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Abstract :   
 
The Bay of Biscay anchovy fishery system has undergone important transformations following a closure 
from 2005 to 2010. Through a multidisciplinary and systemic approach, combining analyses of fisheries 
and market data with interviews with key stakeholders, we analyze adaptive responses of the main system 
components in France and Spain, considering how the fishing sector and fishery management institutions 
have adapted to changes. Focusing on the question “what has been lost and gained following the 
collapse?”, we find that while the anchovy stock has recovered, the fishery system has not returned to its 
pre-collapse status with important socio-economic features having been lost. We highlight the need for 
holistic consideration of multiple system components and diverse stakeholders’ perspectives. The 
perceived losses and gains from the anchovy fishery collapse and aftermath are found to vary across the 
players in the fishery system, depending as well on the management objectives and scales being 
considered. Such retrospective analysis can serve as a basis for understanding the long-term responses 
to social-ecological changes in fisheries, and identifying the role of governance mechanisms in supporting 
adaptations that maintain sustainable fishery systems in the face of future potential shocks. 
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1. Introduction 

 

Fundamental concerns in natural resource governance today include adaptation to large-scale ecological, 

economic and/or politically driven changes (Holling 1973; Folke 2016). Indeed, marine ecosystems and 

fisheries face a number of anthropogenic challenges related to population growth, globalization, coastal 

multi-use conflicts, increased seafood demand, marine pollution, biodiversity loss and climate change 

(Halpern et al. 2008; Allison et al. 2009; Jouffray et al. 2020, FAO 2022). They are also increasingly 

subjected to sudden large-scale shocks, jeopardizing their sustainability, as illustrated by the collapse of 

fish stocks (e.g., the North Atlantic cod stock, Charles 1997, the Atlanto-Scandian herring stock, 

Hannesson 2022), impacts of Brexit (e.g., Dépalle et al. 2020) or consequences of the COVID-19 

pandemic (e.g., Carpenter et al. 2023). This has led to growing calls for increasing the resilience of 

fishing industries, fishery-dependent communities and fisheries management systems to change 

(Charles 2001; Grafton et al. 2022), although the extent to which this can be operationalized in fisheries 

remains a key challenge (Grafton et al. 2019).  

 

A typical question when a fishery faces a resource collapse is: “what has been lost or gained following 

the shock?”. We propose an operational approach to the evaluation of fishery system changes which 

accounts for most important system components, following the integrated approach for analyzing fishery 

systems developed by Charles (2001, 2023) – analogous to Elinor Ostrom's Framework (Ostrom 2009) 

but specific to fisheries. Both of these Social-Ecological Systems (SES, Berkes et al. 2002) approaches 

link biophysical and human social elements because changes in ecological systems affect fishing-

dependent societies in complex ways (and vice-versa) and this interaction affects overall governance 

(Charles 2023). It is then necessary to include as many fishery system components as possible to 

understand the two-way flow and suggest appropriate management measures and policies to support the 

two-way flow (Charles 2005, 2023). Besides, changes and adaptations assessment that include 

traditional knowledge from connected system components can help understand and address complex 

change’s associated risks (Simpson et al. 2021). Indeed, dialoguing with different stakeholders helps 

identify the different key system components to include to answer the research question, based on an 

adequate definition of system boundaries. 

 

Fishery systems can be subjected to events that completely change them, with no turning back (Nuttall 

2012; Brattland et al. 2019). While long-term spatial distribution and abundance of marine resources 

resulting from climate-induced changes have been widely studied (Cheung et al. 2010; Pinsky et al. 

2013), human responses to any major change have been considered less often, or only partially 

(Beckensteiner et al. 2023). Only a few empirical studies (e.g., Mason et al. 2021; Ojea et al. 2021; 

Villasante et al. 2022) considered the different fishery system components together. For example, Stoll 

et al. (2015) highlighted the need to examine diversification of the seafood distribution systems and the 

geography of resilience, which has direct implications for the social-ecological resilience of fisheries. 

In marine ecology, food web analyses consider many species and trophic levels, flows between them 

and their interactions as a whole (e.g., Ecopath with Ecosim approaches, Christensen et al. 2014), yet 

the full potential capability of such analyses to incorporate human adaptations to ecosystem changes is 

still largely underdeveloped. A similar systemic approach must be conducted in fisheries systems where 

the interactions need to be broadened and scaled up. For example, Mason et al. (2021) provided a holistic 

typology of attributes contributing to fishery system resilience, to be integrated across scales and sectors. 

Indeed, they identified 13 ecological attributes (e.g., population abundance, age structure), 15 socio-

economic attributes (e.g., wealth and reserves, economic diversity, market access) and 10 governance 

attributes (e.g., responsive and participatory governance structure), noting that many of them do not 
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function independently but emerge from or are influenced by other attributes. They furthermore stressed 

the need for empirical case studies, which could elucidate the relative importance and applicability of 

resilience attributes and could reveal additional attributes, relationships among them as well as how they 

could be measured. We believe using a systemic approach is then the best avenue to explore a fishery 

system dynamics and adjustment to changes. 

 

Answering the research question “what has been lost or gained following a shock?” through a systemic 

approach implies several sequential steps, including defining for whom and according to which norms 

system performance should be assessed. Indeed, these are key normative sub-questions that must be 

resolved for an operational resilience evaluation to be carried out. First, clear ecological, social, 

economic and/or political objectives for the different stakeholders must be identified, leading to the 

selection of system components to consider. Second, the desirable states for each component must also 

be defined, considering the perspectives of multiple stakeholders. Only with this identification of key 

components and desirable states can the analysis of the system behavior and responses to change be 

effectively carried out, to assess the extent to which it is resilient. In carrying out such analysis, a key 

challenge pertains to the availability of empirical information that the assessment can rely on.  

 

We investigate how fishing communities and industries on the one hand, and fishery management 

institutions and science processes, on the other, have responded and adapted to a large social-ecological 

shock: the collapse of the Bay of Biscay European anchovy (Engraulis encrasicolus) stock in ICES, 

International Council for the Exploration of the Sea, Subarea 27.8, which entailed a closure of the fishery 

from 2005 to 2010. This stock was traditionally exploited by Spanish purse seiners and since the mid-

1980s by French pelagic trawlers and purse seiners too. Landings are mainly sold on the Spanish market 

for fresh and canned anchovies. The anchovy fishery has been richly described and several studies have 

looked at various aspects of this crisis. For example, Vermard et al. (2008) modeled the French fleet 

behaviors, Mulazzani et al. (2013) combined an Institutional Analysis and Development framework with 

bioeconomic theory to investigate shared stock governance, and Sánchez et al. (2019) discussed the 

challenges associated with the management strategy evaluation process. While highly informative, none 

of these studies have attempted to undertake a long-term evaluation perspective, simultaneously 

considering the different components of the system. We focus on the analysis of drivers, processes and 

their outcomes at the system level, i.e., including the fishing activities, communities, governance, 

postharvest and market perspectives in France and in Spain over the 2000s-2020s period (with some 

references to the 1960s). Combining data analysis with interviews, we examine how the fishery adapted 

to the moratorium and triggered transformations, and highlight obstacles and barriers to adaptation and 

opportunities that have arisen during this crisis. This in turn allows us to answer the question of what 

was lost and what was gained in the fishery system after the shock. 

 

2. Methods 

 

2.1 A Systemic approach to a shock adaptation in the Bay of Biscay anchovy fishery 

 

A systemic approach makes it possible to link changes observed in the different components of the 

system and allows for the exploration of changes, including aspects (e.g., practices, norms and values) 

that have disappeared and/or reorganized - this is crucial when studying resilience. To achieve this, we 

consider the responses to the moratorium of several components of the anchovy fishery system: the 

anchovy stock, the activities of fishers, the processing sector and markets, the scientific advisory and 

stock assessment process and the management system (Table 1, expressed using Charles’s Framework).  
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For each of these components, we investigate the key changes undergone during and after the crisis, the 

opportunities which stakeholders were presented with and obstacles to adaptation encountered. First, we 

reconstructed a historical perspective of the pre-collapse events. Second, we described the responses of 

the fishery system. 

 

 

 

 

 

Table 1 | The anchovy fishery system components analyzed, with associated quantitative metrics or qualitative 

attributes, using Charles’s Framework. 

Anchovy fishery system components Charles’s Framework Metric(s) or attribute(s)  

The anchovy stock  Natural System Stock biomass, its composition and size 

The scientific advice in management decision-making Fishery Knowledge ICES advices vs TAC vs catch 

The fishers, fleet behaviors and fishing communities Human System Catch, fishing effort and vessel numbers  

The processing sector, buyers and markets  Human System Prices and trade flows  

Fishery management  Governance System Fishery calendar and participation 

 

For each system component, we identified quantitative metrics or qualitative attributes with the desirable 

state according to the perspective of the main stakeholders impacted. This included, e.g. stock biomass 

from the anchovy's perspective, activity and catch from the perspective of the different fleets, trade 

volumes and prices from the perspective of fish processors, timing of and level of participation in 

management actions from the perspective of policy makers. Finally, we discussed the performance of 

the whole fishery system considering the components together and for several reference periods 

(synthesis results in Table 2). 

 

2.2 Perception survey and interviews with key stakeholders 

 

We collected testimonies from stakeholders who experienced the anchovy crisis during 2005-2010 in 

the Bay of Biscay (French and Spanish stakeholders, Steins et al. 2022) and/or who played a key role 

during this crisis. Key stakeholders included impacted fishers, fishers’ representatives and producer 

organizations, fishmongers and processors, managers and scientists. A purposeful snowball sampling 

process (Johnson 2014) was used to identify respondents for the perception survey. We developed online 

questionnaires and carried out in-person interviews with semi-structured questions. The former was 

intended for informants who lacked time to meet. The content of the questionnaire was structured in two 

parts related to 1) major changes in all of the fishery system components considered and 2) the actors’ 

responses at different time periods (see the Supplementary Method for the detailed description of the 

questions). 

 

In total, 39 stakeholders were interviewed (14 completed the online survey), with 10 from Spain and 29 

from France (See the Supplementary Method for the sampling validation). Of these, 11 informants 

considered themselves as industry representatives, 15 were fishers, 6 were both fishers and industry 

representatives, 4 were scientists, 1 was an administration representative, 1 was a fishmonger, and 1 an 

auction market director. Among fishers, we interviewed 13 purse seiners’ and 8 pelagic trawlers’ 

captains. Citations reported in the manuscript (in italics) from French and Spanish stakeholders have 

been translated into English by the authors. Stakeholders are identified by the following code: “F.” or 

“S.” for French or Spanish followed by the letter corresponding to their categories, PT for pelagic 



 

4 

 

trawler, PS for purse seiner, R for representative, S for scientists, F for fishmonger, and # specified their 

anonymous respondent number. 

 

2.3 Analysis of system level responses combining mixed data 

 

Useful insights on changes in the fishery system and “hidden data” were gathered from the grey literature 

comprising public administrative reports (e.g., Official Journal of the European Commission), the 

European Commission’s Scientific, Technical and Economic Committee for Fisheries (STECF) 

technical reports, ICES working groups reports and South-Western Waters Regional Advisory Council 

(SWW RAC) reports (See Supplementary Method for additional grey literature search methodology). 

We also interviewed both retired and active key scientific experts working on this fishery to collect their 

knowledge about its history and their perceptions of its management and how this evolved over the study 

period. 

 

The observations made by the survey respondents were also complemented with system-level 

quantitative analyses using both fishery and trade data that were available to the research team for the 

following components of the system: market, landings and patterns in the spatio-temporal activity of the 

fleets. French fisheries data were extracted from the Ifremer Système d’Informations Halieutiques1 and 

contain annual landings per target species for vessels dependent on anchovy (dependency defined as 

having fished at least 10 metric tons of anchovy once from 2000 to 2021 or annual anchovy value was 

equal to 10% of total landings value for this vessel, Daurès et al. 2009). Similar data for the Spanish 

fleets were not available for the present study. We derived prices from total annual anchovy landings 

and values from official fisheries data from France (SIH), from Galicia (Ministry of Agriculture, 

Fisheries and Food2) and from the Basque country government3. 

 

International anchovy trade data were extracted from the Eurostat’s Comext database4 referencing 

annual trade values and quantities of anchovy by EU Member State country and the (EU Member State 

or not) partner country, with products categorized according to the FranceAgrimer nomenclature (i.e., 

fresh, prepared or preserved, frozen, or dried-salted). As 95% of French landings are sold on the Basque 

market and processed in Spain (Pita et al. 2014), we focused the analysis on anchovy imports by Spain. 

A Fisher price index was calculated to analyze changes in the prices of imported fresh anchovy by Spain 

over the 2001-2020 period (See Supplementary Method for the definition and equation of the index). 

3. Results 

 

3.1 The road to collapse 

 

The European anchovy is a short-lived small pelagic fish (usually not exceeding the age of 3-4 years 

and a length of 20 cm in the fishery catches) reaching maturity during its first year and subject to high 

and variable natural mortality (Taboada and Anadón 2016). The anchovy stock in ICES Subarea 27.8 

(Bay of Biscay, Figure 1) was exploited from the 1940s mainly by the Spanish fleet in spring in Divisions 

8.c and 8.b with a peak harvest in 1965 (Figure 2). Fishing anchovy with pelagic trawl is forbidden by 

Spanish legislation, after a proposal by the Federación Nacional de Cofradías de Pescadores (i.e., 

coastal fishers guilds), implying that the Spanish fleet targeting anchovy is composed of only purse-

                                                      
1 http://sih.ifremer.fr 
2 https://www.mapa.gob.es/es/estadistica/temas/estadisticas-pesqueras/default.aspx 
3 https://www.euskadi.eus/estadistica/precios-evolucion-de-la-campana-de-anchoa-y-bonito/web01-a2estadi/es/ 
4 https://ec.europa.eu/eurostat 



 

5 

 

seiners (about 600 vessels in the 1960s, 23 meters long on average; Uriarte et al. 1996 ; Del Valle et al. 

2001). Starting from the 1970s, the anchovy fishing areas contracted along the Spanish coast, from West 

to East (Junquera 1984), and both the catches and the number of Spanish purse seiners declined (to about 

300 vessels in the 1980s; Uriarte and Astudillo 1987). This decrease in vessel number was part of the 

Spanish plan for the structuring of fisheries by following the EU Common Fisheries Policy (CFP) 

(Planes de Orientación Plurianual attached to the Política de Estructuras Pesqueras; Uriarte et al. 1996; 

Astorkiza et al. 1998). In the 2000s, the Spanish fleet was located mainly in Galicia (49%) and the 

Basque Country (31%); the remaining vessels were distributed between Asturias (13%) and Cantabria 

(7%) (Garza-Gil et al. 2011). 

 
 

Figure 1 | The Bay of Biscay ICES divisions 8.a, 8.b and 8.c. The main French pelagic trawler and purse seiner 

fleets are represented in blue, while the main Spanish purse seiner fleets are represented in yellow. ICES spatial 

datasets are freely available for download from: https://gis.ices.dk and the EMODnet bathymetric contours (50, 

100, 200, 1000 m) are available as a WFS service from EMODnet Bathymetry (Service URL is: 

https://ows.emodnet-bathymetry.eu/wfs). 

 

https://gis.ices.dk/
https://ows.emodnet-bathymetry.eu/wfs
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Figure 2 | Historical catches (1960-2021) of anchovy in the Bay of Biscay by Spanish (dark grey) and French 

(light grey) fleets and major events in this international fishery: 1. Spain EU accession, 2. Agreement of Arcachon, 

3. Anchovy fishing ban from June 2005 to 2010 (red rectangle), 4. Bilbao agreement, 5. Getaria agreement. Red 

dot dashed line indicates EU agreed TAC, red dots specify ICES advised TAC, the red arrow represents the period 

during which the ICES advisory group recommended a closed area and to diminish fishing mortality on juveniles. 

In 2012, the ICES catch advice was particularly important following a high stock recruitment year. Catch data for 

2022 and 2023 were not yet available at the time of writing this article (Source: ICES WGHANSA 2020). 

 

In the 1980s, a pelagic pair trawler fleet developed in France in response to a great demand of fresh 

products, particularly from the Spanish market (Fournet 1980, Prouzet et al. 1996), and 160 French 

vessels were authorized to fish anchovy as their main activity between March 1st and June 30th (Official 

Journal of the European Communities -OJEC- from 11/15/1985). With mid-water trawlers (mean length 

of 17 meters, working in pairs), French fishers were able to catch non-aggregated or deeper anchovy 

almost all year long, while Spanish purse-seiners could only catch anchovy aggregated in schools in the 

surface layer (depending on the net height) and in particular in spring on spawning aggregations (for a 

description of anchovy distribution and its life cycle, see Uriarte et al. 1996 and Taboada and Anadón 

2016). Although most catches were reported in spring in coastal spawning grounds in Division 8.b 

(Uriarte et al. 1996), there was also a market in fall for the French industry to exploit bigger anchovies 

(i.e., ~15 cm and ~25g corresponding to 30-40 individuals per kilogram) that had migrated after 

spawning northward along the coast and across the mouth of Loire river into Division 8.a. French pelagic 

trawlers could operate in Division 8.b in spring but operated mostly in Division 8.a in fall. The French 

fleet also included some purse seiners (15 meters long on average, taking about 8% of the French catches 

in 1994; Prouzet et al. 1996) operating mainly in spring in 8.b, and in the North of the Bay in fall. 95% 

of French landings were sold on the Basque market and processed in Spain (Pita et al. 2014). 

 

Since the entry of Spain in the European Union in 1986 (Figure 2, event 1), anchovy was managed 

primarily by means of a precautionary Total Allowable Catch (TAC). This was set at 33,000 tons for 
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about twenty years, independently of ICES advice (see dashed line in Figure 2). According to historical 

reported catch and the relative stability principle endorsed in the CFP, 90% of the TAC was initially 

allocated to Spanish fishers while 10% was allocated to French fishers (Art. 161 of accession Act, OJEC 

from 11/15/1985). This allocation key was determined from the average catches in the 1970s, when the 

number of Spanish vessels targeting anchovy was between 500 and 600 and the pelagic trawler fleet had 

not yet developed (Astorkiza et al. 1998). The activity of the fleets was not conditioned by this allocation 

of fishing possibilities: since 1985, Spanish catches did not reach their quota, while French catches 

exceeded theirs. 

 

A bilateral agreement between France and Spain (the so-called agreement of Arcachon, 1992; Figure 2, 

event 2) allowed France to have access to a higher proportion of the anchovy quota transferred from 

Spain in exchange for hake and anglerfish quota transferred from France (See Figure S1). For example, 

in 1994, 720 tons of northern hake and 500 tons of anglerfish were swapped against 6,400 tons of 

uncaught anchovy (Astorkiza et al. 1998). This quota transfer led to a more balanced share of the TAC, 

around 50% for both countries. Spanish vessels that fished hake more intensively were from Galicia 

while those who targeted anchovy were from the Basque country. After the swaps, Basque purse-seiners 

felt the deal was not optimal for them: 

 “Finally, a part of the anchovy caught by the Basques were exchanged to the profit of the 

Galician who could fish hake” F. S #36, 

 “Basque fishers always received less hake than the Galician ones and ended up very angry 

against the quota swaps system” F.R #35. 

The agreement of Arcachon also guaranteed exclusivity for the purse-seiners to fish during the spring 

months at the start of the fishing season, to the exclusion of French pelagic trawlers (See Figure 3 for 

fishing calendar changes) during this period. Serious conflicts arose between the two main fleets related 

to the coexistence of the different fishing gears (Valle et al. 2001). 

 
 
Figure 3 | Conceptual diagram of fishing authorization calendar for the anchovy fishery in the Bay of Biscay 

according to the fishing gear: French pelagic trawler (dark grey) and all purse-seiner (light grey). 

 

The anchovy catches in the Bay of Biscay (8.a and 8.b) declined from almost 85,000 tons in the mid-

60s to less than 4,500 tons in 1982 after two subsequent drastic declines. Following a similar pattern 

already reported for other species under the CFP (Carpenter et al. 2016), TACs started to be exceeded 

with the development of the pelagic trawler fleet in France. Although setting TACs above those advised 

by the ICES does not necessarily mean that stocks are being overfished, ICES advised to reduce the 

TAC for the anchovy to 10,000 tons in 1989. Further, the scientists advised to reduce fishing mortality 
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on juveniles from 1993 to 1999, as well as to close a fishing area with high abundance of 1-year anchovy 

off the mouth of the river Gironde (Figure 1, and see section 3.2.b). But the TAC was kept between 

30,000 and 33,000 tons, unchanged despite historically low levels of catches. This illustrates an apparent 

mismatch at the time between the general scientific advice which tried to significantly reduce the fishing 

mortality and political decisions regarding management which demonstrated a certain inertia regarding 

TAC modification (Da Rocha et al. 2012; Carpenter et al. 2016). 

 

By the late 1990s, the anchovy stock experienced large inter-annual fluctuations in abundance driven 

by recruitment variability. Recruitment was low from 2001, and 2005 was classified as a recruitment 

failure year (JRCS 2008; Figure 4). Several non-exclusive hypotheses have been proposed to explain 

low recruitment such as a positive East-Atlantic oscillation index (low spring upwelling values with 

relatively high turbulences, Borja et al. 2008), summer gales affecting larval survival or variation in 

larval drifts (Allain et al., 2001; 2003), and changes in phytoplankton phenology or in larval drift 

(Taboada and Anadón 2016). However, forecasting recruitment based on environmental conditions still 

remains a challenge and Spain has put in place a recruit survey at sea (Boyra et al. 2013), which also 

has limitations. Yet, environmental fluctuations and recruitment variability alone barely explain the 

anchovy collapse, which also relates to the impact of elevated fishing pressure (Taboada and Anadon 

2016; Bueno-Pardo et al., 2020). While the stock had started to decline from 2000 onwards, it collapsed 

by 2005 due to its extremely poor condition, with a combination of successive recruitment failures, and 

non-optimal management facing excessive exploitation (Boëns et al. 2023). In response, a fishing 

moratorium was established from July 2005 to 2010 (although the fishery was opened a couple of weeks 

during the first half in 2006; Figure 2, event 3). 

 

 

3.2 Fishery system responses after the collapse 

 

3.2.a The anchovy stock 

 

Since the early 2010s, a rebound of the anchovy stock has been observed, with growing biomasses 

observed everywhere in the Bay of Biscay after the moratorium (Figure 4A). However, the composition 

of this stock is different. First, the average fish size for all age-classes is becoming smaller (Figure 4B). 

The underlying causes are challenging to establish but are probably a mixture of density-dependence 

because of high population biomass after the stock rebuilt, selective mortality on large individuals 

because of high fishing pressure before the collapse and changing trophic conditions with increasing sea 

water temperature (Doray et al. 2018; Véron et al. 2020; Boëns et al. 2021; Chust et al. 2022). Also, our 

perception survey pointed out similar phenomenon: 

 “the fishery can come back, it's just a question of size, if anchovies are small, it's probably 

because there are too many of them” F.PT #31. 

The decline in size may go along with a decrease in body condition and fat content as observed in the 

sardine stock of the Bay of Biscay and in the anchovy stock of the Mediterranean Sea (Van Beveren et 

al. 2014; Véron et al. 2020; Bertrand et al. 2022). As fish quality is fundamental for the canning industry, 

this change in size strongly affects the marketing value of the anchovy. 
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Figure 4 | Mean weight-at-age (A) and number-at-age (B) of anchovy estimated during the PELGAS survey in 

the Bay of Biscay in springtime. Red rectangles represent the moratorium period. Abundance for 2015 is omitted 

due to a potential overestimation on the recruitment resulting in huge age1-class. There is no data for 2020 since 

the survey could not be carried out due to the Covid-19 disruption (Sources: Ifremer Pelgas 2022 and Doray et al. 

2022). 

 

Furthermore, in 2021 the biomass is mostly composed of age-1 anchovy (Figure 4A), with observations 

of small anchovies mixing with larger ones in biomass pools, making the sorting challenging, time 

consuming and costly for fishers: 

“During the scientific campaign, we have seen some large individuals, but they were all mixed 

up with juveniles – it was not worth to go fish for anchovy this year” F.PT #29. 

Before the moratorium, the anchovy price justified the sorting costs even if it meant producing a lot of 

discards: 

“Since the price of anchovies has decreased [section 3.2.d] and attitudes towards discards have 

changed, it is no longer profitable for pelagic trawlers to catch 4 tons of anchovies to only keep 

400 kg of large individuals” F.S #37. 

In addition, the large anchovies that are demanded by the processors (i.e., 40 individuals/kg, 

corresponding to ~25g and ~15.5 cm long anchovies) are becoming difficult to find, especially by the 

French fishers, who are constrained to fish in the second half of the year: 

“Today, anchovies are too small, we would like to open the anchovy season earlier so that we 

can find bigger anchovy for the Spanish market” F.R #13, 

“Today, it’s useless to fish anchovies because the little there is, it is already fished by purse 

seiners and the Spanish market is then already saturated” F.PT #27, 
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“changing the fishing calendar is the last hope for the French pelagic trawlers” F.S #37. 

 

In summary, while stock abundance would usually be considered a key performance metric to measure 

stock recovery, our survey shows that we also need to consider the condition of fish and fish size 

distribution, as these are important characteristics for the fishery, in terms of both fishing operations and 

fish prices. Thus, despite restored biological abundance, the anchovy biomass in the Bay of Biscay has 

not recovered the characteristics that made its harvesting economically viable before the collapse. 

 

Both the collapse itself and the subsequent changes in the characteristics of the anchovy stock have had 

ecological impacts as well. Small pelagic fishes play a pivotal role in marine food webs because of their 

intermediate trophic position, high abundance and energy content (Palomera et al. 2007). Higher 

anchovy biomass and smaller individual fish length have contrasting consequences, affecting perhaps 

more the spatial availability of food to predators than the total amount available. Anchovy is one of 

several small pelagic species in the Bay of Biscay where sardine and mackerel contribute to most to the 

total small pelagic biomass and where anchovy accounts for 10% only (Doray et al., 2021). Therefore, 

the total energy available to higher trophic levels in the ecosystem is probably not so much dependent 

on the variation in the anchovy population. But individual fish size has decreased both in anchovy and 

sardine (Doray et al., 2018; Boens et al., 2023), and this may affect their spatial distribution and thus the 

spatial availability to predators as well as their population dynamics. There are spatial distribution 

impacts as well (Petitgas et al., 2014), notably the occupation of coastal habitats (smaller fish are more 

coastal) and over larger areas on the plateau (a larger biomass occupies larger areas), with off-shore 

shelf-break habitats being less occupied (in particular for sardine: Petitgas et al., 2020). Further, given 

that growth in small pelagic species depends on available zooplankton, which has decreased in size in 

recent years (Grandremy et al., 2023), fishing-induced selective pressure (Boens et al., 2023) causes 

cascading effects in the ecosystem by affecting population biomass and the growth pattern, which may 

reinforce the effect of environmental conditions and climate change. 

 

3.2.b The role of scientific advice in management decision-making 

  

With respect to scientific advisory processes, while inertia in management decision-making had been 

observed before the moratorium (the Harvest Control Rule -HCR- was fixed), the fishery has evolved 

towards a more effective science-based management. The TAC was initially based on a precautionary 

approach where the spawning-stock biomass (SSB) should not be below a biomass limit (Blim). Despite 

the fact that the first ICES stock assessment was carried out in 1995-96, a fixed TAC was set to 33,000 

tons for about twenty years before the collapse of the resource (Figure 2, see the gap between the red 

dashed line and dots): 

“TACs and quotas were implemented according to negotiations with no scientific basis” S.R #1. 

Further, a particular area off the Gironde estuary was identified as essential for recruitment (Vaz et al. 

2002) and spatial closures in addition to TAC reduction have been explored (Figure 2, red arrow; ICES 

2005) but the advice for a spatial closure was not retained by ICES nor adopted by the EU. 

 

In this shared stock fishery, research surveys, evaluation methods and recommendations from French 

and Spanish scientists are critical to TAC recommendations. The timing of the TAC recommendation is 

decisive but is susceptible of creating inequalities among countries' fleets due to the marked seasonality 

in the fishery (Sanchez et al. 2019). Our survey showed diverging views between French and Spanish 

scientists existed in the early 2000s: 

“In science there is also politics […] where everyone defends their own method”. 
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There are now three fishery-independent annual surveys that monitor the population. Two are carried 

out in spring since 1987 on the spawning stock and estimate the adult population-at-age: the daily egg 

production method (i.e., BIOMAN carried out by AZTI) and an acoustic survey (i.e., PELGAS carried 

out by IFREMER) (Massé et al. 2016; Santos et al. 2018; Doray et al. 2021). These surveys provide 

population estimates by the middle of the year but cannot be used to project recruitment in the following 

year, an important parameter when advising for TAC in the next year. Since 2003, there has been a third 

survey carried out in fall by Spanish scientists, an acoustic survey (i.e., JUVENA) that estimates the 

juvenile abundance (Boyra et al. 2013). This survey was implemented to forecast the strength of the 

recruitment in the following year. In France, the effort has been on increasing the reliability of the spring 

acoustic survey by developing a collaboration at sea with fishers. Since 2009, a professional pelagic 

trawler pair has accompanied the French survey PELGAS (i.e., PELGAS PRO; Massé et al. 2016). Also, 

sentinel surveys have been implemented, which consist of surveying several sites according to fisher’s 

local knowledge and collecting biological sampling. Such a collaboration has led to a better 

understanding of the stock assessment objectives and processes by the industry and the establishment of 

a more trustful relationship with the scientists: 

“We discuss much more today with scientists; it is important that there are good relationships 

between fishers and scientists but not all fishers will tell you the same thing”, F.PT #29. 

 

The fishery was reopened in 2010 and the moratorium triggered a change in the management scheme 

with the development of a long-term management plan and TAC set according to HCRs. From 2010 to 

2014, the TAC was established for the period between July 1st and June 30th the following year, based 

on the current year spring surveys and assessment. This plan was based on a precautionary approach 

with a Blim set to 21,000 tons. The management plan was revised in 2014: there were important changes 

in the assessment methodology with the inclusion of a recruitment index from JUVENA (Boyra et al. 

2013; Sánchez et al. 2019; Uriarte et al. 2023) allowing a change in the management calendar from July-

June to January-December. The STECF noted that changing the management period to January–

December reduced the biological risks of the stock falling below Blim and reduced the probability of 

fishery closure. The information on recruits entering the population in the management year reduced the 

probability of fishery closure by ~25%, and led to a small increase in the quantity and stability of catches 

(~15%), compared with the management period from July–June. Since 2015, the precautionary HCR 

upon which ICES advice is based sets the TAC to zero if the SSB is below the lower trigger and to 

33,000 tons if the SSB is above the upper trigger (STECF 2014): 

𝑇𝐴𝐶𝑦+1 =  {−2600 +  
0

0.40
33000

∙ 𝑆𝑆�̂�𝑦+1} 

𝑖𝑓 𝑆𝑆�̂�𝑦+1  ≤ 24000

𝑖𝑓 24000 < 𝑆𝑆�̂�𝑦+1 ≤ 89000

𝑖𝑓 𝑆𝑆�̂�𝑦+1 > 89000

 

 

With the set-up of HCRs after the moratorium, the adopted TACs align henceforth with ICES advices 

and are set up dependently of the stock status with less negotiations between interested parties (Figure 

2, red dots and dashed red line: 

“An exploitation rule was agreed upon that serves to set TACs and quotas in a scientific manner, 

without any interference from political decisions” S.R #1. 

 

3.2.c The fishers, fleet behaviors and fishing communities   

 

An overall reduction in the number of vessels targeting anchovy was observed in the three fleets with 

regional variability (Figure 5). The strongest negative impact was for the French pelagic trawlers with 

a decrease of about 70% of the fleet according to stakeholder’s perceptions. The combination of the 
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change in the biological resource with a loss of market access is perceived as the main causes of the 

downfall, leading (sometimes) to scrapping vessels, with the assistance in some cases of emergency 

Community measures (Council Regulation EC No. 2370/2002). The Basque purse seiner fleet also 

reduced its size by 40 % from 2001 to 2009 (Andres and Uriarte 2012). 

 

 
 
Figure 5 | Evolution of the French pelagic trawler and purse seiner fleets and Spanish purse seiner fleet according 

to our perceptions survey and official data in the early 2000 and mid-2010. 

 

Total French fishing effort of pelagic trawlers and purse seiners targeting anchovy have considerably 

diminished in the last two decades (Figure 6). Three stages in the dynamics of this effort change can be 

identified, that can be explained by different drivers. The upper branch of the trajectories - Collapse 

(2000-2004) - is driven by anchovy biology, the left branch - Closure (2005-2009) by the politics of 

managing the fishery, and the lower branch - Recovery (2010-2019) by the economic drivers affecting 

fishing behavior. This phases diagram which captures in a single figure different stages in the dynamic 

of the fishery (as can be done in bioeconomic analyses such as the classic Clark and Munro 1975 

diagram), clearly reveals the mixed system components’ dynamics and adjustments to changes.  Indeed, 

fishing effort remained relatively stable at a high level before the crisis (2000-2004) while, on the other 

hand, the SSB was rapidly decreasing. This was likely due to the fact that, while the apparent 

productivity of effort in volume had been decreasing, this was likely compensated by a price effect. 

Second, the system collapsed, leading to the adoption of the moratorium (2005-2009). Third, while the 

anchovy biomass rebuilt following this moratorium, even reaching higher SSB levels in 2015-2018 than 

in 2000, fishing effort did not return to pre-collapse levels, but remained at much lower levels than pre-

collapse, for both fleets. This was likely due to changes in the characteristics of the resource and 

associated market effects, as well as in the structure of European trade for anchovy products (see section 

3.2.d). 
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Figure 6 | Annual total fishing effort (in annual number of days at sea with 1 sea day corresponding to a 12-hours 

fishing trip) for anchovy-dependent French pelagic trawlers (A) and French purse seiners (B) and estimated 

spawning-stock biomass (SSB in tons) (Sources: Ifremer Système d’Informations Halieutiques SIH and ICES 

WGHANSA 2020). 

 

In terms of fleet adaptation strategies, specific changes were observed according to gear, location and 

ports (Figure 7 and Figure S2). Beyond changes in the number of boats (Figure 5), fishing activity has 

also been transformed (e.g., season, targeted species, gear), especially for French purse seiners for which 

total effort targeting anchovy remained low after the crisis, as most vessels switched main target species. 

 

The main two ports for French pelagic trawlers dependent on anchovy, La Turballe and Saint-Gilles-

Croix-de-Vie, demonstrated completely different adaptation trajectories. In La Turballe, fishers 

mentioned trying new gear such as bottom trawl to target new fish and diversify their species portfolio 

(e.g., squids, sardines, European hake, seabass, albacore, Figure 7A, and Shannon diversity index’s 

average of 1.69 in La Turballe compared to 1.32 in Saint-Gilles-Croix-de-Vie over the period 2010-

2019, Figure S3): 

“There were many boats from La Turballe that started using bottom trawls, and this is what 

saved the fleet here, unlike in St. Gilles where they did not try out” F.PT #31, 

“The only good thing about this crisis is that we were too monospecific; we learned from our 

mistakes and now we try to target multiple species” F.PT #29. 
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Figure 7 | Annual total catch (tons) of species for anchovy-dependent French vessels of two of the main harbors 

on the Atlantic coast of France and corresponding number of pelagic trawlers (dashed line). See Figure S2 for the 

adaptation strategies for the six other main French ports (Source: Ifremer SIH). 

 

In Saint-Gilles-Croix-de-Vie (Figure 7B), the second most important French port of pelagic trawlers, 

most vessels were scrapped thanks to national decommissioning schemes – most of the time, this 

coincided with ship-owners reaching their retirement age. Some fishers mentioned that most barriers to 

their adaptation were related to how the calculation of the track record of catch, on which quota 

allocations across vessels is based in the French management system (Bellanger et al. 2016), was still 

based on the years 2001-2003. This was seen to block some from reallocating their activity to alternative 

fisheries: 

“The calculation of track records [supporting quota allocation] completely blocked our fleet 

and are a barrier to enter any fishery” F.R #12. 

 

In the Saint-Jean de Luz area, South of France (Figure S2), the anchovy collapse came on top of a 

succession of events that had negatively impacted the fleet. Indeed, fishers had already lost their anchovy 

fishing rights in the 1990s, with most boats sold in Brittany in the early 2000s: 

 “For us, the anchovy crisis started in 1995 […] when anchovy started to be fished all year long 

with the development of pelagic trawlers, instead of only in spring as it was traditionally” F.PS 

#21, and, 

“The moratorium was the last straw for us; after losing our anchovy fishing rights from 90%, 

in the 1990s, to 3% within a decade because of the calculation of the track record of catch, we 

then lost the fresh markets” F.R #10. 

The purse seiner fleet located in Douarnenez, Brittany (Figure S2) grew (in particular via the sale of 

vessels sold from the Saint-Jean de Luz area) and intensified their effort on sardine with ensuing pressure 

on a stock which has also been impacted by environmental change in recent years: 

“During the anchovy crisis, the price of sardine increased, there was a real opportunity for the 

development of this fishery in Brittany” F.R. #13, although “purse seiners are now 90-100% 

dependent on sardine” F.PT #30. 

 

In Galicia (Spain), one of the most important regions for the anchovy fishery in the country, behaviors 

were different. A temporary shift occurred to the construction industry, but with professionals coming 

back in the fishery once the stock had recovered, in the 2010s: 
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“This moment also coincided with the construction sector boom, and part of the local crew 

preferred to change to a profession economically more secure, less risky […] then over the 

years, they went back to fishing anchovy, influenced by the decline of work in the construction 

industry. This was also because the anchovy fishery became lucrative again” S.PS #6. 

Some fishers changed target species (e.g. mackerel), changed to hook-and-line fishing, especially for 

bonito, and/or adapted their fishing areas: 

 “During the moratorium, small Galician purse seiners felt the increased (displaced) fishing 

effort from larger purse seiners in their fishing area (IX) very much” S.PS #8. 

 

In the Basque country, fishers mostly switched target species, for mackerel and Bluefin tuna in 

particular. A gradual change in vessel performance and size (higher average gross tonnage by vessel) 

has been perceived over the last three decades (Andres and Uriarte 2012): 

“The Basque vessels have evolved considerably, with new electronic tools and larger nets 

becoming more performant; their capacity has tripled” F.PS #23. 

While there was also a reduction in the Spanish purse seiner fleet, it seems that there were fewer scrapped 

boats overall and Spanish fishing industries seem to have been more robust to changes: 

“Anchovy fishing continues at present, and the economic activity is similar to that before the 

moratorium” S.PS #6. 

 

The responses led to perceived impacts on other species due to the displacement of fishing effort after 

the closure of the anchovy fishery. This was for example observed in France with pelagic trawlers, with 

their diversification strategies impacting especially sea bass (Daurès et al. 2009): 

“Everyone was fishing in the same place at the same moment; at the anchovy closure, there was 

an important [fishing] effort displacement to sea bass” F.R #13, 

and from French purse seiners:  

“I am not going to lie, we started to fish horse mackerel 365 days a year” F.PS #24, 

as well as in Spain: 

“Sardine, horse mackerel and mackerel suffered from more fishing pressure. Everyone switched 

to mackerel; it was a disaster for the stock” S.PS #8. 

 

3.2.d The processing sector, buyers and markets 

 

The Bay of Biscay anchovy used to be a valuable small pelagic resource with higher price per kilogram 

landed (about 2 €/kg) compared to other small pelagic fish around the world subject to reduction 

fisheries (fish oil and fishmeal; Pita et al. 2014). Market disruptions resulting from the stock collapse 

and the fishery moratorium are examined in Figures 8 and 9. Anchovy prices responded very 

dynamically to the fishery crisis. From 2000 to 2006 when anchovy supply decreased, prices rose 

consequently (over 300%, Figure 8). Exceptionally high prices were observed in 2006 in both countries 

(with an average at around 6 €/kg during the period 2005-2009). Indeed, the fishery reopened for a 

couple of weeks in 2006 and anchovy prices reached a historical maximum of 11.3 €/kg in the Basque 

country (Andres and Prellezo 2012) and was even reported being as high as 14 €/kg in France: 

“The year we fished the less anchovy, the highest was our annual turnover” F.PS #21. 

After the crisis, the system shifted to a new regime; real prices came back to their levels of the early 

2000s in France from 2010 to 2016, but continued falling in Spain, and remained lower than average 

after 2017 in both countries. 
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Figure 8 | Yearly adjusted prices (€/kg) vs landings (tons) for Bay of Biscay anchovy caught (A) by French pelagic 

trawlers, (B) French purse seiners, and (C) Spanish fleets. Prices are adjusted according to each country’s 

FAOSTAT Consumer Price Food indices (https://www.fao.org/faostat/en/#data/CP) based on the year 2021. 

Quantity and value for French catch derived from Ifremer’s SIH while the Spanish data (composed of Galician 

and Basque country data) come from the Ministry of Agriculture, Fisheries and Food2 and from the Basque country 

government3. 

 

Despite the opening of canning industries in the Northern part of Spain, the majority of production used 

to go for fresh consumption in Spain, making this country the main importer of anchovies in Europe 

(Mulazzani et al. 2013). Figure 9 shows the annual quantity of fresh and prepared anchovies imported 

by Spain from the main countries of origin along price indices. Before the moratorium, France 

represented 50% of fresh anchovy imports by Spain, while during the moratorium, when French 

production collapsed, increased imports of fresh anchovy from Italy and preserved anchovy from 

Morocco and Peru were observed (Figure 9A). In the later part of the period, French fresh anchovy 

imports have almost disappeared (only contributing to 5% of fresh anchovy imports by Spain in 2021), 

to the benefit of Portuguese fresh anchovies. Respondents to our survey noted that the supply of the 

Spanish market switched to Portugal because Portuguese fleets are seen to use fishing gear that makes 

for higher quality product gear: 

“the anchovy caught by French pelagic boats is of poorer quality, not suitable for canning, so 

that the buyers do not want it. […] If French fishers were using purse seiners then they could 

sell anchovies... like in Portugal, using purse seiners, they do sell anchovy to Spanish buyers” 

S.PS #7. 

 

The price index for fresh imported anchovies first increased during the reference period of 2000-2004 

then decreased (Figure 9A), probably due to the new large supply of fresh Italian anchovies from the 

Adriatic Sea. The index rebounded in 2013, following the collapse of small pelagic fisheries in the 

Mediterranean Sea (Van Beveren et al. 2014), before diminishing again. 

 

 

https://www.fao.org/faostat/en/#data/CP
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Figure 9 | Quantity (tons) of anchovies imported by Spain, by main country of origin, for fresh (A) and prepared 

or preserved (B) anchovy, with corresponding Fisher price indexes using 2001 as the reference year (thick black 

line). Note the different anchovy quantity scales between fresh and preserved products (Source: EU Comext). 

 

Overall, imports of fresh products by Spain decreased over the period, while imports of preserved 

anchovies saw a marked increase, reaching 10,000 tons in 2021 (Figure 9B). Responses to our survey 

highlighted two phenomena that explain this increase in canned product imports. First, Spanish 

industries established long-term contracts with new import sources: 

“Bay of Biscay anchovy was replaced by Mediterranean or South American anchovy, which are 

cheaper (1.20 €/kg) but of lower quality with lots of fish-bones. When the good quality anchovy 

came back in 2010, people didn’t want it, they got used to the bad ones and were not willing to 

pay more” S.PS #3, and 

“During the crisis, processors had to work with South American anchovies, which are cheaper. 

Today, they have kept a foot in it, they are still importing from those sources and are engaged 

with long-term contracts to keep the low price” F.PT #30. 

Second, Spanish industries delocalized their production activities, particularly in Morocco: 

“80% of the anchovy (the largest anchovy, <30 ind./kg) remains in the factories of the Basque 

Country and Cantabria; the rest of the anchovy (the smallest anchovy, >45 ind./kg) goes to 

Morocco” S.PS #5, and 

“Small processing plants had to close, bigger ones were relocated in Morocco because labor 

cost is five times cheaper there” S.F #34. 

 

It is important to note that in the international trade data, imported anchovy are not necessarily the same 

species as the European anchovy (Engraulis encrasicolus) but are composed of anchovy products 

belonging to the same family (Engraulidae). According to respondents, South American products are 

Peruvian anchovy (or anchoveta, Engraulis rigens) and can end up in anchovy cans mixed up with local 

products to keep the Bay of Biscay label. The quality of this product is different according to a fisher: 

“There are several species of anchovies in the world but it is the European species that, 

according to experts, has the most quality and fat content” F. S #37, 

although the consumer does not necessarily see the difference: 

“The consumer adapts. Who knows enough about anchovies to differentiate between Peruvian, 

Moroccan and Bay of Biscay anchovies?” S.F #34. 

 

The correlation between the decrease in the individual size of anchovy in the Bay of Biscay and the 

competition from new sources of imports has entailed a structural change in the conditions for market 

access for the products of French fishers. 
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3.2.e Fishery management 

 

Some aspects of the governance of the anchovy fishery seem to have been strengthened by the crisis, 

with the implementation of a series of adaptations over the last two decades. First, the fishing 

authorization calendar for the pelagic trawler and purse seiner fleets was revised multiple times (Figure 

3) to adjust to the recovery and understanding of the population dynamics of the Bay of Biscay anchovy. 

The Spanish and French fleets now mainly carry out seasonal fisheries, in spring and fall respectively, 

with less in-season competition among fleets compared to the 1980s and 1990s when the pelagic trawlers 

and the purse seiners operated both in spring and fall. 

 

Second, it was the first time in French fisheries governance that the administration implemented 

temporary fishing interruptions with financial compensation. Between 2007 and 2008, a budget of 3,5 

million euros was allocated towards 126 French vessels constrained to stop their activity for at least 

fifteen (and up to forty-five) consecutive days. The compensation allocated to fishers (ca. 15 million 

euros) was based on the number of days of stoppage, the total catch value for all species combined 

during the 2000-2004 period, the number of months of activity during 2000-2004 and the number of 

months of stoppage of the vessel. While some interviewees noted that the payments arrived quite late 

compared to the economic impacts of the moratorium, the administration emphasized it was an 

emergency measure allowed by the EU CFP and that they had to ensure a certain reliability, developing 

calculations rules from scratch but guaranteeing that fishers would receive the aid as quickly as possible 

and that no one was left behind: 

“Temporary stoppage subsidies were interesting for the wages of the sailors but not for the 

owners; everybody received the same amount whether they were in debt or not. It was particularly 

hard on new entrants in the fishery” F.PT #30. 

Also, there was no financial compensation for the ports, the fish buyers and the canning industries, 

although these claimed to also be severely impacted: 

“There was no financial support for the auction market” F.action market #19, and 

“There was absolutely no administrative and financial support for the fishmonger sector despite 

some promises” S.#34. 

 

As previously described (section 3.2.b), the decision-processes evolved to a more adaptive management 

of the fishery by setting a management plan. The TAC is now set after the recruit survey and is not fixed 

but a function of the estimated population biomass. The management plan also limits competition 

between fleets with a rule to share the TAC between fleets and countries, which also depends on 

population biomass. The quota for French pelagic trawlers increases with population biomass and is null 

when the biomass is below a set threshold (Uriarte et al. 2023). The interactive collaboration between 

fishers, scientists and managers and the formation of the South Western Waters Regional Advisory 

Councils (SWW RAC 2008) allowed better inclusion of stakeholder’s preferences for the selection of 

the HCRs, technical measures and development of the long-term management plan, therefore appearing 

as a successful participatory process in EU fishery management (Uriarte et al. 2023). Since the reopening 

of the fishery, the adopted TACs align with ICES advice. This convergence is probably helped by the 

fact that the anchovy stock biomass is high, above historical levels, and the fishing pressure is reduced. 

At these high biomass levels, the differences between Spanish and French scientific evaluations 

associated with differences in assessment protocols have minor consequences. Because the biomass 

levels are high and the competition between fleets is reduced with a smaller Spanish fleet and an almost 

non-existent French fleet, the tradeoffs considered in the science-based management process are limited. 
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While fisheries management has been improved (no more overlap of the fishing calendar between fleets, 

better alignment between TAC levels, population biomass and ICES advice, creation of the RAC), the 

adopted TACs have not been binding in recent years (Figure 2). Indeed, effort and catches are apparently 

only restricted by economic factors. The downfall of the French pelagic trawlers and the loss of the 

market for the French operators have led to decreased incentives to harvest and reduced pressure on the 

stock, independently of the management framework. In this context, one would expect less conflicts 

around the TAC levels definitions, which is not necessarily related to improved management. 

 

3.3 Perceptions about the moratorium 

 

We asked all interviewees for their perceptions about the fishery moratorium, and if they believed it was 

the right management decision to take (Table S1). We found an important variability of perceptions 

among actors, origins, and professions. About one-third of all respondents agreed with the closure. 

Interviewees who agreed with the moratorium usually highlighted how it was necessary for resource 

recovery: 

“It was necessary because they [pelagic fleets] were fishing in spawning areas. Now, the anchovy 

has recovered” S.PS #5, and 

“It was a necessary closure which has served as a lesson for the management approach” F.R #17. 

This necessity was perceived mainly by purse seiners and/or Spanish actors. Interviewees who disagreed 

with the moratorium stressed the socio-economic impacts that it caused: 

“We lost the market, then we lost the boats and in the end, the crews” F.PS #24, “The moratorium 

was an urgency, although the market was sacrificed” F.PS #21, and “There are three pillars: 

economy, social, and environment but we can see today they only think about the environment, 

the two other pillars are only included from time to time when they think about them” F.R #11. 

Most of these respondents advocated for a minimal quota to maintain markets when a stock collapses, 

instead of a complete closure, to limit such negative impacts: 

“They should have maintained a small quota to better understand the resource trends and restart 

the market more easily; Fishers lost their bearings” F.R #13. 

 

3.4 Synthesis: Responses of fishery system components 

 

We synthesized the adaptive responses of fishery system components according to several quantitative 

and qualitative metrics, considering different dimensions relating to the performance of the system, and 

several reference periods (Table 2). Taking the period ‘2000-2004’ as the reference period, seven metrics 

out of twenty-one, especially related to the biological resource component (e.g., anchovy abundance) or 

to the science-based management (e.g., gap between TAC and ICES advice), displayed improvements 

over time. Indeed, the anchovy stock biomass has recovered to maximal historical levels today. 

However, overall, the fishery system has not returned to its pre-collapse status. For the other fishery 

system components, a degradation seems to be observed for all dimensions, although results differ 

according to the metrics, the reference periods, the actors and the country considered. 

 

Results can be nuanced for each component. For example, ‘abundance’ is often identified as a key 

performance metric to measure recovery of the stock, but the analysis shows that a high biomass is not 

enough for the recovery of this system: the condition of fish (size and fat content) and its catchability 

(mix) also need to be considered in relation to the sustainability of marketing possibilities. 

 

The management decision to close the fishery in order to preserve the fish resource has generated radical 

long-term changes in the fleets, the sector and international markets. For the fishery, the consequences 
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of the moratorium have been a decrease in the fishing effort mainly due to the downfall of the pelagic 

trawler fleet, less competition between fleets and a management scheme that is more precautionary. 

Other repercussions include altered price formation dynamics and lower prices than expected, as well 

as a loss of market access for French operators. Spanish fishing companies, on the other hand, seem to 

have been more resilient to changes, with improved total catch and a fleet still composed of over 150 

vessels (compared to 40 vessels in France). The country may have benefitted from the new management 

scheme put in place when the fishery reopened. Besides, Spanish buyers quickly found alternative 

suppliers, which led to a complete restructuring of the marketing system. While this restructuration was 

to the detriment of French fishers, this has likely benefited other economic actors, in other countries 

(such as Morocco and Italy). The canning industry could appear as one of the winners from this crisis, 

as it seems to have better adapted to the lack of local anchovy, finding substitutes from other locations 

(Mulazzani et al. 2013). 

 

Nevertheless, these results are moot if we change the period of reference and zoom out to the ‘1960s-

1980s’ period. Then, the total Spanish landings were almost twice those today, with three times the 

number of vessels, and only about thirty French purse seiners. With the advent of pelagic trawlers, the 

anchovy stock was heavily exploited, twice a year, in spring (at the south-eastern corner of the Bay of 

Biscay, Divisions 8.c and 8.b, Figure 1) and late summer and autumn (northwestward areas of the Bay 

of Biscay, Division 8.a). It is likely that before this development in the 1980s, a de facto harvesting 

pause implying a temporary reserve effect may have benefited the stock during the autumn period. 

Nowadays, with the loss of the market for the French operators, this area may have become a reserve 

from fishing again. 

 

Furthermore, the spatial distribution of anchovy at spawning time in May is dependent on population 

biomass, as well as on fish length, with larger areas occupied by higher biomass and a more coastal 

distribution of smaller individuals (MacCall 1990, Petitgas et al. 2014). In the future, these distribution 

change projections will be even more important under the RCP8.5 climate change scenario due to an 

expected higher egg production (Erauskin-Extramiana et al. 2019). Finding large anchovies that are not 

mixed with smaller individuals or with sardines, and not too far from coastal fishing zones, might 

become even harder for fishers.  
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Table 2 | Synthesis of fishery system components’ response metrics (means) for different reference periods. Colors represent the improvement (green), reduction (red) or status 

quo (yellow, <10% of change), and shades represent the magnitude of the change (lighter colors for a 10-50% change and darker colors for a >50% change). The evaluation is 

taken from the perspective of the subject considered (A for anchovies, FF for French fishers, SF for Spanish fishers, FO for French operators and SO for Spanish operators). *In 

2012, the ICES catch advice was particularly important following a high stock recruitment year; we included in parenthesis the mean calculated without the data from this year. 

 

System components Metric or Attribute (mean) Subject 1960-1980 2000-2004 2010-2015 2016-2020 Last year of data Sources 

Biological resource Total SSB (tons) A - 55 903 91 937 124 373 174 428 2020 ICES evaluation data 

 Abundance  A - 4 149 869 7 457 181 10 380 299 43 269 901 2021 Pelgas 

 Adult anchovy weight (g) A - 28.77 23.61 20.95 19.59 2021 Pelgas 

 Adult anchovy (%) A - 28.90 23.43 23.92 16.85 2021 Pelgas 

 Big anchovy (%) A - 6.28 2.92 1.99 1.05 2021 Pelgas 

          
Fishing behavior Total French catch (tons) FF 2 575 12 445 4 138 2 158 64 2021 ICES evaluation data 

 French fishing effort (sea days) FF 42 165 8 069 1 372 582 14 2020 SIH 

 French vessels FF - 100 80 50 40 2022 Prouzet et al. 1996 + interviews 

 Total Spanish catch (tons) SF 35 11 877 12 744 23 817 27 917 2021 ICES evaluation data 

 Spanish vessels SF 600 200 200 155 155 2020 Prouzet et al. 1996 + interviews 

          
Market and trades French anchovy price (€/kg) FO - 2.85 2.03 1.26 0.53 2020 SIH 

 Share of French imports of fresh anchovy (%) FO - 0.50 0.33 0.17 0.05 2021 Comext 

 Spanish anchovy price (€/kg) SO - 4.57 2.44 1.46 1.31 2021 Governmental Statistics 

 Fresh anchovy imports price Index SO - 1.28 1.46 1.23 1.37 2021 Comext 

 Total fresh imports (tons) SO - 26 708 13 643 10 539 9 384.69 2021 Comext 

 Total canned imports (tons) FO - 1 148 7 003 8 253 9 605.91 2021 Comext 

          
Science Gap TAC vs Total Catch (tons) A - -8 679 -2 302 -6 803 -5 019 2021 ICES evaluation data 

 Gap TAC vs Advice (tons) A - 18 100 5,680* 1 600 0 2022 ICES evaluation data (*2,775) 

          
Management Purse seiner fishing interruptions (month) A - 1.5 3 3 3 2022 Management plan 

 Pelagic trawlers interruptions (month) A - 4 6 4.5 4.5 2022 Management plan 

  Inclusive management A           2022 Key experts’ knowledge 
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4. Discussion 

 

Examining stakeholder perceptions to identify key dimensions and desirable states, in relation to post-

collapse transformations and adaptations, provides multiple perspectives on what such desirable states 

might be. Indeed, there may not be only one defined system state towards which one may aspire (Pimm 

et al. 2019), and the question thus becomes that of performance at which scale, for whom and from 

which point of view. 

 

Assessing performance requires clear ecological, social, economic and/or political objectives, for the 

different stakeholders and system components, but in many instances, their definition remains vague. 

As part of these unavoidable normative decisions, choices are needed of the indicators or metrics used, 

as well as the reference period which should be considered. Here we chose to adopt the perspectives that 

were put forward by the stakeholders interviewed in our survey, to decide on the dimensions, as well as 

the metrics and scales at which to consider them, and the reference states with which to compare more 

recently observed situations. 

 

Thus, in answering the overall question “what have we lost or gained after the collapse?”, we observe 

that some important features of the fishery system have been lost, but how this is perceived varies among 

stakeholders. Our analysis also shows that if economic and social criteria are to be considered in fisheries 

management, the cascading effects on the supply chain also need to be considered, in addition to the 

responses of the biological resources and fishing fleets. This highlights the challenges associated with 

resilience evaluation, which usually refers to restoring a certain performance of a system (Grafton et al. 

2019). Yet, the way in which system performance can be defined, its desirable states, are often not 

discussed in analyses which largely focus on the mechanistic processes enabling a system to resist, 

change and/or bounce back to previous states. 

 

An important part of the diagnosis depends on the availability and accessibility of data regarding system 

components. In the Bay of Biscay anchovy case, over the study period, scientific and governance efforts 

have largely focused on fisheries catch and effort surveys, biological evaluations and choices of 

management measures. However, when we study the transformations of a fishery system, we need to 

broaden the scope and incorporate multiple system components as well as the multiple interactions that 

drive system dynamics (Ostrom 2009). Yet, finding metrics or performance indicators for all system 

components and reference periods can prove a challenge, especially in looking across countries and may 

require combining data sources and data types. Indeed, in this case study, we identified a need for better 

data to assess flows up and down the supply chain (i.e., the connections from landings to processors and 

markets) as well as social transformations occurring in the industry (e.g., changes in working conditions 

and labor in both the catching and the processing sectors). 

 

Particularly noticeable was the lack of data for useful comparisons between France and Spain, to provide 

context for the perceptions we recorded relating to socio-economic changes (e.g., industry profits, jobs 

created or lost, changes in activities, changes in crew composition, generational replacement issues). 

Some of this data is currently assembled by the European Commission Joint Research Centre but is 

aggregated by country and fleet segment and currently lacks detailed geographical segmentation by 

regional, provincial or local administrative units (Natale et al. 2013). This is an area currently under 

development. 

 

Further research and information on linkages between the catching sector, value chain structure and 

consumer preferences could be also beneficial for a better simultaneous understanding of system 

component transformations after a shock (Roheim et al. 2018; Thébaud et al. 2023). New initiatives 
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within ICES, including the Strategic Initiative on Human Dimensions5 and the new Working Groups on 

Economics and on Social Indicators, will improve the integration of social and economic sciences in 

integrated ecosystem assessments, identifying and reporting data gaps that point to priorities for data 

collection. Brooks et al. (2015) developed indicators providing benchmarks over the life of a 

management plan which could identify trends in social and economic effects that could be compared to 

objective levels identified in the management of a fishery. This illustrates that it is possible to explicitly 

incorporate social objectives into decision-making processes, which would assist in assessing the 

resilience of fisheries systems to changes. 

 

To our knowledge, few studies have evaluated the social and economic outcomes of a moratorium 

considering the entire fishery system, including the processing industries and markets. The anchovy 

fishery system thus appears as an insightful example of the short- and long-term socioeconomic impacts 

that could emanate from a fishery closure. Indeed, fisheries management measures have focused on 

reducing fishing effort and rebuilding the stock biomass, but did not consider the market and processing 

industries, which have faced severe economic and social challenges. Further, in this fishery, the quality 

of the fish (size, fat content) is fundamental for the market but is not yet taken into account in scientific 

evaluations and TAC recommendations. Given their importance for the sustainability of the SES, one 

could argue that stock-based management advice should better account for both fish condition and socio-

economic objectives. 

 

Shifts in targeting by the fishing fleets was also important. Unable to pursue anchovy, French purse 

seiners turned to sardines, pelagic trawlers turned to albacore and sea bass, while Spanish purse seiners 

substituted anchovy essentially with mackerel and tuna. These other fisheries have been affected by the 

resulting fishing effort displacement, especially, sea bass (Daurès et al. 2009). Further coordination of 

the anchovy TAC setting with the development of long-term management plans for other pelagic fish, 

considering and anticipating the dynamics of these different components of the pelagic system, seem 

key to meet the objectives of ecosystem-based fisheries management. 

 

While, in this case study, fishers responded to the crisis by diversifying their catch portfolio (at least the 

Spanish purse seiners and the French pelagic trawlers) and becoming more multi-species dependent, the 

opposite trend was seen in other fisheries such as in the Gulf of Maine (United States and Canada). 

Indeed, development of the lobster fishery there appeared as an opportunity emanating from the Atlantic 

cod fishery collapse, but created a lucrative monoculture that has reduced by almost 70% the economic 

diversity of the marine resources harvested (Charles 1997, Steneck et al. 2011). The lessons learned 

from the anchovy case study are that specialization makes for harder adjustments when a problem occurs 

with the key target species. This experience supports the call to shift fisheries management away from 

single species, and towards integrated social-ecological approaches that incorporate future potential 

transformations at the sectoral, coastal community and institutional levels. 

 

5. Conclusion 

 

In assessing the dynamics and adaptations of the anchovy fishery system, we show how a shock like the 

closure of the fishery creates not only diverse adaptive responses (e.g., different French and Spanish 

fishers’ behaviors), but also triggers new connections (e.g., new countries feeding the Spanish market), 

opportunities (e.g., science-based management), transformations (e.g., the evolution of the canned 

market) and challenges (e.g., loss of the market for the French fishing industry). Our study has 

                                                      
5 https://www.ices.dk/community/groups/Pages/SIHD.aspx 
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demonstrated that pursuit of the basic goal of preserving the fish resource within its biological limits has 

had long-lasting cascading effects in the fishing fleets, the sector and international markets. 

 

Three key messages have arisen from this research. First, selection of suitable social and economic 

indicators can provide an important understanding of the systemic responses of a fishery system. Second, 

in governing fisheries, resilience may be an important objective for some components of the fishery 

system, while for other components, the focus may be on achieving strategic transformation. Third, 

setting strategic socio-economic objectives for the fishery system, and achieving their alignment with 

the management objectives set for the fisheries, seem indispensable to sustain resilient fishery systems 

and assess management performance within an integrated policy framework. 
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Supplementary Material 
 

 

Supplementary Method 

1. Grey literature and key experts’ knowledge  

A systemic approach requires inspecting and collecting complementary information from different 

sources such as scientific literature, grey literature, expert knowledge and stakeholder observations 

(Adams et al. 2017). Useful insights on changes in the SES and “hidden data” were gathered from the 

grey literature comprising public administrative reports (e.g., Official Journal of the European 

Commission, circulaires de la Direction des Pêches Maritimes et de l’Aquaculture, arrêtés du Journal 

Officiel de la République Française), the European Commission’s Scientific, Technical and Economic 

Committee for Fisheries (STECF) technical reports, ICES working groups reports and South-Western 

Waters Regional Advisory Council (SWW RAC) reports. Also considered were press articles from the 

1990s to the 2020s identified from a keyword search using various combinations of the terms “Bay of 

Biscay”, “anchovy”, “collapse”, “fishery”, “crisis”, “management”, “closure” and “adaptation”. We also 

interviewed retired and active key scientific experts of this fishery to collect their knowledge about its 

history and their perceptions about its management and how this evolved over the study period. 

 

2. Perception survey and interviews with key stakeholders 

We collected testimonies from stakeholders who experienced the anchovy crisis during 2005-2010 in 

the Bay of Biscay (French and Spanish stakeholders) and/or who played a key role during this crisis. 

Key stakeholders included impacted fishers, fishers’ representatives and producer organizations, 

fishmongers and processors, managers and scientists. A purposeful snowball sampling process (Johnson 

2014) was used to identify respondents for the perception survey. We asked each participant the names 

of at least three other potential participants before closing up the interview, starting with fishers’ 

representatives and fishing organizations head. 

  

We developed online questionnaires and carried out in-person interviews. The former was intended for 

informants who did not have much time (or will) to discuss with us and contained cross-cutting generic 

questions, common to all interviewees in order to compare their perceptions on global changes and 

transformations in the fishery SES. In-person interviews included semi-structured questions adapted for 

each of the stakeholder categories (e.g., fishers, processors, managers), open and conducive to 

discussion about their personal experiences, and their adaptation strategies. The content of the 

questionnaire protocol was structured in two parts related to 1) major changes in all of the SES 

components considered and 2) actors’ responses at different time periods. 

  

Relying on non-proportional quota sampling (Tashakkori et al. 2003), we interviewed those actors who 

played an active role in the anchovy fishery affected by the closure. In-person interviews with narrative-
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based methods and appropriate probes can be well-suited for exploring subjective and experiential 

topics. In total, 39 stakeholders were interviewed (14 completed the online survey), 10 from Spain and 

29 from France. 11 informants considered themselves as industry representatives, 15 were fishers, 6 

were both fishers and industry representatives, 4 were scientists, 1 was an administration representative, 

1 was a fishmonger, and 1 an auction market director. Among fishers, we interviewed 13 purse seiners’ 

and 8 pelagic trawlers’ captains. This sample size was considered sufficient to identify the impacts of 

the anchovy closure since, when conducting in-depth semi-structured interviews, the number of new 

concepts and/or results associated with each additional interview generally tends to diminish after 20 

interviews (Tashakkori et al. 2003; Villasante et al. 2016). We conducted fieldwork between June 2021 

and September 2021. Interviews began with signing a consent form and confidentiality agreement along 

with a brief project description, both in writing and verbalized by the interviewer. The survey was 

reviewed by the CNRS process for approval of survey procedures. It was not examined by an ethics 

review committee as this was not deemed necessary given the nature of the information collected. All 

reported citations in the manuscript (in italics) from French and Spanish stakeholders have been 

translated in English by the authors. Stakeholders are identified by the following code: “F.” or “S.” for 

French or Spanish followed by the letter corresponding to their categories, PT for pelagic trawler, PS 

for purse seiner, R for representative, S for scientists, F for fishmonger, and # specified their identity 

anonymous number. 

 

3. Analysis of system level responses using fisheries and international trade data 

The observations made by the survey respondents were complemented with system-level quantitative 

analyses using both fishery and trade data that were available to the research team for describing for the 

following components of the system: market, landings and patterns in the spatio-temporal activity of the 

fleets. 

 

French fisheries data were extracted from the Ifremer Système d’Informations Halieutiques 

(http://sih.ifremer.fr) and contain annual landings per target species for vessels dependent on anchovy 

(dependency defined as having fished at least 10 metric tons of anchovy once from 2000 to 2021 or 

annual anchovy value was equal to 10% of total landings value for this vessel). The data set includes 

landings value and effort (i.e., days at sea), technical information for each vessel (e.g., length, age, 

engine power, maritime district and port) and ownership information (i.e., owner or company name, 

age). Similar data for the Spanish fleets were not available at the time of the manuscript submission. 

  

We derived prices from total annual anchovy landings and values from official fisheries data from 

France (SIH), from Galicia (Ministry of Agriculture, Fisheries and Food, 

https://www.mapa.gob.es/es/estadistica/temas/estadisticas-pesqueras/default.aspx) and from the 

Basque country (https://www.euskadi.eus/estadistica/precios-evolucion-de-la-campana-de-anchoa-y-

http://sih.ifremer.fr/
https://www.mapa.gob.es/es/estadistica/temas/estadisticas-pesqueras/default.aspx
https://www.euskadi.eus/estadistica/precios-evolucion-de-la-campana-de-anchoa-y-bonito/web01-a2estadi/es/
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bonito/web01-a2estadi/es/ ). These prices were adjusted according to the corresponding country 

FAOSTAT Consumer Price Food indices relative to 2021 (https://www.fao.org/faostat/en/#data/CP). 

 

International anchovy trade data were extracted from the Eurostat’s Comext database 

(https://ec.europa.eu/eurostat) referencing annual trade values and quantities of anchovy by EU Member 

State country (the declarant) and the partner country (EU Member State or not), with products 

categorized according to the FranceAgrimer nomenclature (i.e., fresh, prepared or preserved, frozen, or 

dried-salted). As 95% of French landings are sold on the Basque market and processed in Spain (Pita et 

al. 2014), we focused the analysis on anchovy imports by Spain. A Fisher price index was calculated to 

analyze changes in the prices of imported fresh anchovy by Spain over the 2001-2020 period, as follows 

(eq. 1):  

  (1) 

 

with 𝑝𝑖,𝑡 the price of imported anchovy from country i at time t, 𝑝𝑖,0 the price at the base period 2001, 

𝑞𝑖,𝑡 the quantity of imported anchovy from country i at time t, and 𝑞𝑖,0 its quantity at the base period. 

The index was calculated for one of the main products, i.e., fresh anchovies since the evaluation of the 

index for prepared or preserved anchovies requires broader analyses of the international market 

dynamics involving external factors not considered in this paper. 

 

  

https://www.euskadi.eus/estadistica/precios-evolucion-de-la-campana-de-anchoa-y-bonito/web01-a2estadi/es/
https://www.fao.org/faostat/en/
https://ec.europa.eu/eurostat
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Supplementary Figures and Tables 

 

 

 

 

Figure S1 | Value, price (A) and volume of quota swaps (B) by species between France and Spain: anchovy quota 

was given by Spain to France while anglerfish and hake quotas were given by France. (Sources: Ifremer Système 

d’Informations Halieutiques SIH for catch values and prices, European Commission Directorate-general for 

maritime affairs and fisheries for quota swaps) 



 

34 

 

 

 

 

Figure S2 | Annual total catch of species for anchovy dependent French vessels for the eight main ports in Atlantic 

coast of France and corresponding number of purse seiners in solid line, pelagic trawlers in black dashed line and 

bottom trawlers in blue dashed line. (Sources: Ifremer SIH).  

 

 

Figure S3 | Compositional diversity of the fisheries portfolio in terms of catch using the Shannon–Wiener index 

(H′), calculated as, 𝐻′𝑡 =  − ∑ 𝑝𝑖,𝑡
𝑘
𝑖  where 𝑝𝑖,𝑡 is the proportional catch of the species i-th for the year t and k is 

the number of species in year t. (Sources: Ifremer SIH for catch landings). 
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Table S1 | Agreement with the fishery moratorium and perceptions of the interviewees about it 

Country Actor YES NO Reason and/or comment 

Spain Representative X  “There was no choice otherwise stock would have collapsed and more boats would have been scraped” 

Spain Representative  X “More quota control could have been put in place before the collapse of the stock. Then there were fishing effort displacements on sardines and horse mackerel” 

Spain Purse seiner  X 
“It was not an adequate management measure; it is better to reduce quotas earlier (or close the fishery in the North). The we observed effort displacement on sardine, horse 

mackerel and mackerel, with decreased incomes. It implies the loss of the market and international imports at lower prices” 

Spain Purse seiner  X 

“We advocated for the reduction of quotas in order to be able to maintain the buyers and market trades. Closures of fisheries should be the last option. To help a fishery 

recover there are other alternatives, which avoid the complete closure of the fishery: lower quotas, monthly closures, reducing the number of boats per month (alternating 

boats), reducing the quotas per boat per day” 

Spain Purse seiner X  “It was necessary because they were fishing in spawning areas. Now the anchovy had recovered. The relationships between French and Spanish have improved” 

Spain Purse seiner X  “It was difficult but the right decision. We had small anchovies afterward but everything was very controlled and things got better” 

Spain Purse seiner X  “There was no more anchovy, now the anchovy has recovered” 

Spain Purse seiner X  “I am in favor of biological closures, they are good for the fisheries, but I am against TACs” 

Spain Purse seiner  X “Mackerel fishery became a disaster, we advocated for the reduction of quotas and size limits” 

Spain Scientist X  “It was for biological reasons: there was no more anchovy” 

French Representative  X 
“Impact of the fishery was "secondary" related to other factors impacting the resource. A minimum exploitation could have been maintained with a minor impact on the 

duration and intensity of the renewal of the resource” 

French Representative  X “No more anchovy fishery for the purse seiners because of the loss of the market; they should have reduced quota” 

French Representative  X 
“Anchovy fishery hasn’t restarted since the closure. Temporal closures (9-10/12mo) could have maintained the activity. They should have maintained a small quota to better 

understand resource trends and restart market more easily. Fishers lost their bearings” 

French Representative  X “Moratorium does not fix anything and involves more damages” 

French Representative X  “It was a necessary closure which has served as a lesson for the management approach for seabass” 

French Representative  X “Without any catch data, scientific models could not run correctly; European Commission should have put in place experimental fishery” 

French Purse seiner X  “It was an urgency, but market was sacrificed” 

French Purse seiner X  “It was more than necessary” 

French Purse seiner X  “Because of the size limit, we were already limited by the anchovy fishery. But it had major negative impact on other fisheries” 

French Purse seiner  X “We lost the market, then we lost the boats and the crew. We should help fishers with a minimum quota or temporary closures” 

French Purse seiner NA “I was not concerned by the moratorium - I had already switched to sea bream by that time” 

French Purse seiner X  “There was no other choice. It was a need to stop the pelagic trawler fishery which is not considered as "fishing"” 

French Pelagic Trawler  X “They pointed out the fishers but ignored pollution and global warming that impacted the resource as well” 

French Pelagic Trawler  X “The Spanish don't care about anchovies because they have quotas for tuna. Not us, we only have the anchovy to live” 

French Pelagic Trawler  X “The Spanish pushed for the closure. By closing every fishery, fishers end up on the same species creating clashes; Today everyone fish tuna, squid and cuttlefish” 

French Pelagic Trawler  X 
“Scientific advices were considered, not industry's ones. We would have agreed with the moratorium if there were any solutions proposed to support fishers; the upkeep of a 

minimum quota, or days limit per week, would have allowed to maintain a turnover” 



 

36 

 

French Pelagic Trawler  X “We could have managed the fishery with a diminished quota set at 10,000 tons” 

French Pelagic Trawler  X “I have just built my vessel by the time of the closure so I had important economic loans” 

French Pelagic Trawler  X “We should have let the fishery opened because in any cases vessels would have been in debt and would have gone bankrupt” 

French Market  X 
“It was an economic impact during the crisis years (decrease of turnover ~ 50%), but it was salutary for saving the resource. Maybe we could have done size limits 

restrictions” 

French Market  X "We didn't really see the moratorium coming, it happened from one week to the next" 

French Administration  X “It was the will of Spain to end up the pelagic trawling fishery. France completely opposed to the moratorium” 

French Scientist  X  

French Scientist X  “Recruitment was low since 2002. I was supporting the moratorium since then. There were no age-1 individuals in 2005, and no fish at all in 2007: no fish during the survey. 

Drastically reducing the fishery would not have change much of the outcomes since French only have 10% of TAC” 

French Scientist NA   
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