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Glossary
CCLME – Canary Current Large Marine Ecosystem
CECAF – Fisheries Committee for the Eastern Central Atlantic
CFP – Common Fisheries Policy
DWF – Distant water fleet
EC – European Community
EEZ – Exclusive Economic Zone
FAO – Food and Agriculture Organization of the United Nations
FPA – Fisheries Partnership Agreement
GRT – Gross Register Tonnage
HAWG – Herring Assessment Working Group
ICES – International Council for the Exploration of the Sea
JSC – Joint Scientific Committee
MSY – Maximum Sustainable Yield
SES – Social-ecological system
SFPA – Sustainable Fisheries Partnership Agreement
SSB – Spawning Stock Biomass
STECF – Scientific, Technical, and Economic Committee for Fisheries
TAC – Total allowable catch
UNCLOS – United Nations Convention on the Law of the Sea Convention
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Abstract
The EC adopted the Common Fisheries Policy (CFP) in 1983 to 1) conserve their marine
resources, 2) regulate their fisheries, and 3) maintain the activity of their distant water fleets
(DWFs) in the Exclusive Economic Zones (EEZs) of non-EC coastal states by establishing
fisheries agreements. The CFP reformation in 2002 extended the first two objectives to
marine resources included in fisheries agreements. This study compares the implementation
of the CFP in EC waters and non-EC waters by using two case-studies: the North Sea herring
fishery and the central Atlantic sardinella fishery. These two case-studies are analysed by
applying the social-ecological systems (SES) framework. This research focussed on the
operational rules of the two fisheries and how these are influenced by the ecological
performance measures of the two fisheries in terms of fishing mortality and spawning stock
biomass (SSB). For the North Sea herring (Clupea harengus) fishery, a management plan
including fishing mortality and SSB management reference levels has been in force since the
adoption of the CFP to avoid overfishing or an overfished stock state respectively. These
reference levels have been revised over time in alignment with the CFP, towards the
maximum sustainable yield (MSY) principle. The operational rules are adapted in order to
reach the management objectives. The MSY management objectives have been reached since
1997. The operational rules for the EC DWF targeting sardinella are established in fisheries
agreements negotiated with the northwest African states. These agreements have granted
access to the round sardinella (Sardinella aurita) and the flat sardinella (Sardinella
maderensis). No management targets in terms of fishing mortality or SSB have been set for
this fishery. In addition, fishing by the EC DWF continued to be allowed and even increased
when the sardinella stocks were subject to overfishing and/or were overfished. The
operational rules are thus not adjusted to reach the CFP objectives accordingly. This study
therefore illustrates an inconsistency of the implementation of the CFP on EC fisheries in EC
waters and non-EC waters.
Keywords: Common Fisheries Policy, Clupea harengus, Sardinella aurita, Sardinella
maderensis, social-ecological system framework.
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Chapter 1. Introduction
The industrialization of the fishing fleet enabled European fishing fleets to expand their
fishing grounds all over the globe (Pauly et al., 2002; Swartz et al., 2010). Some technological
innovations that played a role in this industrialization are the replacement of sailing vessels
with steam engine trawlers in the 1890s, diesel engines after the First World War, and freezer
trawlers equipped with radar and acoustic fish locating devices after the Second World War
(Engelhard, 2008). Mechanized stern-ramp rather than side trawl nets furthermore allowed the
use of much larger nets (Engelhard, 2008). Due to the expansion of fishing fleets and the
fishing effort (the combination of the fishing capacity of the fleets and the fishing activity) in
the 1950s and 1960s, global catches increased rapidly (Bell et al., 2017; Srinivasan et al.,
2012; Swartz et al., 2010). This increase in catch, however, caused local depletion of target
species (Lear, 1998; Palomares et al., 2020). As a response, European fishing fleets moved
further offshore beyond their national jurisdiction, in their quest to encounter rich fishing
grounds (Belhabib et al., 2012; Kalaidjian, 2010; Pauly, 2011; Tickler et al., 2018). These
fleets are called distant-water fleets (DWFs).
The continuous growth of the fishing industry, depletion of fish stocks and consequent
declining landings urged the need for (inter)national fishing regulations (EC, 1983a;
UNCLOS, 1982). Especially considering the decrease of fishing activities during the two
World Wars had shown that fish stocks could recover from heavy fishing pressures if fishing
got reduced (Churchill & Owen, 2010; Pauly et al., 2002). The United Nations Convention on
the Law of the Sea (UNCLOS), which was adopted in 1982, stressed the need for the
sustainable use and conservation of marine resources (UNCLOS, 1982). It furthermore
extended the geographical area in which coastal states have sovereign rights to explore,
exploit, conserve and manage natural resources in the so-called Exclusive Economic Zone
(EEZ) (UNCLOS, 1982). The European Community (EC) implemented the UNCLOS by
adopting the Common Fisheries Policy (CFP) in 1983 (Okafor-Yarwood & Belhabib, 2020).
This policy made the EC responsible for the regulation of the EC fishing sector and the
protection of European marine resources (EC, 1983a). Another objective of the CFP was to
maintain the activity of EC DWFs in their fishing grounds which had become Exclusive
Economic Zones (EEZs) of coastal states (EC, 1983a).
After the implementation of the CFP, the EC negotiated fisheries agreements with several
northwest African states (Alder & Sumaila, 2004; Bonfil et al., 1998; EC, 1987a, 1987b,1995;
Kaczynski & Fluharty, 2002). A fisheries agreement includes which species may be caught in
the host country’s EEZ, financial compensation for the catch and technical requirements of
the fishing vessels. The content of the fisheries agreements became more extensive in 2002
when the scope of the CFP objectives got extended to waters beyond their national
jurisdiction in which their fleets were active (EC, 2002). From that moment, fisheries
agreements included amongst others financial support to the host country fisheries sector to
improve fisheries management and the responsibility of the EC to contribute to scientific
research on the target species.
So although northwest African states have sovereign rights to conserve the fish stocks in their
EEZs, the EC plays a role in this as well as stated in the CFP and the fisheries agreements.
The objectives of the CFP have been the same in European and northwest African waters
since 2002. Nevertheless, the EC has faced the critique of shifting their overexploitation
issues to the EEZs of northwest African coastal states (Alder & Sumaila, 2004; OkaforYarwood & Belhabib, 2020; Witbooi, 2008). This suggests that the implementation of the
CFP is not the same in European and northwest African waters.
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To examine if there is indeed a difference in implementation of the CFP in EC and northwest
African waters, this study compares the implementation of the CFP by analysing two casestudies: the North Sea herring fishery and the central Atlantic sardinella fishery. These
fisheries are selected because the herring and sardinella are both small pelagic species with
similar life history traits such as a small size, maturity at young age, high fecundity and a
short life span (Adams, 1980; AFNS/IDRC, 1991; Ba et al, 2016; Bjørndal, 1988; Samba et
al., 2021).
The Social-Ecological System (SES) framework is used to analyse the implementation of the
CFP in these two fisheries (Ostrom, 2009). A SES consists of four subsystems: the resource
system (the geographic location of a fishery), resource units (here, herring and sardinella),
resource users (fishing industry), and governance systems (here, the CFP). Interactions
between these subsystems lead to outcomes at the SES level, and in their turn influence the
four subsystems (Ostrom, 2009). This framework is used to explore similarities and
differences of the implementation of the CFP on regional fleets fishing on herring and
European DWFs targeting sardinella. The objective of this study is to compare the
implementation of the CFP in these systems. Therefore, this study focusses on interactions
between the resource user and the resource unit (catch levels of users), between the users and
the governance system (the fisheries management rules the users have to comply with), and
on information sharing (data collection for management advice). The outcomes of these
interactions are compared with ecological performance measures such as the size of the
spawning stock biomass (SSB) and the fishing mortality of the stock relative to their
management targets. In the comparative analysis, the similarities and differences of the
variables in these two systems are highlighted and it will be investigated how ecological
performance measures influence interactions between governance and users.
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Chapter 2. Methods
This research used a comparative, case-study based approach. To analyse the case-study
outcomes and their causes, this study compares six subsystems within the herring and
sardinella fishery. A combination of peer-reviewed articles and online databanks was used.

2.1 Online literature search
Peer-reviewed articles were accessed via the two search engines Google Scholar
(scholar.google.com) and WorldCat for Utrecht University
(utrechtuniversity.on.worldcat.org/discovery). The search functions included the fish species
and the second-level variable (table 1). Characteristics of the resource system were found with
the search term of the North Sea or Canary Current Large Marine Ecosystem and primary
production. Searches were performed on titles and abstracts in English. In addition, a search
for French articles for sardinella was conducted as French is the second language in the
northwest African countries included in this research (table 1). These articles were accessed
by selecting French as the output language in the advanced settings of Google Scholar.
Citations and the bibliography of articles were furthermore consulted to find more relevant
literature. Despite the efforts described, I am aware that this method may have excluded
relevant sources. For instance, no search in Google Scholar or WorldCat is conducted in the
first language of the northwest African states.
A quality assessment of all articles was conducted. I assessed whether the articles were peerreviewed, the types of sources used and how the sources where cited. Information cited was
always traced back to the original source. Multiple sources were used to backup each
statement. When reports or articles did not cite their sources or cited them faulty, these
articles were judged as unreliable and were subsequently discarded.
Table 1. Literature search functions.
The same search terms are used for Sardinella maderensis and Sardinella aurita, but the searches were
performed independently.

North Sea herring (EN)

Size, growth rate, fecundity,
life history, spatial
distribution, Common
Fisheries Policy,
management, management
plan, management target,
stock status.

Sardinella
maderensis/sardinella aurita
(EN)
Size, growth rate, fecundity,
life history, spatial
distribution, Common
Fisheries Policy, European
Union, distant water fleet,
fisheries agreement,
fisheries partnership
agreement, sustainable
fisheries partnership
agreement, fisheries
management, stock status.

Sardinelle
maderensis/sardinelle aurita
(FR)
Common Fisheries Policy,
politique commune de la
pêche, accord de pêche,
Union européenne, flotte
européenne, état de stock.
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2.2 Information on fisheries agreements
The CFP and the fisheries agreements with the northwest African host countries were
gathered from EUR-Lex (eur-lex.europa.eu), the official database of the EC providing access
to EC law documents. The northwest African countries included in this research are Morocco,
Mauritania, Senegal, The Gambia and Guinea-Bissau. All five countries have negotiated
fisheries agreements including small pelagic species with the EC in different time intervals
between 1980-present.

2.3 Data on catch levels and ecological performance measures
Three databases were conducted for the herring catch levels: ICES (ices.dk), FAO (FishStatJ
software) and Sea Around Us (seaaroundus.org). ICES is an intergovernmental marine
science organization which collects catch data, conducts stock assessments and provides
fisheries management advice to the EC concerning the North Sea herring fishery. The ICES
database shows catch levels of the autumn-spawning herring in the North Sea ecoregion. The
FAO database shows the combined herring catch of all herring sub-stocks from the northeast
Atlantic from 1950-2020. The Sea Around Us project shows the combined herring catch
performed in the North Sea, not specified for the different sub-stocks. For this study, it is
important to distinguish the North Sea autumn spawning herring sub-stock that falls under EC
fisheries management and the herring sub-stocks that do not. Therefore, the ICES database
was chosen to retrieve the herring catch level. Ecological performance measures in terms of
herring SSB and fishing mortality were also obtained from the ICES database.
Sardinella catch levels were retrieved from the Sea Around Us project (seaaroundus.org). This
project is a research initiative of the University of British Columbia. The Sea Around us
research project reconstructs catch data performed in EEZs that are, or could be, claimed by
coastal states under the UNCLOS. The project follows a seven-step approach for
reconstructing the catch (Pauly et al., 2020). First, reported catch data are collected by area,
taxon, and year. This data is retrieved from ICES for EC countries, and the FAO of non-EC
countries. Missing data components are then identified based on literature searches and
consultations with local experts. In the third step, alternative information sources for the
missing data components are sourced. This leads to the establishment of anchor points for the
missing catch data per country. These anchor points are then interpolated for the time periods
in between the anchor points. The sixth step sums up the official catch data with the estimated
catch data. Uncertainty of the catch reconstruction is quantified in the final step.
The Sea Around Us database was chosen as it provides sardinella catch performed in
northwest African EEZs from 1950-2018 specified by fishing entities. This allowed for the
calculation of catch performed by EC fishing entities. EC fishing entities were included in this
calculation from the year they entered the EC.
Sardinella ecological performance measures were retrieved from 1) reports of the FAO
Working Group on Small Pelagic Fish off northwest Africa, 2) a stock assessment of the Sea
Around Us project, and 3) reports of the Joint Scientific Committees (JSCs) between the
northwest African host countries and the EC. The reports of these JSCs are accessible online
from 2017 onwards (ec.europa.eu). The EC Department for Environment, Maritime affairs
and Transport did not grant me access to the JSC reports prior this time. The Europe Direct
Contact Centre did send me redacted JSC reports with Mauritania of 2004, 2007-2011 and
2013-2014. According to the Europe Direct Contact Centre, these were the only JSC reports
they had on file.
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A limitation of the stock assessments performed by FAO Working Group on Small Pelagic
Fish and the JSCs is that these are based on registered catches. However, Illegal, Unregistered
and Unreported (IUU) catches are of concern in the northwest African study area (Agnew et
al., 2010; Gascuel et al., 2007; Liddick, 2014). Only taking registered catches into account
undermines the reliability of the stock assessments, and thus the reliability of the ecological
performance measures presented in this study. This is why an additional search in Google
Scholar and WorldCat was performed for peer-reviewed articles that did take IUU catches
into account when assessing the sardinella stock. Sardinella catch levels retrieved from the
Sea Around Us database included an estimate of IUU catches.

2.4 Study approach
In this study, the CFP is first described with regards to its objectives and principles. Then, the
complex SES framework from Ostrom, 2009 is used to analyse the implementation of the
CFP to the North Sea herring fishery and central Atlantic sardinella fishery. Within the SES
framework, six subsystems are identified: the resource system, the resource unit, the resource
users, governance system, interactions and outcomes. Each subsystem is composed of
multiple second-level variables, as described in Ostrom, 2009. I began by reviewing the
second-level variables for relevance to the study objective. This process resulted in the
exclusion of several second-level variables. The selection of variables included in this
research is presented in table 2.
The variables of the resource unit are included to illustrate the similarities of the herring and
the sardinella. The governance system within the SES analysis regard the operational rules the
resource users must adhere to. The users are described by their nationality and history of use,
focussed on EC fishing entities. Interactions of interest are between the users and resource
unit (catch levels of EC fishing entities), and the data of the stocks that is collected for
fisheries management. Relevant outcomes are the ecological performance measures, and of
specific interest is how these outcomes influence the governance system.
Table 2. Second-level variables for an SES for analysing the implementation of the CFP.
Modified from Ostrom, 2009.

Subsystem
Resource system
Resource unit

Users
Governance system
Interactions

Outcomes

Second-level variable
Location
Primary production
Life history traits (size, life span, growth rate, fecundity, maturity
at age)
Spatial distribution in EEZs
Fishing entities
Operational rules
Catch levels of users (in tonnes per year)
Biological and fisheries data collected to perform stock
assessments
Ecological performance measures (spawning stock biomass,
fishing mortality and their management reference levels)

9

Chapter 3. Results
3.1 Governance system: the Common Fisheries Policy
In 1983, the EC adopted the CFP to manage the exploitation of living marine resources within
the national jurisdiction of EC member states (EC, 1983a). The objectives of this policy were
to protect EC fishing grounds, to conserve marine resources and to ensure long-term
economic and social benefits from marine resources (EC, 1983a,1992, 2002, 2013a). The CFP
consequently established principles and rules of fisheries management to be implemented on a
fish stock or group of fish stocks exploited by EC fishing vessels. Every ten years, the CFP is
evaluated to which extent the objectives are reached (EC, 1983a). As a result, the CFP has
undergone three reforms since its adoption. Since 2002, the objectives of the CFP have been
extended to non-EC waters in which EC distant water fleets (DWF) conduct fishing activities
(EC, 2002). This meant that the fisheries agreements established between the EC and
northwest African host countries should also follow the CFP principles from then onwards.
The first principle stems from 1983 and states that fisheries management plans must follow
the best available scientific information. Information used regards, for example, the spawning
stock biomass (SSB) (the combined weight of all fish in the fish stock that have reached
sexual maturity), the fishing mortality (fraction of the stock that is caught) it is subject to and
projections of these variables under different management measures. For EC fish stocks, this
information is collected by ICES, an intergovernmental marine science organization. Besides
the collection of information, the organization also advices on management plan refinements.
Under the 2002 reform, four additional principles for fisheries management plans were
included in the CFP: 1) the multi-annual approach, 2) the target-driven management, 3) the
ecosystem-based approach, and 4) the precautionary approach (EC, 2002). The first two
principles entailed that management plans should work towards a target set over a specified
number of years. These targets should be based on either the SSB, catches or fishing
mortality. The third principle was introduced to change the fisheries management strategy
from a single-species to an ecosystem-based approach, meaning that management plans
should also conserve the functioning of the ecosystem from which the target species is caught
by limiting the environmental impacts of the fisheries and reducing catches of non-target
species. The precautionary approach urges management conservation plans to be implemented
even when there is not sufficient scientific information regarding the size of the fish stock or
the impact of fishing on a stock (EC, 2002).
To date, the last CFP reform took place in 2013 which presented the Maximum Sustainable
Yield (MSY) principle (EC, 2013a). The MSY is the highest theoretic yield that can be
sustained from a stock under average environmental conditions (Schaeffer, 1957). This model
is based on the relationship between the biomass of the stock, the population growth rate,
reproduction rate and natural mortality (Schaeffer, 1957). It assumes that the net growth of a
stock can be caught by fisheries without depleting the stock. Net growth is highest at 50% of
the maximum population size that can be sustained by the environment. This principle
changed the target of management plans to keep or rebuild the SSB at the size at which MSY
can be achieved (Bellido et al., 2020; EC, 2013a).

10

The management measures implemented to reach the CFP objectives are a combination of
output and input control regulations (EC, 1983a,1992, 2002, 2013a). Since 1983, the corner
stone of EC fish resource management has been an output control regulation: the total
allowable catch (TAC) regime (Churchill & Owen, 2010; Da Rocha et al., 2010; Hegland,
2012). A TAC is an annually set stock-specific catch limit. A TAC will be increased when the
SSB exceeds the target size or when the fishing mortality is below the target. In opposite
situations, the TAC will be decreased. The TAC regime is essentially a single-species
management approach and does not consider the effects of fishing on non-target species nor
on the functioning of the ecosystem (Bellido et al., 2020; Möllmann et al., 2014; Reiss et al.,
2010; Ulrich et al., 2012).
Bycatch regulations and the 2013 discard ban are examples of output control regulations that
are in line with the ecosystem-based approach (Ono et al., 2018). The discard ban obliges
fishers to land all catch if a catch limit applies to those species, instead of throwing it back in
the water (Hatcher, 2014; Leitão & Baptista, 2017). This catch is then consequently deducted
from the TAC of that species.
Input control regulations are furthermore in place to restrict fishing effort (the number of
fishing vessels and their time spent at sea) and fishing efficiency (fishing gear, fishing zones
and fishing seasons) (Bellido et al., 2020; EC, 1983a, 1992, 2002, 2013a; Kahlilian et al.,
2010). These input control regulations can be designed to either benefit the target species or
the ecosystem as a whole (Bellido et al., 2020; Ono et al., 2018; Reiss et al., 2010).
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3.2 Case-studies: SES-descriptions
3.2.1 North Sea herring fishery

Figure 1. Ostrom’s social-ecological systems framework operationalized for the North Sea herring fishery.

Resource system

The North Sea is located between 50⁰ N, 4⁰ W to 61⁰N, 12⁰
E. It borders the Netherlands, The United Kingdom,
Belgium, France, Germany, Denmark and Norway (fig. 2)
(Idon, 2004; Sündermann & Pohlmann, 2011). Annual
primary production in this region is high, 234 g C/m2/year,
which supports a big variety of fisheries (Capuzzo et al.,
2018). Overall primary production has however decreased
since the 1980s due to 1) reduction of nitrogen and
phosphorus load from river output, and 2) a warming sea
surface temperature (Capuzzo et al., 2018; Desmit et al.,
2020). Primary production is expected to further decline in
the future due to global warming (Capuzzo et al., 2018;
Desmit et al., 2020). This downward trend in primary
production negatively affects the recruitment of herring
(Capuzzo et al., 2018; Payne et al., 2009).
Resource unit

North Sea herring (Clupea harengus) is a pelagic fish
species. It exhibits life history traits of an r-selected species:
Figure 2. North Sea and the EEZ distribution of
the coastal states therein.
a small size (up to 45 cm), a high growth rate (0.53 year-1), a
Adapted with changes from Flanders Marine
low age at maturity (two years, with a length of 23.65 cm), a
Institute (2022).
high but variable fecundity and a maximum age of 10 years
(Adams, 1980; Berg et al., 2017; Bjørndal, 1988; Bjørndal & Lindroos, 2004). These life
history characteristics contribute to a high reproductive potential which are selected on in
environments where species are subject to unpredictable mortality factors (Adams, 1980;
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Stearns, 1992). Due to these characteristics, herring can withstand relatively high natural and
fishing mortality rates (Lowerre-Barbiere et al., 2015; Winemiller, 2005).
Three sub-stocks of North Sea autumn spawners are identified based on the location of their
spawning grounds: the east of Scotland, the east of England and the English Channel
(Bjørndal & Lindroos, 2004; Frässler et al., 2011). Outside the spawning period, these substocks mix in the central and northern North Sea where fishing takes place (Bjørndal &
Lindroos, 2004; Frässler et al., 2011). Herring migrates between the EEZs of the United
Kingdom, France and Norway which makes it a transboundary fish resource (Bjørndal &
Lindroos, 2004; Gullestad et al., 2020). The latter indicates that the EC and Norway are
responsible for the co-management of the herring fishery under the UNCLOS.
Users

North Sea herring is caught by fleets from The United Kingdom, Norway, The Netherlands,
Germany, Sweden, and Denmark. (ICES, 2018; Pauly et al., 2020). As herring is a schooling
pelagic fish, the common fishing methods used for herrings are purse seines and mid-water
trawlers (Bjørndal & Lindroos, 2004; Pauly et al., 2020). Both fishing techniques are active
gears, meaning the gear is towed through the water to capture the fish. Purse seines deploy
large nets that encircle a school of fish after which bottom side of the net is tightened and the
net is pulled in (Tenningen et al., 2017). Sonars are used to detect and assess the
characteristics of the herring school before a purse seine net is deployed (Tenningen et al.,
2017). Mid-water trawls on the other hand are towed through the water column, and these
fisheries use combinations of sonar and echo sounders to detect herring (Suuronen et al.,
1997).
Governance system: operational rules

The first management regulation for the North Sea herring fishery was implemented in 1977
before the CFP was adopted: a closure of the herring fishing grounds after the fishery had
collapsed (Dickey-Collas et al., 2010; Economic and Social Committee, 1978; ICES, 2018).
The aim of this measure was to give the herring the opportunity to recover to a SSB of at least
800.000 tonnes in the North Sea (ICES, 1978). By maintaining the SSB at this level, it was
believed that herring recruitment and stock growth were sufficient to allow fishing again. This
target was reached in 1983, after which the herring fishery was opened again (ICES, 1984).
At this time, the UNCLOS and CFP were adopted.
Acting in line with the UNCLOS and the CFP, the EC and Norway have cooperated in
managing the transboundary North Sea herring stock (Dickey-Collas, 2016). The overall
management aim has been to recover and maintain the herring SSB above 800.000 tonnes
(ICES, 1984, 2018). In order to reach this goal, the main management measure has been to
restrict the fishing mortality. Parameters that determine the allowed fishing mortality rate are
the SSB estimation, past and projected recruitment, natural mortality and the size structure of
the stock. A TAC follows from the fishing mortality target, which is consequently distributed
amongst EC member states and Norway; the EC receives a 71% share and the rest goes to
Norway (Arnason et al., 2018).
The fishing mortality and SSB management targets have been revised over time according to
new management principle that were incorporated in the CFP. To deal with the uncertainty in
the scientific data on which fisheries management is based, precautionary reference levels
were introduced in the herring fisheries management plan in 1998 (González-Laxe, 2005;
ICES, 2013). Precautionary levels try to avoid the potential risks of a fishery collapse that
13

could occur due to the uncertainty in estimations and future projections (González-Laxe,
2005). In 2013, the MSY framework was implemented (EC, 2013a). This changed the SSB
and fishing mortality management targets to levels at which MSY can be achieved (ICES,
2013).
Several other measures have furthermore been in place. To protect juvenile herring, a
minimum landing size of 20 cm is permitted to give juvenile herring the opportunity to grow
and contribute to recruitment before being captured (EC, 1983b, 2019b). In addition, herring
spawning grounds of the herring are seasonally closed for fishing (EC, 1984, 1997, 2019b).
Lastly, a maximum number of vessels is allowed to fish simultaneously, to reduce fishing
effort (EC, 2019b).
Interactions

1. Catch levels of users
Catches increased from the 1950s, with a sharp rise in 1962. This was driven by the
increase of fishing efficiency due to the introduction of purse seine nets, echo sounders
and sonar (Bell et al., 2017; Srinivasan et al., 2012; Swartz et al., 2010). From 1965,
herring catches dropped rapidly (fig. 3).
From 1977 to 1983, a fishing moratorium restrained the activities of herring fishers.
Herring fishing has been restricted by TACs since the fishing ban got lifted in all areas of
the North Sea in 1983 (ICES, 1984; 2018). Since then, the trend in catches have therefore
been caused by either TAC reductions or elevations.

North Sea herring catch
1400000

Catch (tonnes)

1200000
1000000
800000
600000
400000
200000
0
1947

1957

1967

1977

1987

1997

2007

2017

Figure 3. North Sea herring landings 1947-2017
Landings have been recorded since 1947. Introduction of industrialized fleets are visible in the steep
increase of landings in 1962. The fishery closed from 1977 until 1983. Some illegal herring fishing
occurred in the English Channel during this period and herring was also caught as bycatch of other
fisheries in the North Sea. Data derived from ICES, 2018.

14

2. Data collection
National catch registration of the herring fishery started around the beginning of the 20th
century (Simmonds, 2009). Since the 1960s, the North Sea herring has been assessed by the
Herring Assessment Working Group (HAWG) for the Area South of 62⁰N, an ICES working
group (Dickey-Collas et al., 2010; ICES, 1969, 1971). Annual herring stock assessments have
been performed by the HAWG since 1980.
Part of the data collected by the HAWG is fishery dependent and part is fishery independent.
Fishery dependent information includes annual catches (wanted, unwanted and discards),
fishing mortality, biological composition of the catch (size, age and weight), and changes in
the fishery. Fishery independent information are retrieved with acoustic surveys (to determine
mean weights-at-age, maturity-at-age and natural mortality), bottom trawl surveys (to
determine recruitment and abundance of large herring larvae), and larvae surveys (to
determine abundance and distribution of newly hatched herring larvae).
The stock assessments and the resulting fisheries management advice is shared with the
Scientific, Technical and Economic Committee for Fisheries (STECF) of the EC (Borges,
2018; Churchill & Holden, 2010; Penas, 2007). The STECF assesses the socioeconomic
consequences of the HAWG management advice. Both the HAWG and STECF provide
management advice to the European Commission.
Outcomes

Until 1983, the North Sea herring was an open access resource. This meant that all users
enjoyed free access to the North Sea herring beyond the territorial sea of the United Kingdom,
France and Norway. The territorial sea extends 12 nautical miles from the shoreline. The open
access regime enabled the rapid rising fishing mortality levels from the 1960s which led to the
depletion of the stock as described in the “Tragedy of the commons” (Box 1). Fishers
continued fishing for herring when their catches decreased in 1965, also because higher
herring prices compensated the reduced catches rates, thereby enabling the herring fleet to
survive a while longer (Dickey-Collas et al., 2010).
Box 1. A tragic relationship between user and resource unit in an open access regime
In open access regimes, no actor holds property rights over the marine resource. Hence,
each fisher is allowed to conduct fishing activities freely. Such regime ultimately leads to
the depletion of fish resources. The reason why fishers continue to maintain or increase
their fishing pressure when catches decline, is due to “The tragedy of the commons”,
described by Garret Hardin (Hardin, 1968). Although Hardin originally described a
tragedy for a common good, he actually describes a tragedy of an open access resource
(Feeny et al., 1990; Frischmann et al., 2019; Ostrom, 2009).
The Tragedy of the Commons consists of multiple consecutive stages, starting when the
exploitation of a fish stock starts and then appears to be successful. Revenues of the
fishers in this stage will be high which makes the fishers expand their activities, and
attract more fishers. Environmental side effects of the increased fishing activity will start
to become visible in the next stage, such as changed life histories of the fish species or a
decline in average age or size of the caught fish. Users will, however, continue fishing as
the positive utility of catching an extra fish increases their individual revenue whereas the
negative side effects are shared between all users.
As the positive utility of overfishing exceeds the shared negative utility, users will use
their maximum potential in pursuit of a maximum revenue. This short-term self-interested
fish harvesting threatens long-term harvesting of a finite resource (Gifford & Wells,
1991). This ultimately leads to the collapse of a fishery, leaving the fishers with no
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revenue at all.

This tragedy and the outcomes of the herring management that followed from 1977 can be
assessed by comparing the fishing mortality and SSB relative to their reference levels (Box 2).
Here, the two parameters are compared to their level at which MSY can be produced. This
allows to determine whether the management targets are reached, or if the herring stock
continues to be overfished or subject to overfishing.

Box 2. The difference between ‘overfishing’ and ‘overfished’
Fish stock assessments give an estimate of the fishing mortality and stock abundance.
Comparing these with the corresponding management targets, the ecological
performance measures of the fishery can be determined (Hilborn, 2020; Zhou et al.,
2012). The estimation of fishing mortality gives an insight whether the stock is
sustainably harvested or overfished, yet the size of the stock is used to judge whether a
stock is in a healthy or overfished state (Collie & Gislason, 2001; Costello et al., 2016).
Overfishing is a process and takes place when the fishing mortality exceeds its
management reference level (Costello et al., 2016; Hilborn, 2020). Until the introduction
of the MSY principle, the management target was a set mortality rate by ICES. The
MSY principle altered the definition of overfishing to a fishing mortality higher than the
fishing mortality at which MSY can be achieved (FMSY) (Hilborn, 2020; Mace, 2001).
An overfished stock can be the consequence of overfishing. A fish stock is considered to
be overfished when the SSB is below the level at which recruitment of a stock is likely
to be impaired and is below the level at which MSY can be achieved (Guillen et al.,
2016).
Although these concepts are related, they do not have to co-occur. A fish stock can for
instance be subject to overfishing albeit still being in a healthy state (Froese et al., 2018;
Methot et al., 2014).
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Indeed, the herring stock was subject to overfishing from the 1960s (fig. 4). This got followed
by a rapid decline in SSB which reached the overfished state in 1967 (fig. 4). The fishing
moratorium allowed the herring SSB to reach the recovery target (Blim) in 1983. Catch limits
were implemented when the fishing moratorium was lifted. Agreed TACs by the European
Council exceeded the HAWG advice on average with 7% between 1987-1995, up to 26% and
27% in 1994 and 1995 respectively (ICES, 2019). Due to the increasing fishing pressure in
the 1990s in combination with a low recruitment in the 1990s, the SSB dropped below the
level at which MSY could be achieved again (Frässler et al., 2011; Nash et al., 2005; Payne et
al., 2009). Stringent catch restrictions were imposed in 1995 as a response. Since 1997, the
herring stock is likely not overfished nor subject to overfishing (fig. 4). Even though the TAC
set in 2018 and 2019 exceeded the HAWG advice with 16% and 24% respectively (ICES,
2019).

Figure 4. Stock assessment of the North Sea autumn-spawning herring between 1947-2017.
This figure shows the fishing mortality (left) and spawning stock biomass (SSB) (right) and their reference levels of the
North Sea autumn spawning herring. The shaded green areas represent the 95% confidence interval of the fishing mortality
and SSB estimates. The fishing mortality and SSB reference levels are set in 2019.
Adapted with changes from ICES, 2019.
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3.2.2 Central Atlantic sardinella fishery

Figure 5. Ostrom’s social-ecological systems framework operationalized for the central Atlantic sardinella fishery.

Resource system

The Canary Current Large Marine Ecosystem (CCLME) is an
eastern boundary upwelling system named after the eastern
branch of the subtropical gyre in the North Atlantic: the
Canary Current (Bakun, 1990; Grecian et al., 2016; Halpern,
1977; Kämpf & Chapman, 2016). It extends from around
36⁰N, 5⁰ W to 11⁰ N, 16⁰W, along the coasts of Morocco to
Guinea-Bissau and westwards to the Canary Islands (fig. 6).
This ecosystem is one of the most productive areas in the
ocean with a production of 372 g C/m2/year due to strong
year-round coastal upwelling (Arístegui & Montero, 2005;
Chavez & Messié, 2009; Sambe et al., 2016). A wide variety
of species is therefore supported in the waters along the coast
(Anabalón et al., 2014; Braham & Corten, 2005; Grecian et al.,
2016). The primary production of the CCLME has been
decreasing over the past four decades due to rising sea surface
temperatures (Sambe et al., 2016).
The ecology of the CCLME exhibits a wasp-waist trophic
structure, a common characteristic of eastern boundary current
systems (Curry et al., 2000; Kämpf & Chapman, 2016;
Madigan et al., 2012). Small pelagic fish are the dominant
species in this food web, and they are responsible for the
population control of species in lower and higher trophic
levels (Braham & Corten, 2015; Curry et al., 2000).

Figure 6. West African Large Marine
Ecosystems and the Exclusive Economic Zone
distribution of the coastal states therein.
Adapted with changes from Belhabib et al., 2016.

Resource unit

Two sardinella species inhabit the central Atlantic Ocean: the round sardinella (Sardinella
aurita) and the flat sardinella (Sardinella maderensis) (Ba et al., 2016; Samba et al., 2021).
18

Sardinellas are pelagic fish, with a high but variable intrinsic growth rate (0.38-1.16 year-1), a
small maximum size (up to 35 cm), a high fecundity with year to year variations depending on
the weight and size of the females, a short life-span (5-7 years) and a young age at maturity (2
years with a length of 18.5-22.5 cm) (Baldé et al., 2019; Boëly et al., 1982; Palomares et al.,
2020; Samba et al., 2021). These life history traits indicate that the sardinellas are r-selected
species, at least potentially able to withstand high natural mortality rates and fishing pressure
(Adams, 1980).
The distribution of sardinella is dependent on the seasonal upwelling and resulting
zooplankton abundance (Ter Hofstede et al., 2007; Zeeberg et al., 2008). Round sardinella
migrates northward from the Senegalese to the Moroccan EEZ between May-August
(Brochier et al., 2018; Ter Hofstede et al., 2007). In December, the species moves southwards
again. The migration pattern of the flat sardinella is less pronounced (AFNS/IDRC, 1991; Ba
et al., 2016). Fisheries follow the migration routes of the sardinella, and mainly target round
sardinella due to its higher commercial value (Braham & Corten, 2015; Corten et al., 2017).
Users

Sardinella is caught by both northwest African fleets and DWFs (Alder & Sumaila, 2004;
Belhabib et al., 2019; Corten, 2017). Northwest Africa’s artisanal sector uses canoes
(pirogues), drift gillnets, encircling gillnets and beach sine nets (Ba et al., 2017; Trouillet et
al., 2011). The artisanal sector is labour intensive and operates close to shore although this
sector has become motorized. In addition, northwest African industrial fishing fleet has
gained importance since the mid-1960s (Pauly et al., 2020).
Industrial DWFs predominantly fly the flag of a variety of EC member states, Russia, and
more recently China (Alder & Sumaila, 2004; Mallory, 2013; Pauly et al., 2020). These fleets
deploy freezer trawlers, non-freezer trawlers and purse seiners. In addition, a part of the
industrial fishing fleet flying the flag of northwest African countries are in fact reflagged
European or Chinese vessels (Alder & Sumaila, 2004; Belhabib et al., 2013; Belhabib et al.,
2015, Intchama et al., 2020). Reflagging of European vessels occurs when their allocated
fishing quotas have been used (Guggisberg, 2019; Intchama et al., 2020). As operators are not
allowed to establish private agreements with the northwest African host countries, reflagging
allows for these vessels to continue their fishing practices (Espósito et al., 2016; Mulazzani &
Malorgio, 2014; Salomon et al., 2014 Watson et al., 2014).
Governance system: operational rules

Fisheries agreements between the EC and northwest African coastal states are the
implementation of the UNCLOS and CFP. These agreements grant EC fishing vessels access
to fish stocks in the EEZ of the host countries with whom the fisheries agreements are
established. The content of the fisheries agreements has become more extensive over time in
line with the CFP reformations (EC, 1987a, 1995, 2001, 2006, 2008, 2015, 2019a).
The first fisheries agreement including small pelagic fish such as sardinella was established
with Senegal in 1980, followed by Mauritania and Gambia in 1987 and Morocco in 1995 (fig.
7) (EC, 1980, 1987a, 1987b, 1995). In these agreements, allowed fishing zones and fishing
gear for small pelagic fisheries was arranged. Access of fishing vessels to small pelagic fish
was limited based on the vessel’s Gross Registered Tonnage (GRT), a measure of the cubic
capacity of a vessel (Peng et al., 2011). This measure is not an indicator for a vessel’s fishing
capacity. Instead, fishing capacity is related to a vessel’s engine power, net size and time
spent fishing (Aranda et al., 2012; Stilwell et al., 2010). Financial contribution was also
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agreed based on a vessel’s GRT (Kaczynski & Fluharty, 2002; Witbooi, 2008; EC, 1987a,
1995, 2002, 2006, 2008). This therefore meant that under these fisheries agreements, EC
fishing vessels could catch an unlimited amount of small pelagic fish for a fixed price.

Figure 7. Timeline of fisheries agreements with northwest African coastal states including small pelagic fish.
The dark colours indicate fisheries agreement including small pelagic fish were in force between the EC and the
corresponding northwest African coastal state. The light colour indicates periods of absence of fisheries agreements including
small pelagic fish.

After the CFP’s objectives got extended to external waters in 2002, the EC established socalled Fisheries Partnership Agreements (FPAs) with northwest African host countries. New
in these agreements were financial contributions for research to improve information on
fishery resources, financial support for northwest African fisheries and sectoral support to the
fisheries surveillance performed by the host countries (EC, 2001, 2006, 2007, 2008). FPAs
furthermore added the responsibility of the EC to promote responsible fishing by setting up a
Joint Scientific Committee (JSC) with the host country. This committee received the
responsibility to publish an annual scientific report on the fisheries covered in the fisheries
agreement in order to 1) improve the understanding of the state of the fisheries resources, and
2) adopt measures where necessary to ensure sustainable management of the fisheries
resources. New in the 2006 FPA with Mauritania was a combined small pelagic fish catch
limit in tonnes for pelagic freezer trawlers (EC, 2006). Non-freezer trawlers in Mauritanian
waters were still only limited by their GRT.
The third CFP reform in 2012 resulted in a further expansion of the fisheries agreements,
which were from then on called Sustainable Fisheries Partnership Agreements (SFPAs).
Newly added was sectoral support to assist host countries in implementing sustainable
fisheries policies and improving fisheries management, monitoring, control and surveillance
(EC, 2013b, 2015, 2019a, 2019b). SFPAs with Morocco and Mauritania furthermore included
catch restrictions in tonnes of small pelagic fish per year, but still not specific to sardinella
(EC, 2013b, 2015). The 2019 SFPA with Guinea-Bissau on the other hand still includes a
GRT limit on small pelagic fish for the first two years (EC, 2019a). A small pelagic catch
restriction in tonnes of fish is agreed from 2021 onwards. A minimum landing size of
sardinella of 18 cm was agreed with Mauritania only in 2019.
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Interactions

1. Catch levels of users
Total sardinella catch has fluctuated, but shows an overall increasing trend since 1950 (fig. 8).
Catch increased steadily from 1950-1970, after which the catch fluctuated periodically.
European fleets commenced sardinella fisheries in the mid-1960s, but the catches took off
more seriously in 1995 when a fisheries agreement with Morocco was established (fig. 8)
(EC, 1995). The dominance of the EC DWF catches increased from 19% in 1995 to 39% in
only two years. A drop in EC DWF sardinella catches occurred when the fisheries agreement
with Senegal ended in 2002.
Since 2008, the total sardinella catch shows an increasing trend (fig. 8). This is mainly due to
the development of a fishmeal industry in Mauritania, and the arrival of Chinese distant water
vessels (Cherif, 2009; Corten et al., 2017; Pauly et al., 2020). The dominance of the EC fleet
of the sardinella catch decreased in 2012 when Mauritania restricted access to DWFs in their
coastal zone (EC, 2012). Several EC DWFs consequently left (CSC, 2014). The influence of
Mauritania’s access restriction to DWFs in their waters is not visible in the sardinella catch of
non-EC DWFs, as their catch in this fishing region continues to show an increasing trend (fig.
8).
S A R D IN E L L A C A T C H E S IN N O R T H W E S T A F R IC A N E E ZS
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Figure 8. Sardinella catches in northwest African EEZs from 1950-2018.
This figure shows the catches of the round and flat sardinella in the EEZs of Morocco, Mauritania, Senegal, Guinea-Bissau
and Gambia. These EEZs include the waters that countries have claimed under the UNCLOS, and the corresponding area is
used for the years prior the EEZ declaration. The blue line represents the catches performed by fleets of the former five
northwest African states. Catches of EC member states (orange) include the following fishing entities from the year these
joined the EC: France (1958), Germany (1958), the Netherlands (1958), Italy (1958), Ireland (1973), the United Kingdom
(1973), Portugal (1986), Spain (1986), Estonia (2004), Latvia (2004), Lithuania (2004), Poland (2004), Romania (2007). The
non-EC DWF (yellow) includes catches from distant water fishing vessels that do not fly the flag of an EC member state.
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2. Data collection
The northwest African coastal states are responsible for conducting scientific research on their
fish resources, and to set measures based on this information. These states are united in a
Fisheries Committee for the Eastern Central Atlantic (CECAF), established by the Food and
Agriculture Organization of the United Nations (FAO). The CECAF is among others
responsible to review the state of the fish resources, to establish the scientific basis for
fisheries management measures and to recommend the northwest African states in the
implementation of management measures. Within the CECAF, the Working Group on the
Assessment of Small Pelagic Fish off Northwest Africa, further referred to as the FAO
Working Group, has been responsible for the assessment of the sardinella and consequent
management recommendations since 2002 (FAO, 2002). For this working group to review the
state of the sardinella, the five northwest African states must submit catch data, data on
fishing effort, acoustic surveys, and length sampling of the sardinella in the catch. However,
the information submitted is often inadequate or incomplete which hinders the ability to
assess the state of the stock and to make fisheries management recommendations (Corten,
2014; Trouillet et al., 2011; Lakhnigue et al., 2019).
After the 2002 CFP reform, the EC established JSCs with the northwest African host
countries to collect scientific data on the sardinella species, to assess the state of the target fish
species and to give fisheries management recommendations (EC, 2001, 2002, 2006, 2007,
2008).
Outcomes
The outcomes of the central Atlantic sardinella fishery are based on the fishing mortality
estimates and biomass estimates relative to the level at which MSY can be achieved. Three
sources have been conducted, which show different results.
1. FAO Working Group
This working group has been conducting stock assessments on the sardinella stocks in the
waters from Morocco to Senegal since 2002 (FAO, 2002). The first stock assessments
concluded there were no signs of overfishing on both the round and flat sardinella (FAO,
2002, 2003, 2004). Three years later, it showed both species were subject to overfishing
(FAO, 2006a). The round sardinella was even judged to be overfished in 2005, and the flat
sardinella was fished at the level at which MSY could be achieved (FAO, 2006a). Overfishing
continued in the following years, and the flat sardinella has been assessed to be overfished
since 2009 (FAO, 2011, 2020).
Since 2013, no reliable results on the stock size and fishing mortality have been obtained
(FAO, 2015a, 2016, 2018). No reference points for the fishing mortality and biomass size
could consequently be established by the working group. This is due to incomplete catch
statistics in Mauritania, interruption of acoustic surveys in the entire sub-region since 2009, a
lack of quantitative data of the fishing effort of non-EU vessels, insufficient data provided by
the northwest African coastal states, and incomplete sampling of the catch (FAO, 2015a,
2016; 2018). Nevertheless, the FAO Working Group assessed the sardinella stocks to be
overfished and consequently recommended a reduction in fishing effort of 50% (FAO, 2013).
In 2018, the FAO Working Group concluded that the biomasses of the round and flat
sardinella has been lowest in history and that the fishing pressure on both stocks is still higher
than at which MSY can be achieved (FAO, 2018, 2020).
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2. Joint Scientific Committees
The JSC of the EC and Morocco, Mauritania and Guinea-Bissau publish reports on the
fisheries included in the fisheries agreements, and the stock status of the species exploited.
The JSC with Morocco and Mauritania perform stock assessments for the round and flat
sardinella stock in the coastal waters from Morocco to Senegal, corresponding to the research
area of the FAO Working Group (CSC, 2004, 2017b). On the other hand, the JSC with
Guinea-Bissau, performs a combined stock assessment of the round and flat sardinella in their
EEZ only (CCC, 2017).
Since 2004, the JSC with Mauritania reports that the catches of the round sardinella should
not increase (CSC, 2004, 2008, 2009, 2010, 2011, 2013, 2014, 2017a, 2018, 2021). Both
sardinella stocks were considered fully exploited. In 2008, the round sardinella was
considered to be overfished whereas the flat sardinella was considered underfished (CSC,
2008). Two years later, in 2010, the JSC concluded that both sardinella stocks were subject to
overfishing and that the state of these stocks was overfished (CSC, 2010). It furthermore
concluded that although the stocks had been subject to overfishing for some years already, no
effective management plan had been established between the northwest African states which
share the resources (CSC, 2010). In fact, fishing effort by the EC DWF on the sardinella
stocks, and their catches, continued to increase (fig. 9). The report of 2014 urged the need of
northwest African coastal states to establish catch restrictions and to divide these
correspondingly (CSC, 2014). Then, Mauritania would be able to set a catch limit for the EC
fleet.
In 2014, the JSC with Mauritania could not perform a stock assessment due to a lack of data.
This was again the case in 2017 for the JSC with Mauritania and Morocco (CSC, 2014,
2017a, 2017b). In 2020 and 2021 the JSC with Morocco and Mauritania assessed both species
to be overexploited, respectively (CSC, 2020, 2021).

Figure 9. Fishing effort on small pelagic fish in northwest Africa.
This figure shows the fishing effort in hours of the fishing fleet targeting small pelagic
fish in northwest African the waters of Morocco to Senegal. The orange line (UE)
represents the fishing effort of the EC fleet. The blue line (NUE) represents the
non-EC fishing fleet, consisting of DWFs and northwest African fishing fleets. The
grey line (total) is the combined total of fishing effort.
Adapted with changes from CSC, 2013.
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The outcomes of the JSC with Guinea-Bissau look quite differently, as these show that the
sardinella SSBs have exceeded the biomass at which MSY can be achieved since 2002 (fig.
10). It furthermore shows that overfishing occurred between 2008-2012 and again since 2014.

Figure 10. Combined stock assessment of round and flat sardinella in the EEZ of Guinea-Bissau
This figure shows the estimates of the catch (left) and SSB (right) on the round and flat sardinella in the EEZ of GuineaBissau between 2000-2017. The MSY is indicated with the dotted line in the left graph. The SSB at which MSY can be
achieved is indicated with the top dotted line in the right graph. The bottom dotted line in the right graph indicates half the
SSB size at which MSY can be achieved. The shaded grey area shows the 95% confidence interval.
Adapted with changes from CCC, 2017.

3. Sea Around Us
The stock assessments performed by the Sea Around Us project, although based on the same
stock surveys, show different outcomes (Palomares et al., 2020). Here, it has been assessed
that the biomass of the round sardinella has been below the biomass at which MSY can be
achieved since 1989 (fig. 11). The flat sardinella on the other hand was overfished between
1988-2000, 2001-2012. Since then, the biomass exceeds the MSY reference point.

Figure 11. Stock assessment of the round and flat sardinella in the Gulf of Guinea West.
This figure shows the SSB relative to the SSB at which MSY can be achieved for the
round sardinella (A) and the flat sardinella (B) between 1950-2014. The top dotted line
indicates that the SSB of the stocks is at the level at which MSY can be achieved. The bottom
dotted line indicates that the SSB of the stock is at half the size at which MSY can be
achieved. Adapted with changes from Palomares et al., 2020.
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3.2.3 Comparative analysis
The findings in the former sections indicate that there are both similarities and differences in
the two observed SESs. These, and their implications for fisheries management, will be
briefly discussed here (table 3). However, in order to compare the implementation of the CFP
in both systems, this section will primarily focus on the operational rules the users must
adhere to with regards to the fisheries management approaches introduced in the CFP, and
how the SES outcomes influence the these rules.
Table 3. SES analysis of the North Sea herring and central Atlantic sardinella.

Resource system
The resource systems in which the herring and sardinella fishery take place are both located in
productive waters. As the CCLME is more productive than the North Sea, it supports a bigger
variety of fisheries (Capuzzo et al., 2018; Sambe et al., 2016). The decline in primary
production in the North Sea will urge the need for adaptive fisheries management when it
negatively affects herring recruitment (Payne et al., 2009).
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Resource unit
Herring and sardinella are both small pelagic fish and represent an important role in their
ecosystem by performing top-down and bottom-up control of other species (Boëly et al.,
1982; Curry et al., 2000; Samba et al., 2021). Both species furthermore share the same life
history traits and are selected to endure a high natural mortality (Adams, 1980). They
combine a small size, with high fecundity, low age at maturity and a high growth rate (Baldé
et al., 2019; Berg et al., 2017; Bjørndal, 1988; Bjørndal & Lindroos, 2004; Boëly et al., 1982;
Samba et al., 2021). The intrinsic growth rate of the sardinella is higher than herring, hence
sardinella is more resilient to high fishing pressures. Although the life history traits of herring
and sardinella make these species relatively resilient to fishing, they are still vulnerable.
Indeed, both the herring and sardinella stocks have been overfished due to overfishing
(Belhabib et al., 2019; Dickey-Collas et al., 2010; FAO, 2018; Palomares et al., 2020;
Simmonds, 2009).
As the species migrate between the EEZs of multiple states, the management responsibility of
both fish stocks is shared between the corresponding coastal states (Baldé et al., 2019;
Bjørndal & Lindroos, 2004; Boëly et al., 1982; Gullestad et al., 2020; UNCLOS, 1982). Six
countries are responsible for the management of sardinella, compared to the two actors for the
North Sea herring. This could make negotiating management decisions more problematic for
the sardinella fishery (Sumaila et al., 2016; Trondsen, 2006).
Users
Herring has been caught by industrial purse seiners and mid-water trawlers since the 1950s by
fleets from EC member states and Norway (ICES, 2018; Pauly et al., 2020). The fleet
targeting sardinella is more diverse, consisting of both artisanal and industrial fleets from
northwest African states and industrial DWFs. The latter have dominated sardinella catches at
least since the 1950s, of which the EC played a significant part since the mid-1990s until 2012
(Pauly et al., 2020). DWFs can make fisheries management more challenging for a shared
resource such as the sardinella, as it needs cooperation between the coastal states for dividing
and distributing catch opportunities between the coastal states and distant water fishing
nations (Kaczynski, 1989; Munro, 1994).
Governance system
The herring fishery has been subject to fisheries management following the CFP since its
adoption in 1983. The key management measure to keep the herring stock within the target
levels is the setting of a TAC (Arnason et al., 2018; Dickey-Collas, 2016; EC, 1984;
Simmonds, 2009). The biological reference levels were adjusted in line with the precautionary
approach in 1998, and the MSY approach in 2013 (González-Laxe, 2005; ICES, 2013). The
TAC regime is a single-species approach, and does not correspond with the ecosystem-based
approach introduced in the CFP in 2002 (Bellido et al., 2020; EC, 2002; Möllmann et al.,
2014; Reiss et al., 2010; Ulrich et al., 2012). Additional measures such as the establishment of
fishing grounds and minimum mesh sizes are taken are to protect spawning and juveniles (EC,
1998; ICES, 2018). The number and size of fishing vessels are regulated to restrict fishing
effort.
The northwest African states are responsible for the management of the sardinella stocks, but
the objectives of the CFP have applied to the sardinella fishery since 2002 (EC, 2002;
UNCLOS, 1982). Since then, fisheries agreements have provided financial contribution to
fisheries research (EC, 2006, 2007, 2008). In addition, JSCs are set up with the northwest
African host countries. The FAO Working Group, of which the EC is also a member, has set
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biological reference levels for fishing mortality and the sardinella SSB at which MSY can be
achieved (FAO, 2002). These activities correspond with the first principle of the CFP that
management must be based on the best available information. Nevertheless, no management
plan is in place for sardinella, and the catch performed by EC DWF is not restricted by catch
limit as is the case for the herring fishery. Technical restrictions negotiated in the fisheries
agreements are the number of fishing vessels allowed fishing simultaneously and a minimum
mesh size. Similar technical regulations are in place in the herring management plan.
Interactions
1. Catch levels of users
Catches of herring and sardinella rose rapidly in the 1950s, and the increasing catches led to a
collapse of both species in different periods of times (ICES, 2018; Pauly et al., 2020).
Similarities can be drawn in the causes of overfishing for the herring and sardinella.
The collapse of the herring fishery in the mid-1970s can be attributed to the tragedy of the
commons, as herring was still an open access resource in that time (Box 1). Fishers acted in
their self-interest and caught as much herring possible, and management measures were
implemented too late as the scientific data was not deemed to be trustworthy (Dickey-Collas
et al., 2010; Simmonds, 2009). The open access regime lasted until the coastal states
bordering the North Sea claimed their EEZs in 1977 and initiated a fishing mortarium (Coull
et al., 1991; ICES, 1978; Song, 1995). After the five year closure of the herring fishery, the
catch got restricted by the implementation of TACs (ICES, 1984).
Sardinella too was an open access resource until the adoption of the UNCLOS when
northwest African countries claimed their EEZs (Kaczynski & Fluharty, 2002). The EC fleet
could continue its fishing activities on the sardinella stocks after the negotiation of fisheries
agreements (Corten, 2017; EC, 1983a). Even though the sardinella was not an open access
resource anymore when the EC started increasing their sardinella catch, some key elements of
the Tragedy of the commons can however be recognized. First, the fisheries agreements
established with northwest African states only limited EC fishing vessels by their GRT, which
is no indicator for a vessel’s fishing capacity (EC, 1980; EC, 1995; EC, 2001; Peng et al.,
2011). EC vessels were therefore allowed to catch sardinella unlimitedly. This causes the
fishers to maximize their catch as the positive utility of an extra fish outweighs the negative
shared utility (Box 1). The catch restrictions that did get added in some fisheries agreements
after 2006 were not specific to sardinella (EC, 2006, 2013b, 2015, 2019a). Second, the lack of
coordination in managing the shared sardinella resource by the northwest African coastal
states leads to a race for fish (Ba et al., 2017; Gordon, 1954; Hardin, 1968; McWhinnie,
2009). The northwest African host countries all wish to maximize their benefit from the EC;
the more fish access granted to the EC DWF, the higher the derived income (Kaczynski &
Fluharty, 2002; Le Manach et al., 2013 Thorpe et al., 2005). This also prevents long-term
sustainable exploitation.
2. Data collection
Biological sciences play an important role in the development of fisheries management
measures (EC, 1983a; Galland et al., 2018). It generates knowledge about the fish stock and
the fishing activities, after which policymakers can make decision regarding catch levels,
effort controls, fishing areas and gear restrictions (Hare, 2020; Ramirez-Monsalve et al.,
2016). This has been recognized in the CFP which states that fisheries management should be
based on the best available scientific information (EC, 1983a, 1992, 2002, 2013a).

27

Herring catch data has been registered since the beginning of the 20th century, and the
management measures taken since the implementation of the CFP are based on the data
collected by the ICES such as the SSB and fishing mortality reference levels, fishing effort
and recruitment (ICES, 1984, 2018; Simmonds, 2009).
For the sardinella, acoustic surveys to estimate the biomass size of the stocks are performed
sporadically by the northwest African host countries (FAO, 2002, 2020). EC fisheries
agreements include financial contribution to research, yet the data collected is inadequate
according to the FAO Working Group and the Joint Scientific Committee with Mauritania.
Since 2013, no updated reliable biological reference levels and stock assessments could be
established by the FAO Working Group because of a lack of data (FAO, 2015a, 2018). This
makes it troublesome to draft management measures, and calls for the coordination of the
coastal states and the EC to conduct additional fisheries research. It furthermore indicates the
need of applying the precautionary approach in fisheries management (EC, 2002).
Outcomes
Both herring and sardinella suffered from overfishing and got overfished as a consequence.
The herring stock was being overfished in the 1960s and between 1983-1992, and the SSB
was in an overfished state until 1983 (ICES, 2019). Periods of overfishing and overfished
stock states are less defined for the sardinella stocks. However, signs of overfishing and
overfished stock states have been seen since 2005 for the round sardinella and since 2009 for
the flat sardinella by the FAO working group, and since 2009 by the JSC with Mauritania
(FAO, 2006a, 2011; CSC, 2009).
The ecological performance measures of the herring fishery led to management actions. First,
a fishing moratorium was implemented from 1977-1982. Second, a TAC regime has been in
force since 1983. Third, when the herring was overfished again in the beginning of the 1990s,
the TAC was severely restricted. Since 1997, the herring stock has not been subject to
overfishing and the SSB has exceeded the level at which MSY can be achieved.
For the sardinella fishery on the other hand, the ecological performance measures do not seem
to influence management action in like manner. For instance, it has been advised by both the
JSC with Mauritania and the FAO working group that the catches and fishing effort should be
limited since 2005 (CSC, 2004; FAO, 2006a). Instead, the fishing effort of the EC DWF on
small pelagic fish increased and the sardinella catch did too. In addition, the lack of data has
not led to more research projects conducted by the EC.
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Chapter 4. Discussion
This study reviewed the implementation of the CFP in two SESs; one in EC waters and one
beyond EC waters in northwest Africa. It is shown, that although the policy’s objectives in
these two waters since its reform in 2002 have been the same, the CFP has not been
implemented in a similar way. The results are relevant as the two investigated species are
similar and it shows that the management plan for the herring turned out to be successful in
terms of ecological performance measures. Thus, the EC was fully aware of the consequences
of high fishing pressures in combination with a lack of a management regime when its fleet
started exploiting sardinella, and how effective management could turn the tables.

4.1 Limitations
The herring and sardinella fishery are no perfect analogy. The herring stock distributes within
the EEZs of EC member states, hence the EC exerts the sovereign rights to conserve it
according to the UNCLOS and implemented with the CFP (UNCLOS, 1982; CFP, 1983a).
And although the EC extended the CFP objectives to the waters beyond their jurisdiction, the
northwest African coastal states remain the sovereign rights to conserve the sardinella stocks
which disperse in their EEZs. In other words, the northwest African coastal states are
responsible for the distribution of access to fish resources to DWFs. It should therefore be
stressed that this study does not in any way intend to lay the blame of the outcomes of the
central Atlantic sardinella resource system on a specific actor. This research merely examines
whether the sardinella fishing activities conducted by the EC DWF, and the operational rules
the fleet has to adhere to, align with the CFP objectives and their implementation in EC
waters.
This study relied on the results of the FAO Working Group and JSC reports for the ecological
performance measures. Although no reliable stock assessments could be performed since
2013, this research assumes that the round and flat sardinella continued to be subject to
overfishing and to be in an overfished state as a consequence (FAO, 2015a). This assumption
was made because 1) the last acoustic survey performed in 2018 indicated that the biomass of
the sardinella stocks were the lowest in history and 2) the FAO working group continued to
report that their management recommendations were not followed and fishing effort and
sardinella catches increased rather than decreased after 2013 (CSC, 2013; FAO, 2015b, 2016,
2018, 2020).

4.2 Implementation of the CFP on the North Sea herring fishery
The herring fishery in an example of an EC fish stock that suffered from 1) being an open
access resource, 2) technological innovations of the fishing fleet, and 3) a rapid increase of
fishing effort in the 1950s. These three factors led to the collapse of the herring fishery in the
late 1970s.
The CFP was adopted in 1983 to protect and conserve EC fish stocks whilst maintaining food
production and employment for fishers at the same time (EC, 1983a). For the herring stock,
reference levels for the SSB and fishing mortality established by ICES have been revised over
the years in response to new available research and additional management principles
introduced to the CFP during decadal reforms (ICES, 2020). For instance, precautionary
reference levels were added to the herring management plan in 1998 and the MSY was
implemented in 2013. The establishment of refence levels and assessments of how the fishery
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performed relative to these levels is a prerequisite for effective fisheries management
(Beddington et al., 2007).
Several management measures have been implemented on the herring fishery to reach the
management objectives. The main regulatory tool for the herring fishery is, as for most North
Atlantic fisheries under the CFP, the TAC regime (Cardinale et al., 2017; ICES, 2020). This
regime is based on stock surveys conducted by ICES and catch advice given by this
organisation. The interactions between the outcomes and the government institution, and the
interaction between the research institute and governance system both follow the CFP
principle that management decisions should be based on the best available scientific
information (EC, 1983a, 1992, 2002, EC, 2013a). Nevertheless, herring TACs have been
persistently set above scientific advice, which corresponds with the critique that the EC TAC
setting is biased towards short-term socioeconomic benefits rather than on long-term
sustainability goals (Borges, 2018; ICES, 2019; Kahlilian et al., 2010; Villasante et al., 2011).
To illustrate, the TAC overshoot caused rapid herring stock declines in the mid-1990s and
early 2000s (Dickey-Collas et al., 2010; Simmonds, 2009).
A critique of this output control is that it exhibits a single-species perspective rather than a
multispecies or an ecosystem-based approach that were incorporated in the CFP in its second
decadal reform (EC, 2002; Mackinson et al., 2018). According to the last two principles, the
impact of herring fishing on the ecosystem should be incorporated in the management plan.
The ecosystem impact of fishing is mostly related to fishing effort, and TACs only weakly
relate to fishing effort (Lynam & Mackinson, 2015; Reiss et al., 2010). In addition, all catch
limits established in North Sea fisheries are based on stock-specific MSYs. However, the
MSY cannot be obtained in all fisheries in the North Sea simultaneously (Guillen et al., 2013;
Mackinson et al., 2018; Reiss et al., 2010; Thorpe, 2019; Voss et al., 2014; Worm et al.,
2009). A trade-off between the MSY of all North Sea fisheries is necessary for implementing
the ecosystem-based approach.
The success of the management of the herring fishery has varied over time. Until 1997, the
stock remained the subject of overfishing (ICES, 2019). Although fishing mortality targets
were set, the TAC was not restrained accordingly. By judging the management action
following the herring fishery ecological performance measures, it seems that the EC has
learned from their past mistakes. The SSB decline in the beginning of the 2000s led to a sharp
decrease of catch opportunities for the fishing fleet to prevent the SSB to drop below the level
at which MSY could be achieved. Since 1997, the herring stock has not been subject to
overfishing and has not been in an overfished state. Both management targets have thus been
reached. This makes the herring fishery an example of an effectively managed fishery from
1997 onwards.

4.3 Implementation of the CFP in the central Atlantic sardinella fishery
The objective of the external pillar of the CFP was to maintain the fishing grounds of the EC
DWF after the establishment of EEZs by coastal states in the late 1970s. This objective has
been reached by the negotiation of among others fisheries agreements including small pelagic
fish like sardinella with several northwest African states since 1980.
It was not until 2002 when the CFP objectives also applied to the sardinella stocks, as these
were targeted by the EC DWF (EC, 2002). The first steps taken by the EC to comply with the
CFP objectives was the provision of additional funds to scientific research and the foundation
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of JSCs (EC, 2001, 2006, 2007, 2008). Both actions are in line with the science-based
management approach. However, although SSB and fishing mortality reference levels at
which MSY can be achieved were established for the round and flat sardinella stock in 2002,
and stock assessments have been performed since 2005, no output control has been negotiated
for the EC fleet. In fact, it could be argued that the sardinella has remained an open access
resource to the EC DWF. This is because the catch limit was first based on the vessels’ GRT
which is not an indicator of its catch capacity (Kaczynski & Fluharty, 2002; Peng et al.,
2011). A catch limit in tonnes only got established in 2006 for pelagic freezer trawlers in
Mauritanian waters, and for all vessels in Moroccan and Mauritanian waters in 2012 (EC,
2006, 2013b, 2015). In Guinea-Bissau on the other hand, the open access regime for
sardinella lasted until 2021 (EC, 2019a). In addition, the catch restrictions in all fisheries
agreements is a combined catch limit for small pelagic fish and is not specific to sardinella.
Although there was uncertainty regarding the state of the sardinella stocks before 2002 and
the fishing pressure these stocks were subject to, and again since 2010, that should not be
used as an excuse to postpone management measures according to the precautionary principle
adopted in the CFP in 2002. The lack of management measures implemented on the sardinella
gives the impression that EC policy makers did use the uncertainty to their advantage.
However, even negative ecological performance outcomes (overfishing and overfished) did
not lead to management action by the EC. Fishing on the sardinella continued without more
stringent restrictions. This rather suggests EC policymakers to be reluctant to comply with the
CFP in non-EC waters. Although the sardinella catch performed by the EC fleet dropped in
2012 and have remained low since, this is however due to the access restriction imposed by
Mauritania in their coastal waters rather than due to the EC’s conservation efforts.
Input regulations in force regard technical measures of the fishing vessels such as vessel
length and minimum mesh sizes. The allowed mesh sizes correspond to the length of the
sardinella caught to ≥ 18 cm (Baldé et al., 2019). Size limits are imposed to prevent catches of
juvenile sardinellas which have not yet had the chance to reproduce before capture as a size
limit is based on the length at which the fish is able to reproduce. Although a minimum
landing sizes have been established in EC waters since the CFP got adopted, it has been
established in Mauritanian waters only in 2019 (EC, 1983b, 2019b). In addition, the allowed
mesh sizes, and the established size limit may not allow the sardinella stocks to reproduce
properly as the length at which sardinella matures ranges between 18.5-22.6 cm (Baali et al.,
2017; Baldé et al., 2019; Boëly et al., 1982; Samba et al., 2021; Ter Hofstede & DickeyCollas, 2006).
Overall, the fisheries agreements negotiated with the northwest African coastal states
including sardinella do not align with the CFP principles. Although the EC contributed to
scientific research on these species, the negative ecological performance measures did not
lead to catch restrictions. Both the round and flat sardinella have not met the two ecological
performance measures which are aimed for in the CFP since 2005 and 2009 respectively, yet
fishing continued to be allowed without species specific catch restrictions. Sardinella is still
included in the fisheries agreements with Mauritania, Morocco and Guinea-Bissau. Yet the
fishing activity of the EC fleet on the sardinella stocks has been minor since 2014 (Pauly et
al., 2020).
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4.4 Implications and recommendations
The SES framework worked well to compare the implementation of the CFP in EC waters and
northwest African waters and to analyse its outcomes. It allowed for a focus on the relevant
similarities and differences between the two fisheries in terms of the governance system,
operational rules and the interactions between the outcomes and operational rules. The catch
levels of the users showed that the catch of the North Sea herring increased during the time of
industrialization of the EC fishing fleet. It also shows that these high catches led to
overfishing and depletion of the herring stock as examined with the ecological performance
measures. The operational rules that followed for the herring fishery were not the same on the
sardinella fishery in terms of output regulations. In addition, fisheries research plays a
different role in the herring than in the sardinella fishery. To illustrate, the outcomes of the
herring fishery lead to management action whereas this is not true for the sardinella fishery.
The findings of this study are important, as it illustrates the duplicity of CFP actions in EC
and non-EC waters although the ambitions of the EC for both waters have been the same on
paper since 2002. The herring case study depicts that, although the management plan
implemented on North Sea herring has not complied with all management principles included
in the CFP, the fishery has been relatively well-managed over time. The sardinella case study
shows that, despite the EC’s rhetoric of promoting and extending sustainable management on
fish resources in non-EC waters, the resulting fisheries agreements are opposite to this. The
study outcomes should be integrated in future negotiated SFPAs between the EC and
northwest African coastal states for the EC to actually contribute to sustainable fisheries in
northwest Africa.
For a holistic approach of the effects of fisheries agreements in northwest Africa, the social
outcomes of these agreements should be also be investigated in future research. This research
focussed on the biological outcomes of the fisheries agreements negotiated with northwest
African states for sardinella. However, fisheries agreements also contain socio-economic
objectives such as generating employment opportunities and social empowerment in the states
it negotiates the agreements with (EC, 2013a). Questions relevant to be answered in the
socioeconomic outcomes of the fisheries agreements are for example how the benefits of the
fish resources shared between the EC and the northwest African host countries, how much
employment opportunities are created relative to the loss of employment opportunities due to
overfishing, and whether the financial contribution of the EC to research and sectoral support
are efficient enough to reach their objectives. For instance, although the EC has contributed to
fisheries research, no reliable stock assessments could be performed on the sardinella stocks
since 2013 (FAO, 2018). This could either mean that the sectoral support is not used for its
purpose, that the requirements of this contribution are not strict enough or not enforced, or
that the contribution is simply not sufficient enough.

32

Chapter 5. Conclusion
This study used the SES framework to compare the implementation of the CFP on the North
Sea herring fishery and the central Atlantic sardinella fishery. The management plan of the
North Sea herring fishery relies on the best available scientific information available since the
adoption of the CFP. It has furthermore complied with the multi-annual, precautionary and
MSY principle since these have been included in the CFP. The main management tool has
been the TAC regime in order to maintain the North Sea herring within SSB and fishing
mortality management reference levels. Although the TAC is persistently set higher than
advised, both the fishing mortality and SSB management targets have been reached 1997.
Since the sardinella fishery falls under the CFP, the fisheries agreements aim to comply with
the policy’s science-based principle by setting up JSCs and by providing financial
contribution to research. The corresponding operational rules for the EC DWF, however, do
not comply with the science-based, precautionary, multi-annual, ecosystem-based nor MSY
principle. These findings show 1) the duality of the implementation of the CFP by the EC in
the North Sea and in the northwest African EEZs, and 2) that the fisheries agreements
negotiated with northwest African coastal states do not contribute to sustainable fisheries.
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