their location of spawning and harvest. Our research will be patented, published,
and presented to potential end-users at a dedicated forum.

OBJECTIVES

Cod (Gadus morhua) is one of the European Union’s most economically important fish
species, yet cod cannot be traced to their origin. This lack of traceability of cod, or of
nearly all marine fish and shellfish, results in numerous socioeconomic problems (most
notably with stock management and consumer confidence and safety). There is one major
goal of the Codtrace project: to establish legally indisputable evidence of the origin of cod.
This major goal can be subdivided into two component parts, each of which involves
optimising methodology to:

1. differentiate individual fish spawned in different basins;
2. identify the location of harvest of an individual fish.

During the project, the numerous scientific/technological objectives focus on optimising
physical, genetic, chemical, and molecular techniques for the purpose of cod traceability.
Specifically, 10 different techniques (herein called Codtrace techniques) will be optimised
for fish traceability; seven for determining both the location of where a fish was spawned and
where it was harvested, two exclusively for determining the harvest location of a fish, and
one for determining where a fish was spawned. It is the use of these multiple techniques
simultaneously, or a multivariate approach, which will pinpoint the specific location of
spawning and of harvest for samples of cod which have come from unknown locations.

Most of the techniques we propose to use for fish traceability are currently used routinely
in other areas of marine research. However, not all these techniques have been optimised
for use with cod or over the span of waters surrounding the European Union. Therefore,
the first objective for this project is to optimise Codtrace techniques for discriminating
among cod stocks in the major marine basins of the EU (Atlantic Ocean (Irish shelf),
Baltic Sea, Irish Sea, North Sea, Icelandic waters). Furthermore, all 10 techniques will be
employed on the same fish, ensuring that results are not confounded by using different fish
samples for each technique. While using the exact same fish samples across techniques is
logistically more difficult to implement, it will ensure the results of this study are the most
precise and accurate possible.

Specifically, we will optimise the determination of the location of spawning using the
following techniques:

1. otolith core microchemistry;
2. otolith morphometry;
3. allozyme analysis of tissue;
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4. mtDNA analysis of tissue;
5. microsatellite DNA analysis of tissue;
6. Syp I analysis of tissue;
7. fish parasite assemblages;
8. body morphometry.

The component parts of each of these Codtrace techniques (e.g. the number and type of
morphometric measurements, primers, otolith element concentrations, etc.) need to be
manipulated so each technique can discriminate among at least two locations of spawning
in the major EU basins, ensuring every technique will usefully contribute to a multivariate
analysis of spawning locations of cod.

The second objective of the project is to optimise Codtrace techniques to determine the
specific basin of where a fish was harvested from among the five marine basins being
examined. Specifically, we will optimise the determination of harvest location using the
following techniques: fish parasite assemblages, fish bacterial assemblages, otolith surface
microchemistry, body morphometry, otolith morphometry, allozyme analysis of tissue,
mtDNA analysis of tissue, microsatellite DNA analysis of tissue, and Syp I analysis of
tissue. The component parts of each of these Codtrace techniques (e.g. parasite species
monitored, bacteria species monitored, otolith element concentrations, etc.) need to be
manipulated so each technique can discriminate among at least two harvest locations for
fish from the major EU basins, again ensuring each technique will usefully contribute to a
multivariate analysis of cod harvest location.

As listed above, it is apparent that some techniques are expected to provide useful
information on both the location of where a fish was spawned and where it was harvested,
while other techniques will only benefit one analysis or the other. By examining both
spawning location and harvest location in concert, the shared techniques do not have to be
replicated in separate projects. This will result in a huge additional amount of information
on cod movement and stock mixing being gained at a small additional cost, and both types
of information will immediately be of use to fisheries management across the EU.
Furthermore, we expect that such a broad multivariate analysis of individual fish will
result in a uniform methodology which could be quickly transferred to the management of
other commercially important fish species.

Multivariate statistical techniques will be used to determine the variance of the techniques
and the power of correctly classifying each individual fish. After all samples have been
processed, each technique will be tested separately to ensure that it has sufficient
discrimination capacity to place some individual fish to their correct basin for location of
spawning or of harvest. Multivariate statistics will be run to test the increased power of using
the data of all Codtrace techniques in a factorial design, which will explore if any of the tech-
niques used only provide redundant information to other techniques. We fully expect the use
of multiple techniques in concert will greatly increase the statistical probability of correctly
classifying the basin where an individual fish was spawned and where it was harvested.

The third objective of the project will be to determine if Codtrace techniques may be able
to provide legally indisputable evidence for the location of spawning and harvest of
unknown cod. To explore the possibility that Codtrace techniques might confer
traceability on cod, we will (i) perform reciprocal transplants of eggs and larvae of cod
among countries to determine the plasticity of the different techniques through the
ontogeny of cod, and (ii) identify the spawning and harvest locations of unknown cod
using a double-blind sampling design. These two tests will provide insight into both the
potential power and limitations of Codtrace techniques.

We intend to make full use of the results of this study in both industry and in the EU
community. Towards this end, we will initially and quickly patent results where possible.
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We will then place our findings in a user-friendly format for potential end-users in the EU
community (fisheries managers, seafood wholesalers, and others). This will first involve
interacting with interested end-users throughout the study on a web site designed to attract
comments, suggestions, and even implications of the study for use with fisheries
management and consumer safety. Analytical and statistical results will then be
synthesised with the EU common fisheries policy and law by a legal academic specialising
in international natural resources law. A cost–benefit analysis will be performed on each
Codtrace technique in isolation and in combination with every other technique. The
conclusions from the project results and patents, the synthesis with EU law and the
cost–benefit analysis will be presented at a dedicated ICES forum proximate to the end
date of the project. By developing the necessary methodology and overall project using
these guidelines, and presenting the results in an easily interpreted and open manner, our
methods could then be quickly transferred to other targeted species in EU waters. We will
use this project plan to ultimately meet our main goal: to establish legally indisputable
evidence of the origin of cod.

EXPECTED RESULTS AND ACHIEVEMENTS

This project will develop a standard protocol to determine the origin of cod, through the
optimisation of techniques for identification of the spawning and harvest locations of
individual cod. This will include a determination of the statistical resolution of Codtrace
techniques, in isolation and combined. The statistical resolution of techniques will be
validated with double-blind testing of samples. We will be able to determine which
characters identified as useful for traceability are inducible to alteration from their original
patterns. The Codtrace results will be presented in a legal and user-friendly context at a
dedicated forum.
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Improving fisheries monitoring through integrating passive and active 
satellite-based technologies

BACKGROUND

Both in European and international waters, there is a need for control measures to ensure
that agreed management measures are respected. Monitoring the fisheries, i.e. the
operation of the fishing fleet, is an important aspect of fisheries control. Furthermore, to be
effective, the information needs to be made available as soon as possible, preferably in real
time, and the information must be compatible with systems presently used by fisheries
authorities. Satellite surveillance systems have a potential for being coupled with existing
vessel monitoring systems in a way that could significantly improve the efficiency of the
fisheries control.

OBJECTIVES

The main objective of the project is to explore the possibilities of extending the existing
capabilities in fisheries monitoring and control by integrating a passive system based on
satellite imagery into a complete monitoring package. In particular, the project will
develop, improve and assess methodology and tools that will allow near real-time access
to space-borne synthetic aperture radar (SAR) imagery and integration and comparison of
this information with the vessel monitoring system (VMS) position reports in order to
improve and support control activities.

EXPECTED RESULTS AND ACHIEVEMENTS

Development of vessel detection and identification server. Development of an image
database. Integrating active and passive system (extending FMCs’ software to include,
elaborate and visualise SAR detected positions, developing a decision support tool).
Improvement of communication links. Development of an overall concept for fisheries
monitoring. A workshop will be held at the end of the project in one of the fisheries
monitoring centres (FMCs).
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Development and testing of an objective mesh gauge

BACKGROUND

The OMEGA project evolves from the need for an objective mesh gauge to be used for
fisheries inspection and research and by the industry (fishermen and netting manufacturers).
Previous work has shown that the present EU legislation for mesh measurement is not
sufficiently precise and allows for variation in both the construction of the official wedge
gauge and the operational procedures. It was recommended to develop a new, more objective
mesh gauge. A new mesh gauge will be built and tested. The different tasks of the project
are:

1. to build a prototype of the new instrument and to subject it to a series of acceptance
tests;

2. to compare the new instrument with the existing mesh gauges, both under laboratory
conditions and at sea;

3. to draft a protocol for using the new mesh gauge;
4. to inform research institutes, fisheries inspectorates and the industry on the progress of

the work and to give them the opportunity to comment and advise.

OBJECTIVES

The main objective of the combined research and demonstration project is to build and test
a new, objective mesh gauge suitable for fisheries inspection, fisheries research and the
fishing industry. In support, a protocol will be written for using the new mesh gauge for
control and scientific purposes.

The specific scientific and technological objectives of the project are:

1. to build prototypes of the new mesh gauge;
2. to refine the new design after initial testing;
3. to build sufficient prototypes for extensive testing and demonstration.

The specific demonstration objectives of the project are:

1. to compare the prototype with the existing mesh gauges and to determine the
capabilities of the new instrument (laboratory tests);

2. to test the new gauge in the field;
3. to draft a protocol for using the new mesh gauge for control and scientific purposes;
4. to demonstrate the new mesh gauge to inspection services, fisheries scientists and the

fishing industry (netting manufacturers and fishermen) of EU fishing nations, Iceland,
Norway, Poland and EU contracting parties to the agreement (North-East Atlantic
Fisheries Commission, North-West Atlantic Fisheries Organisation) with the aim of
obtaining wide acceptance of the new instrument and protocol.

EXPECTED RESULTS AND ACHIEVEMENTS

The achievement of this project will be a new, modern mesh gauge capable of making
measurements of the mesh opening unbiased by the operator. The new mesh gauge, used
according to the protocol, will yield unambiguous mesh measurements, acceptable to
European courts. The new instrument will be available at a reasonable price so that all
users will be able to purchase it. Hence, the project will contribute to the aspiration for one
single type of mesh gauge for all user groups. The new instrument will also meet the
requirement of easy and technically modern data logging and processing.





Sub-area 4.4: Social and economic basis of the CFP



— 278 —

PARTNERS

Contract number: QLK5-1999-01271
Contract type: Shared-cost project
Starting date: 1.1.2000
Duration:

24 months + 6 months’ extension
Scientific Officer: Sigurdur Bogason
Project web site:
www.port.ac.uk/departments/economics/
cemare/project_valfez.htm

Coordinator
Helen Pickering
University of Portsmouth
Centre for the Economics and
Management of Aquatic Resources
Locksway Road
Portsmouth PO4 8JF
United Kingdom
Tel. (44-23) 92 84 40 86
Fax (44-23) 92 84 40 37
E-mail: Helen.pickering@port.ac.uk

Jean Boncoeur
Université de Bretagne Occidentale
Centre de Droit et d’Économie de la Mer
BP 816
12, rue de Kergoat
F-29285 Brest
Tel. (33) 298 01 60 40
Fax (33) 298 01 69 35
E-mail: jean.boncoeur@univ-brest.fr

Antony Jensen
University of Southampton
School of Ocean and Earth Science
Southampton Oceanography Centre
European Way
Southampton SO14 3ZH
United Kingdom
Tel. (44-23) 80 59 34 28
E-mail: Antony.C.Jensen@soc.soton.ac.uk

Carlo Pipitone
Istituto di Ricerche sulle Risorse Marine e
l’Ambiente
Consiglio Nazionale delle Ricerche
Via G. da Verrazzano, 17
Castellammare del Golfo (TP)
I-91014 Sicily
Tel. (39) 092 43 50 13
E-mail: pipitone@irma.pa.cnr.it

Value of exclusion zones as a fisheries management tool in Europe: 
a strategic evaluation and the development of an analytical framework

VALFEZ



— 279 —

Value of exclusion zones as a fisheries management tool in Europe: a strategic 
evaluation and the development of an analytical framework

BACKGROUND

Exclusion zones have a long history in Europe. However, the analysis of their potential
and value for fisheries management is lacking, as is management advice. This project
aimed to evaluate the ecological and socioeconomic value of exclusion zones as tools of
fisheries management and develop robust multidisciplinary analytical frameworks and
models for use in the evaluation and development of exclusion zones (utilising secondary
data and the findings of research to date). The modelling frameworks were
multidisciplinary (bioecological, socioeconomic and institutional), with space-structured,
multispecies, multifleet and intertemporal bioeconomic components at their core. Also, as
far as the data and modelling frameworks permitted, the sensitivity of value and the
model(s) developed to data uncertainty was evaluated, thereby highlighting future research
needs to optimise the returns to fisheries management.

OBJECTIVES

1. To strategically evaluate the ecological and socioeconomic value of exclusion zones as
tools of fisheries management, including to:
• evaluate global current and past initiatives and identify typologies of European

exclusion zones, their common attributes and distinguishing features and performance;
• elicit the ecological and socioeconomic value of European exclusion zones by type and

case study;
• evaluate the potential for wider application within European fisheries management;
• clarify the criteria required for their evaluation and development.

2. To develop robust multidisciplinary analytical framework(s) and model(s) for use in the
evaluation and development of exclusion zones, which use readily available secondary
data and the findings of research to date.

3. To prioritise future research needs via the development of an analytical approach to test
the sensitivity of value and the model(s) developed to data uncertainty.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Provision of baseline knowledge for modelling.
2. Collation of data sets and estimation of functional relationships and indicators for use

in the modelling process.
3. Completion of model(s) and user guide.
4. Value estimates against multiple objectives and comparisons of alternative management

strategies.
5. Sensitivity of models to data uncertainty and prioritising of research needs.
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Multiple objectives in the management of EU fisheries

BACKGROUND

The common fisheries policy embodies multiple objectives (biological, economic and
social) in its aims for the management of fisheries in EU waters. However, there has been
significant criticism of the CFP concerning its effectiveness to these aims. The main
reason for this is that important sectors of the industry feel that their best interests are not
being taken account of when management policy is being defined. This project analyses
the objective structure throughout EU fisheries, from the perspectives of all key players:
managers, politicians, fishermen, researchers and other interest groups. Objectives’
preferences and opinions from these groups are to be elicited. Multi-objective models will
be developed and analysed to consider existing and future management goals for several
case studies: English Channel, North Sea and Spanish fisheries. The project is
multidisciplinary drawing on expertise from economics, mathematics, computer science
and fisheries.

OBJECTIVES

1. To develop a multi-objective framework for analysis of fisheries management in line
with the aims of the CFP.

2. To define the objectives and criteria intrinsic to the fisheries management process and
CFP, as well as other attributes and goals.

3. To elicit preferences of the different interest groups with significant interests in the EU
fisheries management process.

4. To develop several case studies of EU fisheries (English Channel, North Sea and
Spanish fisheries) to model the defined objectives and attributes using the elicited
preferences.

5. To analyse the results and trade-offs between the multi-objectives for all case studies to
investigate the main question of how an optimally managed fishery would look from the
perspectives of the groups individually, by country and EU wide.

EXPECTED RESULTS AND ACHIEVEMENTS

This project has considered multiple objectives in detail, analysing the effectiveness of
multi-objective methodology for the analysis of fisheries management plans from the
perspectives of a range of groups with differing aims and concerns from management.
Several real-world case study fisheries from around Europe reflecting the diversity have
been analysed. This project has considered methodology not previously applied in such
detail to European sea fisheries. The results have shown that there is considerable scope
for their use in future fisheries management.
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Margins along the European seafood value chain — Impact of the salmon industry
on market structures

BACKGROUND

The basic issue of the project is to look at the economic impact of salmon farming on the
European seafood value chain. While imports and aquaculture are often considered by
their harmful effects on the European fishing industry, it is expected that the development
of fish farming and increased imports may have been job creating and value adding at the
overall economic level of the seafood value chain (processing, trade companies,
wholesaling, retailing, etc.), resulting in implications for the implementation of the
common fisheries policy. This hypothesis will be analysed with various quantitative (time
series analysis, industrial organisation models, system dynamics) and qualitative (survey)
methods.

OBJECTIVES

The substantial technological progress of salmon and trout aquaculture in some European
countries has deeply modified the seafood value chain on the European fish markets.
Important foreign trade flows have been created between major supplying countries and
processing/consuming countries, partly harming the domestic producers of substitutable
products, and partly creating new jobs and wealth in Europe.

The main objective of the project is to understand the dynamics of the seafood value chain
over the last 20 years in Europe in order to assess the value added and its distribution
between countries and stakeholders: What has been the value added by the recent
evolution of the farmed fish and increased imports and what have been the effects on the
organisation of the seafood value chain in some European countries?

EXPECTED RESULTS AND ACHIEVEMENTS

1. Completion of a time series database on prices of fish products at different stages of the
value chain.

2. Analysis of prices and margins for various seafood marketing chains through very
recent cointegration models, system dynamics, structural models and survey techniques.

3. Implications of the ongoing structural changes for the common fisheries policy.
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Fishery regulation and the economic responses of fishermen: 
perceptions and compliance

BACKGROUND

Most fisheries are subject to regulation to a greater or lesser extent, and in many fisheries
(including most European fisheries) regulation forms the primary means of controlling
levels of resource exploitation. Examples of such regulation would include imposed limits
on landings or on fishing time. Other types of regulation are designed to modify patterns
of exploitation for biological or social reasons (e.g. conflict resolution). Compliance is
necessary in order that regulations achieve their intended objectives. It is therefore
important that regulations are designed and implemented in such a way that acceptable
levels of compliance are ensured. In most cases, policy-makers and regulatory authorities
focus only on the quantity and quality of external enforcement as the key to achieving
regulatory compliance, but enforcement is costly. To the extent that regulations can be
self-enforcing (i.e. that there is ‘voluntary’ compliance), the process of fishery
management will be more efficient as a result. A better understanding of the factors which
will tend to produce self-enforcement has the potential for improving the design and
implementation of regulations and hence improving the efficiency of the management
process.

OBJECTIVES

The central aim of this project is to develop a better understanding of the way in which
fishermen respond to regulations. This includes their knowledge of the regulations which
apply to them, their perceptions of the economic implications of regulations, normative
and other psychic responses to regulations (such as judgments about the rightness of
compliance and the perceived legitimacy of the regulations and of the regulatory
authority), their perceptions of the attitudes of fellow fishermen to the regulations, and
how all these factors affect their behaviour, in particular their compliance with regulations.

The detailed objectives are:

1. to develop a methodology to characterise and investigate the regulatory environment of
a fishery from the fishermen’s perspective;

2. using this methodology, to investigate the regulatory environment of six case study
fisheries (three in the Atlantic/Channel and three in the Mediterranean);

3. to analyse the results of the case studies in order to derive empirical relationships
between types of regulation, their mode of implementation and the recorded perceptions
and responses of fishermen;

4. to undertake a comparative analysis of the results.

EXPECTED RESULTS AND ACHIEVEMENTS

The project will seek to draw conclusions about the importance of various factors in
determining regulatory compliance. It is hoped that the results will inform policy-makers
and regulatory authorities of ways in which regulations could be better designed and
implemented in order to improve levels of self-enforcement in the fishery.
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Economic assessment of European fisheries

BACKGROUND

The project FAIR-CT97-3541 has established procedures for the compilation of 
existing economic data regarding the performance of specific fishing fleets. The most recent
report, the 1999 report, was published by the European Commission in September 2000
(ISBN 92-828-9600-5). The proposed project primarily aims to continue and expand the
work which has been initiated.

The project will compile economic information on fishing fleets of all coastal EU Member
States, Norway, Iceland, Poland and the Baltic republics. This information will be
standardised in terms of definitions, storage in a database and presentation for users. It will
be used for the preparation of an annual economic report (AER), economic interpretation
of Advisory Committee for Fisheries Management (ACFM) advice (EIAA), and the cre-
ation of a database to facilitate further use of the available data. Work consists primarily
of compilation of existing data from national and local sources, preparation of accompa-
nying analysis and participation in meetings where reports will be completed and dis-
cussed.

The project contains major innovations. A more complete coverage of European fisheries
will be pursued by adding new segments in countries already covered and by the inclusion
of the fisheries of Poland and the Baltic republics. The compiled data will be organised in
a new database. More stress will be put on the analysis of the data and development of
applications. Statistical reliability will be assessed. Estimations will be developed to
evaluate the performance of fleets for which data are lacking and to check the reliability
of various results. The EIAA model will be further tested and developed.

OBJECTIVES

The general objectives are to integrate and analyse the economic information available on
European fisheries and to develop analytical tools in order to contribute to effective
fisheries management.

The specific objectives are as follows:

1. An annual economic report (AER) on economic performance of selected fleet segments
will be elaborated and submitted to the Scientific, Technical and Economic Committee
for Fisheries (STECF) for review:
• continue reporting established by FAIR-CT97-3541;
• expand to new fleet segments;
• develop methods for economic analysis of EU-wide fisheries;
• cover entire Baltic area.

2. Annual economic interpretation of the ACFM advice (EIAA) will be prepared and
submitted to the STECF for review:
• continue reporting established by FAIR-CT97-3541;
• expand to new fleet segments;
• improve forecasting methods.

3. Establish a database to organise, store and retrieve economic data on European fisheries.
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EXPECTED RESULTS AND ACHIEVEMENTS

The project will produce two clearly identifiable results in a strict time frame. In three
years, the AER and EIAA reports will be produced annually and submitted to the STECF
for review in November. The reports will be disseminated widely in hard copy and
electronically.

A secondary milestone will occur in the June meeting of the project, when the database
and other miscellaneous topics will be discussed. Priorities set by the project in relation to
the newly identified issues will also be presented to the STECF.
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Bioeconomic modelling of Mediterranean fisheries

BACKGROUND

The purpose is to develop a bioeconomic model for Mediterranean fisheries and the
realisation of simulation computer software allowing the testing of different management
strategies. The work will be divided into the following areas: development of a theoretical
background and building the conceptual model; development of the numerical model;
elaboration of simulation computer software; validation of the model through case studies
and dissemination. This project is expected to contribute both in practical and theoretical
ways to the understanding of the functioning of Mediterranean fisheries and their
management. The project integrates fisheries economists, fisheries biologists and
computer scientists. A paramount aspect of this project is the exploration of new
mathematical approaches, and their application to the modelling of Mediterranean
fisheries. This will be ensured by bringing together specialists in different fields of applied
mathematics.

OBJECTIVES

The objective of the research is to develop a theoretical bioeconomic model for
Mediterranean and Mediterranean-type fisheries, and a practical computer simulation
model addressed to the management of these fisheries. This model and software should be
sufficiently general and flexible to accommodate easily the realities of most Mediterranean
fisheries, and include multiple species and their interactions, multiple fleets and gear types,
and all fisheries management tools currently used by Mediterranean fisheries managers. It
should produce a wide range of fisheries performance measures, be dynamic, i.e. capable
of simulating the fisheries over a long period of time, be stochastic to incorporate
uncertainty in data and models, and run on the Windows platform.

EXPECTED RESULTS AND ACHIEVEMENTS

The following practical and theoretical results are expected: 

1. a ready-to-use software package for distribution among managers, fishermen and
scientists;

2. a contribution to strengthening the scientific basis of the common fisheries policy and its
application to the Mediterranean;

3. the establishment of a sound theoretical framework for the bioeconomic analysis of
Mediterranean fisheries.
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Modelling fishermen’s behaviour under new regulatory regimes

BACKGROUND

Fishermen’s behaviour under regulatory systems based on individual vessel quotas (IVQs)
has not been specifically modelled. This is important because the fishermen’s incentives
under these management systems are different from those under traditional management
systems. In particular, under these systems, quantity landed is not a choice variable for the
fishermen. A cost function rather than a profit function approach should therefore be used.
However, a number of measures of fishermen’s behaviour have been developed in relation
to profit functions. The project will derive similar measures in a cost function context. The
approach will be used empirically to analyse and compare British, Danish, Icelandic,
Norwegian and Swedish fisheries where IVQs, both transferable and non-transferable,
have been implemented.

OBJECTIVES

The main objective of this project is to provide models for empirical specification of
fishermen’s behaviour under regulatory systems based on individual vessel quotas (IVQs).
The objective will be attained by employing a stepwise process consisting of:

1. reviewing the use of profit functions to describe fishermen’s behaviour, and focusing
particularly on measures for rent collection, fleet size and overcapacity;

2. data collection;
3. investigating cost functions as a tool to describe fishermen’s behaviour, as well as

measures unique to cost functions;
4. the choice of functional form, which is necessary before the empirical analysis, since

the choice of functional form is essential for which measures we can derive analytically
and therefore which functional forms should be used in the empirical analysis;

5. empirical analysis undertaken by each of the partners using the methods developed
earlier;

6. results from the empirical analysis which will then be compared with a focus on how
well different versions of IVQ systems perform with respect to different economic
measures. In this context, it is of particular interest whether or not transferability of the
quotas seems to make a difference. The results from all the work packages will then be
combined in the final report.

EXPECTED RESULTS AND ACHIEVEMENTS

The first output from the project is a review of the economic approaches to empirically
model fishermen’s behaviour under traditional management regimes. Since individual
quota systems, independently of whether the quotas are transferable, fundamentally
change fishermen’s incentives, this needs to be reflected in the empirical specification. We
show that a cost function approach is the appropriate specification when the fishery is
managed with individual quotas. We then derive measures from this cost function of actual
rents generated in the fishery, potential rents and how much capacity must be reduced to
generate these rents, and also discuss features of different functional forms when obtaining
these measures. In many fisheries, some species are regulated by individual quotas, while
others are under a traditional management regime. We show how fishermen’s behaviour
in such cases can be modelled with a restricted profit function where some, but not all,
outputs are treated as fixed.

Empirical analysis is being carried out for fisheries in Denmark, Iceland, Norway, Sweden
and the UK. All fisheries are operating under a form of individual quota scheme. However,
the transferability varies from full in Iceland to very limited or zero in Denmark and
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Sweden. The empirical results will then allow us to determine how large the potential rents
are, how much of these rents are captured under the current regulations, and how much the
fleet must be reduced to capture all rents. By comparing the results from the different
countries, we will also derive information with respect to how important the changed
incentives are relative to the capacity reduction in individual quota schemes for the rent
generation and, therefore, the profitability of the fisheries.
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Élaboration et application d’un modèle calculable d’équilibre général à l’analyse de
la contribution des activités halieutiques au développement régional

BACKGROUND

The principal objective of this project is to develop new tools and models to assess the
contribution of fisheries and aquaculture activities to the development of coastal areas, and
the degree of interrelationships which maritime activities maintain with components of
other economic sectors in the same area. The exercise has a wider scope in that it can
facilitate the decision process at the level of public policy-makers and the firm. It will
provide tools and models as decision-making aids (and, in particular, in taking the
appropriate decisions with respect to the structural measures relating to the fishing sector).

OBJECTIVES

The Programme is organised in six work modules, each sanctioned by the delivery of a
product marking a step in the model development to evaluate the contribution of aquacul-
ture and fisheries to coastal area development and their interaction with other sectors of
the regional economy. The main thread throughout is to improve existing tools, and to
develop new techniques which can account for interactions between economic, environ-
mental and social factors. The measurable objectives of the project can be summarised as
follows:

1. To develop an in-depth debate on the objectives of models measuring regional effects
(particularly the I/O model) and their capacity to take account of the reality of economic
development effects and of the interrelations between activities.

2. To construct, on the basis of the conclusions drawn from the first phase, a model which
comes closer to reality and is hence more efficient. The computable general equilibrium
model (CGEM) in this respect is the model now offering the greatest potential for
application to the domains of regional economy.

3. To calibrate and apply the CGEM to five European regions (level NUTS 3) selected as
case studies and studied in detail during the last socioeconomic study (1999).

4. To validate the model and to define the prospects for its generic utilisation.
5. To make the model accessible to public decision-makers, at both European Community

and national or regional levels.

EXPECTED RESULTS AND ACHIEVEMENTS

1. A computable general equilibrium model (CGEM) applied to assess the regional
contribution of fisheries and aquaculture. The CGEM will be articulated around three
main components: economy, ecology and biology. By merging three different models
into one, it will be possible to consider how ecosystem changes (spatial and temporal
variations) affect the functioning of fishing activities and therefore the regional
economy. On the other hand, the CGEM will allow us to show how fishing activities
affect the marine ecosystems. Overall, the CGEM will be very useful to understand the
relationships between human activities and the marine environment. 

2. A multidisciplinary method to assess the contribution of fisheries to regional
development. By bringing together scientists from ecology, economy and biology, the
Pechdev project will benefit from expertise in different scientific disciplines that are not
usually associated. Throughout the project, the multidisciplinary team will develop an
approach to put together different scientific knowledge and competences.
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Technical developments and tactical adaptations of important EU fleets

BACKGROUND

The fish stocks managed under the European common fisheries policy are considered to be
in danger because of excessive fishing mortalities. A common concern of fisheries
managers is to be able to reconcile the objectives of maintaining fisheries profits whilst
safeguarding the fish resources, especially when these are exploited beyond biological safe
limits. In EU waters, the management of fisheries and fish resources has been adversely
altered by the lack of consensus on management targets and strategies, and also the poor
understanding of the links between management tools, fleet developments and the pressure
exerted on fishing communities. The carrying idea is the investigation of the dynamics of
the elements that cause changes in fleet dynamics: the technological advances in both gear
and vessel equipment, and also the overall tactical adaptation of fishing vessels. How do
they occur? Why do they occur? What are their consequences on the resource and their
socioeconomics?

OBJECTIVES

The overall objective of this project is to address the poor understanding of the links
between management tools, fleet developments and the pressure exerted on fishing
communities, and more precisely to supply fisheries managers with a modelling tool that
will allow them to evaluate the impact of regulations (TACs, multiannual guidance plans
(MAGPs), area and season closures, subsidies) on the dynamics of fleets and fishing mor-
tality. Examples will be drawn from a wide selection of demersal fleets operating in the
Baltic Sea, the North Sea, the eastern Channel, the Celtic Sea and the Bay of Biscay.

To identify, analyse and model the fundamental elements underlying fleet dynamics.

Commercial fishermen continuously adapt their activities to the prevailing conditions by
changing the physical inputs of production (technological development) and the way these
inputs are used to harvest target species (tactical adaptation). It is generally perceived that
the efficiency of fishing vessels has increased over the last decades, as a result of changes
in both technology and tactical adaptations. Quantifying the importance of fishermen’s
reactions relies on the ability to define appropriate standardised effort measures, which
depends on the data available on fishing effort. Fishing effort is traditionally estimated by
combining available physical measurements of fishing capacity (fixed production inputs)
and of fishing activity (variable production inputs). Fishing capacity is frequently
approached (also within MAGPs) by some physical attribute of the operating vessel (engine
power, gross tonnage) but is also dependent on other factors, including gear technology and
equipment onboard, which are generally ignored. The introduction of new gear and technol-
ogy includes both larger marked technological investments (e.g. acoustic fish-finding equip-
ment, electronic navigation tools) and smaller stepwise improvements of the gear (e.g.
stronger netting material, changes in the design of trawl panels), which themselves do not
result in marked changes of a vessel’s capacity, but in conjunction give a noticeable capaci-
ty increase over time. Fishing activity is typically estimated by the duration of fishing trips
ignoring developments that have increased the amount of gear deployed or the effective time
used for fishing. In addition, data are typically aggregated over geographical units that may
encompass several fishing grounds and depths that may include heterogeneous species com-
positions, implying that the current window of observation of effort data is only partially
informative with regard to the tactical adaptation of the fishing fleets.

EXPECTED RESULTS AND ACHIEVEMENTS

The expected achievements of Tectac will be:
1. to collect information on technological development (e.g. gear, materials, electronics)

and to assess their importance for the catching efficiency of the fleets.
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2. to collect information on fleet activity changes (including within trip information on
timing and positioning of individual operations) and to assess their importance;

3. to collect retrospective information on regulatory orders, fish prices, operating costs,
and fish density;

4. to identify major patterns and trends in the important fleet utilisation of the resource
base;

5. to model catch rates relative to stock abundance;

6. to estimate the contribution of external factors (management, socioeconomics, stock
abundance) to fleet dynamics;

7. to model variations in fishing effort through the technical development and the tactical
adaptation of fishing fleets in relation to management regulations;

8. to model the relationship between fleet dynamics, fishing mortality and fisheries profits;

9. to model the impact of management regulations on fishing mortality, fleet dynamics and
fisheries profits. 
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Les femmes dans la pêche et les cultures marines en Europe

BACKGROUND

The production of seafood products in all European coastal areas is dominated by family,
artisanal-based organisation. Although the role of women is significant in this type of
organisation of production, most of the time it remains unrecognised. In the 1990s, women’s
organisations and movements increased considerably in the fishing sector and throughout the
seafood industry in Europe. The crisis that occurred at the beginning of that decade was a
major event related to this development, starting from a certain number of previous
initiatives. Actually, being involved in either local or national actions, fisherwomen appeared
in the public debate. In a few places, they have succeeded in bringing to the highest political
levels claims for the recognition of their role in production activity and have even played a
major part in giving birth to significant juridical innovations. They focused upon diverse
issues such as security at sea and training, and now affirm their place in functions of
representation. In this sector, basically led by men, such a movement livens up many
established facts and schemes. Concurrently, research in the social sciences, in the field of
women’s issues, remains very limited, far below what has already been done in many other
fields of activity. Besides, the numerous organisations act independently, with very few
relations between one another, resulting in a poor mutual awareness of the work that can be
initiated and completed by a given women’s organisation. This situation can be explained in
Europe as the result of cultural, linguistic, and financial reasons.

OBJECTIVES

1. To establish links between social science researchers working in the field of fisheries
and aquaculture, the women involved in this sector, and the representative structures of
women’s organisations such as social institutions and administrative and training
institutions.

2. To make an inventory of the initiatives already existing in this field in Europe,
concerning fisherwomen’s organisations and research actions, and to provide a ‘place
for exchanges and reflections’ at the European level.

3. To provide a preliminary opportunity to create a network of relationships between the
fisherwomen’s organisations at the European level and make initial contacts with
similar networks in other sectors of activity.

4. To promote within the field of social sciences the theme of research about women in fish-
eries from this study, and through the identification of research themes to be developed.

5. To make a preliminary assessment, in the form of discussion workshops between
researchers and actors, of the role of women in this sector, and ensure the
communication and dissemination of information, including the popularisation of
scientific research work.

The thematic network activity will be concentrated on fisherwomen’s movements, and
notably fisherwomen’s associations, in order to encourage the exchanges of experiences at
the EU level. In the network, researchers will be deeply involved in the debate through
scientific contributions to the debates and through the transmission of knowledge. The
presence of representatives of administration or training institutions must contribute to the
enhancement of the whole debate by allowing direct exchanges with the institutions that
women often have to contact. The network must play a specific role consisting in
conducting the debate and, in parallel, favouring the development of research about
women in the fishing industry.

Four workshops will be organised between scientists, fisherwomen and administration
dealing with the role of women and private space (enterprise and legal status) and women
in public space (‘constructing and conducting women’s organisations’, and ‘women within
collective action’).
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EXPECTED RESULTS AND ACHIEVEMENTS

1. Produce a register of fisherwomen’s organisations in Europe.
2. Create the basis for the foundation of a European fisherwomen’s network.
3. Transfer of scientific knowledge to fisherwomen (through the popularisation task).

Two documents will be addressed to decision-makers:

1. Agenda for research on fisherwomen: definition of research themes dealing with
fisherwomen in order to develop research on this issue. It will be addressed to the people
in charge of the definition of research policies (EU or national research centres).

2. Agenda for women’s action: participation of fisherwomen in the definition and in the
implementation of policies in the fields of fisheries and aquaculture. Support of training
and recognition of women’s organisations. It will be addressed to decision-makers
(MPs, senators, ministers and other local, national or European personalities, etc.).





SUPPORT FOR RESEARCH 
INFRASTRUCTURES

Area 5: Facilities for aquaculture and fishing research

Q5RS-2002-01603 ‘Survival’
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Development of a network to support an open access, online, 
fish technology knowledge base

BACKGROUND

The primary aim of the project is to enhance the knowledge infrastructure for fish-
processing technology and related areas, thereby enabling more effective development of
R & D, application of technology, and better quality and safety in this area for the
European Union and associated States. This will be achieved within a web-based,
knowledge management system known as oneFish. A future objective, but beyond the
scope of this project, will be to establish a global network on fish technology through the
efforts of the Fisheries Department of the Food and Agriculture Organisation (FAO).

OBJECTIVES

The main objectives are:

1. to improve the knowledge base and enhance the information infrastructure for the area
of post-harvest fisheries technology and utilisation;

2. to facilitate effective development of R & D, application of technology, and better
quality and safety in this area for the European Union and associated States.

This will be achieved by developing:

1. a cooperative network of experts and user centres to input information into an online,
open access, fish technology database, searchable by keywords and with multiple
linkages and cross-referenced; this will be nested in the new open knowledge directory
oneFish on the Internet being developed by the FAO for the fisheries research and
development community;

2. a fish technology discussion forum within the oneFish platform to facilitate online
discussion, develop ideas, identify contacts, source information, initiate new linkages
and access mailing lists.

Once the network and the forum are established, the user centres will support the input of
information and its quality assurance. The FAO will continue to host and maintain the
system on behalf of the network.

EXPECTED RESULTS AND ACHIEVEMENTS

OneFish is being developed as an open access, web-based knowledge management system
produced by the Food and Agriculture Organisation of the United Nations (FAO,
participant No 2), and will serve the whole area of fisheries and aquatic sciences.

More specifically, the following results are expected from the project:

1. collection of data on fish-processing technology;
2. a prototype electronic knowledge base, including a discussion forum;
3. the knowledge base populated with data and compatible with the oneFish portal;
4. the knowledge base tested and bugs removed;
5. the knowledge base operating with the oneFish portal;
6. network enlarged and supporting the knowledge base on a long-term basis.
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European network supporting infrastructures for arctic charr culture 
and conservation

BACKGROUND

The global aim of the project is to promote the creation of a unique network of research
infrastructures involving arctic charr in Europe. The network will include academic and
commercial research infrastructures, together with potential users and conservation
interests. The network will operate at international level, with national gateways, and will
include a strong Internet presence. It will lead to the production of a manual of protocols
and best practice within such infrastructures at a European level. The project will also
stimulate more access by researchers to the infrastructures.

OBJECTIVES

1. to form a network of major centres of infrastructure currently working with arctic charr.
This will be achieved by planned meetings, in person, of key workers, by electronic
communication and by a shared Internet web site including local web pages.

2. to inform and include a wider network of interested parties. Each network partner will
operate its own sub-network with associated members. These members include SMEs
with commercial interests in arctic charr aquaculture and those which hope to service
such companies — such as feed providers. Other members represent conservation or
game preservation interests.

3. to encourage greater cooperation and complementarity between infrastructure holders.
Each partner will undertake a visit to one other partner for one week in each of the three
years of the project. This, together with an annual meeting of all participants, will
encourage cooperation.

4. to identify, prioritise, and standardise protocols and best practice at a European level.
Standardisation of protocols and best practice will encourage consistency and quality in
the operations of the existing infrastructures.

5. to encourage wider access for researchers to the infrastructures and to encourage wider
links for the dissemination of knowledge.

6. to encourage effective and Europe-wide innovative research and development of arctic
charr utilising the infrastructures and centres of expertise.

7. to manage and make effective evaluation of the project during its 36-month duration.
8. to report and disseminate information.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Fully operational and active web site of high profile on search engines and directories.
2. Central database secured between partners.
3. Heightened national/local awareness of the value of the research infrastructure for arctic

charr development.
4. Manual standardising protocols and best practice throughout the infrastructure of all

participants.
5. Full programme of visits between contractor participants.
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Database trawl surveys

BACKGROUND

As part of the assessment of the status of the fish stocks in the North Sea, Baltic Sea and
western European waters (i.e. Celtic Sea, Bay of Biscay and eastern Atlantic from the
Shetlands to Gibraltar), fisheries institutes of the bordering countries have for many years
carried out research vessel surveys to estimate the recruitment of the youngest age groups
of a number of commercial fish species. Besides information on commercial species,
information on the length compositions of all other fish species in the catch was also
collected on a routine basis. Therefore, the data collected during these surveys are not only
relevant for the management of commercially important fish stocks but also provide a
valuable source of information for studies into the spatial and temporal variation in the fish
community, biodiversity or the status of the ecosystem.

Although initially these surveys were coordinated at the national level, over the years a
number of these trawl surveys have evolved into standardised international research
programmes, most often coordinated by the International Council for the Exploration of
the Sea (ICES). At present, three major international trawl surveys can be distinguished:
the international bottom trawl survey (IBTS), the Baltic international trawl survey (BITS)
and the beam trawl survey (BTS).

OBJECTIVES

The main objectives of the project are as follows:

1. To establish an international database of trawl survey data at the ICES headquarters
including:
• IBTS North Sea, Skagerrak, Kattegat: first quarter of 1965 to present, other quarters

(1991 to present);
• IBTS western and southern divisions;
• BTS North Sea, Channel and Irish Sea: third quarter of 1985 to present;
• BITS Baltic Sea: 1990 to present.

The database should be updated annually; formats of the database and exchange files
should follow the concepts developed by the IBTS and BITS databases.

2. To standardise input and quality assurance of the survey data through:
• expansion of the survey manual and further standardisation of procedures among

participants;
• availability of species identification sheets and agreement on nomenclature and level

of identification;
• definition of the data quality checks required prior to incorporation of data into the

database;
• development of software for quality control;
• agreement on exchange format and work plan for loading data onto the database.

The standardisation should not only be pursued within each survey among participating
laboratories but also between surveys.

3. To improve access to the survey data through:
• a user’s guide containing a description of the content of the database;
• development of standardised data extractions depending on user-specific demands;
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• availability on the web of aggregated data, standard tables and figures that are annually
updated;

• web facilities that allow access through the same database front-end.

EXPECTED RESULTS AND ACHIEVEMENTS

This project will result in a comprehensive database of the major international trawl
surveys that is annually updated. The database will contain data from three surveys,
covering the Baltic Sea, Skagerrak, Kattegat, North Sea, Channel, Celtic Sea, Irish Sea,
Bay of Biscay and the eastern Atlantic from the Shetlands to Gibraltar and span a period
of up to 35 years. The quality of the data will be assured through quality checks by both
the national laboratories which collected the data and ICES according to a protocol that
will be developed. The procedures for collection and registration of the data will be
standardised as much as possible, not only among participants within a particular survey
but also between surveys. Data quality will be assured through the development of a
protocol and software routines. Manuals for the respective surveys will be expanded and
updated. Access to the data will be accomplished through web facilities including
standardised data extractions and availability of aggregated data, standard tables and
figures.
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Genetic catalogue, biological reference collections and online database of European
marine fishes

BACKGROUND

The generation of biological data is costly and time consuming. Nevertheless, it is not
clear how non-standardised data of fish genetics can be well employed for fisheries or food
research in applied or basic science. Consequently, there is a requirement to promote
common protocols, to interconnect expertise and to stimulate interoperability between
complementary resources with the aim of generating an accessible database to researchers
and control laboratories with standardised data of European marine fishes.

OBJECTIVES

The main aim of this thematic network is to catalyse the cooperation and pooling of mate-
rial and data corresponding to the genetic identification and characterisation of around 
180 European marine fish species to guarantee the source and authenticity of fish products.
Expected results in the form of information and technology will directly focus on the
safety of raw materials derived from fish and their traceability throughout the food chain
and assist public policy decisions to enforce common policies in the fields of ecology,
fisheries and food safety and labelling. Further applications of the results are related to the
economic activities of the European fish market.

The general objectives of the project are:

1. to draw up a genetic catalogue of a large, representative number of marine fish species
regularly commercialised in the European markets. The catalogue will include gene
characterisation as a molecular marker related to morphological data as indisputable
evidence for the origin of the fish and fish products;

2. to pool reference biological materials (including DNA and tissue samples) and to
promote their use for standardisation and cross-referencing with respect to fish
traceability through European markets;

3. to establish a public accessible database compiling the new standardised data generated
in the network (taxonomy, molecular genetics and reference collections) with existing
data from other sources;

4. to validate the information compiled in the database to ascertain its applicability for
end-users, including biological research laboratories, control laboratories, consumers
and regulatory bodies by the de novo designing and developing of cost-effective
methodologies for the analysis, characterisation and commercial diagnosis of marine
fish species with regard to fisheries and fish products;

5. to use the knowledge and technology gained in this network to lend support to European
policies and to enforce these and national policies regarding fishery stocks, food
traceability and environmental protection.

All these objectives are focused to achieve a critical mass of materials and human
resources by interaction of partners belonging to different fields of knowledge, i.e. field
taxonomists, natural history museums, molecular biology laboratories and software and
database managing experts, in order to compile all necessary data for the obtaining of the
expected results in a multidisciplinary approach, and to grant the long-term preservation
and maintenance of the pooled data.
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EXPECTED RESULTS AND ACHIEVEMENTS

The multidisciplinary nature of this proposal includes specific aspects of research and
technological development in a well-defined innovative networking context designed to
yield a high output of transferable results. The expected achievements include the
maintenance of an online database with standardised molecular data for speeding up
policies and administrative resources to fulfil public demands for regulation of the minimal
ecological impact of fisheries in marine ecosystems and for certified food products. The
results will serve to provide European fish products with authenticity labels (green labels)
increasing their economic value and offering a guarantee of their origin and biological
authenticity. Effective quality control systems will also be favoured for fish and derived
products consumed in the EU, addressing consumer needs regarding food safety, food
quality and low environmental impact. Furthermore, the expected results will improve the
competitiveness of the European food industry and fisheries.

The resulting capacity for quick and sensitive technology to establish the traceability of
fish species and their products will assist in the identification of food products from non-
certified sources (within and outside the EU) thus avoiding the spread of undesirable
attributes (e.g. contaminated foodstuffs) in food networks.
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Fish aggregating devices as instrumented observatories of pelagic ecosystems

BACKGROUND

Tropical pelagic species are known to aggregate around floating objects. The objective of
this project is to define specifications and develop prototypes of (i) autonomous buoys
equipped with 360º sonars to observe aggregations, data loggers to detect individuals
carrying electronic tags and satellite uplinks for both, (ii) new electronic tags with
ecological sensors. Also, a model of aggregation processes will be developed for
interpreting data collected by currently available down-looking sonars mounted on buoys.
Various field experiments will be conducted to assist in the development of specifications
for the autonomous sonars. The new instrumented buoys will become observatories of
pelagic ecosystems. They will reduce the dependence on research vessels and represent a
major advance in fisheries research and the study of pelagic organisms.

OBJECTIVES

The aim of the project is to develop prototypes of autonomous instrumented buoys for
observing the behaviour and abundance of tuna and other pelagic species. These
instrumented platforms will work in concert with electronic tags to become long-term
observatories of pelagic ecosystems. They will reduce dependence on research vessels and
represent a major advance in fisheries research. The specific objectives are:

1. identification of behavioural components of structure-associated aggregations to define
specifications for production of a prototype low-cost autonomous 360º sonar;

2. development of models of aggregation processes for interpreting data currently
collected by available down-looking sonars;

3. identification of specifications for new electronic tags for detecting the schooling status
of fish, associative behaviour and stomach fullness.

EXPECTED RESULTS AND ACHIEVEMENTS

1. Define specifications for a low-cost autonomous 360º sonar to estimate the
characteristics of structure-associated aggregations and development of a prototype.

2. Model of aggregation processes to estimate the characteristics of aggregations from
existing technology (instrumented buoys with commercially available vertical sonars).

3. Define specifications and develop prototypes of new electronic tags to determine the
schooling status of fish, their associative behaviour and stomach fullness.
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Development of a European resource on the origins of pathogens of aquaculture

BACKGROUND

The management and control of disease in aquaculture is the single most important
limiting factor in the development of the industry in Europe. Molecular analysis of
pathogens by nucleotide sequencing has provided extremely valuable information on the
epizootiology of aquatic disease and is an increasingly important tool in disease
management. At present, the development of such analyses is carried out in an ad hoc
fashion, risking complementarity, duplication of effort or development of mutually
exclusive data collections. The establishment of this thematic network will provide a
harmonised data set for important pathogens, together with defined quality standards. Such
a network will have considerable added value in terms of the data collections, information
resources and epizootiological facilities for aquaculture research, development and
management.

OBJECTIVES

The network will establish a resource to facilitate the tracking of pathogens of aquaculture
within Europe for effective disease management in aquaculture. It will construct a
resource in the form of a database of nucleotide sequence data related to aquaculture
pathogens. The network will:

1. harmonise available information and create readily available up-to-date sequence data
sets suited to the purpose of phylogenetic analysis from selected predefined genomic
regions of notifiable fish pathogens;

2. establish a European centre of excellence responsible for advising on, establishing and
maintaining such data sets;

3. establish an accessible and specific international database for the management and
efficient dissemination of data sets and up-to-date phylogenetic information.

EXPECTED RESULTS AND ACHIEVEMENTS

A web-based database resource will be constructed to allow rapid access to aligned data
sets for each selected pathogen of aquaculture, along with up-to-date phylogenetic
information and advice. This will facilitate the rapid typing of new pathogen strains and
create evolving and clearly defined data sets. Reference laboratories will be created for
each pathogen to identify a source of advice for aquaculture health professionals, in
addition to ensuring a coordinated approach to the future compilation of molecular
epidemiological data.
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