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A B S T R A C T   

The main objective of this article is to study the evolution of the Spanish fishing industry, with a specific focus on 
examining the correlation between actual catches by Spanish vessels and recorded landings against national 
Total Allowable Catches, which may contribute to improving the current state of the Common Fisheries Policy. 
Firstly, we offer an overview of the geographical, economic, and legal factors surrounding Spanish fisheries, 
along with an examination of the Common Fisheries Policy and relevant international agreements impacting 
these fisheries. Subsequently, we analyze three species, namely hake, anchovy, and cod as they are the most 
traded fish in the Spanish markets. Thirdly, we conduct an examination to provide information regarding the role 
of Common Fishery Policy quotas and to explore potential reasons behind the observed results. The main findings 
reveal the identification of a significant lack of alignment between the Common Fishery Policy and its resulting 
implementation through the Total Allowable Catches over the last decade.   

1. Introduction 

Fishery management aims to achieve sustainable production and 
harvesting, taking into account the biological, social, and economic 
benefits deriving from the rich biodiversity in the oceans [10]. The 
overexploitation of fishery resources in aquatic ecosystems has promp
ted global institutions to implement various policies aimed at preventing 
the depletion of fish stocks. However, owing to the integral role of the 
fishery sector in the global economy and its fundamental significance to 
specific countries, policymaking encounters potential constraints and 
challenges. Both biological and economic sustainability must be 
attained to establish an effective fishery management. 

The rationale for choosing Spain as the focus of this research is 
rooted in its status as a fishing powerhouse within the European Union 
(EU). Statistical data indicates that Spain contributes significantly to the 
overall catches, revenues, and landings reported across the European 
continent [4–6]. Spain’s prominence in the European fisheries sector not 
only underscores its economic significance but also presents a compel
ling case for examining the intricacies of its fishery management 
practices. 

Legal frameworks and other forms of regulations have been a key 

factor in the sustainable exploitation of natural resources. An illustrative 
example is the Common Fisheries Policy (CFP) developed by the Euro
pean Union [15]. Nevertheless, the economic impact of the CFP can vary 
depending on the country. 

Thus, our paper examines the development of the Spanish fishing 
industry, with a particular focus on evaluating the correlation between 
the current catches made by Spanish vessels and the recorded landings 
employed in determining the national Total Allowable Catches (TACs). 
In essence, our research aims to determine the extent to which the TACs 
are being adhered to within the context of the Spanish fishing industry. 

We focus our attention on three specific species—cod, hake, and 
anchovies—as they represent the most sought-after fish in the Spanish 
market and hold significant commercial importance [7,11,23]. Besides, 
we gather data on quotas, prices, and the operational dynamics of the 
fishing industry. The obtained results are then compared with overall 
data, employing a relational approach procedure. 

Our analytical approach aims to broaden the understanding of the 
topics addressed within the Spanish fishing industry. Conclusions are 
drawn, and results are presented, with suggestions provided for further 
research in specific areas. 
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2. Background 

2.1. Geographic, economic and legal context of the fisheries exploitation 
in Spain 

Spain, with its extensive coastline spanning 7661 kilometers, has 
access to a vast Economic Exclusive Zone (EEZ) [19] covering an area of 
1039,233 square kilometers. The EEZ as an internationally recognized 
system for defining state jurisdiction areas empowers a country to 
determine, govern, and use marine resources within its designated zone. 

The Spanish EEZ is subdivided into three distinct areas: (1) the 
Atlantic and Cantabrian Sea (Bay of Biscay), (2) the Mediterranean 
Region and the Gulf of Cadiz, and (3) the waters surrounding the Canary 
Islands4 However, establishing specific jurisdictional boundaries proves 
challenging due to physically overlapping zones, often in close prox
imity to the EEZs of other sovereign nations. Consequently, Spanish 
authorities frequently resort to international litigation, presenting their 
case before international organizations [20]. The engagement in mari
time activities, known as maritime connectivity, has had a positive impact 
on economic development and trading relationships for all nations 
involved. This reality motivates the Spanish government to express a 
keen interest in safeguarding potential economic assets [17]. 

Spain’s extensive and diverse natural surroundings have played a 
crucial role in shaping its long and rich history. The various resources, 
conflicts, and opportunities arising from these surroundings have un
deniably influenced the development of Spanish culture and history 
[14]. The influence of the fishing industry on a wide range of regions, 
encompassing economic, cultural, and political dimensions, has shaped 
Spain’s standing in the global fishing sector. In 2018, the Spanish fishing 
industry contributed significantly to its economy, generating a value of 
USD 2163.72 million from fish products. This accounted for 1.081% of 
the global fisheries production. Moreover, employment within the 
sector, including processing and aquaculture, reached 30,981 in
dividuals in 2018 [12]. The Spanish fleet comprised a total of 8976 
motor ships, with small-scale boats (under 12 m in length) making up 
73.2% of the fleet. Another metric for measuring vessel fleets is gross 
tonnage (GT), and in Spain, the total GT amounted to 331,778 tons. 
Notably, 4.5% of this total was attributed to the aforementioned 
small-scale vessels [12]. While these figures provide just a glimpse into 
the total scope of the fishing industry in Spain, they underscore the 
country’s significant role as a key player in the global fishing economy. 

In 2019, Spanish port landings of fresh fish captured by Spanish 
vessels were estimated at 205,390 GT [16]. Furthermore, when 
considering the overall fresh fish landings in Spanish ports by European 
vessels, the figures increase to 327,000 GT [4]. This accounts for 
one-fifth of the total catches of all forms of fish products in the EU. 

Fisheries in Spain are subject to a complex regulatory legal frame
work at both the national and EU levels. The CFP of the EU -described in 
the next subsection- plays a crucial role in regulating fishing activities. 
Spain, as an EU member state, aligns its national regulations with the 
overarching policies of the CFP. The Spanish fisheries policy is based on 
the following key aspects: (1) Sustainable management to prevent 
overfishing and depletion of marine resources; (2) Quota system to 
manage fish stocks; (3) International cooperation with other countries 
and international organizations to address global fisheries challenges, 
including illegal, unreported, and unregulated fishing; and (4) Research 
and Innovation, as investments in research and innovation are integral 
to Spanish fisheries policy. 

The main Spanish regulations in the field are set out in Law 3/2001, 
of 26 March, on Maritime Fishing of the State. This law is complemented 
by the legislation of the Autonomous Communities regarding fishing in 
internal waters, shell-fishing and fish farming [22]. 

In short, this examination of the macro-data of the Spanish industry 
reveals a dominant position within the European community. However, 
it is important to note that in global terms, this influence is relatively 
limited. 

2.2. Common fishery policy and international agreements 

In the EU, the main legal instrument for the control and regulation of 
the fishery industry is the CFP. Although the CFP’s establishment dates 
back to the 1970 s, it was only in 2009, with the enactment of the Lisbon 
Treaty, that significant changes were implemented. The CFP transfers 
control over fisheries policies from each member state to the EU, 
granting the EU the power to decide over all the EEZs of its member 
states and additionally over other areas agreed with third countries by 
international treaties. Its main objective is to safeguard marine biolog
ical resources according to the CFP as outlined in the Treaty on the 
Functioning of the EU [2]. Within this framework, Spain is mandated to 
adhere to the regulations set forth by the CFP. 

The CFP establishes quotas for each member state, overseeing the 
type and quantity of various species in the oceans to promote the sus
tainable exploitation of natural resources [15]. Each fishing season, the 
European Council issues its regulations specifying Total Allowable 
Catches (TACs) applicable to each Member State for the allocation and 
utilization of proposed quotas. These regulations are primarily defined 
by International Council for the Exploration of the Sea (ICES) unless 
specified otherwise. 

A significant water expanse for Europe includes the Mediterranean 
and the Black Sea. The existing delineations in this region are governed 
by the Food and Agriculture Organization of the United Nations (FAO). 
Similar to the ICES Statistical Areas, subdivisions of different parts of 
this expanse are specified to facilitate standardized management among 
various international actors. The primary regulatory authority in this 
area is the General Fisheries Commission for the Mediterranean, a 
subdivision of the FAO. 

Each delimited area features its unique fish stocks, varying in 
quantities and species. According to existing regulations, each area is 
assigned the species present within it, along with the corresponding 
quotas allocated to potential member states. In the case of Spain, it 
enjoys access to most quotas in its immediate vicinity and some addi
tional quotas in more distant regions. The reason behind this distribu
tion could be attributed to the larger operational capacity of the Spanish 
fishing fleet, accounting for 25% of the entire GT of the European fleet in 
2019, as reported by Eurostat [4]. 

Another relevant phenomenon within the framework of this Euro
pean policy (CFP) is the widespread use of quota swaps among member 
states. This practice implies that countries can adjust their quotas either 
by exchanging quotas with other countries or by requesting and being 
granted permission to transfer quotas of a specific species from one area 
to another within the same country. Quota swapping, a practice integral 
to the Spanish fishing industry, is devised to facilitate the exchange of 
species that cannot be harvested at acceptable costs for those that can be 
harvested profitably. Therefore, public administrations have the ability 
to deviate from the central goal of "relative sustainability" by intensi
fying efforts within the industry to ensure compliance [9]. 

Additional areas are covered by bilateral agreements between the EU 
and third countries. Although the European Council engages in negoti
ations within the context of various conventions and agreements, the 
importance of these extra areas to the European fishing industry is 
relatively minor. These waters fall within the EEZ of other sovereign 
countries, and, through specific international agreements, are accessible 
to European vessels. The regulation of these areas is within the juris
diction of external institutions functioning under foreign governments. 
Similar to the European institutions, these external bodies provide a 
scientific foundation and management advice for the fisheries involved 
[18]. 

European Community and European Free Trade Association fishing 
4 Organic Law 10/1977, of 4 January, on territorial see. (BOE No 465, of 

08.01.1977). Available at: https://www.boe.es/eli/es/l/1977/01/04/10 
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vessels predominantly operate in the main internationally defined Eu
ropean fishery areas. These areas align with those accessible to the EU 
through the EEZ of member states or by way of agreements with non- 
member countries. Additionally, the regulation of bureaucratic pro
cesses, fleet management, and other aspects related to the operation of 
the fishing industry in its member state falls under the purview of the 
CFP (Regulation (EU) 1380/2013). The objectives of this institution 
encompass the conservation and management of living marine re
sources, including biological, economic, environmental, social, and 
technical factors. 

3. Method and research questions 

To get an overview of important issues related to the evolution of the 
Spanish fishing industry, the main topics were selected and a research 
question was identified from these topics. Our paper aims to find the 
relationship between the current catches made by Spanish vessels and 
the recorded landings used in calculating national TACs, and to what 
extent their adherence to TACs within the broader context of the Spanish 
fishing industry is: 

RQ1. How do the current catches by Spanish vessels correlate with the 
recorded landings used to calculate national TACs, and to what degree is 
compliance with TAC regulations observed in the broader context of the 
Spanish fishing industry? 

To address this research question, we collected data on quotas for 
three specific species: cod, hake, and anchovies. We selected these 
species due to their high demand in markets and their considerable 
commercial significance. Our analysis involves comparing the ascribed 
quotas with total landings. This comparison aims to determine how 
effective is the quota system for Spanish vessels as regards the selected 
species (post-swaps). Additionally, we seek to understand what is being 
caught, registered as landed, and counted against the quota. 

Data comes from both the Spanish fishing industry and the European 
regulators. As mentioned, Spain, as an EU member state, aligns its na
tional regulations with the overarching policies of the CFP, and there
fore, we need to compare Spanish and European data. 

Like any method, our approach has its strengths and weaknesses. A 
notable strength lies in our use of official data, enabling meaningful 
comparisons over time since the information is consistently collected 
under uniform conditions. However, a primary drawback is associated 
with the delay between data collection and the availability of this 
information. 

In short, by observing some key variables, we provide a specific 
overview of the situation during the past 10 years. The reason for this 
period is simple: available data and the actually implementation of the 
CFP by the Lisbon Treaty signed in 2010. This enables us to draw some 
conclusions and propose a research agenda about the current state of 
affairs and the effectiveness of this new policy. 

4. Data 

4.1. Evolution of the Spanish fishing industry 

Data concerning the evolution of the Spanish fisheries sector high
lights a discernible decline in the overall fresh fish landings by Spanish 
vessels at Spanish ports from 2010 to 2020 (Fig. 1). While this could be 
interpreted purely from an economic perspective, it does not consider 
the biological implications of the results. 

A notable point to remark about these data is that they pertain 
exclusively to vessels under the Spanish flag. A compelling vision can be 
gained by comparing these figures with the landing of fresh fish by every 
single EU vessel in a Spanish port (see Fig. 2). The data reveal that the 
actual quantities of fresh fish supplied by the entire European fishing 
fleet to Spanish ports have undergone various fluctuations, mirroring 
periods similar to those experienced by the Spanish fleet. This phe
nomenon could be attributed to the collective adherence of all member 

states to the requirements outlined in European Council regulations 
within the context of the CFP. Yet, this offers a simplified explanation for 
a topic that warrants further attention from the academic community. 

A fundamental objective of every governmental policy is to generate 
positive impacts on the stakeholders involved in the targeted economic 
activity subject to government intervention. One of the key indicators 
for assessing the consequences of policies related to economic matters is 
the direct impact on the monetary cash flows associated with the ac
tivity. Since our primary focus lies on the participants in the fishing 
industry in Spain, it becomes essential to define this metric. Choosing 
the market value of the first catch—monetary valuation at the moment 
the harvested fish products are sold for the first time—can be deemed a 
robust indicator. This is because it represents the initial transaction 
between the producer and the value-added chain. The available data, 
measured as the total value in euros at the time of the first economic 
transaction related to fishery products, is depicted in Fig. 3 (at constant 
prices). 

The economic impact has undergone various fluctuations, with a 
distinct drop noted after the 2008 crisis, particularly in 2011 and 2012. 
Additionally, there has been a generalized decline. These results, 
expressed in absolute terms, provide a clear view of the direct impact. 
On the other hand, examining the data on the cost of 1 GT of fresh fish 
can offer better insights into understanding its historical evolution (see  
Fig. 4). After 2011, there was a slight decrease affecting the Spanish 
industry, returning to a steady trajectory in recent years. This data leads 
to a significant conclusion: Despite the trend to fish less, the price per ton 
remains constant during the observed period. This suggests an approach 
aimed at both biological and economic sustainability, achieving optimal 
outcomes in both aspects. 

It should be emphasized that net profit should also be considered 

Fig. 1. Total landings of fresh fish in Spanish ports by Spanish vessels from 
2010 to 2020 (in thousands of tons). Source: Puertos del Estado [16]. 

Fig. 2. Total landings of fresh fish in Spanish ports by European vessels (in 
thousands of tons). Source: Eurostat [4], Landing of Fishery Products in Spain. 
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when analyzing the economic impact, rather than just focusing on in
come. The Annual Economic Report of the EU fishing fleet (AER) pub
lishes data about net profits of fishing; however, this data is not available 
per ton and for specific species. Thus, we focus our analysis on income. 

These results are portrayed to provide only a glimpse of what this 
article aims to achieve: a discussion on the evolution of the literature 
and a debate about the economic impact of various fishery management 
approaches currently underway. It is evident that the physical yield of 
fishery products has been declining, at least in Spain, and the economic 
impact has also decreased, though not to the same extent. Therefore, it is 
crucial to delve into the factors influencing the sustainability of these 
income sources. 

4.2. Quotas per species, area, and member state 

As mentioned, the CFP is the primary instrument the EU employs for 
the regulation of fisheries resources. The documentation encompasses 
all the legal components necessary to offer an accurate insight into what 
can be implemented during a specific period by the fishermen of a 
particular EU member state in a given area under European jurisdiction 
or a treaty with a third country. The main sources of information are the 
various EU Council regulations published for the relevant period [3]. 

In this documentation, each species is clearly identified —with its 
scientific name, which is the only regulatory accepted method of iden
tification, the corresponding allocated quotas for a certain member 
state, and the corresponding ICES Statistical Area where such a catch is 
permitted. As indicated earlier, the CFP serves as the primary guide for 
the Spanish fishing industry. A comparative analysis of both the total 
allowed catch and the landing of fishery products in Spanish ports will 
further elucidate the significance behind the observed trends illustrated 

in Figs. 1 to 4. 
The considerable variety of commercial species harvested for both 

human and industrial consumption complicates the task of establishing 
the relationship between actual landings and quota numbers. For a 
comprehensive overview of the Spanish fishing industry, only a specific 
subset of the most relevant fish types will be compared. The selection 
criterion for these fish types is based on their economic value. The 
following fish—cod, hake, and anchovies—are among the most 
economically valued in both Spanish and European markets. U.S. 
Department of Agriculture [21]. 

As previously stated, the Common Fisheries Policy (CFP), through its 
corresponding legislation, specifies the species and areas where the 
Total Allowable Catch (TAC) can take place. In this context, it is crucial 
to explicitly identify the proper Alpha-3 code for the selected species in 
the legal documents that bind them [6]. We have selected to use cod, 
more commonly known as Gadus morhua, with the corresponding 
identification code COD; hake, known as Merluccius merluccius, with the 
code HKE; and anchovies, identified by the scientific name of Engraulis 
encrasicolus, with the specific code ANE. 

The data representing this variable will be extracted from the legal 
CFP documents. Guided by the Alpha-3 code identification system, the 
relevant fishery zones, and other minor considerations, numbers about 
what quotas affect Spain in the period 2010–2020 are applicable. 

As previously mentioned, the swap of quotas between member states 
is a certainty, carrying broad consequences. By investigating the recor
ded exchanges—which imply the amount, the species, the area, and the 
actors involved—the ultimate allowable amount that is disposable for 
each member state at the end of each year can be subtracted. In the case 
of ANE, the quotas from 2010 to 2014 were set from July of the 
beginning period and ending at the end of June of the following year. 
Lastly, a note on the available swap data: There are no data available 
from 2010 to 2012 in this area, thus the reflected data represent only the 
officially established quotas for Spain. 

In summary, the numbers shown as the corresponding TACs for 
Spain include all the amounts allowed by the council regulations, in 
every single area—within EU waters and international waters—with the 
addition/subtraction of the net quota swaps for each given year. 

4.3. Value of the first sale of the fishery products and amounts landed and 
captured by Spanish fishing vessels 

A measure of the economic benefits obtained from the collection of 
any given natural resource before its further processing in the value- 
added chain is the amount of currency received for it in the initial 
commercial transactions. Assessing how much capital can be garnered 
by selling fishery products addresses the question of how much rev
enue—economic impact—is generated by this economic activity and 
contributes to the maximization of profit, specifically as perceived by 
fishermen [1]. 

This variable is divided into two subcategories. Firstly, the total 
economic output was measured in euros for all the fish landings of ANE, 
HKE, and COD in Spanish ports. Secondly, the total economic output was 
measured in euros per GT of the mentioned species in landings at 
Spanish ports. These two measurements are considered valid as they 
represent the initial economic valuation of fishery products. Moreover, 
they are primarily the sole income perceived by the fishing boats for the 
harvest of these resources. The data are obtained from the Eurostat 
databases. While these numbers reflect an actual trend, they may not be 
the purest reflection of the specific situation experienced by Spanish 
fishermen. 

Regulations delineate permissible and impermissible actions within 
a specified timeframe and geographical area, thereby defining the sub
jects bound by the constraints of these directives. Yet, they are not 
consistently adhered to by the stakeholders required to comply with 
them, leading to adverse consequences for the biosphere it seeks to 
safeguard [13]. Although some countermeasures exist within the CFP 

Fig. 3. Total value, in euros, for fresh fisheries in Spain (in millions). Source: 
Eurostat [4], Landing of Fishery Products in Spain. 

Fig. 4. Euros per ton of fresh fish landed in Spanish ports. Source: Eurostat [4], 
Landings of Fishery Products in Spain. 

A. Kozinski Radomska et al.                                                                                                                                                                                                                 



Marine Policy 163 (2024) 106130

5

legislative framework to tackle this issue, it is possible that reality differs 
from what is written in the current legislation. 

We extracted data from Eurostat and the Ministry of Agriculture, 
Fisheries and Nutrition of Spain [4]. We also collected data from Euro
stat and the Ministry of Agriculture, Fisheries, and Nutrition of Spain 
[4]. The datasets obtained reflect two different contexts: on one hand, 
the capture of the selected species recorded by Spanish vessels—the 
initial stage of the harvest process—which is sourced from Estadísticas 
de Capturas y Desembarcos de Pesca Marítima [8], and on the other 
hand, the recorded amounts landed in Spanish ports. Once again, the 
latter corresponds to both Spanish and European vessels. It is funda
mental to recall that the CFP quotas operate on TACs. Once a catch is 
made, it is deducted from these quotas, reducing the remaining amount 
available to be landed in a member state. 

As previously discussed, real harvest rates and proposed harvest 
rates can differ. One of our objectives also was to answer whether there 
are any existing differences within the Spanish industry between the 
allocated quotas and the actual output of fishery products. 

5. Results 

5.1. Quotas per species 

The available Spanish data begin in 2010 due to the new nature of 
the CFP set by the Lisbon Treaty. By consolidating the data from various 
already-disclosed sources, the TACs for Spain in each year are depicted 
in Fig. 5. 

The Gadus morhua, identified by the Alpha-3 code COD, holds the 
first position. In second place is anchovy, scientifically known as 
Engraulis encrasicolus, with ANE as its Alpha-3 code. Its evolution differs 
from that of the cod. The changes between years for these species are 
much more pronounced. Compared to the 2010 figures, the quota for 
Spanish fishermen grew by 21.84%. The last quota corresponds to hake, 
designated as Merluccius merluccius, with HKE as its Alpha-3 code. The 
evolution of the allowable quotas remained constant during most of the 
time series, experiencing a sharp decrease in 2018. In the last year, 
2020, the total allowable amount to be caught was 39,593 GT, repre
senting an 84.99% increase compared to the initial year. 

5.2. Value of sales for fishery products: total value and value per ton 

Whenever a producer decides to engage in an economic activity, 
there is an expectation of obtaining a profit. Since the introduction of 
quotas, fishermen have been subjected to the additional constraint of 
market prices. However, in Fig. 6, we can observe how much capital has 
been generated from the production of the selected species. In overall 
terms, there are three different trends. 

The total revenue for all COD captures at the first sale in the year 

2010 reached €37,124,311. Until 2012, the income declined to 
€28,700,523, representing a 29.35% total drop in revenue. Furthermore, 
the value in the Spanish fish markets for COD rose to €60,445,295 in 
2015. This is the highest value for the landed fishery products of Gadus 
morhua. Compared to 2012, it represents a 110.60% increase. Yet, the 
years of abundance plummeted, and by 2018, the total value for the 
landed COD was €14,190,214, or a 325.96% decrease in just 3 years. In 
2020, the amount reached €15,316,476. Compared to 2010, the amount 
of money obtained for all the harvested and landed fish in Spanish ports 
dropped by 58.74%. 

The data for anchovies are slightly different. Starting in 2010, the 
value for all the captures landed in Spanish ports was €47,551,959. This 
number rose almost throughout the whole decade until 2017. In those 7 
years, the economic valuation at the first sale increased by 88.17%, 
reaching its maximum value in the time series, experiencing a steady 
drop up to 2020. Nevertheless, the figures for 2020 amounting to 
€70,775,265, represent a 48.83% increase as compared to 2010. 

The case of HKE presents a compelling narrative. Over a span of 
nearly seven years, it witnessed a significant increase, more than 
doubling the valuation attributed to all landings of this particular fish 
species. In 2010, the aggregate economic income amounted to 
€79,941,655. This figure exhibited a consistent upward trajectory until 
2017. Assessing the comparative revenues at the decade’s end against 
the baseline year of 2010, there was a notable 2.14% increase, indicative 
of potential improvements in the overall performance. 

When a producer decides to engage in an activity, the initial 
consideration is the price received for the offered product. In this case, 
the value obtained per ton of the selected species is a vital indicator, 
serving as a guide to understanding how much revenue can be generated 
per ton. This information helps both fishermen and policymakers mea
sure the optimal amount of fish to be captured, balancing economic 
considerations and the protection of natural fish stocks. 

The observed trends in the case of the three species are quite 
different. Further research on price settings can be helpful in providing a 
proper background for the figures (Fig. 7). 

COD began in 2010 with a price of €2635 per ton. In the following 
two years, it dropped to €2246, reflecting a 14.76% decrease. Since that 
year, the price steadily increased until 2015 when the economic valu
ation of a ton reached €3016, marking a 34.28% rise since 2012. Sub
sequently, a mild decline was experienced over the next two years. In 
2017, the obtained money per ton was €2657, indicating an 11.90% 
reduction in the money received by the fishermen. After 2017, the price 
consistently rose until the end of the time series in 2020. In that year, the 
price was €4325 per ton, representing the highest point observed 
throughout the analyzed years. Compared with the initial valuation per 
ton, it signifies a 64.13% increase in the capital obtained by Spanish 
fishermen for this species. 

The case of ANE is one of a constant downturn. From the beginning 
Fig. 5. TACs for Spain (tons), 2010–2020. Source: Authors’ elaboration from 
the EU Council Regulations. 

Fig. 6. Total value in euros for the total selected species landed in Spanish 
ports. Source: Eurostat [4]. 
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to the end of the observed period, the price per ton declined, with some 
steady stages. In 2010, the price per ton was €2295. In 2012, it reached 
the observed maximum of €2354, indicating a 2.57% increase compared 
to 2010. Following this initial two-year period, the amount obtained for 
the captures declined until 2015. From 2015 until the end of the time 
series, the price remained relatively constant, around €1740 per ton, 
with the exceptions of 2018 and 2020. In the latter year, the price was 
set at €1474. Compared with the very beginning, the revenue for Spanish 
fishermen declined by 35.77%. 

HKE prices demonstrated a relatively stable price history from 2010 
to 2020. In the first year, the price paid per ton amounted to €3439. This 
figure experienced minimal variations during the initial years but 
increased steadily until 2017. Subsequently, the negotiated price at fish 
markets dropped, reaching around €3628 in 2020. Compared to the 
figures from 2010, we can observe a 5.49% increase in what the Spanish 
fishing industry receives as income for this product. 

5.3. Amounts landed and captured by Spanish fishing vessels 

When analyzing the fishing industry, a prevalent indicator of the 
level of activity is the quantity of "real" fish stocks captured and landed 
in the ports. The figures depicted in Fig. 8 are derived from records made 
by Spanish vessels operating globally, specifically for the mentioned 
species. It is essential to distinguish between what is caught and what is 
done with the fishing product afterwards, as it may be discarded, 
transformed on the vessels—altering its categorization—or landed in 
foreign ports, potentially explaining any discrepancies with Spanish 
landing records. 

The most consistently observed capture of the three analyzed species 
is COD. In 2010, the quantity was 14,089 tons. Compared to the highest 

capture during the decade in 2015, which accounted for 20,767 tons, 
there was a difference of 47.39% between both fishing seasons. In 2020, 
the captured amount dropped to 12,089 tons, a negative change of 
14.19% compared to 10 years earlier, in 2010. 

When observing the evolution of ANE, the year 2010 started with a 
recorded capture of 20,725 tons. This number experienced a drastic 
increase in the following two years, marking an increase of 141.16%. 
Those numbers continued to grow, with the highest figures for catches 
recorded in 2018. 

HKE, similar to COD, had a relatively steady and constant evolution 
throughout the years. In 2010, the catches amounted to 33,061 tons. 
This number remained almost unchanged for the next few years until 
2013 at around 30,300 tons. 

Although the TACs set in the corresponding CFP regulations are the 
ones against which the catches are accounted, observing how much of 
these fishery products end up in the ports of the same country is crucial.  
Fig. 9 illustrates all the landings of the three selected species in Spanish 
ports, both by Spanish and European vessels. This variable is also the 
most valuable when making comparisons with the other factors dis
cussed earlier. 

In 2010, the amount of COD landed in Spanish ports was 14,089 tons. 
By 2015, this number had increased by 42.24%. However, in the 
following two years, it remained steady at 15,359 tons. A drastic decline 
started in 2018 and continued into 2020, with only 3538 tons landed. 
From 2010–2020, the amount landed dropped by 74.88%. 

A slightly more fortunate sector of the Spanish fishing industry is 
ANE. In 2010, it started with 20,723 tons landed. By 2015, the numbers 
had increased dramatically to 49,920 tons, marking an increase of 
140.89%. The maximum value was recorded in 2018, with an amount of 
59,501 tons in Spanish ports, reflecting a 19.19% increase compared to 
2015. Nevertheless, after this year, the numbers began to decline. 

HKE numbers started at 23,244 tons in 2010 and continued to rise 
until 2016, registering 39,556 tons—the maximum recorded in the time 
series. From the initial year, this represented a 70.17% increase. Yet, 
after 2016, the numbers took a downturn, a falling sharply to 22,509 
tons by 2020, a 3.16% decrease as compared to 2010. 

6. Discussion 

Despite the regulations, in the case of cod, anchovy, and hake, the 
data reveal noteworthy observations. When assessing the recorded 
catches of each species by the Spanish fishing fleet, the results do not 
consistently align with the allocations stipulated by regulations. In the 
case of cod, there has been a pattern of overexploitation in most 
years—although not significantly exceeding the set limits—of the 
assigned marine resources under the CFP. Surprisingly, anchovy har
vests have been consistently and significantly exceeding quota limits 

Fig. 7. Value per ton of the selected species in Spanish ports. Source: Euro
stat [4]. 

Fig. 8. Catches by Spanish vessels (tons). Source: Gobierno de España [8], 
Estadísticas de Capturas y Desembarcos de Pesca Marítima. 

Fig. 9. Landings of fishery products in Spanish ports (tons). Source: Euro
stat [4]. 
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since 2012. This practice may pose a substantial threat to the natural 
stock in certain areas if scientific estimations for quota-setting are ac
curate. Hake’s catch levels exceeded the allowed limits from 2010 until 
2013, after which the trend reversed, and compliance was maintained 
for the subsequent observed years. 

Nevertheless, there is a distinction between capturing these natural 
stocks and landing them in a country bound to adhere to the designated 
quota. Data on cod landings indicate that, until 2015, nearly all the 
recorded catches by Spanish vessels were landed in Spanish ports. 
However, after this year, the disparity grew, suggesting that these 
catches were either not landed at all or were deposited in foreign ports. 
Anchovy landings closely mirror the numbers recorded as catches, 
indicating that almost the entire harvest ended up in Spanish fishing 
ports. Hake landings varied significantly in the initial years, becoming 
almost stable with minimal differences between catches and landings 
during the 2013–2014 period and in 2016–2017. Yet, after these pe
riods, the initial trend resurfaced with increasing variance. Markets do 
not consistently demand the same products, and the CFP regulations do 
not outline any conditions regarding the movement of these products to 
foreign countries for commercial purposes. 

The capital funds received at the initial sale exhibited a distinctive 
trend. Cash flows received by Spanish fishermen for each of the selected 
species have varied, sometimes drastically, both positively and nega
tively. The total value of all fishery products landed—measured in 
Euros—has followed similar trends. In the case of cod, there was an 
initial contraction until 2012, followed by an expansion period until 
2015. Nevertheless, from that point onward, there was a significant 
reduction in the total revenue for landings in Spanish ports. A compar
ison between the first and last years of the time series reveals that the 
total value had halved. The evolution of anchovy exhibits a more 
gradual progression over time, demonstrating an increase until 2017 
and subsequently experiencing a slight decline. 

A comparison between the initial and final years has a significantly 
positive impact on the funds received. Hake witnessed substantial 
growth until 2017, followed by a sharp decline until the end of the time 
series, ultimately returning to its initial position within the sector. As the 
landed quantities started to decline, the total amount of funds also 
decreased. 

However, the price evolution per ton for each species has followed 
divergent trajectories. Cod prices have consistently increased 
throughout the time series, suggesting a market appreciation in its value 
when compared to the catches per Spanish vessel. More in-depth 
research should be conducted to address potential factors influencing 
the pricing of fish products. It could be argued that, for this specific fish 
type, fishermen have experienced an improvement in their economic 
conditions. On the other hand, anchovy progress has not been favorable 
over the past decade. A continual decline in prices per ton has been 
observed. It would be interesting to establish a relationship between the 
falling prices and the indiscriminate rise in the harvest of this fish. 

7. Conclusions 

In seeking to address our research question—examining the corre
lation between the current catches by Spanish vessels and the recorded 
landings used to calculate national TACs, and assessing the degree of 
compliance within the broader context of the Spanish fishing indus
try—our comprehensive investigation has unearthed intricate patterns 
and challenges within the realm of fisheries management. 

The trajectory of the Spanish fishing industry reveals a consistent 
decline in the overall volume of landed products. Our data illustrate 
that, from the inception of the selected time series, quantities of all types 
of fresh fishery products have diminished for the Spanish fishing fleet. 
From an economic perspective, a noticeable reduction in the overall 
total market value can be observed, with price per ton as the only 
remaining constant factor. This leads to the following conclusion: 
Despite the decrease in the quantity of harvested fish stocks, prices have 

remained stable over an extended period. In this regard, the macro-level 
objective of the CFP seems to have been accomplished. 

The general trend may vary among specific actors. We chose three 
common species—cod, anchovy, and hake—for examination in this 
article. Different variables were observed to provide an overview of the 
evolution within this more specific sector of the fishing industry. As 
previously explained, the primary drivers of fisheries management 
within the EU are the policies of the CFP, including the corresponding 
quotas. In the case of cod, we noted an increase in the available amount 
for Spanish vessels since 2010. Anchovies have experienced fluctuations 
over the past decade, with their overall position slightly improving 
compared to the beginning of the time series. For hake, capture limits 
have surged, nearly doubling the allowed catches over the past 10 years. 
The escalating demand for commercial fish products, coupled with ad
vancements in fishing techniques, plays a significant role in the poli
cymaking process. 

In summary, quotas have proven ineffective in certain cases and 
specific years, posing a challenge for proper fishery management and 
long-term sustainability. Notably, the overall trends in captures do not 
consistently align with the trends observed in the most "popular" fish 
products. To comprehensively assess the situation, further research is 
necessary to investigate the sector’s behaviours. From an economic 
perspective, similar to capture evolutions, these behaviours do not 
consistently follow the main trend when examining specific actors. 
Future research should explore the connections between demand fac
tors, activity costs, and other elements to address the more specific 
questions arising from this article. Nevertheless, a conclusion can be 
drawn that the CFP needs to establish new guidelines of fishing activity 
among EU member states to achieve the goal of sustainable fishing. 
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This review focuses on the recent data on Mediterranean fishing fleets and landings,

results from stock assessments and ecosystem models to provide an overview of

the multiple impacts of fishing exploitation in the different Mediterranean geographical

sub-areas (GSAs). A fleet of about 73,000 vessels is widespread along the Mediterranean

coasts. Artisanal activities are predominant in South Mediterranean and in the eastern

basin, while trawling features GSAs in the western basin and the Adriatic Sea. The overall

landings of fish, crustaceans and cephalopods, after peaking during mid 90s at about

one million tons, declined at about 700,000 tons in 2013. However, while landings are

declining in EU countries since the 90s, in non-EU countries a decreasing trend was

observed only in the last 5–10 years. The current levels of fishing effort determine a

general overexploitation status of commercial stocks with more than 90% of the stock

assessed out of safe biological limits. Indicators obtained from available ecosystem

models were used to assess the sustainability of the fisheries. They included primary

production required to sustain fisheries (PPR), mean trophic level of the catch (mTLc),

the loss in secondary production index (L index), and the probability of the ecosystem

to be sustainably exploited (psust). In areas exploited more sustainably (e.g., Gulf of

Gabes, Eastern Ionian, and Aegean Sea) fishing pressure was characterized by either

low number of vessels per unit of shelf area or the large prevalence of artisanal/small

scale fisheries. Conversely, GSAs in Western Mediterranean and Adriatic showed very

low ecosystem sustainability of fisheries that can be easily related with the high fishing

pressure and the large proportion of overfished stocks obtained from single species

assessments. We showed that the current knowledge on Mediterranean fisheries and

ecosystems describes a worrisome picture where the effect of poorly regulated fisheries,

in combination with the ongoing climate forcing and the rapid expansion of non-

indigenous species, are rapidly changing the structure and functioning of the ecosystem

with unpredictable effects on the goods and services provided. Although this would call

for urgent conservation actions, the management system implemented in the region

appears too slow and probably inadequate to protect biodiversity and secure fisheries

resources for the future generations.
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Colloca et al. Impact of Fisheries Exploitation in the Mediterranean

INTRODUCTION

The Mediterranean ecosystem has a long history of human
disturbance and exploitation. A growing body of knowledge
and recent single species assessments are showing a general
overexploitation status of commercial fish and shellfish stocks
along with a rapid decline of large predators, such as sharks
(Ferretti et al., 2008, 2013; Fortibuoni et al., 2010, 2016). While
the impact of poorly regulated fisheries is widely documented in
EU Mediterranean waters (Colloca et al., 2013; Vasilakopoulos
et al., 2014), the status of fisheries and stocks in non-EU
countries, where a standardized fisheries data collection system is
generally not yet fully enforced, is still unclear. However, taking
into consideration the recent reports of the working groups
on stock assessment of the General Fisheries Commission for
the Mediterranean (GFCM), it is possible to argue that also in
the non-EU countries the situation might be critical (GFCM,
2016a,b).

In recent years there are also increasing evidences on the
negative impacts of fishing on the Mediterranean trophic web
and ecosystem. Analyses on the impact of fishing on the
ecosystem, quantified through an index of Loss in secondary
production (Libralato et al., 2008) resulted a general low
probability of the ecosystem to be sustainably fished in the
Mediterranean Sea both from models and data (Libralato et al.,
2005). Moreover, the meta-analysis of Mediterranean model
outputs highlighted detectable signs of impacts of fishing from
several ecosystem indicators (Coll and Libralato, 2012).

The ecosystem change was so fast during the last 50 years
to be directly witnessed in different Mediterranean areas by
fishermen and vessel captains (Maynou et al., 2011), highlighted
from analysis of landing statistics (Fortibuoni et al., 2017), and
documented in several studies (Lleonart, 1993; Abelló et al., 2002;
Coll et al., 2006, 2007; Libralato et al., 2008; Azzurro et al., 2011).

In addition, there is a growing concern about the damages on
the benthic habitat caused by towed gears such as otter trawls,
dredges, beam trawls (Pranovi et al., 2000; Smith et al., 2000;
de Juan et al., 2007; De Biasi and Pacciardi, 2008; de Juan and
Lleonart, 2010).

The critical situation of commercial stocks rose the concerns
also for several factors than alone or in combination with
fisheries are contributing to worsening the conditions of
marine Mediterranean communities. Increasing body of research
is showing fast spreading of new invasive species in the
Mediterranean (Lejeusne et al., 2009; Galil et al., 2014;
Parravicini et al., 2015) that can have indirect effects on resident
communities and fisheries difficult to quantify (e.g., Libralato
et al., 2015). Pollution and marine litter are having strong
attention because of the several indirect and direct impacts
on both stocks and fisheries (Galgani, 2015). Nutrient loads
from watershed have been regulated with important changes
in the last decades resulting in direct effects on marine coastal
area primary productivity and exploited resources (Caddy,
2000; Fortibuoni et al., 2017). Climatic global changes are also
influencing Mediterranean marine communities by changing
average temperature, productivity and water alkalinity (Lazzari
et al., 2012, 2014; Cossarini et al., 2015) with potentially large
effects on exploited stocks (Colloca et al., 2014).

Although there is a general concern about the lack of
adequate management measures to reverse the ongoing negative
trends and drive Mediterranean fisheries toward a sustainable
exploitation, the overall picture of the situation of fisheries and
ecosystems is still rather confused.

In this review, we used multiple source of information to
summarize the current knowledge on commercial demersal
fisheries in European and non-European waters. Starting from
a review of the fisheries trend we considered the status of
commercial stocks in the different Mediterranean FAO-GFCM
Geographical sub-areas (GSAs). These data were complemented
with information on the outputs of main ecosystem models
available in Mediterranean to produce an overview of the
overall impact of fishing on the ecosystem. In this perspective,
we considered also data on non-indigenous fish species and
knowledge on the conservation status ofMediterranean fish from
the International Union for Conservation of Nature (IUCN)
assessments.

Our main goal was to provide a general overview on
Mediterranean fisheries and discuss the multiple effects
generated by fishing exploitation, from commercial stocks to
the whole ecosystem, in relation to the challenging long-term
sustainability objectives of the European Union (sensu CFP Reg.
no. 1380/2013) and FAO (UN; sensu SDG 14, FAO SO2 and the
Aichi Targets).

MATERIALS AND METHODS

Fisheries Data
Data available on fishing capacity, as total number of artisanal
vessels using fixed gears (e.g., trammel nets, long-lines,
traps, etc.), trawlers, purse-seiners, and pelagic trawlers,
in each Mediterranean Geographical Sub-Areas (GSAs,
Figure 1) were obtained from several sources (see Table 1).
These includes technical reports of both the FAO-GFCM
and the Scientific Technical and Economic Committee
of the European Commission (STECF-EC), as well as
fleet data retrieved from the European vessel register
(http://ec.europa.eu/fisheries/fleet/index.cfm) and scientific
studies.

Landing data by main group of species (i.e., demersal
fish, small-pelagics, elasmobranchs, crustaceans, cephalopods)
and area were obtained from the GFCM marine capture
production database 1970–2014 (http://www.fao.org/gfcm/data/
capture-production-statistics/en/). This was complemented for
EU GSAs with data from the JRC database on Mediterranean
and Black Sea fisheries (https://stecf.jrc.ec.europa.eu/dd/medbs)
as well as Italian data included in Mannini and Sabatella (2015).

Fishing mortality and FMSY values were compiled from stock
assessment forms produced by both the GFCM and STECF
working groups in stock assessment from 2002 to 2014 and
summarized by Cardinale and Scarcella (2017).

Reported landing data in each GSA were contrasted with
fleet capacity, calculated as total number of trawl vessels, and
dimension of the continental shelf (depth range: 0–200 m). This
latter was derived from a depth layer downloaded from Marspec
database (http://www.marspec.org/).
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FIGURE 1 | Mediterranean FAO-GFCM Geographical Sub-Areas (GSAs). The continental shelf (0–200m) is also shown. 1, Northern Alboran Sea; 2, Alboran Island; 3,

Southern Alboran Sea; 4, Algeria; 5, Balearic Islands; 6, Northern Spain; 7, Gulf of Lions; 8, Corsica Island; 9, Ligurian and North Tyrrhenian Sea; 10, South Tyrrhenian

Sea; 11.1, Sardinia (west); 11.2, Sardinia (east); 12, Northern Tunisia; 13, Gulf of Hammamet; 14, Gulf of Gabes; 15, Malta Island; 16, South of Sicily; 17, Northern

Adriatic; 18, Southern Adriatic Sea; 19, Western Ionian Sea; 20, Eastern Ionian Sea; 21, Southern Ionian Sea; 22, Aegean Sea; 23, Crete Island; 24, North Levant; 25,

Cyprus Island; 26, South Levant; 27, Eastern Levant Sea.

Ecosystem Indicators
Indicators were obtained from ecosystem models, which are
standardized quantitative representations of main biological
structure of the ecosystem, from primary producers to top
predators. A set of available ecosystem models were selected to
fulfill the following aspects: (i) represent substantial parts of each
Mediterranean GSA (i.e., the model domain was large enough);
(ii) have been well-documented in scientific literature; (iii) were
developed for addressing fishing issues, thus they embed detailed
description of fisheries landing and discards. The selected
ecosystem models, although not available for all GSAs, permit
to derive a set of indicators summarizing ecosystem effects of
fishing to highlight impact of fishing on ecosystem structure and
functioning. In particular we reported total ecosystem biomass
(TB), total catches (TC), and the ratio between total catches
and primary production (gross efficiency, GE). Moreover, from
models were obtained footprint-like measure of fishing pressure,
i.e., the primary production required to sustain catches (PPR;
Pauly and Christensen, 1995), which together with information
on primary production and the mean trophic level of the catches
(mTLc; Pauly et al., 1998) provide a framework for assessing
status of fisheries (Tudela, 2000; Tudela et al., 2005). These
indicators are combined in the Loss in secondary production (L
index), an index that allows assessing the ecosystem overfishing
level since reference levels in terms of probability of the
ecosystem to be sustainably fished (psust) were empirically
defined (Libralato et al., 2008). Such indices collected for the set

of available models provide an evaluation of ecosystem status
by GSA.

As measures of the possible exposure to the indirect effects
of climate change we derived the number of non-indigenous
fish species recorded in each GSA. This was summarized
from the CIESM Atlas of exotic species in Mediterranean
(http://www.ciesm.org/online/atlas/) and complemented with
supplementary bibliographic information from specific areas
(Katsanevakis et al., 2009; Evans et al., 2015).

RESULTS

Effort and Landings Data by GSA
The Mediterranean fishing fleet is made up by about 72,600
vessels of which 85.5% are artisanal vessels using a variety of
gears (e.g., trammel nets, gillnets, longlines, traps, etc.), about 9%
are trawlers and 5% purse seiners and pelagic trawlers (Table 1,
dredges were excluded). Fleet data show major differences
across the Mediterranean GSAs. The largest artisanal fleets
occur in Tunisia (GSAs 12–14), Aegean Sea (GSAs 22–23),
and Northern Adriatic (GSA 17), whilst trawlers are mainly
concentrated in Egypt (GSA 26), Adriatic (GSAs 17–18), and
Algeria (GSA 4, Table 1). In terms of fishing pressure on the
shelf, the area with the highest number of artisanal vessels
per km2 are the Levantine Sea (GSA 27), Cyprus (GSA 25),
Morocco (GSA 3), Algeria (GSA 4), Eastern Ionian Sea (GSAs
20, Figure 2A). A different pattern occurs for trawlers where the
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FIGURE 2 | Fishing pressure on the Mediterranean continental shelf, as n.

vessel km−2, by GSA and fleet: (A) artisanal vessels; (B) trawlers (data derived

from Table 1).

FIGURE 3 | Relationships between the dimension of the continental shelf area

of GSAs and the reported total annual landings (GSAs 1-3 are excluded, data

shown in Table 1).

highest concentration is found in Algeria (GSA 4), Egypt (GSA
26), Western Ionian Sea (GSA 19), Southern Sicily (GSA 16),
Southern Adriatic Sea (GSA 18), Northern Alboran Sea (GSA 1)
(Figure 2B).

The annual landings observed in the different GSAs resulted
linearly correlated (r2 = 0.78, p < 0.01) with the dimension
of the continental shelf (0–200m depth, Figure 3). This appears
therefore a key factor in constraining the productivity potential
of Mediterranean fisheries.

Temporal Trend in Landings
The estimated total production of demersal and small pelagics
species derived from different statitical sources was about 766,600
ton in 2014 similar to the figure that can be obtained from the
GFCM capture data (727,000 tons). The landings of demersal
species showed large differences among GSAs (Table 1): the
area with the highest annual production was the Central-North
Adriatic (GSA 17) with about 44,000 t, followed by the Algeria’s
GSA 4 (41,000 t), Tunisian GSAs (20,000 t), Agean Sea and Egypt
(about 17,000 t each), Morocco (16,000 t) and finally South of
Sicily (14,000 t).

According to the GFCMdata, small pelagics (anchovy, sardine
and other clupeids) accounted for 333,174 tons while demersal
species achieved 394,327 tons. The temporal trend in annual
production of demersal fish, crustaceans, cephalopods and small
pelagics showed a rapid increase from 70s to the beginning of
90s followed by a declining trend since then. A different picture
comes out disaggregating capture data by European (i.e., Spain,
France, Italy, Slovenia, Croatia, Montenegro, Albania, Greece,
Malta, Cyprus) and non-European countries (i.e., Turkey,
Syria, Lebanon, Egypt, Libya, Tunisia, Algeria, Morocco). The
reduction trend is determined only by a decreases in the landings
of European countries for all the groups but the crustaceans. The
landings of non-European countries was featured by a different
pattern where a reduction in small pelagics, demersal fish and
elasmobranchs occurred only in the last 5–10 years and partially
compensated by a continuous increasing in cephalopods and
crustaceans landings (Figure 4).

Exploitation Status of Commercial Stocks
Data for more than 80 stocks of fish and crustaceans assessed
in the period 2002–2014 (Table 2) showed that for 90% of
them the current fishing mortality (F) is higher than the fishing
mortality at MSY (FMSY). The highest F/FMSY values are observed
for demersal fish, particularly hake (Merluccius merluccius),
black bellied anglerfish (Lophius boudegassa), and red mullet
(Mullus barbatus). Most of the assessed stocks of crustaceans
and small-pelagics are featured by F/FMSY values between 1
and 2. In general, there are large differences between GSAs in
the overexploitation status of species. For example red mulled
(M. barbatus) appears sustainable exploited in GSAs 10 (South
Tyrrhenian) and 18 (South Adriatic) and highly overexploited in
GSAs 5 (Balearic) and 11 (Sardinia).

Ecosystem Indicators
Indicators derived frommodels (Table 3) showed large variability
in total ecosystem biomass, ranging from 21.31 ton/km2 in
Ionian Sea model to 130 ton/km2 in Northern Adriatic Sea.
There seems to be very poor relationship between total biomass
and total catches (R2 = 0.0394). Generally, higher biomasses
in the system resulted in lower mTLc. Therefore, PPR% of the
catches resulted positively related to total ecosystem biomass
(R2 = 0.26). GE was very low for Tyrrhenian and Gulf of
Gabes (GE < 0.001) and high for Catalan in the 2000s and
Greek Ionian Sea (0.0034 and 0.0040 respectively). Placing PPR%
and mTLc in a combined context resulted in systems very
likely sustainably fished (Aegean Sea and Gulf of Gabes) in

Frontiers in Marine Science | www.frontiersin.org 5 August 2017 | Volume 4 | Article 244

http://www.frontiersin.org/Marine_Science
http://www.frontiersin.org
http://www.frontiersin.org/Marine_Science/archive


Colloca et al. Impact of Fisheries Exploitation in the Mediterranean

FIGURE 4 | Trend in annual landings of small pelagics, demersal fish, crustaceans, cephalopods, and elasmobranchs in EU (red line) and non-EU (blue line)

Mediterranean GSAs. Data were retrieved from the GFCM capture fisheries database (http://www.fao.org/gfcm/data/capture-production-statistics/en/

?platform=hootsuite).

contrast to other heavily exploited (Catalan Sea and Adriatic
Sea, Figure 5A). The quantitative framework provided by Loss
in secondary production index and psust (Libralato et al., 2008)
resulted in a very critical situation for most of the exploited areas
represented by the ecosystem models (Figure 5B). Only Gulf of
Gabes, Eastern Ionian, and Aegean Sea were identified as models
with sustainable fisheries. Conversely the Adriatic Sea appeared
the most critical situation with a probability to be sustainable
fished around 20% (Figure 5B).

We used the total number of non-indigenous fish species by
GSA as an index to exposure to environmental change. The map
in Figure 6 shows main spatial difference among GSAs, with
the Eastern basin featured by a high number of new species
(94 in Levantine Sea—GSA 27). In contrast, the number of
non-indigenous species is low in Central Mediterranean (e.g.,
Tyrrhenian Sea, Sardinia, Balearic Islands). An intermediate level
of non-indigenous species can be found along the African coasts,
where new species from the Red Sea and South Atlantic can
overlap.

DISCUSSION

There is an increased concern about the status of Mediterranean
ecosystem in relation to the sustainability of the current level
of fisheries exploitation. Several studies have discussed how the
unbalanced fishing in several areas of the Mediterranean is
undermining the productivity of both commercial stocks and
fisheries activities highlighting the need for a new management
strategy aimed at rebuilding overexploited stocks (Colloca et al.,
2013; Vasilakopoulos et al., 2014).

However, rarely the impact of fishing has been analyzed at
the basin scale and accounting for both the status of the single
stocks and the ecosystem. Most of the studies carried out in the
last 10 years have focused on EU Mediterranean countries where
data of transversal (i.e., catch and effort), biological (i.e., size/age
composition of the commercial stocks, biological parameters)

and socio-economic indicators are routinely collected on a year
basis within the EU-Data Collection Framework (DCF). Since
2008, these data, used to provide advice on the status of the stocks
in EUwaters within the STECF working groups, have depicted an
overall status of overfishing with few exceptions (STECF, 2014,
2016). Although a similar activity has been also developed by the
GFCM for stocks in non-EU GSAs, the status of fisheries and
stocks in these non-EU areas is less clear due to more scattered
data and less commitment in performing standard data collection
and stock assessments.

In this study, we revised multiple sources of data on fisheries
and stocks from both EU and non-EUGSAs to provide an overall
picture of fisheries trends in Mediterranean Sea accounting also
for the most relevant effects on the ecosystem.

Spatio-Temporal Trend in Fishing Effort
and Landings
Currently, the Mediterranean ecosystem is exploited by about
72,600 vessels most of which (85%) are artisanal boats using
many different fishing gears. The artisanal fishing component
of the fleet is still extremely important for the socio-economy
of many coastal communities other than a source of food, also
for representing an important cultural heritage with relevant
implication for activities related to the tourism. The main
artisanal fleets are concentrated in Aegean Sea (GSAs 22–23);
Tunisia (GSAs 12–14), Northern Adriatic (GSA 17), Libya (GSA
21), East Ionian Sea (GSA 20), Algeria (GSA 4), Morocco (GSA
3). The distribution of trawlers indicate that they concentrate
mostly in Adriatic GSAs (GSAs 17 and 18), Egypt (GSA 27),
Algeria (GSA 4), and North West Spain (GSA 6). Another
large component of trawler fleet is located in the Strait of
Sicily (GSAs 12–16), where 785 trawlers from Italy, Malta,
and Tunisia exploit shared resources also in international
waters.

MediterraneanGSAs are however featured by large differences
in the dimension of the continental shelf which in turn determine
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FIGURE 5 | Ecosystem state from the available food web models representing

large areas of the GSAs (see Table 3 for details). (A) Primary production

required relative to primary production (PPR%) and mean trophic level of the

catches for each model; lines divide the plane into regions with different level

of sustainability of the fisheries (see Tudela et al., 2005); white dots indicate

models representing ecosystems before 1980, gray dots ecosystems between

1980–1999 and black dots food web models of more recent years.

(B) Quantitative assessment of the probability of the ecosystem to be

sustainably fished using the framework provided by Loss in secondary

production approach, assuming transfer efficiency as 13.7% (as the modal

value for temperate shelfs; Libralato et al., 2008).

also large dissimilarities in fishing pressure (i.e., vessel km−2).
Our analysis show that differences in fisheries productivity
between different areas can be largely explained by differences
in the dimension of the continental shelf, which is thus
resulting as one of the most relevant factor constraining fisheries
productivity.

Landings data from GFCM capture statistics indicated that
the fishing landings of the EU countries declined since mid
‘90s for the main taxa with the exception of crustaceans,
whose landings was substantially stable in the last 30 years.
It is worth noting, however, that the catch trend appears
completely different in non-EU countries. Here the annual
landings of small pelagic and demersal fish species is increasing
since 70s and only in the last 5–10 years a decreasing
trend is noticeable. Moreover, crustaceans, elasmobranchs,
and cephalopods landings are still increasing. The stable or
increasing pattern of crustaceans also in EU waters can be
the results of a combination of effects, where the ecosystem
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FIGURE 6 | Number of non-indigenous species by GSA. Data from the CIESM Atlas of Exotic Species in the Mediterranean (http://www.ciesm.org/online/atlas/).

change can be one of the most important. Temporal trend
of increasing abundance of decapod crustaceans simultaneous
with a decreasing of fish has been documented for the bathyal
assemblages of the Western Mediterranean (Cartes et al., 2009).
In this area, the landings of blue and red shrimp (Aristeus
antennatus), the main target species of deep trawling, depends
also by the climatic condition over the Western Mediterranean
(Maynou, 2008). Similarly, the abundance of the deep-water rose
shrimp (Parapenaeus longirostris), one of the most important
commercial shrimp in Mediterranean, is increasing in the
Tyrrhenian and Ligurian Seas, with an important effect due to
the increasing in water temperature (Ligas et al., 2011; Colloca
et al., 2014).

Current increasing landings of crustacean can also result
from a sequential overexploitation with trawlers progressively
moving from one resource to another in relation to their
abundance, profitability and market conditions. Furthermore,
a possible role might also by played by a combined effect of
predation release, i.e., by the major removal by fisheries of
their fish predators (e.g., as detected in N Atlantic; Worm
and Myers, 2003), and of scavenging behavior, i.e., their
potential advantage on feeding on large amounts of discards
produced by Mediterranean fisheries (Tsagarakis et al., 2014).
While these aspects need to be furtherly explored, the different
temporal catch trends between EU and non-EU GSAs suggest
that fishing effort in the two areas has been following an
opposite development. Whilst the fishing capacity of European
Mediterranean countries decreased in the last 20 years as
effects of the decommissioning schemes of the EU with a
subsequent reduction in landings, an increasing in fishing

capacity cannot be excluded in otherMediterranean areas (Samy-
Kamal, 2015).

Impact of Fishing on Commercial Stocks
and By-Catch Species
Results of the stock assessments carried out in the last 10 years
clearly show that the ongoing fishing pressure is determining
a generalized overfishing status of commercial stocks, which
appears more relevant for demersal fish. Overfishing is
undermining the economic performance of EU Mediterranean
fleets, as summarized by the negative trend in economic
indicators (e.g., Italian fleets, STECF, 2015), thus making the
sector more exposed to the negative effect of the general
economic crisis. A negative picture on the effect of poorly
regulated fishing activities on Mediterranean fish communities
came out also by the assessment done by the International
Union for Conservation of Nature (IUCN; Abdul Malak et al.,
2011; Nieto et al., 2015) where among the 519 native marine
fish species and subspecies assessed in term of conservation
status in Mediterranan Sea, 43 species (7.5%) were classified
in threatened categories (critically endangered, endangered, or
vulnerable). Of this group, 31 species are elasmobranchs making
the Mediterranean the region in the world with the higher
proportion of threatened species of sharks and rays (Dulvy et al.,
2014).

The critical status of elasmobranchs was highlighted by several
studies showing a worrisome long term decline (Fortibuoni et al.,
2010) accelerated in last decades. For example, pelagic sharks
declined by more than 95% during the last century (Ferretti et al.,
2008), whilst demersal sharks, such as smooth-hounds (Mustelus
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spp.), disappeared from most of the West Mediterranean in ‘70s
and ‘80s (Massutí, 1971; Aldebert, 1997; Maynou et al., 2011;
Ligas et al., 2013; Fortibuoni et al., 2016; Colloca et al., 2017).

The few geographic sectors where elasmobranchs still show
viable populations for local fisheries are those featured by
extended continental shelves (e.g., North Adriatic, South Tunisia
and Libyan coasts, South of Sicily, and Malta). In these
areas the elasmobranchs populations are likely maintained
thanks to the occurrence of untrawable areas providing refuge
opportunities, a moderate level of fishing intensity (e.g., Turkish
coasts, Lybian waters) or a combination of these factors (see
Bradai et al., 2012). However, the rapid increasing catches
of elasmobranchs in non-EU waters in the last 20 years,
shown by the GFCM data (Figure 4), can be a worrisome
indication of an increased depletion risk for these “residuals”
populations.

Impact of Fishing on the Ecosystem
In this study, we made an attempt to summarize the impact of
fishing on the ecosystem of different GSAs to understand how
much the negative signals derived from single-species models
can be also detected at the multispecies level. Although the
domain of the ecosystem models never encompassed the whole
GSA, the models represented exploited key areas large enough
to be considered indicative of the status of the GSA ecosystem,
although within GSA there might be areas with contrasting local
situations. Synthetic indicators directly derived frommodels such
as total biomass, total catches and mTLc (mean trophic level
of the catches) for each ecosystem highlight the difficulties in
grasping the ecosystem effects of fishing without considering the
productivity and the energetics behind each caught species. For
instance the general pattern of higher catches and lower mTLc
for ecosystems with higher total biomass (Table 3) is related to
patterns in the primary productivity across GSAs. This highlight
the difficulties for these indicators to detect impacts of fishing,
because larger productivity supports ecosystem with heavier
exploitation and the lowering of mTLc is simply the result of non-
proportional effects of productivity across trophic level. That is
why GE, which was suggested as an index of fishing pressure
(Christensen et al., 2008), might be misleading in indicating
ecosystem overfishing.

Primary production required to sustain catches, instead,
accounts for the energy needed to produce caught biomasses at
different TL and when scaled to actual PP for obtaining PPR%
results in an indicator useful for comparing fishing pressure
across ecosystems with very different productivity as the different
Mediterranean GSAs. Contrasting PPR% with mTLc using a
consolidated framework (Tudela, 2000; Libralato et al., 2005,
2008; Tudela et al., 2005; Coll et al., 2008b), moreover, allows
to highlight ecosystem sustainability of fisheries. Areas that
resulted exploited sustainably are Gulf of Gabes, as well as Eastern
Ionian and Aegean Sea with probability to be sustainably fished
(psust) of 92.3% (±7.5), 59.6% (±16.2%), and 71.2% (±12.6%),
respectively. The high sustainability of fisheries in these areas
is coherent with fishing pressure characterized by low number
of vessels per unit of shelf area for Tunisia and for the large
prevalence of artisanal/small scale fisheries in GSA 20 and

22. Conversely GSA 6, 9, and 17 showed very low ecosystem
sustainability of the fisheries, with the Northen Central Adriatic
Sea (GSA 17) the lowest 14.3% (±9.1). These figures are coherent
with the high fishing pressure on these systems (number of
trawlers per unit surface of shelf). Ecosystems in GSA 6, 9,
and 17 appear thus overexploited with considerable losses in
secondary productions and represent areas where exploitation
is ecologically inefficient and also characterized by economically
low efficient fisheries.

Unfortunately not all GSAs have exemplificative ecosystem
model to analyse, and clearly the ones available suffer for
representing different periods in the last decades, might embeds
different biological resolution and processes, and might have
different degree of accuracy according to data availability.
Nevertheless, the picture is coherent with fishing capacity, effort
and catches for the overlapping GSAs. Results point to general
good conditions for areas dominated historically by artisanal
and small scale fisheries such as the Greek Ionian Sea, GSA 20,
(Moutopoulos et al., 2013) or where fisheries is developed but still
working within profitable conditions such as the Tunisian GSAs
(Hattab et al., 2013). Areas such as the western GSA17, with long
history of fisheries exploitation (Fortibuoni et al., 2010), with
very impacting gears active (such as the rapido trawling; Pranovi
et al., 2000), with several ecosystem impacts documented (e.g.,
Giani et al., 2012) and with several stocks assessed as overfished
(Table 2), resulted to be in a condition that can be summarized as
a low profitable bio-economic equilibrium.

CONCLUSIONS

It is straightforward that the current level of fishing pressure in
the Mediterranean basin, exerted by a large variety of fishing
vessels and fishing gears, has impaired the productivity of
commercial stocks, increased the extinction risks for sensible
species, such as elasmobranchs, and contributed to disrupt the
productivity and functions of the ecosystem.

We showed that single species and ecosystem models return a
coherent pattern where ecosystem overfishing is combined with
a high proportion of commercial stocks out of safe biological
limits. This is in turn the result of a prolonged high fishing
pressure where the effect of diffuse artisanal fleets is exacerbated
by high pressure from vessels using towed gears (e.g., bottom and
pelagic trawlers, beam trawlers). The fishing effort has increased
in an uncontrolled way for decades in many Mediterranean areas
(Garcia, 2011), and although measures to freeze the effort and
reduce the capacity of the fleet are ongoing in EUMediterranean
countries also thanks to EU regulations, there are not yet clear
signs of an inversion of the trend. As a matter of fact, Cardinale
and Scarcella (2017), clearly shown that one of the major reasons
for the alarming situation of Mediterranean Sea stocks can be
found in the ineffectiveness of the putative effort reductions
to control fishing mortalities, the continuous non-adherence to
the scientific advice, and the existence of ineffective national
management plans as a primary management measure.

It is widely recognized that managing multi-species,
multi-fleets fisheries is a complex task where the achievement
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of single species targets (i.e., MSY) for a multiple stocks can
be challenging due to species interactions (e.g., prey-predator
relationships, competition, etc.) but also due to indirect
interactions of mixed fisheries (Walters et al., 2005; Mackinson
et al., 2009), especially in a fast changing ecosystem such as
the Mediterranean. The rapid warming, combined with the
expansion of non-indigenous species is definitely changing the
suitability of the habitats for traditional commercial species with
effects on their resilience to fishing (Libralato et al., 2015). The
recent collapse of small pelagic fishery in the Gulf of Lions is a
clear example where poor fish growth, size and body condition
and ultimately biomass seem to be due to bottom-up control
characterized by changes in food availability and increasing
potential trophic competition (Brosset et al., 2016). Exaggerated
fishing pressure represents a threat for populations making them
more fragile and less resilient to other pressures and changes,
and ultimately increasing the risk of collapse for the fisheries
themselves.

In this context, the development of a more effective
management regime for Mediterranen fisheries is extremely
urgent to prevent that unregulated fishing and climate
forcing might disrupt the secondary productivity of the
ecosystem with major impacts on the goods and services
provided.

The poor management is likely the result of the intrinsic
complexity of managing human activities in the Mediterranean
basin, where nations with major differences in the governance
systems, socio-economic priorities and development objectives,
share common natural resources (Micheli et al., 2013). However,
a different result in terms of governance and sustainability was
expected for fisheries in EUMediterranean countries considering
the policy objectives identified by regulations such as the
Common Fisheries Policy (CFP), and the EU reg. 1967 since
2006.

Only recently were set the first attempts to develop
management strategies at the international scale by GFCM with
the support of the EU, as for example for deep water rose shrimp
and hake fisheries in the Strait of Sicily. The ongoing process
in Mediterranean European waters appears however too slow to
achieve the MSY for the main commercial stocks by 2020.

The Mediterranean EU regulation 1967/2006 and the CFP
have mostly failed in their mandate to achieve sustainability for
fisheries in EU Mediterranean waters, thus not providing

long-term sustainability and profitability to the fishing
enterprises (STECF, 2015). This is in contrast to what observed
in recent years in NE Atlantic, where the actions already
implemented under the CFP have led to an improvement in
the status of many commercially important fish stocks toward
levels that are capable of producing MSY (Cardinale et al., 2013).
Although the high-level seminar on the state of stocks in the
Mediterranean and on the CFP approach held in February 2016
(http://ec.europa.eu/fisheries/high-level-seminar-state-stocks-
mediterranean-and-cfp-approach_en) has stressed the need of
urgent actions to inverse the ongoing negative trend, any major
management action to quickly reverse the trend has been put in
place so far.

Similar problems are being experienced throughout the
world and for sure, several policy-oriented instruments have
been enacted at the international level in recent years, which
call upon relevant management bodies and Regional Fisheries
Management Organizations (RFMOs) to be actively involved
in the protection of marine biodiversity and sustainable use
of fishery resources. In particular, the new CFP along with
the most recently, UN SDG 14, FAO SO2, and the Aichi
Targets all stress the importance of reducing overfishing and
securing healthy ecosystems for the benefit of present and future
generations.

AUTHOR CONTRIBUTIONS

FC: contribution to the design of the study, catch-effort review
and analysis, and discussion of results; GS: contribution to the
design of the study, stock assessments review, and discussion of
results; SL: contribution to the design of the study, ecosystem
models review and analysis, and discussion of results.

ACKNOWLEDGMENTS

This study was partially carried out within the EU
project MareFrame: Co-creating Ecosystem-based Fisheries
Management Solutions, Seventh Framework Programme (FP 7),
grant agreement no. 613571. SL has been partially funded by
the Flagship Project RITMARE—The Italian Research for the
Sea—coordinated by the Italian National Research Council and
funded by the Italian Ministry of Education, University and
Research within the National Research Program 2011–2013.

REFERENCES

Abdul Malak, D., Livingstone, S. R., Pollard, D., Polidoro, B. A., Cuttelod, A.,
Bariche, M., et al. (2011). Overview of the Conservation Status of the Marine

Fishes of the Mediterranean Sea. Gland; Malaga: IUCN.
Abelló, P., Abella, Á., Adamidou, A., Jukic-Peladic, S., Maiorano, P., and Spedicato,

M. T. (2002). Geographical patterns in abundance and population structure
of Nephrops norvegicus and Parapenaeus longirostris (Crustacea: Decapoda)
along the European Mediterranean coasts. Sci. Mar. 66(Suppl. 2), 125–141.
doi: 10.3989/scimar.2002.66s2125

Aldebert, Y. (1997). Demersal resources of the Gulf of Lions (NW
Mediterranean). Impact of exploitation on fish diversity. Vie Milieu 4,
275–284.

Azzurro, E., Moschella, P., and Maynou, F. (2011). Tracking signals of change in
Mediterranean fish diversity based on local ecological knowledge. PLoS ONE

6:e24885. doi: 10.1371/journal.pone.0024885
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