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Abstract – Fisheries research organisations are described as large entities. In the European Union, Iceland, Israel and Norway, one or two main fisheries research institutes have been identified. In this detailed examination, research programmes in fisheries is presented in various technological fields. Theoretical knowledge of Evolutionary economics is used to understand the functioning of fisheries research in these 17 countries. Concepts of technological trajectories, path-dependancy, technological lock-in are valuable. Six main technological trajectories synthetize the foundations of research in fisheries amongst European Union, Iceland, Israel and Norway. It deals with fishery biology, fishing gear technology, aquaculture, ecology, quality (of habitat anf fish), and socioeconomics. For example, most of research institutes are concerned with the trajectory of fishery biology. In others cases, specificities exist in a few countries as socio-economics. 
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1. Introduction

A recent report published by the European Commission (European Commission, Fuchs & Le Floc’h coord., 2000) provides a description of fisheries research organisations and research programmes and a brief presentation of the sectors of fisheries, aquaculture and processing industry. This successful institutional research concerns 17 countries, European Union and Iceland, Israel and Norway
. This paper is an emanation of the report and two approaches are combined. The theoretical approach gives an understanding of the research mechanisms from an evolutionary perspective in economics. The empirical approach presents main results of the report on fisheries research organisations in Europe.

Evolutionary economics proposes new concepts to explain the diffusion process of innovations. In fact, a study of diffusion can be developped through the relationship between the stock of knowledge and a flow of  innovations. At the up-side of the innovation process are fisheries research organisations. They are differentiated according to their role in the diffusion process of innovative techniques (Kline and Rosenberg, 1986). The following figure depicts a process diffusion of innovations with the combination of the technology-push and market-pull theories. 

Figure 1 – Diffusion process of innovations (combination of technology-push and market pull theories)
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Innovation can be described as an accumulative process of physical and human capital. Numerous spill-over effects are derived from innovative systems. These spill-over effects can be identified using the major concepts developed from an evolutionary perspective of technological change. By this way, a description of fisheries research organisations is an exciting research field, for three reasons. 

Firstly, a study of innovation diffusion leads to the examination of the relationship between the stock of knowledge, the state of art, and a flow of technological or organizational innovations (section 2). It deals with a description of dynamic change. Former seminal articles (Griliches, 1957; Mansfield, 1961) showed a logistic diffusion curve, similar to the product life cycle. Consequently, this research field offers a separation between three types of research, specific R&D, technological transfer and technological adaptation. Secondly, applied research on technical change requires an appropriated taxonomy which often leads to new ways of looking at problems (section 3). Evolutionary economists use the concept of technological trajectory (Dosi 1982) to classify potential sources of innovations. In this paper, main technological trajectories are listed. Thirdly, historical factors appear as endogenous variables in technological change models (section 4). Historical factors often can result in technological  trajectories which are punctuated or discontinuous. 

2. Relationship between a stock of scientific and technical knowledge and a flow of  innovations

Theoretical implications

Innovation is characterized according to the nature of knowledge (Polanyi 1967), especially tacit and codified knowledge. Three main aspects are essential to an innovation process: its local nature, its selective process and its cumulative aspect. These different criteria define the direction of technological change and their interdependencies produce positive externalities among the population of users of that new technique. David and Foray (1996) propose a definition concerning the diffusion process of innovations. “...We take a distribution-oriented  system to be one whose institutions, incentive mechanisms and co-ordination arrangements have the following three proximate objectives: limiting the extension of intellectual property rights that erode the public good nature of knowledge; designing systems of property rights in ways that do not impede the pooling of knowledge; improving the efficiency of information search and evaluation in view of the incipient increased costs of storing, retrieving and using knowledge...” (David and Foray, 1996, p47). Combined effects of incentive tools and coordination arrangements lead to increasing the diffusion speed of innovations. Consequently, the economic value of a new technique or product introduced on the market decreases rapidly.

This definition is supported by institutional factors and corresponds to high-tech sectors. Older industries, i.e., the fishing industry or more comprehensively, the food industry, are imitative. They transfer and adapt technological change implemented in high-tech industries that are more advanced in the production and purchasing of scientific and technological knowledge than are traditional sectors. For this reason, companies in fisheries sector are mainly users and rarely producers of innovations. Technical improvements are transferred from the engineering industry, as well as from the electronic and (marine) propulsion industries, and from the bio-industry. However, there are a few small to medium sized enterprises focused on fishing and processing activities with R&D capacity (particularly, in designing fishing gear). It is therefore not easy to answer the Schumpeterian question:  “Are large firms more adept at making technological innovations than small firms, other things being equal?” (Scherer, 1980, p408). In the fisheries industry, it seems that small and medium sized firms are more adept at making technological innovations, because their size allows for more flexibility in designing new capture techniques or new types of conditioning and processing. Several case studies in the fisheries industry reveal an R&D capacity for suppliers of fishing gear (trawl, winch, trawl drum, otter trawl),  electronic materials (acoustic detection, data processing) and seafood processing. Fisheries research organisations in Europe encouraged these small and medium companies in their innovative activities. Suppliers improve the existing techniques continuously and progressively along technological trajectories (Dosi 1982). Therefore, the diffusion process of innovations is determined by a relationship between a stock of scientific and technical knowledge supported through applied research centers (or more largely fisheries research organisations) and a flow of innovations enriched  by suppliers and users (fishermen, seafood processors). 

An important role of scientific and technical partners (as research institutes in fisheries) consists in the growing importance of disseminating information through patents, reports, reviews, meetings. New ideas are discussed more frequently and by more and more participants. This dissemination of information is the core of the relationship between a stock of scientific and technical knowledge and a flow of innovations. Consequently, the life span of innovations (new techniques or new products) is reduced and international networks of research reinforce the “easy and rapid tranfer of new scientific knowledge to the sphere of commercial applications” (Dasgupta & David, 1994).

Supervisory ministerial authorities in fisheries research scheme in Europe

National research organisations consist of an explanation of administrative relations between institutes involved in fishery sectors and supervisory ministerial authorities. The concept of « National System of Innovation » (Lundvall, 1992) is proposed to define research organisations and research programmes developped in each country. Main research institutes are presented. Generally, each country owns one main public research institute in the fishery sector (excepted Greece and Iceland where two main institutes coexist).

Table 1 – Main fisheries research institutes in Europe

Countries
Acronyms and full name of institutes
Date of creation

Austria
BAW – Bundesamt für Wasserwirtschaft, Institut für Gewässerökologie, Fischereibiologie und Seenkunde
1929

Belgium
DSF – Department of Sea Fisheries
1962

Denmark
DIFRES – Danish Institute for Fisheries Research
1995

Finland
FGFRI – Finnish Game and Fisheries Research Institute
1971

France
IFREMER – Institut Français de Recherche pour l’Exploitation de la Mer
1984

Germany
BFA Fi – Bundesforschungsanstalt für Fischerei
1948

Greece
NCMR – National Centre for Marine Research

IMBC – Institute of Marine Biology in Crete
1945

1987

Iceland
MRI – The Marine Research Institute 

IFL – The Icelandic Fisheries Laboratories
1965

1934

Ireland
MI – Marine Institute
1991

Israel
NCM – National Center for Mariculture
1971

Italy
ICRAM – Central Institute for Marine Applied Research
1982

The Netherlands
RIVO-DLO – Netherlands Institute for Fisheries Research 
1888

Norway
IMR – Institute of Marine Research
1900

Portugal
IPIMAR – Instituto de Investigação das Pescas e do Mar
nd

Spain
IEO – Instituto Español de Oceanografía
1914

Sweden
IMR – Institute of Marine Research
1929

United Kingdom
CEFAS – Centre for Environment, Fisheries and Aquaculture Science
1902

Source : European Commission. DG for Fisheries. Fisheries research organisations and research programmes in the European Union, Iceland, Israel and Norway (2000). 

Table 2 – Supervisory ministerial authority(ies)


Agriculture, Fisheries, Forestry
Research
Development, Transport
Environment

Austria – BAW 





Belgium – DSF 





Denmark – DIFRES





Finland – FGFRI





France – IFREMER





Germany – BFA Fi





Greece – NCMR & IMBC





Iceland – MRI & IFL





Ireland – MI





Israel – NCM





Italy – ICRAM





The Netherlands – RIVO-DLO





Norway – IMR





Portugal – IPIMAR





Spain – IEO





Sweden – IMR





United Kingdom – CEFAS





Source : European Commission. DG for Fisheries. Fisheries research organisations and research programmes in the European Union, Iceland, Israel and Norway (2000).
3. A taxonomy of technological change in fisheries 

Technological trajectories in the fishery industry

An evolutionary perspective considers the functionning of competitive market as complex dynamic system. A complex dynamic system is composed of all techniques used by fisheries companies and innovations appear along technological trajectories.
Decision making in investments depends on the needs of the firm and financing capabilities, as well as technological opportunities in the market. These decisions rely on the debate between the technology-push and the market-pull theories (Schmookler 1966). A taxonomy reveals the nature and the direction of technical change. In the fishing industry, three technological trajectories in which fishermen can invest define this taxonomy. It is based on articles in bioeconomics (Wilen 1985; Squires 1988; Sampson 1992; Bjorndal and Gordon 1992). The first is a technological trajectory of direct and indirect techniques of exploitation that is articulated around three elements:  the propelling system, hull design and fishing gears. The second trajectory contains five elements, specifically for trawlers. Positioning, detection and communication are three essential functions. More recently, fishing gear control and data processing have been diffused on board. According to fishing grounds and target catch, skippers can combine some electronic materials or use all that is available. The third trajectory is a field that is being increasingly explored. Handling and conditioning techniques are used on board in an attempt to improve the species quality. 

Fixed capital includes all equipment subject to the depreciation rule. Depreciation allowances are derived from technical obsolescence and from conditions of use. Usually, materials linked to the direct and indirect equipment technological trajectory (hull, engine, fishing gear) are subject to harsher use conditions, whereas electronic material (the second technological trajectory) requires a replacement rate based upon obsolescence factor. Technical obsolescence reveals the occurrence of innovations. This first source of diffusion explains the phenomenon of substitution for the actual physical capital. A celebrated study in the fishing industry concerns the substitution between side trawling and stern trawling (Whitmarsh 1978). Progressively, the new process (stern trawling) recorded better results in terms of productivity and profitability than did the old technique. Another case involves new positioning equipment, the GPS (Global Positioning System), that has replaced older technologies since the late-80s. The second source of diffusion in the economics of technical change is the usage factor for materials. Fishermen’s behavior (their attitude toward risk) and the activity level of fishing boats influence this usage or wear-and-tear rate.  The fishing activities employed can use fixed or mobile gear. The concept of “métier” is used to describe the fishing activity. Strictly speaking, the "métier" associates three elements: fishing grounds, the main species fished and fishing gear. Fishing strategies depend on the nature of risk and degree of uncertainty. A main distinction appears between risk and uncertainty. According to Knight (1921), objective probabilities linked with notions of risk allow forecasting to occur.

Technological trajectories in fisheries research scheme in Europe

From the European report on fisheries research organisations (EC, 2000), technological and scientific taxonomy has been identified through six main technological trajectories. A brief description of National Systems of Innovation (Lundvall, 1992) in european field of fisheries is presented in the following table. Six main technological trajectories synthetize the foundations of research according the theoretical reference of Kline & Rosenberg (1986). It deals with fishery biology, fishing gear technology, aquaculture, ecology, quality (of habitat and fish), socioeconomics. 

Table 3 – Technological trajectories in fisheries research scheme in Europe

Fishery biology
Fishing gear technology
Aquaculture
Ecology
Quality
Socio-economics

Austria – BAW 
X



X


Belgium – DSF 
X
X


X


Denmark – DIFRES
X


X
X


Finland – FGFRI
X

X


X

France – IFREMER
X
X
X

X
X

Germany – BFA Fi
X
X

X
X


Greece – NCMR & IMBC
X
X
X
X



Iceland – MRI & IFL 
X
X

X
X


Ireland – MI
X
X


X
X

Israel – NCM
X

X




Italy – ICRAM
X

X
X

X

The Netherlands – RIVO-DLO

X
X

X


Norway – IMR
X

X
X



Portugal – IPIMAR
X






Spain – IEO
X

X




Sweden – IMR
X
X

X
X
X

United Kingdom – CEFAS
X

X
X
X


Source : European Commission. DG for Fisheries. Fisheries research organisations and research programmes in the European Union, Iceland, Israel and Norway (2000).

Fishery biology

Table 4 – Technological trajectory of fishery biology
Austria
1.Basic research for rearing fish 2.Securing the diversity of autochthonous fish species 

Belgium
1.The species involved are sole, plaice, cod and whiting

Denmark
1.Fisheries and ecosystem modelling 2.Fisheries management 3.Management advice and resource assessment 4.Growth and mortality 5.Monitoring techniques and fishing gear technology 6.Freshwater fish biology 7.Fish population genetics

Finland
1.Assessment of fish resources 2.Effect of environmental loads on fish and fisheries 3.Effect of physical habitat modifications on fish population 4.Biological diversity: genetic diversity, species level diversity, conservation and enhancement 5.Definition of fish stocking needs 6.Fisheries management research: technical measures and impact analysis

France
1.Variability of resources 2.Impact of fisheries on marine communities 3.Vulnerability of sensitive ecosystems to fisheries.  

Germany
1.Biological monitoring of fish stocks in the Baltic Sea, North Sea and North Atlantic 2.Research on short and long-term fluctuations in fish populations relevant to commercial fishery 3.Research on the fundamentals of stock recruitment in relation to the environment 4.Fisheries oceanography.

Greece
1.Dynamics of exploited resources, fishing fleet distribution and strategy in Hellenic seas 2.Pelagic and demersal fish 3.Data processing for Management of the national Fisheries Ressources 4.Genetics in Fisheries 5.Invertebrate fisheries

Iceland
1.Analysis of stock abundance 2.Recommendations of catch quotas

Ireland
1.Monitoring stocks of mackerel, horse mackerel, blue whiting and herring 2.Acoustic surveys and egg/larval surveys 3.Cod, haddock, whiting, plaice, sole, monkfish, megrim and deep water species 4.Salmonid : stock assessment and microtagging 5.Eels : Work in this area is aimed at increasing the national catch through the devising and implementation of a national management strategy.

Israel
1.Reproduction, larval rearing and nursing of fish species 2.Nutrition, genetics, fish diseases

Italy
1.Assessment of demersal and pelagic stocks 2.Evaluation of the effects of restrictive management policies on resources

Norway
1.The basis for a sustainable management of Norwegian marine resources.

Portugal
1.R&D and others S&T activities with the general perspective of being applied to the fishing sector of the national community 

Spain
1.Fisheries resources in the European Union 2.Mediterranean fisheries research 3.Central-eastern Atlantic fisheries resources 4.Fisheries of tuna and related species 5.Prospecting and fisheries resources assessment in non-European waters

Sweden
1.Analysis of Swedish catches of finfish and shellfish 2.Hydroacoustic surveys of pelagic fish (herring and sprat) 3.Growth and reproduction of pelagic and demersal fish (mostly herring and Baltic cod) 4.Tagging of Baltic cod 5.Multispecies models in the Baltic and in the Skagerrack and Kattegatt 6.Studies on Nephrops 7.Effects of stocking of plaice in the Kattegatt 8.By-catches of trawls and other gear

UK
1.Marine and freshwater fish stocks and ecosystems via sampling programmes 2.Developing models of complex fisheries systems 3.Migration patterns of fish via tracking techniques 4.Investigating how crustacean behaviour affects trap catches 5.Evaluating the biological and fisheries benefit of enhancing stocks using hatchery-reared juveniles 6.Expertise in fish and shellfish ageing techniques and plankton recognition  

Fishing gear technology

Table 5 – Technological trajectory of fishing gear technology

Belgium
1.Fishing gear research 2.Selectivity and techno-ecological effects of fishing activities ​3.Fishing effort Study

France
1.Resource assessment and identification (acoustics) 2.Fishing gear selectivity 3.Fishing gear impact on the environment 4.Quality of products 5.Technological developments

Germany
1.Improvement and development of fishing gear and techniques for selective catching.

Greece
1.Fishing gears

Iceland
1.Fishing gear research 

Ireland
1.Gear Technology : examination of new and existing technologies in the fishing industry.

The Netherlands
1.Lowering of propulsion and maintenance costs of fishing vessels 2.Intensive cultivation of fish such as eel, catfish and turbot  

Sweden
1.Effects of trawls on the sea floor 2.Selection capacity of trawls

Aquaculture

Table 6 – Technological trajectory of aquaculture

Finland
1.Diversifying the production of aquaculture 2.Environmental issues

France
1.Biology of farmed species 2.Optimisation and innovation technique 3.Livestock health 4.Selection and improvement of livestock

Greece
1.Fish nutrition 2.Fish pathology 3.Interaction between Aquaculture and the environment 4.Aquaculture of new species 5.Determinism and control of fish reproduction 6.Biology and control of fish development 7.Improving hatchery technologies and larviculture 8.Studies of larval food chain and related technologies 9.Fish feeding 10.Non transmissible fish pathology 11.Genetics in Aquaculture 12.Future orientations : aquaculture of fast growers (Seriola, Polyprion, Tunas)

Israel
1.Diversification of cultures 2.Integrated closed water systems 

Italy
1.Production of fry: production of gametes, embriogenesis and larvae weaning 2.Environmental impact of mariculture : benthic biocenoses related to intensive fish production in floating cages

The Netherlands
1.Assessment of natural stocks of shellfish in the estuaria, the Waddensea and along the coast 

2.The effects of shellfish fishing on the ecology of coastal waters 3.The production and processing of shellfish 4.The monitoring of algae producing biotoxins 

Norway
1.Salmoides, halibut, king scallop and cod 

Spain
1.Fish farming 2.Molluscs farming 3.Algae farming

UK
1.Biology and cultivation of finfish, molluscs, crustacea, other marine invertebrates and algae 2.Disease diagnosis of fish and shellfish 3.Achieving regulatory approval for the use of new medicines in aquaculture respectively

Ecology

Table 7 – Technological trajectory of ecology

Denmark
1.Primary and secondary production 2.Recruitment and reproduction 3.Fish health

Germany
1.Survey in terms of space and time of radioactive, inorganic- and organic-chemical contaminants in fish and nutritive animals for fish 2.Use of experimental and theoretical models for the description of the status, the change of and risks to the marine ecosystem 3.Research into the prevalence of fish diseases as well as the assessment of the ecological input of the aquaculture

Greece
1.Biology and ecology of exploited resources in Hellenic seas.

Iceland
1.Physical and chemical properties of the sea 2.Morphology and nature of the sea floor 3.Environmental conditions and life history of algae 4.Zooplankton, benthos and fish 

Italy
1.Environmental impact of fishing technologies 2.Evaluation of the environmental impact of anthropic activities on marine coastal areas 3.Xenobiotics in marine matrix (sediments, living organisms) 4.Biodiversity and environmental change 5.Creation and management of marine protected areas 6.Biogeochemical cycles in marine sediments

Norway
1.Sustainable management of the marine environment and the living marine resources

Sweden
1.Mapping and characterization of the sea floor 2.Hydrodynamics and production in the Skagerrack 3.The Öresunds-bridge: ecological effects

UK
1.Environmental Quality Assessment 2.Environmental Impact and Waste Assessment 3.Environmental impact of products and Environmental Processes viz : oceanography, sediment dynamics and disturbances, nutrients and eutrophication, and climate change

Quality of habitat and fish product

Table 8 – Technological trajectory of quality of habitat and fish product

Austria
1.Investigations on anthropogenic influences to both running waters and lakes 2.Improvement of fish production 3.Investigations on water quality and fish health 

Belgium
1.Quality determination of fresh and frozen fish 2.Research on trace metals in fishing prod​ucts 3.The study of organic contaminants in marine organisms and sedi​ments 4.Chemical identification of fish species              

Denmark
1.Process technology 2.Production technology 3.Microbiology and hygiene

Germany
1.Research on handling and processing fish after catch 2.Storage of products 3.Quality control of fish products

France
1.Research on new molecules by exploiting the by-products of processes and by culture of micro-organisms (hydrothermal bacteria and micro-algae). 

Iceland
1.Fishmeal and fish feed 2.Shelf life of fresh fish 3.Distribution of pathogens in processing environments 4.Ripening of salted herring 5.Sensors for on-line measurements of fish quality 6.Sensoric parameters of seafoods 7.Toxic chemicals in fishery products 8.Utilization of fish-by-products 9.New processing methods

Ireland
1.Fish Health : diagnostic work in freshwater and marine aquaculture

The Netherlands
1.Analysis of complex organic micro-contaminants, heavy metals present in fish, fish products, crustaceans and shellfish, water and sediments

Sweden
1.Diseases and parasites of finfish and shellfish

UK
1.Food safety 2.Development of a variety of rapid, specific and sensitive diagnostic tests 3.Incidence of disease in marine fish stocks and investigates possible links to contaminants in the marine environment

Socioeconomics

Table 9 – Technological trajectory of socioeconomics

Finland
1.Fish market research; fish pricing, consumer behaviour and habits, structure of the market 2.Profitability of commercial enterprises 3.Research into commercial fishing; structure of professional fishing, financial resources 4.Fishermen and profitability of fishing 5.Research into recreational fishing, evaluation of recreational fishing

France
1.Fisheries and aquaculture economics 2.Environment, coastal zone management, and the regulation of the use of marine resources

Ireland
1.Fisheries Economics

Italy
1.Socio-economic aspects 2.Support to coastal zone management

Sweden
1.Bio-economic models of pelagic fisheries

4. The role of history: path-dependency and technological lock-in in fisheries 

Path-dependency

The fact that theories of evolutionary economics incorporate historical events into its analyses differentiates it from mainstream economics. Evolutionary economists have proposed two major concepts, path-dependency and increasing returns to adoption, in describing technological change over time (Rosenberg 1982; David 1985). Usually, the potential of technological trajectories in the case of the old technique is progressively exhausted even though the potential of technical improvements for the new technique is expanding. A famous example is the competition between side trawling (old technology) and stern trawling (alternative technology). A path-dependency occurs in such a way that new entrants into the fishery will probably choose the alternative technology. However, the two competing techniques could also maintain an unstable equilibrium with a shared market.

The concept of path-dependency has become increasingly popular since the mid-80s (Arthur 1988). Diffusion models that focus on technological competition, include either a single path followed by a majority of users, or many paths with competing techniques. The case of a single path deals with a determinist model, whereas the many-path case represents a stochastic model. Diffusion models with or without path-dependency, are stochastic during the first steps of adoption. According to Arthur (1989), market share is identified for the prevailing catch technique, 

, and 

,

 number of users for technique A, and 

number of users for the competing technique B. 

Determinants in adoption of a specific technique can be listed. According to Arthur (1988), five sources are necessary in identification of increasing returns to adoption. These sources are learning by using (Rosenberg 1982), network externalities (Katz & Shapiro 1985), scale economies in production, informational increasing returns, and technological inter-relatedness (Frankel 1955). These five elements come from positive feed-backs (David and Foray 1995). Learning by using and scale economies are related to the cumulative nature of technological trajectories on which minor improvements are progressively included. Positive network externalities occur when an increasing number of adopters choose a technological standard. These externalities are linked to information technologies, and constitute the main source of increasing returns to adoption. Technological inter-relatedness (when a technological standard needs several complementary techniques) depict the asset specificity combined with a multitude of generic assets.

In the paper on the QWERTY keyboard (David, 1985), the author proposed an example of path-dependency, where small historical events played a role in the adoption of an ergonomically inferior technology which later became an industry standard. This type of situation corresponds to a technological lock-in. Based upon the QWERTY example, David identified three essential properties linked to the emergence of a lock-in. These are: technical inter-relatedness, scale economies and quasi-irreversibility of investment. 

Amongst these main properties, degree of irreversibility in the selected techniques is crucial. Irreversibility depends on the diffusion process and the assumption of non-ergodicity (or path-dependency). Public agencies have a « narrow window » (Perez & Soete, 1988) in the beginning of the diffusion process in order to avoid a technological lock-in on an inferior technique. A solution is to maintain a technological diversity amongst potential users. Consequently, a path-dependency will not appear as long as, for example, two techniques are in competition with a market-share near 50% for each technique. The risk of technological lock-in is reduced in this instance. 

Implications for the fishing industry are obvious. If a technique is widely promoted and diffused, but later proves to be destructive or economically inefficient, the social cost will be very high to prohibit it. Ecological damages could be very serious too. For these reasons, public managers would be well advised to have a well-developed policy for accepting alternative technologies before promoting a new fishing technology. In some cases, multiple conflicts in exploitation of common pool marine resources can be caused from a technological lock-in. Often the problem is to correctly evaluate a fishing technology from a number of different perspectives. For example, from a biological point of view, an inferior technique may be a non-selective method which wastes other resources. However, from an economic perspective a technique may be deemed unprofitable, while from a broader socio-economic perspective, an inferior  process can be a labor-saving technology. Public support of different techniques, therefore, presupposes intensive public discussion and agreement on the social and economic objectives for the fishery in question.
Increasing returns to adoption can be realized only at the end of a few sequences. First movers do not have a sufficient level of inherited knowledge to select the superior technique. For that reason, imitative strategies are often used rather than innovative strategies. However, public agencies might give incentives to private corporations in adoption of alternative techniques. Social objectives for public agency intervention might include the maintenance of technological variety in order to avoid a monopoly by a single technique. However, adopters can also reinforce path-dependence using an inferior technology. 

National fishery institutes are not implied in every of the six technological trajectory. Excepted fishery biology research programmes, others realm are investigated by 5 (socio-economics) to 10 countries (quality of habitat and fish product). Moreover, research is devoted either exclusively to fisheries, or partially.

Specificity of fisheries research in the European Union, Iceland, Israel and Norway

Table 10 – Main research institutes involved in fishery sectors in the European Union, Iceland, Israel and Norway

Year in 1998
Employees in fisheries and aquaculture research
Total Employees
Budget for fisheries and aquaculture research (million Euros)
Total budget (million Euros)

Austria – BAW 
28
28
1,09
1,09

Belgium – DSF 

40



Denmark – DIFRES
195
265
15,1
21,7

Finland – FGFRI
137
374
9,52
18,61

France – IFREMER
447 
1227
13,1 
152 

Germany – BFA Fi
65
139

10,2*

Greece – NCMR & IMBC
60
292
1,6
18,5

Iceland – MRI &IFL 
92
225
6,2
31,7

Ireland – MI
58
96
3,93**
4,32**

Israel – NCM

15

2,69

Italy – ICRAM
23
54
0,55
6,2

The Netherlands – RIVO-DLO
110
110
7,26
7,26

Norway – IMR
400
462
38,23
42,54

Portugal – IPIMAR
no datum

Spain – IEO
 75-120 
481***
11,7-14,6
19,5***

Sweden – IMR
47
47
3,38
3,38

United Kingdom – CEFAS
180
423
17
33,63

*Year in 1997. **Year in 1996. ***Year in 1995.

Source : European Commission. DG for Fisheries. Fisheries research organisations and research programmes in the European Union, Iceland, Israel and Norway (2000).

Table 11 – Employees in fisheries and aquaculture research in total employees

% employees in fisheries and aquaculture research in total employees*

Austria – BAW 
100%

The Netherlands – RIVO-DLO
100%

Sweden – IMR
100%

Norway – IMR
87%

Denmark – DIFRES
74%

Ireland – MI
60%

Germany – BFA Fi
47%

Italy – ICRAM
43%

United Kingdom – CEFAS
43%

Iceland – MRI &IFL 
41%

Finland – FGFRI
37%

France – IFREMER
36%

Spain – IEO
21%

Greece – NCMR & IMBC
21%

*Data are missing for Belgium, Israel, Portugal

Source : European Commission. DG for Fisheries. Fisheries research organisations and research programmes in the European Union, Iceland, Israel and Norway (2000).

Table 12 – Budget for fisheries and aquaculture research in total budget

% budget for fisheries and aquaculture research in total budget*

Austria – BAW 
100%

The Netherlands – RIVO-DLO
100%

Sweden – IMR
100%

Ireland – MI
91%

Norway – IMR
90%

Denmark – DIFRES
70%

Spain – IEO
62%

Finland – FGFRI
51%

United Kingdom – CEFAS
51%

Iceland – MRI &IFL 
20%

Italy – ICRAM
9%

Greece – NCMR & IMBC
9%

France – IFREMER
9%

*Data are missing for Belgium, Israel, Portugal, Germany

Source : European Commission. DG for Fisheries. Fisheries research organisations and research programmes in the European Union, Iceland, Israel and Norway (2000).

5. Concluding remarks

A detailled decription of fisheries research organisations is useful to understand mechanisms of technical change and innovations. A first result consists of an identification of technological trajectories (investigation fields). Experiments, through trials and errors, are made for each single technological trajectory in fisheries reasearch organisation. Users or researchers adopt a specific technique amongst a panel of potential techniques to study population dynamics (fishery biology), to measure efficiency of selectivity (fishing gear technology), to diversify the production of fish farming (aquaculture), to study ecological impact of new fishing techniques (ecology), to discover new molecules (quality of habitat and fish product), to calculate profitability of fish farming companies and fishing fleets (socio-economics). In the European Union, duplication of fisheries research programmes can be encouraged, particularly on following technological trajectories, fishery biology (population dynamics), fishing gear technology (selectivity), quality of habitat and fish product (food security and health).
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