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Abstract : Until the 70's, the Atlantic hake (Merluccius, merluccius) was one of the most important European fisheries. The recent biological history of the stock is characterised by a strong depletion.  Since 1986, the spawning stock biomass of the Atlantic Northern stock is under the « critical value ». In 1997, the recruitment level has been largely reduced and has not recovered during the last three years. For several years, ICES members have claimed for the necessity of strongly reducing effort and immature catches. Gear selectivity, fleet reduction and “hake” box implementation are considered as part of a “Hake Recovery Plan” that creates heavy tensions between fishermen and the regulatory agencies.

The aim of this paper is to analyse the Atlantic hake exploitation system taking into account different levels : the production, the markets' organisation and the institutional frame. The brief description of these three sub-systems will be based on the conclusions of a multidisciplinary workshop about hake exploitation, and on the results of cointegration analyses about the European hake markets structure. Then, simultaneous relationships between them will be analysed in order to understand the hake fishery evolution. Finally, an institutional approach of this system will help to draw some conclusions about the efficiency of the management system.

This paper is based on an European project of analysis and modelling of the European hake market (Study DG XIV n°97/SE/011) and on the results of a multidisciplinary workshop (with biologists, economists and modellers) held in Brest in June 2000.

1. Introduction

Hake has traditionally been considered as one of the most important species for the European fisheries revenue. Nevertheless, its place has fallen down during the last 20 years, and nowadays hake only represents the 27th or 28th European species. The Atlantic European hake is one of the most managed species in Europe : the stock is under a TAC/quota system completed by several technical measures (minimal capture size, mesh size...). In spite of this important centralised managing frame, biologists have claimed for a hake depletion risk for more than ten years. Nowadays, the stock seems to be at the breaking point : the recruitment is very low, the spawning stock biomass and the catches are decreasing year after year.

The objective of this article is to understand why this depletion occurred these last years. Moreover the main question is to know if this situation is due to pure chance, to some misfortune (e.g. the stock is declining due to some environmental reasons) or if the Atlantic hake sector structure would necessarily have induced a such depletion of the hake stock whatever the environmental conditions. Following a systemic approach, the three main parts of the Atlantic hake sector will be briefly described, that is to say : the production, the markets' organisation and the institutional frame. Using econometric results, the main feedback will be analysed in order to understand the whole system running, and then will be discussed from an institutional point of view. Conclusions about management schemes and further research programs will then be drawn.

2. The Atlantic hake exploitation system

The European Atlantic hake sector is mainly structured in three major sub-systems : the production which describes the stock evolution and the fleets' dynamics, the markets' organisation and the institutional frame (the regulation scheme). These sub-systems are linked by different feedback loops : 
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Figure 1 : Structure of the European Atlantic hake system

The quantities produced by the different fleets represent the main indicator sent to the market by the production level, the stock situation and the effort developed by the fleets are some of the indicators by the regulatory agencies. Prices' evolutions constitute the major market's sent to the producers and the regulators. Regulatory agencies respond to these different signals by implementing the regulation scheme. 

2.1. The European hake production

The main production of hake in Europe has traditionally taken place in the Atlantic area because of the importance of the stock. The Atlantic hake fishery presents a complex structure. The stock is divided in two sub-stocks : the Northern one stretches from the Basque Country coast to the North of Scotland, while the Southern one borders the Spanish and Portuguese coasts. The species is subjected to a large migration : in the case of the Northern stock, recruitment zones and nurseries are situated on the Biscay Bay continental shelf whereas the adults grow on the continental slope from the Bay of Biscay until the North Scotland area (Guichet, 1996).

2.1.1. An historical overview of the production

The Atlantic hake stock is exploited by several European countries, but essentially Spain and France.  During the last fifty years, the captures have continuously decreased from 130 000 metric tons in 1960 to 40 000 metric tons in 1997. This decrease has affected both the North and the South sub-stocks. 

The stock is exploited by several fleets and several métiers. The most important fleets are composed of trawlers, netters and long liners. The trawlers mainly capture hakes of little and medium size on the shelf, whereas netters and liners capture individuals of medium and big size  on the slope of the shelf (Guichet, 1996). 


Figure 1 : The Atlantic hake stock production.
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Source : FAO data

Spain remains the main producer over the whole period. As the other countries present a relative constant decrease of their exploitation level along the period, Spanish captures constitute the major variations of the European production.

2.1.2. The hake, a bycatch

The decline of the hake can be analysed through its importance for the fleets revenue. Nowadays, hake only represents less than 10 % of the turnover for more than 75 % of the French boats which capture it (either trawlers, netters or liners). From key species for several European fleets, the hake has became only a bycatch for the majority of them. But, as this species remains a remunerative fish, those fleets are not really enjoyed by a reduction of these by-catches.

The French nephrop trawler fleet is one of the best example of this situation : hake represents between 20 and 30 % of the turnover achieved by such trawlers. This is the result of several key facts. First of all, in the 'Grande Vasière' area
 the Norway lobster and immature hake are both living in the benthos. Secondly, little hake can not escape the trawl used to capture lobster
. Capture of little hake are unavoidable for these trawlers but also for all the trawlers working on the continental shelf.

2.1.3. The capture of immature individuals and the reduction of the SSB

The decline of the stock is for a large part due to the important effort displayed by trawlers on small and immature hakes. As shown by figure , there a large part of undersized capture : hake begins to be captured at 10 centimetres, when the minimum legal capture size is 27 centimetres and the mature size is considered to be equal to 45 centimetres. In fact, the major part of the captures (i.e. 80 %) are composed of immature individuals, which are largely destined to the Spanish market. These captures are achieved by different kind of trawlers : coastal trawlers, nephrop trawlers,... In France, nephrop trawlers are pointed out by the other fleets while they only participate in these under-size captures at a 30 % level.


Figure 2 : The European capture of hake (by size)
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In fact, most trawlers capturing hake catch immature individuals. This is partly due to the technical evolution : according European rules, the minimal mesh size of bottom trawler is 80 mm in the Atlantic. Nevertheless, ICES experts argue that this limit could be upgraded to 110 mm because of the use of new synthetic fibres for the trawl manufacturing. Nevertheless, nobody can't deny that trawlers for little hake, even as bycatch.

These captures participate in the huge over exploitation affecting the hake. Some ICES experts argue that reducing these immature capture would help the whole stock to recover. Nevertheless, due to the spatial distribution of the stock, reducing these captures would only affect some fleets, which would create a competitive disadvantage between fleets.

As the whole stock, the spawning stock biomass (or SSB) is decreasing for a long time. Since 1986, the level of the SSB is under what is considered to be the 'critical value' : under this level, the probability to observe a very low level of recruitment is highly increased. Ten years after, in 1997, the recruitment has broken down and has not recovered its previous level yet. 

2.2. The European hake market structure

In Europe, the commercial denomination 'hake' groups different species together :  the European hake (Merluccius merluccius) but also the Hubsi (Merluccius hubsi from Argentina), the Austral hake (Merluccius australis) and the South African hake (Merluccius capensis). These different species enter the European market without traceability and are then not differentiable as well in the statistical databases as on the fishmonger's stall. 

The most part of the data provided here have all been converted in order to gain in homogeneity : the tonnage are expressed in entire equivalent kg
 and the prices in French francs
.

2.2.1. The predominance of the imports

In the recent history of the hake market development, three stages can be pointed out.

Until the middle of the sixty's, the production in European waters (from the Atlantic and the Mediterranean coasts) supplied the whole market. During this first period, the market absorbed between 120 and 150 thousand tons each year.

From 1964 to the middle of the eighty's, the production in international and other countries' waters, remain the first supplier of the market. This production was achieved by some European fleets especially equipped for distant fisheries. In fact, these fleets are essentially constituted of Spanish boats, due to the effects of the “Stabilisation Economic Plan” elaborated some years after the catastrophic state of the country caused by the civil war (Gonzalez Laxe, 1982). After a quick increase at the beginning of the period, the supply remains stable around 300 - 400 thousand tons per year.


Figure 3 : Supply of the European hake market.
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Source : FAO data

The third stage begin during the EEZ creation process. The progressive creations of such zones diminished the fishing grounds allowed to European fleets. Different fishing agreements were signed with third part countries allowing European fleets to continue their activities. Nevertheless a large part of these boats flagged out, in order to create joint ventures. Those joint ventures (essentially created by Spanish companies) work mainly as quota hoppers : they fish under a foreign flag but have European crews and lay in supply (of fuel...) and market their capture in Europe. These reflagging explain the quick decrease of the extra European production at the end of the 90's and a part of the important increase of the imports. Nevertheless, the global increase of the European supply is due to  the explosion of the imports. These imports are destined for a large part to Spain (91% of the fresh fish, 60% of the frozen and 36% of the frozen fillet)
.

2.2.2. The hake distribution channels

During the European program, only France and Spain have been studied.

In Spain, fresh fish products are distributed through retailers. In the case of hake, this seems to be well applied. Three distribution channels emerge from the study. A short one links coastal auction to local restaurant and retailers, which only affects fresh hake. A longer path links the different kind of sales outlets (fishmongers, public markets and hypermarkets) through the fifteen Mercas
, it distributes all kind of hake. The third one concerns processed products.Spanish wholesalers had to face the decrease of the European production and developed two kind of strategies which are complementary. On the one hand, they operated a restructuring strategy in order to import fresh products and to face the lack of fresh European hake. On the other hand, they followed a logistic strategy by creating synergies in order to reduce the transport costs by some returns on scale. By achieving a critical size, the Spanish wholesalers are able to import fresh hake at a very competitive price, sometimes lower than the European one.

In France, fish is generally distributed through hypermarkets, but hake is an exception : public markets and retailers sales represent 50% of the whole market. Moreover a 'import-export' channel allows some high quality fresh hake to be directly exported to Spain. However, due to the high concurrence of the imported fresh products, this channel reduces years after years. French wholesalers who have concluded some agreements with Spanish wholesalers are the only ones who continue to export fresh hake in Spain. These agreements imply that the French wholesalers have to be able to export high quantities. Only the bigger ones (are those who have reached a critical size) are then able to fulfil such.

2.2.3. The European demand for hake

The demand for hake has traditionally been very high in Europe. In the first half of the century, hake was considered as a plate reserved "for the reach society". Later, consumption was generalised because of the increase on production, which was due to new investments in the fishery effort capacity. This high demand for hake has been maintained during the second half of the XXth century in spite of variations of production.

The hake demand is segmented in three principal transformation level : fresh fish, frozen fish and frozen fillet. Prices, distribution chains... differ depending on the segment. The fresh segment is nowadays supplied by both European production and imports. Some years ago, the European production was the only supplier of the European markets for fresh fish. But, as this production decreased year after year, the imports of fresh fish from South Atlantic raised. Due to efficient logistic channels, Spanish retailers are now able to sell fresh hake from South Africa at a better price than European hake. The Vittoria airport (situated in Pais Basco, Spain) is thus one of the major hake import place in Europe. Frozen hake and frozen fillet segment are essentially supplied by imports and extra European production.

The table 1 shows that in general, the gross consumption is stagnating or decreasing. For the particular case of Spain, consumption is stagnating as imports increase : the Spanish market seems to have reached a saturation level and is now re-exporting a part of its imports to different European countries such as Italy or Portugal. 

Table 1 : Evolution of the gross consumption between 1989 and 1997 in Europe.


Spain
France
Italy
Portugal
UK

1989
301090
43846
48592
47132
9395

1990
277080
42139
40120
39854
11211

1991
266850
50539
47786
44330
18654

1992
253220
40956
51320
39820
18637

1993
234110
36650
59788
36604
12167

1994
243170
36229
71417
36756
14466

1995
217270
33163
71455
37835
11164

1996
179840
35717
68123
44677
10444

1997
210160
30055
54026
38288
10026

1989-1997
-30%
-31%
11%
-19%
7%

Source : estimations elaborated using FAO and Eurostat databases. Spanish data
were provided by the MAPA (Ministerio de Agricultura, Pesca y Alimentacion).

2.3. Managing the hake fishery

The hake stock constitutes one of the most managed in Europe.

2.3.1. European regulations

Since 1983, major European fisheries are regulated by the European Commission. The Atlantic hake stocks is thus subjected to the generalised TAC/quota system. TAC are decided every year by the Council of Ministers, following more or less the ICES recommendations. They are allocated in accordance with a key repartition following the principle of 'relative stability' (see Appendix A for this allocation). Several technical measures are implemented in order to complete this general frame. Some of them are general, such as the mesh size, some other are specific to the hake : the minimum catch size (which is 27 cm in all the Atlantic
).

2.3.2. Hake resource management and subsidiarity

The different European states have to apply the general TAC/quota system by distributing quotas among their fleets. Since no European control organism exists, they have to control their fleets' fishing activity, that is to say the respect for the annual quota, the minimum size,... Moreover, they can implement further regulation such as gear interdiction or temporal closure zones. Such zones have already been implemented along the north Spanish coast in order to protect recruitment zones and nurseries, but are less popular in France where fishermen rejected the proposal of a temporal closure in the “Grande Vasière” area, arguing the fact that it would have seriously affected several fleets (the nephrop trawlers, some coastal trawlers,...).

3. The relationships between the different sub-systems

The relationships between these three sub-systems can be explained by different ways. The approach implemented in this study consists in considering that market signals are the base of both fishermen and regulation agencies strategies. 

3.1. The inelasticity of demand prices for hake in Europe

Econometric estimations have been realised in order to quantify the different flexibilities . Prices were modelling as explicative variables using ECM (Error Corrector Model) model (see Pérez Agúndez, 2001). Results of this study are collected in the table . Only three countries were studied : Spain, France and Italy, which are by far the most important hake consumption areas in Europe.

Table 2 : ECM estimated flexibilities. All results are significant at a 1% level
and have the negative sign corresponding with the theoretical expectations.


Spain
France
Italy

short run
-0.255
-0.231
-0.151

long run
-0.348
-0.396
-0.320

Source : Perez, 2001.

Short run flexibilities are quite similar for all three markets and are around -0.2 : the demand is relatively inflexible in short-run, which is current for fishery products. 

Long-run flexibilities presents low differences between the three countries as well and are all around -0.35. Mean price variations are then smaller than production variation in long run. This relative price stability has different origins : for some years, a substituability between European production and imports can be observed, moreover the European production has to compete with imported hake at low prices.

Spain is the country importing the highest quantities of fresh hake since 1993, and imports of fresh hake have overpassed the national fresh production. That allows wholesalers to target the national or the international supply in long run depending on the market conditions. That explain low reactions of national prices to production changes.

French prices seem to be inelastic as well but they are more elastic than the other markets. The decline of the hake consumption has maintained prices in spite of the growth down on production. The French hake consumption is lower than the Spanish and the Italian. It has decreased around 30% from 1989 to 1997. This is due to the decrease of the hake production in a hand, traditionally based on the Atlantic North stock. In an other hand, French consumption of seafood products has evolved towards more elaborated products, easy to prepare according to new social behaviours. The national hake has became a secondary commercial good for distribution and for consumers who are substituting hake by other species as tuna, monkfish, salmon, etc.

Italian hake prices seem to be the most inelastic ones of the three markets. The market is completely supplied by the national production. Only negligible quantities of fresh hake are imported. The most part of imports corresponds to the frozen and frozen fillets segments, which are not directly in competition with fresh. Prices present a stable evolution in long run because of the important national demand, which have maintained prices in spite of increases on production.

Low price flexibilities are then mainly explained by high competition existing between import and internal products and by a high demand. As we have seen before, the European hake market is currently supplied by imports which have produced a pressure to local prices and stabilising prices in spite of the decrease of the local production. That a conjuncture has directly had repercussions to the fishermen revenues. Producers have increased the fishing pressure in order to compensate the lost revenue or they have quitted the fishery for targeting other species.

The decrease of the production and the high demand for hake has been compensated by the increase in imports. European producers have suffered the external competition and prices have been maintained stable.

3.2. How many markets in Europe ?

According to Stigler, a market is a spatial area under which there is prices homogeneity (Stigler, 1969). European hake markets are in general highly integrated. In spite of short-run shocks, attractor forces drive prices toward long-run equilibriums. Two principal segments have been identified in Europe : the fresh and the frozen
 segments (Hartman and Pérez Agúndez, 2000). Prices used in those analysis were import price series from Eurostat database. Results show that the European hake market is integrated by segments.

Further analyses have been engaged during the research program, this time based on production prices. Following the methodology developed by Johansen (1988, 1991) and Johansen and Juselius (1990), monthly mean prices of hake from auction market sales have been analysed. The main result is that this analysis verifies previous estimations executed at the trade level using import price series : a solely European hake market is the more realistic hypothesis which can be drawn. First auction prices are driven by the Spain market. Due to the quantitative importance of the imports, all the hake prices in Europe are nowadays driven by international prices (see Perez 2001).

4. The hake depletion : a fatality ?

The current situation of the North Atlantic hake stock is quite tragic : the stock is continually decreasing, recruitment has crashed down in 1997 and has not recovered yet. As a matter of fact, this evolution would have been anticipated if the whole fishery had been studied : not only the production sub-system but also the market, the consumption and the regulation enforcement capacity of the regulators.

4.1. The chronic over exploitation

According to the European regulation, under size captures are prohibited. Nevertheless due to several technical constraints, under size catches exist. All these under size captures have thus to be discarded because the regulation forbids their landing and marketing. In the case of hake, captures begin at 10 centimetres while the legal minimum size is 27 centimetres.

In fact, these rules are only partly applied : the huge majority of the fish under 16-17 centimetres are discarded. These discarded fishes have a very high mortality rate, which cause a net loss either for the stock and for the fishermen. Between 17 and 27 centimetres, the fishermen behaviours are mixed : discards represent at the maximum 50 % of the under-size captures and under size landing supply a huge market, essentially in Southern Europe.


Figure 4 : Juveniles' discards, sampling results
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Source : ICES data

Moreover, the mortality levels are for a long time too important according to the available knowledge about hake (Moguedet et al., 2000). The global effort developed on the stock is recurrently to high for maintaining the stock at a sustainable level. In fact, the different MAGPs have allowed coastal bottom trawlers fleets to continuously modernise during these ten last years, fleets which are responsible for a huge part of the undersize catches.

4.2. The market role

As shown in paragraph 3.1, the European fresh hake market is quite inelastic : the price - elasticities are around -0,2 in short run and -0,35 in long run. Due to high competitivity, the prices of fresh hake imports remain at low levels. This pressure from the international market implies that the European internal price for fresh hake keeps a quite constant level and doesn't figure anymore the rarefaction character of the hake resource. Even if the European production crashes down, the market structure will allow the different wholesale fish merchant to stock up with imports products and the global price for fresh hake won't vary a lot. As the first sale price does not increase with the catch decrease, fishermen are incited to increase their catches in order to maintain their revenue and then to increase the current over exploitation. 

Moreover, little hakes (mostly under the legal minimum size) are well appreciated by consumers, especially from Southern Europe (Spain, South of France...). This generates a huge market for undersize hake, whom prices are very attractive for fishermen. As the controls are not regular and as the sanctions are not sufficient in regard to the remuneration the little hake market offers, the fishermen don’t face a dissuasive threat and are then incited to capture under size hake.

4.3. A real political will to manage the hake fishery ? 

The risk of depletion of the Atlantic hake stock is well known for some years. Nevertheless, the European regulatory agencies have shown some moderate attitudes in response to the different depletion indicators.

4.3.1. The TAC decision

The TAC decision seems to be more a political problem than a biological or a socio-economic one. As shown by figure 5, the final decision rarely follows the ICES recommendations. In fact during the last 10 years, the TAC had always been fixed 10 000 tons more than the recommendations’ levels. It is really important to notice that this decision is always due to the fifteen European ministers who have in charge the fisheries regulation and which objectives seem to be different to the hake conservation. Firstly, they have to satisfy their national fishermen : any quota decrease would be considered as a loss and wouldn't be understood by the fishing sector. Secondly, it is possible to exchange some quotas between European countries : hake quotas seem to be a good exchange currency (e.g. between France and Spain). It is then very interesting to over-evaluate the annual quota of hake.


Figure 5 : ICES recommendations, European decisions and actual catches for the Atlantic hake Northern stock
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Source : ICES data

The TAC is then totally disconnected from the reality and doesn't represent anymore what is reachable by the actual exploitation. Since 1990, the allocated TAC has been reached by fishermen only in 1995. In a such context, the effectiveness of a fishery regulation based essentially on a total admissible capture level is quite null. Then, having a hake quota share (at the local or the national level) only represents a right for fishing. All the boats from countries which dispose of hake quotas (Spain, France, United Kingdom,... see appendix A), have thus an open access to the hake stock.

For several years, biologists claims for the importance of the quick implementation of a recovery plan for hake, which could help to stop the current depletion of the stock. As closing the hake fishery was proposed this winter, the Council of Ministers decided to wait six monthes more in order to test alternative solutions such as more selective gears. Nowadays, the French fishermen try to prevent this closure by participating in these tests and by lobbying the different regulatory agencies in order torestrain this closure.

4.3.2. Controlling the fleets' activties

A TAC/quota system completed by technical measures supposed to be accompanied by efficient control mechanisms. In the case of the European fisheries in general and for the hake fishery in particular, those mechanisms are inefficient and even non-existent. The high economic incentives to catch immature call for a stronger effort of control to implement minimum size regulation. That requests a real political and administrative will. Nowadays, this is clearly not the case in France. In fact, the French administration recognises to worry only below 16 cm and no penalties are generally imposed to this kind of infractions. The few existing controls are basically effectuated to retailers, but immature are principally exported to be sold in Spanish markets, restaurants or bars. These are widely known as well by consumers as by scientist and administrators, but nobody has stopped a such huge "illegal" market, even the regulatory agencies which have the responsibility to take such decision (Le Floch et al., 1999). 

5. Conclusion

In this article, three principal elements have been identified to explain the current Atlantic European hake depletion :

· An important over-exploitation which is partly due to the well known European over capitalisation but also to some specific reasons such as multispecies fisheries, fishing technics,…

· The structure of the market, characterised by several particular characteristics. Firstly, there exists a high demand in general and for immature individuals. Secondly, the structure of the different supply chains of the European market provides low price flexibilities. The market then emphasises the over exploitation by inciting fishermen to transgree the established rules.

· The “under-management” of the resource with a TAC and quotas regulation system which isn't sufficiently applied in order to create a real management framework.

The major point is that the general structure of the European hake market strongly encourages undersize catches and general overexploitation. As the regulatory agencies are not really efficient to regulate the exploitation, market forces aren't contradicted and fishermen aren't encourage to comply the regulation. As soon as the regulation scheme won't take into account the specific characteristics of the hake market, no management scheme will be efficient.

Considering these different points, nobody can deny that the current hake depletion find its roots in the general strucure of the Atlantic hake system. Thus, considering the title of this article, no one can deny that there is a necessity for the hake depletion and that chance as nothing to do with the current situation of the Atlantic European hake stock.

Nevertheless, several key facts of the Atlantic hake system are not well known, such as hake ecology, fleets' strategies,… Those fuzzy elements call for a better understanding of the different aspects of what we can call the "Atlantic European hake system", including the resource, the fleets involved, the markets and the regulation scheme. A such understanding would only be approached by further pluridisciplinary researches involving biologists, economists and modellers.

Appendix A : Quota allocation for hake in Europe 

The quotas are expressed in percentage for each area, the TAC are in metric tons. Data used are decided TAC for 2000.

ICES areas
III abcd
IIa, IV
Vb, VI, VII, XII, XIV
VIII abde
VIIIc, IX, X

TAC
1270
1480
23600
15740
8500

Belgium
-
1,4
0,9
0,1
-

Denmark
92,1
57,4
-
-
-

France
-
12,8
45,5
69,1
6,1

Germany
-
6,8
-
-
-

Ireland
-
-
5,5
-
-

Netherlands
-
3,4
0,6
0,1
-

Portugal
-
-
-
-
29,9

Spain
-
-
29,5
30,7
64

Sweden
7,9
-
-
-
-

United Kingdom
-
18,2
18
-
-

Source : European Commission (Marsource web page)

References

COFREPECHE (1997). "Etude comparative des coefficients de conversion utilisés pour estimer le poids vif des captures des flottilles de pêche de l'Union". Projet 95/02, rapport final. Commission des Communautés Européennes, Direction Générale Pêche, 130p.

Gonzalez Laxe, F. (1982). “El proceso de crecimiento del sector pesquero español (1961-1978)” Caixade Aforros de Galicia.

Guichet R., (1996). “Le merlu européen (Merluccius, merluccius, L.) - Bilan des connaissances - Evolution de l'exploitation - Evauation des stocks et mesures de gestion.” RI DRV. 96-04, IFREMER, L'Houmeau, 55p.

Hartmann, J., Pérez Agúndez, J. A. (2000) “Spatial delineation of the market for fresh and frozen hake in Europe””. Paper presented at the XIIth Annual Conference of the European Association of Fisheries Economists, Esjberg, 13-15 April 2000.

Johansen, S. (1988). “Statistical analysis of cointegration vectors”. Journal of Economic Dynamics and Control, 12:231-254.

Johansen, S. (1991). “Estimation and hypothesis testing of cointegration vectors in Gaussianautoregressive models”. Econometrica, 56(9):1551-1580.

Johansen, S., Juselius, K. (1990). “Maximum likelihood estimation and inference on cointegration - with applications to the demand for money”. Oxford Bulletin of Economics and Statistics, 52:169-210.

Le Floc'h, P., Pérez Agúndez, J. A. et Bailly, D. (1999). "La rationalité institutionnelle de la surexploitation du merlu dans le Golfe de Gascogne". in Boncoeur, J. ed, Deuxième Rencontre Interuniversitaire UBO/UQAR (under press). Brest.

Metz, S. (2000) “Rapport de synthèse de l'atelier Marchés et ressources de merlu en Europe”. Convention OFIMER/OIKOS 56/97, Oïkos Environnement Ressources, Rennes, 34 p.

Moguedet, P., Trujillo, V., Lucio, P. (2000). "The status of the Northern hake (Merluccius merluccius) stock in 1997 : an optimistic outlook for fishermen in the Bay of Biscay ?". Ozeanografika, 3:355-370.

Pérez Agúndez, J. A., Bailly, D. and Le Floc'h, P. (1999a). “The institutional rationality of hake depletion.” in Hatcher, A. And Robinson K. (eds) “Management institutions and governance systems in European fisheries”, CEMARE, University of Portsmouth, pp 160-178.

Pérez Agúndez, J. A. , Taylor, G., Jaffry, S. and Bailly, D. (1999b) . “The spatial delineation of the French hake market”, paper presented at the XIth Annual Conference of the European Association of Fisheries Economists, Dublin, 7-10 April 1999.

Pérez Agúndez, J. A. (2001). “Défaillance du marché et des systèmes de gestion. La taxation transfert comme mode de régulation des ressources halieutiques. (Application à l'exploitation du Merluccius merluccius)”, PhD Thesis, Laboratoire halieutique, Rennes, France, 335p.

Stigler, G. J. (1969) “The theory of price”. London,Macmillan Company.

Web page :

Marsource : information about European fisheries (sustained by the Directorate General Fisheries from the European Commission) http://www.marsource.maris.int/

� situated in ICES zone VIIIb, just south of Brittany.


� when IFREMER proposed a selective double netting trawl ten years ago, the french fishermen refused to implement it, because it would have reduced their 


�  the different coefficients used for this study were : 1.17 for the gated hake, 1.5 for the split hake and 2.5 for the fillet hake (COFREPECHE, 1997).


� the different prices have been converted using the annual series provided by the “Compagnie nationale des agents de change”, and deflated using a consumption price index from the INSEE. All the prices are expressed in French francs 1996.


� For the frozen segment, Portugal imports 13% and Italy 15%.


� Mercas are the Spanish national wholesale markets


�  except in ICES area IIIa where the limited size is 30 cm.


� Principal tests for normality, autoregressive conditional heteroscedasticity, residual autocorrelation, specification tests have been achieved : the results indicate that there aren't any particular problems in the model formulation.


� into the frozen segment, two sub-segments can be distinguished : the frozen fish and the frozen fillets.
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