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LIST OF ABBREVIATIONS
Bpa

A biological reference point. Precautionary biomass

Blim

A biological reference point. The stock size below which there is a
risk of reduced reproduction leading to a reduction in recruitment;
also a benchmark used to indicate when harvests should be
constrained substantially so that the stock remains within safe
biological limits

BMSY

The stock size (biomass) that would result on average if FMSY was
applied constantly year after year. BMSY is measured by the total
biomass of the stock and sometimes by the biomass of the
spawners ("spawning biomass")

CR/BER

Ratio between current revenues and break even revenues

EWG

Expert Working Groups meetings of STECF (see below)

F

Fishing mortality

F0.1

The value of fishing mortality at which the incremental gain in
yield for an increase in fishing mortality is 10% of the yield per
recruit produced at very low levels of F

FAO

Food and Agriculture Organization of the United Nations

Flow

Lower range of FMSY

Fupper

Upper range of FMSY

Fmax

The maximum fishing mortality in the Yield per recruit curve

FMSY

The level of fishing intensity that, if applied constantly year after
year, would result in MSY

GES

Good Environmental Status

GFCM

General Fisheries Commission for the Mediterranean, it is a regional
fisheries management organisation established under the Food
and Agriculture Organization of the United Nations (FAO)

GSA

Geographical sub-area

LC

Length at first capture

LOPT

The length where the number of fish in a given unfished year class
multiplied with their mean individual weight is maximum

LO

Landing obligation
7
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MAP

Multiannual Management Plan

MCDA

Multi Criteria Decision Analysis

MCRS

Minimum Conservation Reference Size

MEDAC

Mediterranean Advisory Council

MEDREG

EU Regulation 1967/2006

MEY

Maximum Economic Yield, is the value of the largest positive
difference between total revenues and total costs of fishing
(including the cost of labour and capital). MEY is typically achieved
at catches that are 10-20% smaller than MSY

MSFD

Marine Strategy Framework Directive

MSY

Maximum Sustainable Yield. Is the largest average catch or yield
that can continuously be taken from a stock under existing
environmental conditions (for species with fluctuating recruitment,
the maximum might be obtained by taking fewer fish in some years
than in others)

ROI

Return of Investments

SGMED

SG-MED =Sub-group on the Mediterranean Sea and on the Black
Sea. A sub group of STECF (see below), Acronym used to the end
of 2010

SL50%

Size at first capture

SQ

Status quo

STECF

Scientific, Technical and Economic Committee for Fisheries

TAC

Total Allowable Catch

VMS

Vessel Monitoring System

YOY

Young of the Year

WGSAD

Working Group Stock Assessment Demersal

WGSASP

Working Group Stock Assessment Small Pelagics
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GLOSSARY
Break even revenues

The point at which current revenues are not sufficient to
cover variable and fixed costs

Cascading effect

Occurring when predators in a food web suppress the
abundance or alter the behavior of their prey

Exploitation (or fishing) pattern

Differential probability of capture on either species or
sizes relative to their occurrence in the ecosystem

Hyper-stability

Non-linear relationship between fishing effort and
fishing mortality

Input control

Management of fisheries based on fishing effort
limitations and technical measures

Métier

A fishing activity characterised by one catching gear and
a group of target species, operating in a given area
during a given season, within which each boat’s effort
exerts a similar exploitation pattern on a particular
species or group of specie.

Nursery

A mosaic of habitat patches that are functionally
connected

Oligotrophic

A sea basin rich in oxygen and poor in nutrients

Output control

Management of fisheries based on landings or catches

Pretty Good Yield (PGY)

Sustainable yield at least 80%of the maximum
sustainable yield. The range of PGY harvesting strategies
is generally broad and thus leaves room to account for
additional objectives besides high yield

Selectivity

The size range that a particular fishing gear tends to
catch in a given area and in a given season, or in a
combination of both

Shared remuneration system

In shared remuneration systems, wages are not fixed
and can increase when the economic performance of
the vessel improve, providing incentives to workers

Slipping

Release of schooling species in the later phases of
hauling during purse-seine fishing

Stock-recruitment relationship

Fish reproducing and giving eggs/recruits, giving any
population the capacity to increase its density rapidly
after a perturbation if conditions are right for the survival
of the young
13
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EXECUTIVE SUMMARY
Background
The reform of the Common Fisheries Policy (EU Regulation 1380/2013, CFP) sets the strategic
objective of maintaining populations of harvested stocks above levels that can produce the
Maximum Sustainable Yield (MSY) within a reasonable time-frame (2020 at latest), taking
into account the marine ecosystem. Further CFP objective is to gradually eliminate discards,
by 1st January 2019, at the latest (Landing Obligation, LO) in all the European seas. In the
Mediterranean LO applies only for the Minimum Conservation Reference Size (MCRS) of
the species in the Annex III of the EU Reg. 1967/2006.
The General Fisheries Commission for the Mediterranean (GFCM) has established a mid-term
strategy to improve, by 2020, the sustainability of Mediterranean and Black Sea fisheries.
The European Commission has recently proposed a multi-annual plan for fish stocks in the
western Mediterranean Sea (COM(2018) 115 final). It concerns mainly France, Italy and
Spain. The proposal has been thereinafter submitted to the European Parliament and the
Council.
CFP sets the stage for fishery managers and stakeholders to take the initiative and responsibility
to complement and implement plans for managing fisheries within their region. To facilitate
management by those parties relevant knowledge needs to be developed, assessed and
deployed in a regional context.
The study area (geographical sub-areas 9, 10 and 11) is located in the Tyrrhenian sea from
the north (Ligurian sea) to the south, encompassing the Sardinia seas; it is part of the western
Mediterranean ecosystem and exploited by the Italian fleets. Continental shelf is narrow and
ecological features very heterogeneous with a variety of habitats and biological communities.
Productivity of the area is differentiated among the geographical sub-areas (GSAs). Essential
Fish Habitats (nursery and spawning areas) of demersal species are widespread with hot spots
of the different species geographically localized. Fisheries are mixed characterized by
different “métiers” and gear interaction, especially as regards the European hake. Smallscale fisheries – with vessels dispersed in many ports and landing sites - characterize the area
with overall landings and revenues similar to trawlers. The dependency of landings and
revenues on the pool of the assessed/target species is more marked for the fleets targeting
European hake, red mullet and crustaceans.

Aim
The primary aim of the study is to describe, in summary, the impact of the discard ban and the
landing obligation on the Maximum Sustainable Yield (MSY), taking into account the European
Commission proposal on a multiannual plan for demersal fish stocks in the Italian regions of the
western Mediterranean Sea.

Main findings
Extensive stock assessments are required to define stock status, this process is quite recent in
the Mediterranean; it started about 10-15 years ago, thanks to the advent of the Data
Collection Framework (DCF) and it is nowadays regularly ongoing.
Most of the demersal and small pelagics assessed stocks are overexploited, in some
situations chronically overexploited, with the exception, in more recent years, of deep-water
rose shrimp and striped mullet in GSA9 and red mullet in GSA10.
Considering the mixed nature of fisheries, with vessels targeting at the same time species
with highly different life history traits, it is necessary to introduce flexibility in the fishery
management, for example through the use of FMSY ranges.
15
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In the area, source of uncertainty are linked to identification of stock unit and stock-recruitment
relationships, the latter given the short length of time series.
In the Mediterranean, management is based on input control. Management Strategy
Evaluation has evidenced that effort management may suffer of hyper-stability, while
TACs rely more on stock assessment, that can be a problem considering its instability.
Worked examples simulating different management scenarios for the stock of European hake
in the GSAa9-11 have been conducted in this study under simplified assumptions. Scenarios
were: i) maintain the status quo (SQ); ii) apply LO only; iii) change the exploitation pattern;
iv) reduce effort to reach FMSY or Fupper (reduction of 80 and 68% respectively). Results indicated
a stock rebuilding (increase of SSB) in the short/medium term (from 3 to 5 years), depending
on the scenario; landings of European hake would improve, after a shrinkage lasting
approximately 2 years; however economic performance would result in a higher impact, in the
short term, especially for the more affected fleets, which might recover in a medium term.
Fupper scenario would also allow to reduce underutilization of the stock less exploited compared
to European hake. However, fleets which are moderately dependent on the stocks considered,
and simultaneously are large employers, may require monitoring of social conditions.
An important source of uncertainty anyhow is how the sector would react to a severe activity
reduction.
In the worked examples, reducing exclusively the fishing days of trawlers or of all the fleet
would cause losses of fishing opportunities, at least in the short and medium term, but will not
reverse the situation of the juvenile exploitation when the stocks will rebuilt, for example as a
result of the MAP implementation. Thus, actions are desirable to ensure a change (improve)
of the exploitation pattern, with more sustainable fishing practices adopted and durability of
the results maintained when the stock rebuilt. Management measures need to be
complemented and the involvement of the fishing sector is necessary for improving
measures’ understanding and compliance.
Landing obligation. There have not been major consequences of the LO regulation for
fishers in the western Mediterranean so far, mainly because of the use of the “high
survivability” and “de minimis” exemptions. Possible drawbacks of the LO are linked to the
increase of the work on board and possibly in the increase of number of employees; in addition,
there is a lack of an appropriate governance process to handle the unwanted catches once
landed.
The regulation is still in its transitional period therefore data are still not sufficient for an
evaluation of its economic and social impacts. In the Mediterranean, LO can be interpreted as
a deterrent against the unselective fishing, to trigger incentives and to avoid unwanted catch
through improved selectivity, gear technology, and changing of fleet behavior as primary focus.
Consequently, discard mitigation can be achieved through innovative technologies and fishing
practices, monitoring and gathering data through direct sampling techniques.
The LO alone is expected to have a negative short-term effect on the economic performance
on the affected fleets/fisheries, not contributing to the achievement of FMSY in the current input
control of the fishery, though LO can trigger the objective of improving the fishing pattern.
There could be consumers’ reservation price for a sustainable and selective fishery incentivized
by the LO, but it need a different approach to the market.
The ecosystem. Short and medium term effects of reducing discards on ecosystem remain
uncertain, as well as the associated economic and social impacts. Top predators may be
affected by changes in their prey populations, which may lead to changes in the predation
pressure exerted on the different trophic groups. Ecosystem Model of Intermediate Complexity
(MICE) found that a ban on discarding does not appear to significantly affect predators or prey
in the central Mediterranean (Adriatic sea). Also in other applications of ecosystem models LO
16
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seemed pointless for the sustainability; in contrast, a decline in fishing effort seemed to favour
cetaceans, and highly exploited fish groups.
Avoiding the catch of non-commercial species, mainly invertebrates (thus reducing the
impact on certain areas) would prevent the deterioration of benthic communities.
Development and implementation. Considering the CFP tools it is worth highlight that
management decisions relating to MSY in mixed fisheries should take into account the difficulty
of fishing all stocks at MSY at the same time. Scientific base for fisheries management is a
pillar. Provisions of the CFP allow to accommodate different actions to fulfil the management
objectives: discard mitigation measures tailored to each particular fishery, or even to species
within a fishery. Avoidance of unwanted catches can be incentivized through: information
sharing; selectivity improvements, closures of specific areas or depth range or time closure.
Actions based on art 15 of the CFP are already implemented through exemptions, though
motivation might change in the near future.
Improving the fishing pattern, avoiding hot spots associated with high discarding (e.g. the
nursery areas of key species) or improving gear selectivity, may contribute twofold to the
CFP objectives: moving towards MSY and reducing the wasteful practice of discarding.
Avoidance of discard hot spots requires, in turn, a special effort to control the fleet
displacement.
Enforcement and compliance cannot be disjoined and compliance cannot be disjoined by
increased awareness. Promote awareness and bottom up processes at local level and selfdecision within small groups of fishers is an important issue, as well as the increase of mutual
trust between fishermen and researchers by partnerships and collaborative research, thus
improving also data quality, identifying solutions and best practices.
Increase the awareness of consumers towards products that are fished sustainably can help
to move a step forward.

17
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1.

INTRODUCTION
KEY FINDINGS
•

CFP sets the stage for fishery managers and stakeholders to take the initiative and
responsibility.

•

Facilitate management by those parties relevant knowledge needs to be developed,
assessed and deployed in a regional context.

•

Fishery management in the Mediterranean is based on input control rules (effort and
technical measures).

•

LO implementation in the Mediterranean is applied only on the basis of the Minimum
Conservation Reference Size (MCRS).

•

The General Fisheries Commission for the Mediterranean (GFCM) has established a midterm strategy to improve, by 2020, the sustainability of Mediterranean and Black Sea
fisheries.

•

The Marine Strategy Framework Directive (Commission Decision (EU) 2017/848) is
requiring that the Good Environmental Status is reached.

•

The European Commission has recently proposed a multi-annual plan for demersal fish
stocks in the western Mediterranean Sea (COM(2018) 115 final).

•

Primary aim of the present study is to describe, in summary, the impact of the discard ban
and the landing obligation on the Maximum Sustainable Yield (MSY).

•

The study reviewed the state of the art of the available scientific knowledge (grey and
peer review).

The reform of the Common Fisheries Policy (EU Regulation 1380/2013, CFP) sets the
strategic objective for contrasting the continued decline of many fish stocks by adapting
exploitation rates so as to ensure that, within a reasonable time-frame (2020 at latest), the
exploitation of marine biological resources restores and maintains populations of harvested
stocks above levels that can produce the Maximum Sustainable Yield (MSY), taking into
account the marine ecosystem.
To contrast the wasteful practice of discarding unwanted catches, making fishery
practices more sustainable, the objective of the CFP is to gradually eliminate discards, by 1st
January 2019, at the latest (article 15 of the Regulation, Landing Obligation, LO), in all the
European seas including the Mediterranean.
With the exception of highly migratory species (i.e. Atlantic tuna), the fishery management in
the Mediterranean is based on input control rules, i.e. on fishing effort limitations and
technical measures (e.g. fishing gear characteristics, fishing time, mesh size of gears),
differently from other European seas, where fishery management is mainly based on output
control, i.e. catch limitation (Total Allowable Catch, TAC), though for some stocks and/or areas
these are also complemented with input control measures. However, in both cases, the ultimate
objective is to reach or maintain a fishing mortality (F) coherent with a given
management objective. Therefore regulating effort and/or catches is an indirect manner to
keep under control fishing mortality, assuming certain relationships between F and effort or
catches.

19
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The situation is thus quite different among the European seas, in terms of management
strategies to reach the MSY objectives and in terms of LO implementation, that in the
Mediterranean is applied only on the basis of the Minimum Conservation Reference Size
(MCRS), formerly minimum landing size sets in the EU Reg. 1967/2006 1 (MEDREG) for a certain
number of species.
In the Mediterranean the General Fisheries Commission for the Mediterranean (GFCM)
has established a mid-term strategy 2, undertaking the commitment to improve, by 2020,
the sustainability of Mediterranean and Black Sea fisheries and reverse the declining trend of
most commercially exploited stocks. The GFCM mid-term strategy is based on five targets: (1)
Reverse the declining trend of fish stocks through strengthened scientific advice in support of
management; (2) Support livelihoods for coastal communities through sustainable small-scale
fisheries; (3) Curb illegal unreported and unregulated (IUU) fishing, through a regional plan of
action; (4) Minimize and mitigate unwanted interactions between fisheries and marine
ecosystems and environment, and (5) Enhance capacity-building and cooperation.
Within the framework of the mid-term strategy, the GFCM adopts every year binding decisions
for fisheries conservation and management in agreement with the scientific advice.
The Marine Strategy Framework Directive (MSFD, 2008; Commission Decision (EU)
2017/848) is, in addition, the legal tool requiring that the Good Environmental Status (GES) is
reached in all the European marine ecoregions. GES is also a target for the fishery, which
represents the Descriptor 3 of the MSFD.
The management plans are the tools that can give the decision frame to pursue management
objectives. The MEDGREG requires that Member States adopt national management plans
within their territorial waters for trawl nets, boat seines, shore seines, surrounding nets and
dredges fisheries. In addition, the CFP envisages the possibility of establishing multiannual
management plans and discard plans.
CFP also sets the stage for fishery managers and stakeholders to take the initiative and
responsibility to complement and implement plans for managing fisheries within their region.
To facilitate management by those parties relevant knowledge needs to be developed, assessed
and deployed in a regional context.
The European Commission (EC) has recently proposed a multi-annual plan for fish stocks in
the western Mediterranean Sea (COM(2018) 115 final) and presented it to the Committee of
Fisheries on 21 March. It concerns mainly France, Italy and Spain. The proposal has been
thereinafter submitted to the European Parliament and the Council.
The primary aim of the present study is to describe, in summary, the impact of the discard
ban and the landing obligation on the Maximum Sustainable Yield (MSY), taking into
account the European Commission proposal on a multiannual plan for demersal fish stocks
in the Italian regions of the western Mediterranean Sea.
The study is based on the state of the art of the scientific knowledge (grey and peer review), on
relevant studies and other contents made available by research bodies, European and
international organisations and national government, keeping the focus on the study area. The
study also develop simulation of scenarios implemented in a bio-economic model on a case
study for the area of interest, in order to mimic different practical options.

1

2

Council Regulation (EC) No 1967/2006 of 21 December 2006 concerning management measures for the sustainable exploitation of fishery
resources in the Mediterranean Sea, amending Regulation (EEC) No 2847/93 and repealing Regulation (EC) No 1626/94.
Resolution GFCM/40/2016/2 for a mid-term strategy (2017–2020) towards the sustainability of Mediterranean and Black Sea fisheries.
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2.

GENERAL INFORMATION

KEY FINDINGS
• The study area (geographical sub-areas 9, 10 and 11) is located in the Tyrrhenian sea from

the north (Ligurian sea) to the south, encompassing the Sardinia seas; it is part of the
western Mediterranean ecosystem and exploited by the Italian fleet.
• Continental shelf is narrow and almost non-existent in certain areas. Ecological features

are very heterogeneous with a variety of habitats and biological communities.
Productivity of the area is differentiated among the GSAs.
• It is difficult to define a virgin/pristine ecosystem after centuries of anthropogenic

impacts, thus it is better to assume the concept of ecosystem health.
• Essential Fish Habitats (nursery and spawning areas) of demersal species are widespread

with hot spots of the different species geographically localized.
• Small-scale fisheries – with vessels dispersed in many ports and landing sites -

characterize the area with overall landings and revenues similar to trawlers.
• Fisheries are mixed characterized by different “métiers” and gear interaction, especially

as regards the European hake.
• The dependency of landings and revenues on the pool of the assessed/target species is

more marked for the fleets targeting European hake, red mullet and crustaceans.
• Maps with fishing effort hot spots combined with the ones on the localization of nursery

areas can help to identify zones to be avoided given the potentially higher discard rate.

2.1

The study area

The study area is located in the Tyrrhenian Sea from the north (Ligurian Sea) to the south,
encompassing the Sardinia seas. This area is belonging to the FAO fishing area 37.1; subdivision 1.1 (only waters offshore eastern Sardinia) and 1.3; it includes three geographical
subareas (GSA) according to the GFCM convention 3: GSA9 – Ligurian Sea and North Tyrrhenian
Sea; GSA10 – Southern and Central Tyrrhenian Sea and GSA11, composed by Western
(GSA11.1) and Eastern (GSA11.2) Sardinia.
For brevity the study areas will be referred in the text as GSA9, GSA10 and GSA11 or simply
“study area”.
Its geomorphology is characterised by an irregular coastline and a narrow continental shelf
that is almost non-existent in certain areas, such as between Italy and northern Corsica,
along most of the Sardinia coasts (especially the eastern side), in the Ligurian sea, along the
coasts of the southern Tyrrhenian Sea (especially Calabria and part of the north Sicily).
The areas with relatively wider continental shelf are more limited and located on the south
western side of Sardinia, off Tuscany, along the Lazio coasts and offshore Salerno (Campania
region). These areas and the continental slope down 200 m depth are of great importance to

3

Res. GFCM/33/2009/2 on the establishment of geographical subareas in the GFCM area of application.
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fisheries, particularly to bottom trawlers. The ecological features of the study area are very
heterogeneous, producing a variety of habitats and biological communities.
Figure 2.1.1 - Study area (Tyrrhenian sea) showing the three investigated
geographical sub-areas (GSAs in pale grey) with geographical boundaries according
to the GFCM convention

Source: GFCM, (modified by authors).

2.2.

Fisheries and target stocks

Table 2.2.1 summarizes the main features of the demersal fisheries in the three GSAs, where in
the year 2015, 5373 vessels with an overall gross tonnage of 36,500 GT and an overall engine
power of 309,100 kW were fishing. In the study area small-scale fisheries are much larger
in number of vessels (about 4724; 88% of the fleet), widespread, especially in GSA10 and
GSA11, and they generally use more selective gears (gillnets, longlines, trammel net, traps). On
the other side, due to their smaller size, the small scale vessels are 35% and 56% in terms of
tonnage (GT) and engine power (Kw), respectively; this is a common feature of the
Mediterranean fisheries. Trawling is carried out by 649 active vessels.

Table 2.2.1 – Main features of the demersal fishing fleets of the GSAs 9- 11
Otter bottom trawl (OTB)

Passive Gears (PGP)

TOTAL

GSA 9

GSA 10

GSA 11

Total

GSA 9

GSA 10

GSA 11

Total

active

283

238

128

649

1320

2229

1175

4724

5373

Vessel tonnage
(thousand GT)

10.3

7.4

6.1

23.8

3.3

5.8

3.6

12.7

36.5

Engine
power
(thousand kW)

59.7

41.6

26.9

128.2

59.2

70.3

51.4

180.9

309.1

Employees

814

682

438

1934

1806

3417

1988

7211

9145

50624

34351

14777

99752

129515

234175

132404

496094

595846

Landing weight
(tonnes)

7468

4059

2692

14219

4091

8454

4389

16934

31153

Landing
(million €)

59.6

26.4

18.7

104.7

38.8

57.8

33.4

130.0

234.7

N°
of
vessels

Effort
days)

(fishing

value

Source: Italian Management Plans, reference year 2015.
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The fleet is widespread in many ports and landing sites, with bigger aggregations of small
scale vessels especially in GSA10 (in Palermo and Salerno) and in GSA11 (Cagliari). For clarity
of representation, in figure 2.2.1 the vessels located in very small landing sites have been
associated to the closer main port.
Fishing trips usually last 1 day, with some exception for the bigger trawlers or during summer
season.
Figure 2.2.1 – Number of vessels by fishing technique by port (in case of very small
landing sites the vessels have been associated to the closer main port). Composition
by gross tonnage per GSA and fishing technique is also represented

Source: Data from Fleet Register 2017, figure from the authors.

GSA9 has a relatively higher production share compared to GSA10 and GSA11 both as
regards the total landing and the landing of the target species included in the MAP proposal (Fig.
2.2.2), while GSA10 has a relatively higher production share compared with GSA11. This is not
surprising considering the wider continental shelf extension in some parts of the GSA9 and the
oligotrophic nature of the Sardinia waters.
Revenues follow the same pattern as landings (Fig. 2.2.3). Several demersal stocks, such as
European hake, red mullet and Norway lobster are relevant in all the three GSAs, even though
some differences are present (e.g. deep water rose shrimp and horned octopus are more
important in GSA9, while giant red shrimp in GSA10 and in GSA11).
The fisheries of the study area are not an exception in the Mediterranean as they are mixed,
though some vessels are more specialised on trawl fishery in deep waters, targeting red shrimps
(GSA10 and GSA11 and the Ligurian Sea in GSA9) or Norway lobster (mostly GSA9). The same
species can be target by one gear and considered also bycatch in others gears.
The fleet operating in the study area are characterized by different “métiers” according to the
resources exploited. European hake is the species with the higher level of gear interaction, as
it is targeted by trawlers, longliners and gillnetters.
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Total landings of the three GSAs accounted for about 31,000 tons, corresponding to a value of
about 235 million euros: trawl and small scale fisheries contribute in similar terms to landings
volumes and values.
Figure 2.2.2 – Landings of the target species (the ones of the MAP) and total landing
(group of demersal and bento-pelagic species) by fleet segment and GSA (for the
species full name and scientific name see table 4.2.1 pag. 38; VLXXXX indicates the
range of vessels length, GNS=gillnet; GTR= trammel net; LLS=bottom longline;
OTB=trawl)

Source: Data from STECF, Annual Economic Report 2018, figure from the authors.
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Figure 2.2.3 – Revenues of the target species (the ones of the MAP) and total revenues
(group of demersal and bento-pelagic species) by fleet segment and GSA (for the
species full name and scientific name see table 4.2.1 pag. 38; VLXXXX indicates the
range of vessels length, GNS=gillnet; GTR= trammel net; LLS=bottom longline;
OTB=trawl)

Source: Data from STECF, Annual Economic Report 2018, figure from the authors.

The dependency of landings and revenues on the pool of the assessed/target species in the
MAP proposal is differentiated according to the fleet segment and it is generally more marked
for the fleets targeting European hake and crustaceans (Tab. 2.2.2). If the geographical areas
are considered, dependency in GSA9 and GSA10 is more marked compared to GSA11,
where a higher dependency is observed only for the bigger trawlers (OTB_VL2440).
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Table 2.2.2 – Percentage of landings and revenues of the pool of the target species in
respect to the total landing (demersal and bento-pelagic species) and total revenues
by GSA and fleet segment (VLXXXX indicates the range of vessels length, GNS=gillnet;
GTR= trammel net; LLS=bottom longline; OTB=trawl)
% target species
landings/total landings
GSA9
GSA10
GSA11

% target species revenues /total
revenues
GSA9
GSA10
GSA11

OTB_VL0612

18.57

44.61

-

13.49

48.84

-

OTB_VL1218

41.06

37.09

10.98

44.26

44.67

14.77

OTB_VL1824

36.37

37.51

5.86

35.09

40.47

7.88

OTB_VL2440

49.71

-

33.74

49.99

-

41.76

GNS_VL0006

10.35

16.73

-

12.56

15.35

-

GNS_VL0612

16.78

30.92

0.16

23.28

28.53

0.12

GNS_VL1218

23.99

44.27

6.14

24.26

39.79

5.68

GTR_VL0006

0.75

7.08

4.12

0.86

8.59

2.78

GTR_VL0612

8.94

14.81

2.26

7.23

18.86

1.42

GTR_VL1218

2.19

-

17.68

1.38

-

10.62

LLS_VL0006

-

3.66

-

-

2.35

-

LLS_VL0612

1.07

25.10

-

2.58

38.92

-

LLS_VL1218

17.71

41.05

0.66

30.54

57.82

0.44

Total

31.02

28.52

11.59

31.02

31.63

13.15

Source: authors from the data of the Annual Economic Report 2018, data refer to 2016.

2.3

Essential Fish Habitats

In recent years, the MEDISEH project (Giannoulaki et al., 2013) allowed to identify in the
Mediterranean areas of greatest concentration of juveniles (nurseries) and of spawners for
many demersal and small pelagic species. The project analysed the persistence of these
aggregations and geographical locations along the time, using the MEDITS (Mediterranean
Trawl Survey) abundance estimates as data source.
The investigated area is characterized by important nurseries of European hake, Merluccius
merluccius (especially in GSA9), where the concentration of juveniles is among the highest of
the whole Mediterranean (Colloca et al., 2015) (Fig. 2.3.1). In the hot spots areas more than
20% of European hake juveniles are concentrated on a surface representing approximately 1%
of the entire GSA area. Aggregations of spawners of this species are instead more concentrated
in GSA11 (Fig. 2.3.2), while relevant aggregations of juveniles and spawners of deep-water rose
shrimps, Parapenaeus longirostris, are especially located in the southern part of GSA9, in GSA10
and in GSA11 (Fig. 2.3.3). These areas are also in partial overlap with the nursery of European
hake. Spawners of red mullet are more widespread in coastal areas with aggregations in the
central part of GSA9 (Fig. 2.3.1). Also spawners of Norway lobster are mainly located in this
area (Fig. 2.3.4), though at different depths. Giant red shrimp nursery and spawning grounds
are more relevant in the southern part of GSA10 and GSA11 (Fig. 2.3.5).
The identification of the nursery areas is a useful way to recognise zone susceptible of
higher discarding rates, and thus deserving of special protection.
Bottom otter trawl fisheries in the study area are characterised by the problem affecting most
of the Mediterranean fisheries: presence of a large number of juveniles of many commercial
species. Thus, the possibility to introduce regulations to manage the fishing activities in these
areas may represent a tool to reduce unwanted catches of juveniles of European hake and of
other valuable species, while improving the exploitation pattern of the trawl fisheries.
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Figure 2.3.1 - Hot spots of nursery of European hake (left) and spawning areas of
red mullet (right). The scale represents the probability of finding a hot spot on the
basis of the time series used

Source: MEDISEH project, redrawn by authors.

Figure 2.3.2 - Spawning areas of European hake. Elaboration on MEDITS trawl
survey data from STECF 15-18

Source: STECF 15-18, 2015a.
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Figure 2.3.3 - Hot spots of nursery of deep-water rose shrimp (left) and spawning areas
(right). The scale represents the probability of finding a hot spot on the basis of the
time series used

Source: MEDISEH project, redrawn by authors.

Figure 2.3.4 - Hot spots of nursery of Norway lobster (left) and spawning areas (right).
The scale represents the probability of finding a hot spot on the basis of the time series
used

Source: MEDISEH project, redrawn by authors.

Figure 2.3.5 - Hot spots of nursery of giant red shrimp (left) and spawning areas (right).
The scale represents the probability of finding a hot spot on the basis of the time series
used

Source: MEDISEH project, redrawn by authors.
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2.4

Fishing effort intensity of trawlers

The fishing effort of trawlers larger than 15 m obtained by Vessel Monitoring System (VMS) and
expressed in hours (Fig. 2.4.1) shows hot spots of higher fishing intensity in the southern
part of GSA 9 (south Tuscany and Lazio coasts), offshore Cagliari and in GSA10 in Salerno Gulf,
where the continental shelf is wider. This information combined with the one on the localization
of nursery areas can help to identify zones with potentially higher discard and thus deserving of
special protection.
Figure 2.4.1 - Map of the fishing hours obtained by VMS fishing hours are expressed
as logarithms

Source: Italian Management Plans 4, redrawn by the authors.

4

https://www.politicheagricole.it/flex/cm/pages/ServeBLOB.php/L/IT/IDPagina/12478.
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3.

OVERVIEW ON LANDING OBLIGATION
KEY FINDINGS
• There have not been major consequences of the LO regulation for fishers so far, mainly

because of the use of the “de minimis exemptions”.
• Consequences of LO: increase of the work on board and possibly in the number of

employees; lack of an appropriate governance process to handle the unwanted catches
once landed.
• The regulation is still in its transitional period therefore data is still not sufficient for an

evaluation of its economic and social impacts.
• In the Mediterranean, LO can be interpreted as a deterrent against the unselective fishing.
• Avoidance of unwanted catch through improved selectivity, gear technology, fleet

behaviour should be the primary focus.
• Discard mitigation through innovative technologies and fishing practices.
• Monitoring and data gathering through direct sampling techniques.

3.1

The Landing Obligation

Since 2015, following the introduction of the LO by the reform of the CFP, fishers in the
Mediterranean have to gradually retain on-board, register and land all catches of species subject
to the EU Regulations 1967/2006 5 and 1343/2011 6 (a process that should follow a specific
schedule, from 2015 to 2019; see Figure 3.1.1).
LO in the Mediterranean has been applied so far differently in comparison to the other
European seas, as the driving criterion was only the minimum landing size (according to the
EU Regulation 1967/2006) of certain species and not the stocks subject to TAC and quotas. Thus
the issue of choke species, which is affecting the other European seas, is not present in the
Mediterranean, where stocks of small pelagic and demersal species are not regulated by TAC
and quotas so far.

5

6

Council Regulation (EC) No 1967/2006 of 21 December 2006 concerning management measures for the sustainable exploitation of fishery
resources in the Mediterranean Sea, amending Regulation (EEC) No 2847/93 and repealing Regulation (EC) No 1626/94.
Regulation (EU) No 1343/2011 of the European Parliament and of the Council of 13 December 2011 on certain provisions for fishing in the
GFCM (General Fisheries Commission for the Mediterranean) Agreement area and amending Council Regulation (EC) No 1967/2006
concerning management measures for the sustainable exploitation of fishery resources in the Mediterranean Sea. (This Regulation has been
Amended by Regulation (EU) 2015/2102 of the European Parliament and of the Council of 28 October 2015).
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Figure 3.1.1 – Timeline of the landing obligation in the Mediterranean

Timeline for Mediterranean discard plans

2015

2016

2017

2018

2019

June 1st each year – Joint recommendations for
discard plans submitted by regional groups
following consultation with Advisory Councils
Source: authors, this study.

The landed discards might be only used to purposes other than human consumption: fish oil,
fish meal, pharmaceuticals, cosmetics, and food additives. However, the potential use of
unwanted catches is still unclear as well as the protocol for their preservation and storage.
Exemptions from the LO can derive from: i) high survival; ii) de minimis given the small
amount of discards and iii) excessive (disproportionate) costs.
The specific objectives of the LO in the regulation are not very clearly identified, especially for
the Mediterranean, where the LO should be interpreted more as a deterrent against the
unselective fishing, thus promoting the objectives of improving the exploitation pattern
and better planning the fishing activities. In addition, as result in the LO to land all the catch,
the accuracy of the real catch data should improve. Thus the overall objective of the article 15
in the reformed CFP might be achieved by promoting technical measures aimed at reducing and
discouraging the capture of undersized specimens.
Indeed, to make effective the article 15 of the EU Regulation 1380/2013, fishers should follow
fishing tactics to avoid areas with high abundance of unwanted fish (e.g. Bellido et al., 2014;
Maeda et al., 2017). Knowledge on the spatial patterns of landings and discards could help to
locate fishing grounds to be avoided (i.e., high presence of potential discards).
Given the specific characteristics of each region, local management plans are needed to set the
most appropriate measures at regional level. Joint recommendations for discard plans
represent the agreement among Member States cooperating regionally on the elements for the
preparation of Union law (Commission Delegated Acts) in accordance with Article 15.6 of the
CFP. These elements are 7:
✓definitions of fisheries and species;
✓de minimis and high survivability exemptions;
✓fixation of minimum conservation references sizes;
✓additional technical measures to implement the landing obligation;
✓ the documentation of catches.
After the first 3 years of LO implementation in the Mediterranean to small-pelagic fisheries
and to demersal species there have not been major consequences for fishers, mainly
7

(55th Plenary – EWG17-03).
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because of the use of the “slipping” and the “de minimis exemptions”. Although it is still too
early to discuss about the effects on demersal fisheries, stakeholders do not foresee important
consequences either due to the low number of species affected and the low threshold established
(25% total landings) for vessels to be committed to the LO.
National administrations issued the national discards plans in 2017 8, and the plan was updated
in 2017 by Commission Delegated Regulation 2018/153 9. A new plan is going to be launched
for 2019 (joint recommendations draft) in which considerations on the demersal fisheries
subject to catch limits are introduced for the first time.
In 2018, PESCAMED (Spain, France and Italy), SUDESTMED (Cyprus, Greece, Italy and Malta)
and ADRIATICA (Croatia and Italy), the three groups of Member States from the Mediterranean,
submitted new sets of joint recommendations that were assessed by STECF 18-06 (STECF,
2018).
MEDAC 10 proposed that (joint recommendations of May, 18, 2018) the joint recommendations
of the Member States for granting de minimis exemption should be considered complementary
to the management proposals to reduce capture of undersized specimens that the same Member
States will present to the European Commission. In this joint recommendations 11 MEDAC also
propose a frame of actions for this plan. The new request of de minimis exemption was
no longer motivated considering the exemption percentage in relation to the total quantities
landed for each stock in question, and the relative stock assessments, but pursuant to Article
15, paragraph 5 letter c) ii) of the Basic Regulation, which refers to disproportionate costs
and therefore to the non-feasibility of these landings. This because the lack of existing areas
or structures available in or near ports and landing sites, the costs related to the
construction and equipment of storage and processing units, the requirements of the industries
questioned (regular quantities guaranteed, uniform product characteristics, prices, transport,
etc.), the management costs (personnel, energy, etc.), are all factors which would entail
significant investments and operating costs, which are not compatible with the volume of
business.
STECF 18-06 recommended that the avoidance of unwanted catch through improved
selectivity or other means should be the primary focus in implementing the landing obligation,
considering also the potential benefits for other stocks and the broader ecosystem advantages
that would arise from changes in exploitation patterns. Such measures should be based on
concrete proposals scientifically justified.
3.1.1

Biological considerations

The policy on LO includes a number of exemptions and flexibility tools. One of the exemption
can be applied if there are scientific evidence of high post-catch release survivability.
According to the Commission Delegated Regulation 2018/153, given the principle of high
survivability, scallop (Pecten jacobeus), carpet clams (Venerupis spp.) and Venus shells (Venus
spp.), caught in the Western Mediterranean Sea by mechanised dredges, as well as Norway
lobster (Nephrops norvegicus), caught by bottom trawls, are subject to the exemption of LO,
though for Norway lobster additional proof are required.
Assessing high survivability is difficult and it is made more complex by the limited information
available and the high variability in the available survival estimates. There are a wide range of
factors that can affect survival, besides the species intrinsic characteristics, including:

8
9

10
11

Regolamento delegato (UE) 2017_86 piano rigetti pesca demersale Mediterraneo.
Commission Delegated Regulation (EU) 2018/153 of 23 October 2017 amending Delegated Regulation (EU) 2017/86 establishing a discard
plan for certain demersal fisheries in the Mediterranean Sea.
http://www.med-ac.eu/pareri_lettere.php
Joint recommendations for discard plans represent the agreement among Member States (MS) cooperating regionally on the elements for the
preparation of Union law (Commission delegated act) in accordance with Article 15.6 of the Common Fisheries Policy.
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•

how fishing operation is carried out, i.e. fishing gear type, duration of the fishing
operation, hauling speed, catch composition and crowding density, hauling on board,
handling, sorting and treatment of catches, experience of the crew;

•

how discard is returned at sea;

•

environmental conditions (i.e. water and air temperature, season, time of the day).

For example, Méhault et al (2016) estimated that survivability of Norway lobster will depend on
crew sorting practices and the layout of the deck.
ICES Working Group on Methods for Estimating Discard Survival (ICES, 2014) developed
guidelines and identification of best practice, for undertaking discard-survival studies.
These are classified into the following categories depending on the length of observations on
survival (MINOUW project: Science, technology and society initiative to minimize unwanted
catches in European fisheries, 2018) 12:
1. Short term survival: number of individuals of a chosen species dead or alive after capture
(including slipping, if any), prior to discarding.
2. Mid-term survival: number of individuals of a chosen species dead or alive after a few
hours in a receptacle with aerated seawater onboard.
3. Long-term survival: number of individuals of a chosen species that are dead or alive after
being kept in aquaria for several days.
In a review of literature on survival rates on Mediterranean fishes and specially for the species
listed in Annex III of the MEDREG, STECF 15-19 (STECF, 2015b) noted that very few information
is available on survivability. In this review “high survival” was defined as true survival >50% i.e.
a greater proportion of fish surviving than dying, though this percentage is somewhat subjective.
Tsagarakis et al. (2018) conducted a pilot experiment in the Ionian Sea trawl fisheries, showing
that Merluccius merluccius, Pagellus erythrinus and Trachurus spp. survival was negligible, whilst
seasonal effects were identified for Diplodus annularis and Conger conger. The Authors
highlighted that as survival of individuals discarded at sea is substantial for several species the
inherent uncertainty of discards estimates—and their mortality-may further increase if survival
is not taken into account. On the other side, not accounting for discard and survivability in the
assessments might introduce errors in the mortality estimates, and thus in the stock perception,
with under-or overestimates.
STECF 18-06 recommended that exemption for high survival rate should also take into account
the exposure time, which reduce survivability, and thus exposure time should be factored into
the discard plans.
Thus survivability estimates should be improved in near future.
3.1.2

Economic and social impact

The economic and social impacts of the landing obligation have been generally analysed in
research projects and scientific papers in conjunction with potential improvements in the
selection patterns of the fishing gears. Two recent research projects funded under the Horizon
2020 programme on the problem of discards, MINOUW and DISCARDLESS 13 (Strategies for the
gradual elimination of discards in European fisheries), are defining strategy for discard
mitigation through innovative technologies and fishing practices. Given that the LO is a
tool that can incentivize more selective fishing practices, an assessment of the direct impact of
this regulation is generally not foreseen. However, as the regulation is still in its transitional
period, very limited catches of the species included in the Annex III of the EU Reg. 1967/2006

12
13

http://minouw-project.eu/
http://www.discardless.eu/
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have been landed and, therefore, data are still not sufficient for an overall evaluation of its
economic and social impacts.
Notwithstanding, some theoretical direct effects of the regulation on the economic and social
variables have been identified and discussed in scientific and technical contexts. The main points
of discussion are below summarised.
1. The time spent to sort and store the product of each haul in fisheries with relevant
amounts of discards may increase because of the new regulation. What could be
discarded because not marketable should (at least partially) be stored, preserved in
special boxes and brought to the ground. This could result in an increase of the work
on board and possibly in the number of employees. However, the impact on
employment is expected to be quite limited as the additional work would first erode the
rest time on board. The increased working time, in terms of both additional employees
and working hours on board, would not necessarily turn into an increase in labour cost.
Given the prevalence of the shared remuneration system in the Mediterranean fishing
sector, the labour cost could remain constant despite the additional work on board and
adsorbed by a decrease in the hourly labour cost. An increase in this cost item would be
produced only by a growth in the crew share (the percentage applied in the sharing
contract to the difference between revenues and variable costs for calculating the
remuneration of the crew). However, the significant impact, in terms of social cost, on
the fishermen's work should not be underestimated.
2. As undersized fish cannot be marketed for direct human consumption, the issues related
to the utilization of the former discards brought to land were identified and analysed from
the perspective of both the fishing industry and the processing industry in Maynou et al.
(2018). Regarding the Italian fisheries, an assessment of possible market destinations
for the organisms subjected to landing obligation for purposes other than the direct
human consumption was carried out, together with a preliminary estimate of potential
costs related to the disposal of discards as special waste. The main market possibilities
were identified as follows:
a. feed production for both aquaculture and, in general, for the animal sector (both
large-scale and pet animals);
b. production of bait for recreational and sport fishing in sea and brackish water;
c. chemical production (cosmetic and pharmaceutical) and technological innovations
(polymers);
d. energy sector - biomassification.
A list of macro-groups of processing companies potentially interested in absorbing the
volumes of former discards and unwanted catches, available in the next future under the
LO, was also identified. However, although economically viable, the utilization of the
former discards for industrial purposes would encounter important barriers related mainly
to:
I. the variability of the minimum volumes needed to guarantee the efficiency of
production cycles;
II. the poor guarantee of quality conservation of the product;
III. the lack of storage facilities in landing ports and other infrastructures for utilization;
IV. legal issues related to the handling of animal by-products.
At present, the lack of an appropriate governance process to handle the unwanted
catches once landed would result in the classification of the former discards as special waste.
Based on the tariffs applied to aquaculture companies and those of the companies that dispose
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of slaughterhouses waste, the costs for disposal of catches as a waste are expected to range
from 0.45 €/kg up to 0.65 €/kg (MIPAAF, 2016). This cost includes all the fixed costs for the
maintenance of the waste registers, the cost for the annual declaration on waste, as well as the
cost of obligatory and periodic analysis of waste for their correct classification according to
national rules. Based on these tariffs, Maynou et al. (2018) estimated the potential cost for an
“average” trawl vessel (producing around 40 kg/day of discard of species in the Annex III of the
EU Reg. 1967/2006 and working around 140 days/year) in around 3000 euro per year when the
new regulation will enter fully into force. This amount is about 7.5% of the gross profit of the
“average” vessel.

3.2

Overview on the discards in the study area

Discard rates in the Mediterranean seem to be lower than in the Atlantic because a wider size
range of fish is routinely marketed and no quota system is in place. In the Mediterranean,
estimates of annual discards rates range between 13.3 and 26.8% of total catches (Tsagarakis
et al., 2014). Under the current trawl net selectivity pattern, undersized individuals predominate
in the catches of some species such as European hake, especially during the recruitment period
(Sala and Lucchetti 2011).
In 2014, thanks to the Italian Ministry for the Agricultural Food and Forestry Policies (MIPAAF),
an integrated project was undertaken (Sartor et al., 2016) to provide estimates of discards of
demersal species regulated by Minimum Conservation Reference Size (MCRS) and to understand
possible consequences of implementing LO (increased workload, excessive costs for handling
processes and the way forward). Table 3.2.1 summarizes, for otter bottom trawling (OTB), the
discard estimates in the GSAs 9, 10 and 11, averaged over the period 2012-2014. The time
period considered is short, so estimates reflect fluctuations, which are quite common in the
discarding process, which is influenced by several factors, that interact each other (e.g. fishing
grounds, gears used, market request, seasonality; Rochet et al., 2014; Tsagarakis et al., 2017).
• For the Norway lobster, N. norvegicus, the estimated discard values were almost null.
• For the deep water pink shrimp, P. longirostris, and the striped red mullet, M. surmuletus,
the discard resulted low or negligible.
• The discard estimates for the European hake, M. merluccius, gave values from 12 (GSA10)
to 30% (GSA11) of the total catch, those for the red mullet, M. barbatus, from 3 (GSA10)
to 30% (GSA11) of the total catch. These discards are generally due to specimens with
size lower than the MCRS.
• For the common Pandora, the estimates of discard provided rather high values, from 24
(GSA10) to 36% (GSA9) of the total biomass caught of this species. Discard was mostly
constituted by specimens lower than MCRS, but in GSA9 also by specimens higher than
the minimum size, confirming that for this species only the medium-big size specimens
have commercial interest.
• The two mackerels, T. trachurus and T. mediterraneus, are the species with the highest
discard estimates, especially T. trachurus. The discard for this species was from 61 to 76%
in the GSAs 10 and 9, respectively. The two species are discarded even at sizes bigger
than MCRS, due to their low commercial interest, independently from the size.
Regarding the small scale fisheries employing set nets, the current information on the discard is
more scattered compared to trawling. For most of the species with MCRS (e.g. red mullet, striped
red mullet, common sole) low or negligible values of discards have been estimated; the
percentages of discard were around zero or lower than 5% of the total catch in weight. Only in
a few cases higher quantities of discard were estimated: e.g. for the common Pandora of the
trammel net.
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A different situation was observed for the mackerels, especially horse mackerel, T. trachurus,
which in GSA 9 is a by catch, with scarce or null commercial interest for the gill net targeting
European hake; the discard percentage was about 70% of the total catch in weight of this
species.
On the basis of data collected in the past time (before Data Collection Framework, DCF), it seems
that, for some species, the percentages of discard is increasing over time. For the European
hake the discard percentage in weight in GSA9 varied from 10% in 1995 to 20-25%% in the
period 2012-2014. To confirm this trend, the size at which 50% of the specimens caught are
discarded increased over time, from 10.6 cm in 1995 to 17.2 cm in 2015. These are, most likely,
the effects of the entry in force, in 2006, of the minimum landing sizes in Mediterranean, and of
the progressive alignment of the fishermen of GSA9 with this rule.
The analysis of the available data on the characteristics of the gears and of their selectivity
showed that, in the current situation (40 mm square or 50 mm diamond cod end meshes),
it is very difficult to exclusively catch specimens above the minimum size (MCRS). Therefore,
the use of the gears compliant with the current regulation doesn’t prevent the fishermen to catch
specimens destined to be discarded. At the same time, a considerable increase of the mesh size
would imply, in the short period, a reduction in the yields of many commercially important
species (especially crustaceans and cephalopods), with losses in the revenues. Though more
selective gears would also reduce discards, facilitating the implementation of the landing
obligation.
Interviews with the fishermen conducted in Sartor et al. (2016) highlighted the need of a more
proactive role of the fishermen in the management and implementation of the provisions of the
LO.
Further the study recommended to strengthen the sampling approach based on the observation
on board, which allow monitoring directly the data establishing also a direct dialogue with
fishermen.
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Table 3.2.1 – Otter bottom trawl (OTB). Estimates of landings, total discards and
discards of specimens below MCRS, for demersal species of the Annex III of the EU
Reg. 1967/2006 (na = not available)
Species

MCRS - Minimum
Conservation Reference
Size (EU Reg. 1967/2006)

Otter BOTTOM Trawl (OTB)
A - LANDING (tons)

European hake
M. merluccius
(HKE)

20 cm total length

B - TOTAL DISCARD (tons)
C - DISCARD RATE = B/A
D - % DISCARD = (B/(A+B))*100
E - DISCARD OF SPECIMENS < MCRS (tons)
F - % DISCARD < MCRS = ((D/(A+B))*100
A - LANDING (tons)

Red mullet
M. barbatus
(MUT)

11 cm total length

B - TOTAL DISCARD (tons)
C - DISCARD RATE = B/A
D - % DISCARD = (B/(A+B))*100
E - DISCARD OF SPECIMENS < MCRS (tons)
F - % DISCARD < MCRS = ((D/(A+B))*100
A - LANDING (tons)

Striped r ed mullet
M. surmuletus
(MUT)

11 cm total length

B - TOTAL DISCARD (tons)
C - DISCARD RATE = B/A
D - % DISCARD = (B/(A+B))*100
E - DISCARD OF SPECIMENS < MCRS (tons)
F - % DISCARD < MCRS = ((D/(A+B))*100
A - LANDING (tons)

Common Pandora
P. erythrinus
(PAC)

15 cm total length

B - TOTAL DISCARD (tons)
C - DISCARD RATE = B/A
D - % DISCARD = (B/(A+B))*100
E - DISCARD OF SPECIMENS < MCRS (tons)
F - % DISCARD < MCRS = ((D/(A+B))*100

Mediterranean
horse mackerel
T. mediterraneus
(HMM)

A - LANDING (tons)

15 cm total length

B - TOTAL DISCARD (tons)
C - DISCARD RATE = B/A
D - % DISCARD = (B/(A+B))*100
E - DISCARD OF SPECIMENS < MCRS (tons)
F - % DISCARD < MCRS = ((D/(A+B))*100
A - LANDING (tons)

Horse mackerel
T. trachurus
(HOM)

15 cm total length

B - TOTAL DISCARD (tons)
C - DISCARD RATE = B/A
D - % DISCARD = (B/(A+B))*100
E - DISCARD OF SPECIMENS < MCRS (tons)
F - % DISCARD < MCRS = ((D/(A+B))*100

Deep water pink
shrimp
P. longirostris
(DPS)

A - LANDING (tons)
B - TOTAL DISCARD (tons)

20 mm carapace length C - DISCARD RATE = B/A

D - % DISCARD = (B/(A+B))*100
E - DISCARD OF SPECIMENS < MCRS (tons)
F - % DISCARD < MCRS = ((D/(A+B))*100
A - LANDING (tons)

Norway lobster
N. norvegicus
(NEP)

B - TOTAL DISCARD (tons)

20 mm carapace length

C - DISCARD RATE = B/A
D - % DISCARD = (B/(A+B))*100
E - DISCARD OF SPECIMENS < MCRS (tons)
F - % DISCARD < MCRS = ((D/(A+B))*100

GSA9

GSA10

GSA11

902,8
234,1
0,3
20,6
207,5
18,3

359,8
48,8
0,1
12,0
48,8
12,0

138,9
58,8
0,4
29,7
50,2
25,4

775,1
87,7
0,1
10,2
56,2
6,5

289,0
8,4
0,03
2,8
7,0
2,4

121,2
54,8
0,5
31,1
53,5
30,4

51,2
10,0
0,2
16,3
2,0
3,3

51,0
< 0.05
<0.05
0,0
< 0.05
0,0

104,0
17,4
0,2
14,3
5,2
4,3

182,1
100,6
0,6
35,6
36,3
12,8

101,8
32,0
0,3
23,9
31,4
23,5

na
na
na
na
na
na

41,7
110,0
2,6
72,5
56,5
37,2

30,9
75,8
2,5
71,0
7,6
7,1

na
na
na
na
na
na

103,2
320,0
3,1
75,6
15,3
3,6

219,8
341,9
1,6
60,9
189,0
33,6

11,0
41,9
3,8
79,2
20,2
38,2

586,1
27,6
0,05
4,5
7,5
1,2

520,1
8,4
0,02
1,6
8,2
1,6

23,5
< 0.05
0,00
0,0
0,0
0,0

145,7
0,9
0,01
<0.05
0,8
< 0.05

16,7
<0.1
0,0
0,0
<0.05
0,0

26,3
<0.1
0,0
0,0
<0.05
0,0

Source: Data from DCF, mean values of the period 2012-2014 from Sartor et al., 2016.
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4.

SUMMARY OF THE CURRENT STATE OF MSY MODELLING
IN THE CASE STUDY REGION
KEY FINDINGS
• Fishing pressure (fishing mortality F) on the European stocks should not exceed
the one (FMSY) that can produce maximum sustainable yields (MSY), at latest by
2020.
• Extensive stock assessments are required to define stock status, this process is
quite recent in the Mediterranean; it started about 10-15 years ago thanks to the
advent of the Data Collection Framework (DCF) and it is currently ongoing.
• The Mediterranean stock assessment framework would benefit from a gradual
implementation of the stock categories as in the ICES approach.
• Most of the demersal and small pelagics assessed stocks are overexploited, in
some situations chronically overexploited, with the exception of deep-water rose
shrimp and striped mullet in GSA9 and red mullet in GSA10.
• MSY in the single-species approach has received criticism because lacking of
explicit consideration of species interactions and complexity of ecosystem
functioning.
• MSY is also prone to technical interactions, for the differential probability of
capture on either species or sizes relative to their occurrence in the ecosystem;
technical interactions are mainly due to the changes in the fishing pattern of the
fleets.
• Main source of uncertainty: identification of stock unit, stock-recruitment
relationships used for stock projections given the short length of time series,
reference points need a thorough revision.
• Management objectives are based on current single-stock
incorporate ecosystem functioning would require further studies.

assessment,

• Introduce flexibility in the management, through the use of FMSY ranges.
• Effort management may suffer of hyper-stability, while TACs rely more on stock
assessment, that can be a problem considering its instability.
• Management measures need to be complemented, including improvement of gear
selectivity.
• Fleets which are moderately dependent on the stocks considered and
simultaneously are large employers may require monitoring of social condition.
• Involvement of the fishing sector for improving measures’ understanding and
compliance.

4.1

MSY, FMSY BMSY, and the assessment framework

The reformed Common Fisheries Policy (CFP, 2013) states that the fishing pressure (measured
via F) on the European stocks should not exceed the one (FMSY) that can produce maximum
sustainable yields (MSY). This objective is fixed at latest in 2020. Also, the biomass (B) has
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to be rebuilt above the level (BMSY) that can produce MSY. This is considered the best possible
objective for renewable and profitable fisheries, harvesting the maximum amount of fish on a
long term basis.
The Spawning Stock Biomass (SSB) should be kept within safe biological limits, taking into
account the relationships between the recruits and the parental stock of the exploited population.
Accounting for uncertainty, the SSB should be bounded between precautionary reference
(Bpa) and limit (Blim) levels, ensuring that such limit has a probability lower than 5% to be
exceeded. It is hence representing an alert to elicit prompt management interventions, in order
to avoid the risk of unsustainably reduced SSB.
The requirements of the CFP and also of the other Strategies (the Marine Strategy Framework
Directive -MSDF 14 and GFCM mid-term strategy) demand the assessment of all commercial
fish and invertebrate stocks within an MSY-framework. However, if FMSY were applied constantly
the biomass would fluctuate around BMSY and the catches would fluctuate around MSY. The
degree of these fluctuations would depend on the characteristics of the stock and such
fluctuations would be greater for stocks with high inter-annual variability in recruitment (i.e. the
number of fish born each year).
Detailed and extensive stock assessments are required in relation to stock status and fishing
mortality reference points, that will ultimately lead to conservation policy through management
measures (Tsikliras et al. 2015). This process is quite recent in the Mediterranean as it
started about 10-15 years ago and has become more structured when time series of fishery
related data have been regularly available, thanks to the advent of the Data Collection
Framework (DCF 15, formerly Data Collection Regulation 16).
Stock assessments in Mediterranean ecoregions are mainly relying on one of the required
reference points (FMSY), as SSB reference points have not yet been established for all the stocks.
In addition, assessments are carried out only on a subset of the exploited stocks (COM,
2016 17) (Cardinale et al. 2013; Froese et al. 2017), mostly those for which both fishery
dependent data (catch, landings, discards, and age or length structures of these quantities) and
fishery independent data (indices of abundance and length/age structures of the population at
sea monitored through research surveys at sea) are available. This approach is quite different
from the one adopted in the ICES area, where a categorization of the evaluation of the state of
the stocks in “categories” (see Annex 1) allows to deliver a wider number of assessments and
advice, thus providing a more complete representation on the state of several stocks.
The assessment process in the Mediterranean is carried out during dedicated working groups
of the General Fishery Commission of the Mediterranean (GFCM) (WGSAD and WGSASP,
respectively Working Group on Stock Assessment of Demersal species and Working Group on
Stock Assessment of Small Pelagic species) held yearly and of the Scientific, Technical and
Economic Committee for Fisheries (STECF) Working Groups (EWG – Expert Working Group,
formerly SGMED – Sub Group for the Mediterranean and Black Sea), usually held twice per year.
In most assessments of the Mediterranean F0.1 is the fishing mortality reference point
adopted for demersal fish. It is derived by Yield per Recruit (Y/R) analysis under equilibrium
assumptions (i.e. when underlying conditions – related to both stock, fishing pattern and
environment- are almost constant or randomly varying without any trend). This model is used
to predict how different levels of fishing mortality will affect the average catch (and the average
reproductive output) of a fish in the population under a given exploitation pattern. Since often
FMSY and Fmax are undefined in the Y/R curve, F0.1 is used as a proxy for FMSY. F0.1 is defined as
14
15
16

17

(MSFD, 2008; Commission Decision (EU) 2017/848).
Regulation (EU) 2017/1004 of the European Parliament and of the Council of 17 May 2017.
Council Regulation (EC) No1543/2000 of 29 June 2000 establishing a Community framework for the collection and management of the data
needed to conduct the common fisheries policy.
COM (2016) 396 final Communication from the Commission to the European Parliament and the Council Consultation on the fishing
opportunities for 2017 under the Common Fisheries Policy. European Commission, Brussels 15.6.2016.
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the fishing mortality rate at which the slope of the yield curve against fishing mortality is equal
to a percentage of the slope, of the same curve, at its origin. Most commonly this is chosen as
10%, thus F0.1 is "the value of fishing mortality at which the incremental gain in yield for an
increase in fishing mortality is 10% of the yield per recruit produced at very low levels of F"
(Goodyear, 1993).
F0.1 is also considered a biological reference point for preserving spawning potential. This is
possible because F0.1 is always less than Fmax –the maximum of the Yield-per-recruit curve – and
it is used as a target rate. Any change that influences age distribution such as more or less
selective gear or change in fleet exploitation pattern will determine changes of F0.1 value.
MEY (Maximum Economic Yield), although not used in the assessment process of the
Mediterranean, is often considered to be more precautionary then MSY and environmentally
beneficial in terms of reduced bycatch and habitat damage due to lower fishing effort (Kempf et
al., 2016).

4.2

Overview of the stock assessments in the area

For the Mediterranean Sea, stocks may be assessed either as belonging a single or multiple GSAs
and in such cases more than one assessment may be carried out.
Table 4.2.1 reports a list of stocks recently assessed in the EWG STECF WG and/or in the GFCM
WGSAD. In cases stock assessments were available from more than one source, the more
updated stock assessment has been reported.
Most of the demersal and small pelagic assessed stocks are overexploited, in some situations
are chronically overexploited, with the exception, among demersal species, of deepwater rose shrimp and striped mullet in GSA9 and red mullet in GSA10, that are
sustainably exploited.
Table 4.2.1 - List of stocks assessed in the EWG STECF WG and/or in the GFCM WGSAD.
GSA

STOCK

SCIENTIFIC
NAME
Aristeus
antennatus
Aristaeomorpha
foliacea

GSA9

ARA

GSA9

ARS

GSA9

MUR

Mullus
surmuletus

GSA9

MUT

Mullus barbatus

GSA9

NEP

Nephrops
norvegicus

GSA9

WHB

Micromesistius
potassou

GSA9

DPS

Parapenaeus
longirostris

GSA9

HKE

GSA10

HKE

GSA10

DPS

Merluccis
merluccius
Merluccis
merluccius
Parapenaeus
longirostris

ADVICE

reduce fishing
mortality
reduce fishing
mortality
Stock harvested
sustainably (fully
exploited)
Stock fished above
FMSY.
Stock overexploited.
Catch restrictions or
effort reduction to be
applied.
Current fishing
mortality below the
value of F0.1
reference point
Maintain the current
level of fishing
mortality
Reduce fishing
mortality
Reduce fishing
mortality
Reduce fishing
mortality
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ADVISORY YEAR Fcurr/FMSY
BODY
OF THE
ADVICE
WGSAD

2017

1.46

WGSAD

2017

1.53

EWG_MedAs
sess

2016

0.94

EWG_MedAs
sess

2014

1.17

EWG_MedAs
sess

2016

1.75

EWG_MedAs
sess

2014

1.19

WGSAD

2017

0.9

WGSAD

2017

2.34

EWG_MedAs
sess

2015

4.57

WGSAD

2017

2.40
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Aristaeomorpha
foliacea
Aristeus
antennatus

GSA10

ARS

GSA10

ARA

GSA10

MUT

Mullus barbatus

GSA11

ARS

Aristaeomorpha
foliacea

GSA11

MUT

Mullus barbatus

GSA11

NEP

GSA11

HKE

Nephrops
norvegicus
Merluccis
merluccius

GSAs9_10_
DPS
11

Parapenaeus
longirostris

GSAs9_10_
HKE
11

Merluccis
merluccius

GSAs9_10_
HOM
11

Trachurus
trachurus

Reduce fishing
mortality
Reduce fishing
mortality
reduce fishing
mortality
Stock fished above
FMSY. Fishing effort
and/or catches to be
reduced.
Stock exploited above
the FMSY.
Stock exploited above
the FMSY
HKE
Stock harvested
sustainably (fully
exploited).
Stock fished above
FMSY
Stock overexploited.
Catch restrictions or
effort reduction to be
applied

EWG_MedAs
sess
EWG_MedAs
sess

2015

1.40

2013

2.9

WGSAD

2017

0.44

EWG_MedAs
sess

2015

1.61

2013

9.7

2016

2.05

2015

9.47

EWG_MedAs
sess

2016

0.90

EWG_MedAs
sess

2015

4.80

EWG_MedAs
sess

2017

2.30

EWG_MedAs
sess
EWG_MedAs
sess
Merluccis
merluccius

Source: data from STECF EWG meetings 18 and GFCM WGSAD working groups 19.

4.3

Overview of the interactions influencing MSY

MSY in the single-species approach has received criticism because lacking of explicit
consideration of species interactions and complexity of ecosystem functioning (e.g. Mesnil,
2012; Fogarty, 2014). In addition, MSY can change for technical interactions linked to
different fishing tactics. Increasing size at first capture will increase MSY, while overfishing of
prey species will decrease MSY thus forage species should be fished less and used for human
consumption. There are consequently several aspects to consider when adopting MSY.
4.3.1

Biological and ecosystem interactions

Larkin (1977) recognized that single species MSY cannot be achieved for all species inside an
ecosystem simultaneously when biological interactions (such as predator-prey relationships) are
considered.
Ecosystems involve complex interactions among the different species and ecological components
at different levels and scales. This intrinsic complexity makes the application of MSY in the
traditional fisheries management framework challenging. Generally, fishing on one species will
unavoidably influence the population dynamics of other species through processes such as
species interaction and competition, bycatch and habitat change (Hilborn, 2011; Smith et al.,
2015). Furthermore, single-species MSY model can result as a useful reference point for high
trophic level species, but species at lower trophic level would need to be kept at higher
biomass than individual MSY would suggest, to not adversely affect predators (May et al., 1979).
When fisheries are managed by TAC the implementation of LO may render the issue even more
complex, because it is generally difficult to exhaust the individually advised quotas for all species
at the same time in mixed fisheries and the most limiting quota becomes limiting for the entire
fishery (Batsleer et al., 2013), the so-called “choke-species” effect (Kempf et al., 2016).
However this kind of effect is not present so far in the Mediterranean, where the fisheries are

18
19

https://stecf.jrc.ec.europa.eu/meetings
http://www.fao.org/gfcm/data/en/
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managed by effort regime and technical measures. On the other side, it is difficult to foresee the
potential adverse effect related to “choke species” in case TAC were introduced in the
Mediterranean, because there are not in place operational options.
Significant modifications of the environmental conditions, as for example sudden
temperature or primary production changes (e.g. regime shift), can influence the average
levels of recruitment and/or growth and natural mortality and consequently stock dynamics,
resulting in changes of MSY, FMSY and BMSY.
4.3.2

Technical interactions

Technical interactions in mixed fisheries create major difficulties in obtaining MSY for several
species simultaneously when species are caught together (Kraak et al. 2013). Capture efficiency,
linked to the fishing catchability, can differently affect the catch of some species and the different
size (or age) components of a fish population. This differential probability of capture on
either species or sizes relative to their occurrence in the ecosystem, resulting in a spectrum
of fishing methods applied, is known as fishing (or exploitation) pattern.
Technical interactions are mainly due to the changes in the fishing pattern of the fleets.
These changes can be obtained by different pathways, for example improving the selectivity
of fishing gears (e.g. increase mesh size, introduce selection grid, etc..) and/or avoiding
areas and seasons of “young of the year” (YoY) aggregations. Indeed these areas can be also
regarded as potential “hot spots” for discarding.
This variety of fishing tactics may contribute to increase relative yield, reduce unwanted bycatch,
protect various species or sizes and rebuild ecosystems (e.g. Vasilakopoulos et al., 2014;
Damalas et al., 2018).
Thus MSY, FMSY and BMSY levels for a given stock can change due to the selectivity of fishing gears
and/or fishing pattern of the fleet. Generally, if the combined result of all fisheries tends to yield
larger fish, MSY will be higher.

4.4

Summary of the results of MSY modelling

In the Precautionary Approach fisheries should be managed ensuring that the current fishing
mortality does not exceed FMSY. Considering the inherent uncertainty in the stock assessment
process, FMSY should not be a management target, but such uncertainty should be taken into
account. In addition, instead of trying to fish all stocks simultaneously at their stock specific FMSY
point estimate, it would be more flexible to keep all stocks within their individual sustainable
ranges leading to “Pretty Good Yield” concept (e.g., at least 80% of the maximum yield) (Hilborn,
2010). This approach implies a less strict interpretation of the MSY concept, because ranges
could also include fishing mortalities above FMSY (Kempf et al., 2016). If F<FMSY and LC is close
to LOPT, “pretty good” catches slightly lower than MSY are possible, with minimized impact on
stock and environment (Froese et al., 2016).
When a stock falls below BMSY, it does not necessarily mean that the stock is close to the collapse,
but actions should be promptly taken to ensure that it rebuilds again. However, if the biomass
is one half of BMSY, the risk of collapse is higher and managers need to take severe actions to
ensure stock rebuilding. If fishing mortality is below FMSY, both the economic rent of the fisheries
and the stock biomass will be higher.
Flexibility in the FMSY rule of fishery management can be introduced using the approach of
FMSY ranges (Fupper and Flower). STECF (2015c) pointed out that proposals for stock
management plans in the ICES area are currently taking into account FMSY ranges (STECF,
2017a), though this concept has been also considered controversial, because there is the risk
that upper limit are systematically taken and not occasionally to meet short-term socioeconomic goals (Ulrich et al., 2017).
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In the Mediterranean where F0.1 is used, FMSY ranges have been derived from linear regression
model fitted to the FMSY ranges in the Atlantic (from Eqsim model; ICES, 2015) and such
estimates have been used to predict F0.1 ranges.
The project MARE27 (Spedicato et al., 2016): “Study on the evaluation of specific management
scenarios for the preparation of multiannual management plans in the Mediterranean and the
Black Sea” assessed the consequences of certain fishery management scenarios in view
of multiannual plans, in accordance with the CFP objectives and with the guidelines adopted by
the GFCM. Regarding the geographical scope of the present study GSA9 and GSA11 were also
investigated in Spedicato et al. (2016).
The following indicators were used:
Fisheries indicators: catch, discards, fishing mortality relative to FMSY (F/FMSY); FMSY ranges
Biological indicators: abundance (SSB and total biomass), Blim, Bpa recruitment, and mean
individual size;
Economic and social indicators: Salary, CR/BER (Current Revenues to Break Even Revenues),
ROI (Return of Investments), Total revenues and Revenues by target stock, Employment
A set of scenarios was evaluated, which reflected the management options and the natural
uncertainty, within a Management Strategy Evaluation (MSE) context.
The study did not analysed explicitly the possible consequences of management scenarios on
the landing obligation. A FMSY ranges approach was applied to all case studies and the needed
reduction of fishing mortality was linearly translated into reduction of fishing effort, under the
simplified assumption of nearly constant or randomly varying catchability (risk of hyper-stability
effect). Given the short time series a geometric mean of the recruitment of the last three years
was assumed in the stock projections with uncertainty around the mean.
The method assumes that present bioeconomic conditions (recruitment, stock abundance, cost
structure, fish and fuel prices) will not change strongly in the period 2015-2020, unless as a
consequence of the management measure enforced. Further a full compliance to the measures
applied is also assumed.
Fleets and target stocks of GSA9 and GSA11 with contribution (in percentage) of the stocks
assessed to the production volume of demersal fisheries are reported in Table 4.4.1 and Table
4.4.2, respectively.
Table 4.4.1 - Contribution (in percentage) of the stocks assessed to the production
volume of the main fleet segments of demersal fisheries in GSA9 (for the scientific
name of the species see table 4.2.1. pag. 38; DTS=trawlers; PGP=small scale fishery;
VLXXXX indicate the range of the vessel length)
Assessed
species/fleet
segments - GSA9

ITA9_DTS
VL1218

ITA9_DTS
VL1824

ITA9_DTS
VL2440

ITA9_PGP
VL0012

ITA9_PGP
VL1218

Norway lobster

2.03

2.75

3.91

0.00

0.00

Deep water rose
shrimp

6.42

6.50

13.50

0.00

0.00

European hake

9.23

13.70

14.78

6.69

29.98

Red mullet

12.70

8.84

6.34

1.80

0.13

Total assessed %

30.38

31.79

38.53

8.49

30.11

Source: from Spedicato et al., 2016.
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In the GSA9 the production of demersal stocks assessed (European hake, red mullet, deep-water
rose shrimp and Norway lobster) was accounting between 30 and 39% of the total demersal
production for trawlers and 30% for gillnetters targeting European hake. All the scenarios
alternative to the status quo resulted in an increase of SSB, although the best result for SSB
was shown by scenarios based on Fupper of European hake as target. This implied a reduction of
effort of 60%. In all the scenarios, catches of all stocks showed a decreasing pattern, with the
only exception of scenario with increased selectivity, which gave a slight increase in catches for
European hake and Norway lobster. However, this scenario was not improving the SSB of the
four stocks as the other scenarios. In socio-economic terms, scenarios entail a high decrease in
revenues, and a decrease in employment by about 5%.
Table 4.4.2 - Contribution (in percentage) of the stocks assessed to the production
volume of the main fleet segments of demersal fisheries in GSA11 (for the scientific
name of the species see table 4.2.1. pag. 38; DTS=trawlers; PGP=small scale fishery;
VLXXXX indicate the range of the vessel length)
ITA11_DTS
VL1218

ITA11_DTS
VL1824

ITA11_DTS
VL2440

Giant red shrimp

1.2

2.4

11.3

European hake

7.2

6.9

Red mullet

5.7
14.1

Assessed
species/fleet

Total assessed%

ITA11_PGP
VL0012

ITA11_PGP
VL1218

12.6

1.6

1.5

7.8

2.9

0.3

0.2

17.1

26.8

1.9

1.7

Source: data from Spedicato et al., 2016.

In the GSA11 the production of the demersal stocks assessed (European hake, red mullet, giant
red shrimp) was accounting maximum 27% of the total demersal production (in the DTS_VL2440
fleet). In the management scenario based on the Fupper of the European hake the SSB of all the
three demersal stocks remarkably increased (especially that of European hake). This implied a
reduction of effort of 86%. For European hake, catches increased in the long term under all the
scenarios alternative to the status quo. Instead, stocks of red mullet and giant red shrimp
remained underutilised. Results showed decrease revenues in the fleet segments more affected
by the management measures.
In the same study (Spedicato et al., 2016) an analysis on the possibility of introducing
management measures based on spatial considerations was performed using MEDITS
(Mediterranean Trawl Survey) 20; (Bertrand et al., 2002) time series and taking into account the
results from the MEDISEH project (Giannoulaki et al., 2013). There are parts of the populations
of some key demersal species that could be protected extending the area to be forbidden to
trawlers for example to 80-100 m depth, at least in some seasons (i.e. late spring-summer) and
areas, when and where the Young Of the Year (YOY) of some key species are still present in
more coastal waters. This will not, however, protect juveniles of those species as European hake,
which concentrate in deeper waters (100-200m of depth). In this case, measures for protecting
nursery areas can complement the protection of YOY. Such areas were identified in the MEDISEH
project and were reviewed in Spedicato et al. (2016).
To bring the stocks for which the ratio between the current fishing mortality and target fishing
mortality is high (for example European hake with Fcurrent/FMSY ratios ranging between 3.6 and 7)
in safe conditions, severe reductions of fishing mortality are necessary.
Given the multispecies nature of Mediterranean fisheries and the co-occurrence of species
with different life history traits and stocks with different productivity, drastic management
measures will unavoidably imply an underutilization of some stocks.

20

http://www.sibm.it/MEDITS%202011/principalemedits.htm
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The demersal fleet has legal access to all demersal stocks, hence it is not possible under the
current management system to focus on stock-by-stock effort reduction to achieve individual
stocks FMSY. Furthermore, the fleet segments are heterogeneous in fishing capacity, costs, and
fish selection profile.
Large reductions in fishing mortality for stocks that have been subject to high exploitation rates
for decades are difficult to achieve only with the current paradigm of effort control in the
Mediterranean. This should be complemented with changes in exploitation patterns (gear
selectivity, seasonal and spatial area closures), which could result in more sustainable fishing
practices, reducing also the amount of unwanted catches.
STECF (2016) set the scientific grounds for the assessment of the biological, economic and
social effects of a range of possible measures applicable in the context of a multiannual plan
(MAP) for the European fisheries exploiting demersal stocks in the Western Mediterranean
Sea.
The following indicators were used.
Fisheries indicators: catch, fishing mortality relative to FMSY (F/FMSY);
Biological indicators: abundance (SSB and total biomass), recruitment, and mean individual
size.
A set of scenarios was evaluated, which reflected the management options and the natural
uncertainty, within a Management Strategy Evaluation (MSE) context.
The issue of the landing obligation was not tackled explicitly, though related arguments were
developed.
Comparing a TAC management system (output control) with an Effort management system
(input control), for the stocks and regions included in the MAP proposal, showed that:
•

TACs settings relies more on stock assessment than effort, which may be a problem
considering the instability of the stock assessments, due to short time series and
data limitations.

•

On the other hand an output control system is not affected by hyper-stability,
which can be the largest effect preventing management success in an Effort system.

Considering these aspects STECF (2016) acknowledged that the simulations comparing outputbased management (TAC) with input-based management (effort regime) are based on a number
of simplifying assumptions that cannot capture the full complexity of the governance process
regarding management decisions, implementation and control. The simulations showed that a
TAC-based management is less precise for reaching the fishing mortality target due to the
uncertainties in the stock assessments. On the other hand an effort-based management is
sensitive to the problem of hyper-stability. STECF noted that two different solutions to address
this issue were tested. STECF concludes that the approach taken is promising, but results are
still preliminary and no robust conclusions regarding an effective effort management can yet be
taken from these two approaches.
Considering the uncertainty in stock assessments and the limitations in the estimation of stockrecruitment, the STECF (2016) considered the simulations after 2025 to be very uncertain.
As such the analysis performed up to 2035, though requested by the terms of reference to
STECF, should be taken with care and not considered very reliable.
In the case of Effort management, hyper-stability, the mechanism by which the fleet keeps high
fishing mortality while effort decreases, will impair the plan's ability to reach the fishing mortality
target. In such case the effects of hyper-stability can be mitigated by developing an effort
correction method to cope with hyper-stability. Two options were presented and tested, but real
application required further work.
46

Discard ban, landing obligation and MSY in the Western Mediterranean Sea - the Italian case
The implementation of biomass safeguards at the level of Bpa, with a recovery period of 5 or 10
years, would delay the time target to achieve FMSY, because the recovery period is longer than
the period to reach the target in 2020 (3 years). Precedence during the transitional period should
be taken by largest decrease in F.
Fishing at MSY would decrease catches in the short run (2020) and increase afterwards (2025).
Biomass would increase, although in most cases to levels outside the historical ranges. At these
levels of SSB the S/R fits may not hold. Fishing at MSY would increase the mean length of the
stocks.
Changes in selection pattern due to (i) technical measures, (ii) the implementation of the
landing obligation or (iii) differentiated effort management by fleet, will change the reference
points.
The effects of technical measures designed to protect the juvenile fraction of the stocks, in
biomass recovery and future catches is limited. Although in some stocks it can be more
important, in particular it may stabilize the effect of other measures by letting the young
individuals grow larger and avoiding the fishery from being dependent on recruitment and their
inherent variability. These technical measures will have a larger impact on stocks which have
fisheries deploying larger Fishing mortality (F) on 0-year olds.
The results obtained showed that in 2025 around 75% of the stocks studied are expected to
have SSB levels above Bpa with a probability of 95%, if option 1 or 2 (fishing at FMSY or within
FMSY ranges, respectively) is implemented.
Simultaneously trying to manage several stocks at single species FMSY levels is likely to fail
and create inconsistencies between targets for different stocks, due to large uncertainty
in the stock assessment, which propagates into reference points.
The current reference points are based on F0.1. In some cases the values obtained for FMSY are
very low and others very high. STECF (2016) noted that reference points should be revised
and updated when needed. Such revision could also be used to estimate biomass reference
points, which currently do not exist.
STECF (2016) noted also that in the area of influence of the multiannual plan (MAP) there are
some fleets which are moderately dependent on the stocks considered, and simultaneously are
large employers on the region. Such cases may require monitoring of social conditions to
understand the extent of the impact of the MAP.

4.5

Summary of uncertainties and limitations

A source of uncertainty is represented by the identification of stock unit, an issue on which
knowledge is progressing (STOCKMED project) 21, but that requires further scientific effort to be
thoroughly addressed in the area. Furthermore the stock-recruitment relationships used for
stock projections are still uncertain given the short length of time series. Thus short term or
medium term projection can be considered more reliable than the long term projections, which
are very much uncertain and poorly reliable.
The reference points need a thorough revision in order to be consistent across the GSAs. A
system of benchmark assessment (recently established by GFCM-SRCWM) 22 should be fully
implemented in order to tackle the pertinent issues.
Management objectives are based on current single-stock assessment and the subsequent
single-stock reference and management points. While the problems related to technical
interactions can be tackled and addressed under specific assumptions (for example those
21
22

https://ec.europa.eu/fisheries/documentation/studies/stockmed_en
Scientific Advisory Committee on Fisheries (SAC) Second meeting of the Subregional Committee for the Western Mediterranean (SRC-WM)
Fuengirola, Spain, 22–23 March 2018 Report.
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related to the split of fishing mortality among the fleets when the assessment returns an
aggregated value of fishing mortality), the ones related to the ecosystem functioning are more
complex and would require further insight on ecosystem indicators and functioning.

4.6

Summary of the recommendations

Given the complexity of the mixed fishery in the study area it is necessary to introduce
flexibility in the management, for example through the use of FMSY ranges in order to avoid
underutilization of some stocks. This would also allow a certain level of flexibility, taking into
account the very different life history traits of the species being the target of the mixed fisheries
in the study area. For example European hake is long-living and overexploited in all the GSA,
while deep-water rose shrimp is short-living and underexploited in GSA9. Similar situation, but
reversed is for red mullet which is sustainably exploited in GSA10 but overexploited in the other
two GSAs of the study area.
Effort management may have some weakness because the link with fishing mortality can be
affected by hyper-stability, making effort measures less effective than expected. The
simulations showed that a TAC-based management is less precise for reaching the fishing
mortality target due to the uncertainties in the stock assessments. Furthermore, the possible
introduction of a TAC system might bring in the short term further uncertainty in the
management of demersal stocks. It might introduce difficulties in the application of LO, as those
related to the issue of choke species. In addition, it is difficult to predict how the fleets will react.
Management measures need to be complemented, combining reduction of effort (for
example in fishing days) with change (improvement) of the exploitation pattern, including
improvement of gear selectivity by using different devices, closure of hot spots where YOY
aggregate, enlarge the area banned to the fishing to 80-100 m depth in certain zones, seasonal
fishing ban when peak of recruitment of the more exploited stocks occur.
Fishing at MSY will decrease catches in the short run (2020) and increase afterwards (2025),
when the stocks will recover. However there are some fleets which are moderately dependent
on the stocks considered, and simultaneously are large employers in the region. Such cases may
require monitoring of social conditions to understand the extent of the impact of the MAP
and to take into consideration the need of subsidies.
The involvement of the fishing sector in the decision process is necessary to incorporate
their view and perspectives, as far as possible, in order to make the management measure more
understandable and acceptable, thus improving the compliance level once the management
measures will be enforced.
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5.

A QUANTATITAVE BIO-ECONOMIC ANALYSIS BASED
ON CASE STUDY ON THE LIKELY EFFECTS OF LANDING
OBLIGATION AND MSY
KEY FINDINGS
• Short-term economic impact of changing the primary fishing gear from trawl to
trammel net (more size selective) would produce a relative loss of 65% gross profits
in GSA 9. Loss in gross profit would be greater for larger and more modern vessels,
reaching 80%.
• More selective mesh size (50 mm square mesh opening), would result in a recovery
of spawning stock biomass, productivity, economic and social parameters, reducing
proportionally the labour cost, but are not accepted by the sector (loss in the short
terms and loosing capture of cephalopods).
• The LO alone is expected to have a negative short-term effect on the economic
performance on the affected fleets/fisheries.
• Worked examples simulating management scenarios for European hake in GSAs 911 and based on: i) maintaining the status quo (SQ); ii) applying LO only; iii)
changing the exploitation pattern; iv) reducing effort to reach FMSY or Fupper,
(reducing fishing days or implementing an extended fishing ban or reducing the
fishing pressure on the young of the year), indicate a rebuilt of the stock in 5-6
years if management actions will affect only the change in exploitation pattern, while
severe reduction of the fishing effort (to reach FMSY or Fupper) would result in a quick
recovery of the stock (2-3 years). This would result, in turn, in a significant reduction
of landings and revenues in the short term (2 years), for the more affected fleets
(reduction of activity -80%), with possibility of restoring a more stable and profitable
situation in the medium-long term.
• The scenario with Fupper as target (effort reduction of -68%) reached the stock
rebuilding objectives as the one with FMSY target, but impacting less on the economic
indicators in the short terms.
• LO alone does not contribute to the achievement of FMSY in the current input control
of the fishery, though LO may trigger the objective of improving the fishing pattern.
• Limitations of the worked examples are: the single species approach, the risk of
hyper-stability, and the effects of the management measures on many stocks
proportionally linked to the target stock; advantages are that the simulations take
into account the fleet interactions.
• Several source of uncertainty may affect the predictions: stock-recruitment
relationship to project the stock; dynamic of the landings of all the species; how the
sector will react to a severe activity reduction.
• Management measures other than the LO, would also increase the mean length of
the caught individuals.
• There could be consumers’ reservation price for a sustainable and selective fishery
incentivized by the LO, but it needs a different approach to the market.
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5.1.

Case studies performed in the study area or in the western
region

Solutions to reduce unwanted catches, like the modifications of existing fishing practices and the
use of alternative fishing tactics, have been explored by different studies (Sartor et al., 2016)
and recently by the MINOUW project also in terms of economic feasibility. The costs related to
these changes are expected to be high and generally cannot be afforded in the short-term by
the fishing sector.
Accadia et al. (2018) reports a simulation on the short-term economic impact of changing the
primary fishing gear from trawl to trammel net in two case studies: the demersal fleets operating
in the Ligurian and North Tyrrhenian seas (GSA 9) and in the Strait of Sicily (GSA 16). The aim
is to verify the feasibility of a policy promoting the use of more size selective fishing gears.
Outcomes showed that the fishing gear change would produce a relative loss of 65% gross profits
in GSA 9 and 60% in GSA 16. Loss in gross profit would be greater for larger and more modern
vessels, reaching 80% in GSA 9 and 70% in GSA 16. A reduction in gross profit lower than 50%
is expected for just a 6% in GSA 9 and 1% in GSA 16 of the vessels included in the study. Even
though benefits on the stocks and consequently on vessels profitability would be expected
in the long-term from improvements in selectivity, the short-term costs associated to these
measures make them hardly acceptable by fishermen. Reductions in profits by 60-70% are
clearly economically not sustainable if applied for the whole year but they could be feasible if
limited to specific periods and specific fishing zones. Indeed, temporal and geographical
limitations to the use of trawl nets are already in force in many areas. For instance, 30-45 days
of seasonal closures are established every year for bottom trawlers. An extension of these
limitations accompanied, in some cases, by monetary compensations could facilitate a transition
towards a more selective fishing fleet.
Although quite rare, there are specific fisheries which are, at the same time, more selective
and economically more efficient. Pinello et al. (2018) analysed the different fishing strategies
of the trawl fleet of Mazara del Vallo in Sicily through an input-oriented data envelopment
analysis (DEA) to investigate the extent to which the choice of targeting deep-water shrimp
impacted the level of technical and scale efficiency for the fleet assessed. The results showed
that the deep-water (>400 m) trawling targeting shrimp had the highest average efficiency, with
both technical and scale efficiency close to the maximum level, and generated fewer discards
than shallow to mid-water trawls. The technical efficiency was coupled with a lower discard
rate and the widespread use of LED lights. Under an effective and sustainable management
scheme, deep-water trawling targeting shrimp can be considered a good option for reducing the
discard amount and increasing the economic efficiency of local bottom trawl Mediterranean
fleets.
However, except some specific fisheries, the landing obligation is expected to have a
negative short-term effect on the economic performance. On the contrary, bio-economic
studies showed that, incentivizing the adoption of more selective fishing technologies or other
solutions for discards reduction in the medium/long-term, the economic impact might be
positive. A substantial decrease in discards of regulated species and fishing mortality would
contribute to stock rebuilding, which can support higher fishing opportunities and produce larger
commercial catches, with higher expected profits for the individual fishing units. More profitable
fisheries would also lead to higher wages for the crew because of the prevalent share-basis
remuneration system. Codend construction and materials can also be modified to avoid injuries
to captive animals by using non-abrasive materials, e.g. knotless netting and alternative mesh
configurations e.g. “T90”. Sola and Maynou (2018) simulated the adoption of a T90 panel in
the trawl extension for the mixed species bottom trawl fleet operating in GSA06 demersal
fishery by using the MEFISTO bioeconomic model. The adoption of a more selective bottom trawl
design would increase escapement of undersize individuals and would help reduce fishing
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mortality of the target species, contributing to stock rebuilding and higher income to the
operators in the mid to long term. Because of the share-basis remuneration system, crew
wages are expected to increase under the scenario of improved selectivity.
Christou et al. (submitted) assessed the effect of the landing obligation on the demersal mixed
fishery in the Aegean Sea (GSA 22, NE Mediterranean Sea) both in terms of biological and
economic sustainability by using the multi-species bioeconomic model MEFISTO. The
implementation of a discard ban alone or in combination with additional measures was simulated.
Results showed that the landing obligation alone would not ensure sustainable fisheries,
but it is a complementary component contributing to the fishing mortality decreasing. They
concluded that the management action should be directed to the introduction of additional
measures and to enforce compliance with the landing obligation.
In Sartor et al. (2016) simulations by using the multi-species and multi-fleet bio-economic model
BEMTOOL (STECF, 2017b) on the demersal fisheries in the GSA 10 showed that the use of a
more selective mesh size (50 mm square mesh), instead of the 40 mm square or 50 mm
diamond meshes in place, would allow to improve the exploitation pattern, with a reduction of
discards of specimens below the MCRS. The shift to the 50 mm square mesh would produce
more benefits in terms of recovery of spawning stock biomass, productivity, economic
and social parameters, resulting in an increase of revenues and a decrease of the costs
associated to the implementation of the landing obligation. Revenues of the demersal fleet would
increase up to 13% as a consequence of the stocks rebuilding and the related improvement in
productivity. Furthermore, the higher selectivity, with the consequent reduction of the discard
volumes, would reduce proportionally the labour cost related to the additional working time
employed in sorting and storing the discards, as well as the costs for their transportation and
disposal. The economic efficiency, estimated as the ratio between current revenues and breakeven revenues (CR/BER) would increase under this scenario by one third if compared with the
status quo. A better economic performance was also confirmed by a value of the Return on
Investment (ROI) by 3.5 higher than in the status quo. From a social point of view, the same
scenario would register an increase of the average salary per employee by around 14% if
compared with the status quo scenario (as effect of improved productivity).
A different and innovative approach was investigated by Onofri et al. (2018) that tried to assess
the consumers’ reservation price for a sustainable and selective fishery incentivized
by the LO. This regulation may induce a cost to the fishing industry that could be transferred
to final fish consumers, therefore the study attempted to assess the value of the reservation
price (willingness to pay, WTP) for a sustainable and selective fishery by using contingent
valuation methods 23 from a comparative perspective in Spain and Italy. The results show a
positive, though low, WTP across the two samples, and very different impacts of estimated
coefficients on the WTP for the two samples.

5.2

Worked examples of scenario modelling through simulations.
The case of European hake in the study area

For this specific study worked examples were carried out simulating scenarios by using
the multi-fleet and multiple species bio-economic platform BEMTOOL (see Annex II for
details). This model is mimicking the effects of management trajectories on stocks and fisheries
on a fine time scale (month) (Fig. 5.2.1). The model accounts for length/age-specific selection
effects, discards, economic and social performances, effects of compliance with landing
obligation and reference points. The implementation of decision modelling (Multi-Criteria
Decision Analysis and Multi-attribute utility theory) allows that stakeholder perception is
encompassed to weight model-based indicators and rank different management strategies.
23

Contingent Valuation is a method of estimating the value that a person places on a good. An interviewed persons are asked to directly report
their willingness to pay (WTP) to obtain a specified good.
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A wide set of biological, pressure and economic indicators is the default output. Further
specifications are reported in the Annex II with details on the inputs and model parameterization.
Figure 5.2.1 - Conceptual scheme and flow of the BEMTOOL model

Stocks dynamic
•Stock1
•growth, maturity, natural
mortality, recruitment
•Stock2
•growth, maturity, natural
mortality, recruitment
•...

Management
•Effort control rules (fishing days,
vessels);
•change in gear characteristics and
exploitation pattern;
•TAC (external or set according the
annual SSB respect to reference
points);
•Landing obligation

Fleet dynamic
•Fleet1
•harvest: selectivity, fishing
mortality, landing, discard;
+ Fleet Behavioral
•economic: revenues, costs,
profit, etc...
component
•Fleet2
•harvest: selectivity, fishing
mortality
•economic: revenues, costs,
profit, etc...
•...

Source: authors.

In this application the limitations are related to the single species approach, so species
interactions are not taken into account. The model assumes that the reduction in effort is directly
translated into reduction of fishing mortality (100% compliance, and risk of hyper-stability).
In addition, the estimation of the economic performance, leading from the current stock status
to an MSY, implies substantial changes for many stocks, which dynamic in terms of landings
and revenues is assumed proportionally linked to the target stock.
The advantages are that the bio-economic model takes into account the fleet interactions,
as well as the uncertainty, that is implemented as process (on recruitment and growth) and
model (on maturity and fleet selectivity) errors.
European hake has been selected as case study given that it is a key stock of the MAP,
considering its heavy exploitation in all the GSAs. The species is also subject to discarding,
given that the MCRS is larger than the size at first capture SL50% achievable also using a
legal mesh size of the trawl (50 mm diamond mesh opening or 40 mm square mesh size
opening).
In the specific case study the model has been parameterised using the last available stock
assessment for the whole study area (STECF, 2015), thus the same assumptions as in this
assessment are valid also for the bio-economic modelling.
In the forecast, a segmented stock-recruitment relationship, estimated using Eqsim
modelling and software (Minto et al., 2014; ICES, 2015), is implemented.
This is a source of uncertainty, considering that the time series of recruits and spawners is
quite short. Thus the forecast should be taken as indicative of a possible trend in the
stock, for a given scenario, compared to the baseline.
The six simulated scenarios are described in the table 5.2.1. The stock have been projected to
2030, though the forecast after 2025 are much more uncertain, thus we have reported the
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results to 2025. All the management measures are compared with the baseline situation (i.e.
status quo, SQ) in that year.
The values of Blim and Bpa are respectively 2900 (break point of the segmented regression) and
4060 (1.4*Blim). These values are similar to the ones estimated in STECF (2016) (respectively
2216 and 4343).
Table 5.2.1 – Specifications of the six scenarios analysed in the bio-economic model
(SRR=Stock Recruitment Relationship; SegR=Segmented Regression 24)
N.

Scenario

Management
type

SRR

Change in
the
exploitation
pattern

baseline

SegR

NO

effort

SegR

NO

effort

SegR

NO

LO

SegR

NO

Change_EP

the fleet selectivity of trawlers
is set to SL50%=20 cm in
order to simulate a reduction
of fishing mortality on
individuals under the MCRS.

Technical
measure

SegR

YES

6

Change_EP_Fbdiff

Fishing days equal to zero in
March, April and September
for all the trawlers; in January
and February for PGP fleets.
Selectivity of trawler fleet is
set at SL50%=20 cm from May
to July, to consider the area
closure (to 80-100 m depth).

effort+technic
al measure

SegR

YES

7

FupperALL_FS

Linear reduction of 68% of the
fishing days for all the fleets in
2 years to reach Fupper.

effort

SegR

NO

1

SQ

2

FMSYALL_FS

3

Decr_80_onlyDTS

4

5

LO

Description

Total mortality in input from
2015 equal to the average of
years 2012-2014.
Linear reduction of 80% of
the fishing days for all the
fleets in 2 years to reach FMSY.
linear reduction of 80% of the
fishing days of all DTS fleets
in 2 years.
increase in number of
employees (+1 per each
vessel) and of 10% in other
variable costs

Source: authors this study.

Projections of SSB show that the impact of both SQ and LO scenarios are equivalent, with SSB
remaining below Blim, while all the other scenarios would allow the SSB to rebuild (Fig. 5.2.2).
The most remarkable effects on SSB is obtained with the scenario 2, based on a reduction of
80% of the fishing effort for all the fleets (average of annual fishing days per vessel would
decrease from 170 to 34 for the trawlers and from 109 to 22 for small scale fisheries) to achieve
the European hake FMSY (in between FMSY and Flow). This can be viewed more as a kind of
moratorium. Scenario 7 (corresponding to an effort reduction of 68% to reach Fupper) gave
comparable results in terms of SSB rebuilding compared to scenario 2. SSB rebuilt is also rapidly
achieved in the scenario 3, in which 80% the fishing days of the trawlers is reduced. These three
scenarios would possibly bring the SSB at levels well above the Bpa, in approximately 3

24

Piecewise linear regression technique to determine the level of biomass (Blim) at which recruitment is impaired (see figure A2.1 in the Annex 2.
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years. While in scenarios based on a change in the exploitation pattern (scenarios 5 and
scenario 6) the SSB would rebuild in a longer time (approximately 5 or 6 years) and the levels
of Bpa would be more closely approximated in the scenario 6. It should be noted that in the
scenario 5 the fishing effort (expressed in fishing days) is not decreased, but the mortality on
the first age class is strongly reduced, assuming that the fleets would avoid the fishing areas in
which the young of the year are aggregated. In scenario 6 a fishing ban is instead introduced
for trawlers, in the months in which peaks of European hake recruitment are usually observed.
For small scale fisheries the ban was introduced during part of the reproduction season (winter).
In addition, this measure is combined with a reduction of fishing mortality in the months in which
the area within 80-100 m depth is simulated closed to trawlers. The risk that the SSB was lower
than Bpa is 100% in SQ and LO scenarios and 64% in Change_EP scenario.
Figure 5.2.2 - Projections of the SSB of European hake with uncertainty in the six
simulated scenarios (upper panel) and a focus on the scenarios resulting in a lower
SSB increase (lower panel). The dotted red horizontal line represents Blim (2900 tons),
the green one Bpa (4060) The dotted black vertical line represents the baseline year

Source: authors this study.

Except in SQ and LO scenarios, landings of European hake would improve, after a shrinkage
lasting approximately 2 years (Fig. 5.2.3). Uncertainty is quite high, however the level of the
landings, due to a change of the exploitation pattern only, would be comparable to the one in
the scenario reducing by 80% the number of fishing days of the trawlers and to the Fupper
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scenario. Scenario changing the exploitation pattern only results in a relatively higher landing
compared to the other scenarios, given that the small scale fleet will continue to fish, taking
advantage of the biomass availability as a consequence of the stock rebuilding. On the contrary,
the scenario 6 would result in a decreased landing compared to scenario 5, because the activity
of the whole fleet would be reduced. Notwithstanding, also the scenario with the highest fishing
activity reduction would in theory benefit of a higher productivity in the short term (2-3 years
depending on the scenario) compared to the SQ.
Figure 5.2.3 - Projections of the landings of European hake with uncertainty in the six
simulated scenarios. The dotted black vertical line represents the baseline year

Source: authors this study.

Given the dependency established in the model between European hake landings and total
landings the effects are quite similar and in turns mirrored in the total revenues (Figure 5.2.4),
though with high uncertainty around the median values.
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Figure 5.2.4 - Projections of the total landings (upper panel) and total revenues (lower
panel) with uncertainty in the six simulated scenarios. The dotted black vertical line
represents the baseline year

Source: authors this study.

Projections of discards (or unwanted catches below the MCRS) in the 7 scenarios (Fig. 5.2.5)
highlight the likely effect that the scenario 5, based only on the change of the exploitation pattern
(Change_EP), might play in terms of reduction of discard. This forecast however assumes 100%
of compliance and a full avoidance of the areas where YOY of European hake aggregate. The
scenarios reducing by 80% the number of fishing days of the trawlers (scenario 3 Red80onlyDTS)
or reducing by 80% the number of fishing days of all the fleets (scenario 2 FmsyALL_FS) or
reducing to Fupper (68% reduction) will return quite similar results, given that the discard is
associated only to the trawlers, with a decrease linked to the severely reduced activity (when
the trawlers fish they are catching fewer individuals of bigger size, due to the population rebuilt,
so the volume of the landing increase, but the caught number of individuals decrease). In the
case of scenario 6 (ChangeEP_FBdiff), with a fishing ban in the month of higher recruitment of
European hake, followed by a spatial depth limitation to the trawlers, there would be a lower
reduction of discard (except during the ban and the period of the area closure, the trawlers will
continue to fish as usual) compared to the previous scenarios. As regards the volume of the
discard the scenarios LO would results in an unchanged situation compared to the SQ.
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Figure 5.2.5 - Projections of the discard with uncertainty in the six simulated
scenarios. The dotted black vertical line represents the baseline year

Source: authors this study.

Management measures other than the LO, would also affect the mean length of the
caught individuals. All the scenarios are better than the SQ and LO. Scenario 5 (Change_EP)
would return effects similar to the reduction of the fishing days by 80% for all the fleets, or to
the reduction to Fupper, given the positive influence of increased fleet selectivity in contrasting
growth overfishing. Considering the uncertainty, a similar result would also be reached by the
scenario reducing the fishing days of the trawlers only by 80% (scenario 3 Red80onlyDTS). While
scenario 6 (ChangeEP_FBdiff) would influence less the increase of the mean length of the catches
compared to the previous scenarios. However all these scenarios, would result in an increase
in mean length that could also be translated into a product with better sale price and market
value.
Figure 5.2.6 - Projections of the mean length of European hake in the catch with
uncertainty in the six simulated scenarios. The dotted black vertical line represents
the baseline year

Source: authors this study.

Results of the Multi Criteria Decision Analysis (MCDA) (Fig. 5.2.7) show that in principle,
aggregated results improve if a stock rebuilding strategy is followed, in particular for the three
scenarios reducing the fishing days of the whole fleet or of the trawlers by 80% and 68% of the
whole fleet in 2 years. This because after a strong decrease of landings and revenues in the
short time (until 2020) the stock is assumed to recover and thus productivity and economic
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performance should recovery too. Negative impacts for the fleets are instead more
mitigated in the other scenarios (improve fishing pattern or seasonal ban combined
with area closure; i.e. Change_EP and Change_EP_FBdiff), especially for trawlers.
For discards (or unwanted catch below MCRS; indicator D) utility will be higher in the
scenario of change in the exploitation pattern (Change_EP).
At smaller aggregation levels, i.e. fleet segment, results may depend by the indicator selected,
some details are given in the tables 5.2.3 and 5.2.4. Also in these cases results should be
regarded as indicative, considering the assumptions behind the worked examples and the
uncertainty.
Figure 5.2.7 - Results of the Multi Criteria Decision Analysis (MCDA) from BEMTOOL
(u_GVA utility Gross value Added; u_RBER utility of the ratio Revenues/Break Even
revenues; u_WAGE utility for the average wage; u_EMPL utility for the employment;
u_SSB utility for the indicator Spawning Stock Biomass; u_F utility in terms of fishing
mortality; u_Y utility in terms of yield, i.e. landings; u_D utility in terms of discards –
or unwanted catches)

Source: authors this study.

58

Discard ban, landing obligation and MSY in the Western Mediterranean Sea - the Italian case
Table 5.2.3 - Results of the projections to 2021 and 2025 of the indicator of stock
productivity (SSB and Catch) and economic performance of all the fleets (salary,
CR/RBER; ROI, Revenues and Employment) (source: authors this study). Cells are red
when the indicator is lower than 5% compared to the baseline (SQ scenario) and green
when it is 5% higher, otherwise are yellow

Results in % to 2021

All fleets
ID_scenario

Salary CR.BER

ROI

Revenues

Empl

SSB M.
mer

Catch M.
mer

Scenario SQ

9589

1.7

0.222

252002652

9036

2272

2716

Scenario Change_EP

55.79

63.94

154.95

40.61

0

19.5

38.19

Scenario ChangeEP_FBdiff

34.95

36.12

87.39

18.11

0

42.91

31.01

Scenario FmsyALL_FS

19.82

24.53

59.46

-6.96

0

294.79

-5.54

Scenario LO

-6.56

-0.94

-2.25

-0.13

6.24

-0.04

-0.74

Scenario Red80onlyDTS

70.43

68.76

166.67

33.02

0

113.02

32.04

Scenario UpperF_ALL_FS

43.78

51.88

125.68

0

201.76

16.59

Results in % to 2025

All fleets
ID_scenario

13.76

Salary CR.BER

ROI

Revenues

Empl

SSB M.
mer

Catch M.
mer

Scenario SQ

10238

1.829

0.263

264273748

9036

2400

2887

Scenario Change_EP

92.11

104.65

230.42

68.25

0

66.34

72.28

Scenario ChangeEP_FBdiff

71.97

76.93

169.58

45.93

0

138.53

69.82

Scenario FmsyALL_FS

68.58

78.9

173.76

30.19

0

1743.22

41.55

Scenario LO

-7.79

-2.3

-5.32

-1.1

6.24

-0.97

-2.31

136.4

137.83

303.42

81.57

0

529.4

96.04

Scenario Red80onlyDTS

Scenario UpperF_ALL_FS

101.46

116.4

256.27

57.74

0

1100.8

72.84

Source: authors this study.

Table 5.2.4 - Results of the projections to 2021 and 2025 of the indicator of stock
productivity (SSB and Catch) and economic performance for one of the more affected
fleet as an example (salary, CR/RBER; ROI, Revenues and Employment) (source:
authors this study). Cells are red when the indicator is lower than 5% compared to
the baseline (SQ scenario) and green when it is 5% higher, otherwise are yellow

Results in % to 2021

GSA9_DTS_VL2440
Salary

CR.BER

ROI

Revenues

Empl

Scenario SQ

19148

Scenario Change_EP

51.45

Scenario ChangeEP_FBdiff

1.266

0.078

2506907

30

38

57.5

273.08

30.45

0

21.85

-0.33

-0.32

-1.28

-11.48

0

17.05

Scenario FmsyALL_FS

45.36

50.71

241.03

-5.81

0

-8.26

Scenario LO

-24.62

-2.21

-10.26

-0.27

30

0.51

Scenario Red80onlyDTS
Scenario UpperF_ALL_FS

-14.21

-15.8

-75.64

-41.07

0

-48.04

71.26

79.62

Salary

CR.BER

ROI

Revenues

Empl

Catch M. mer

Scenario SQ

20743

1.384

0.112

2630563

30

40

Scenario Change_EP

90.37

100.07

362.5

55.22

0

52.99

Scenario ChangeEP_FBdiff

30.09

33.31

120.54

7.63

0

48.98

Scenario FmsyALL_FS

72.33

80.06

290.18

13.07

0

15.91

Scenario LO

-25.49

-3.47

-12.5

-1.04

30

-0.99

23.21

-27.66

0

-32.58

GSA9_DTS_VL2440

Scenario Red80onlyDTS
Scenario UpperF_ALL_FS

5.66

112

6.29

123.99

378.21
14.41
0
Results in % to 2025

Catch M. mer

448.21

Source: authors this study.
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In these worked examples, however, the fleet reaction has not been modelled, because of the
difficulty in modelling/parameterizing possible incentives (e.g. type, amount of subsidies, timing)
and fisherman reaction (i.e. remain in the sector, diversify, change activity).

5.3

Summary of uncertainties and limitations

Time series used for estimating the relationship between parental stock (spawners) and recruits
are still short and referred to a period in which the stock was already subject to a full exploitation
or over-exploitation. Thus the stock-recruitment relationship to project the stock in the
future is poorly contrasted and influenced by the current situation of productivity.
When referring to the different case studies, including the one developed in this project for
European hake, the current single-stock assessment situation is considered and, in turn, the
subsequent single-stock reference and management points. Thus the interactions explicitly taken
into account are the technical ones, associated to the different fleet segments and the target
stock. Ecosystem interactions instead are not considered and the dynamic of the landings of
all the species is based on the strong assumption that it is linked to the assessed species.
Further source of uncertainties is the fleet itself. It is difficult to predict how the sector will
react to a severe activity reduction. We can expect a reaction in presence of specific
incentives. However, these reactions are not straightforward to simulate as the research on the
fleet behaviour is not yet well developed and so the extent and intensity of these possible
changes are difficult to predict.
For example, there could be changes in re-allocation of effort in the spatial and temporal
dimensions or on fishing gear technology, though this last aspect has been poorly undertaken
by the sector so far with the objective of reducing unwanted catches. Again, only awareness and
cooperation with the sector enhancing their participation and role may help the process of
improving fishery sustainability.

5.4

Summary of the results

In the simulated scenarios a rebuilt of the stock might be achieved in 5-6 years if
management actions will affect only the change in exploitation pattern, while severe
reduction of the fishing effort would result in a quick recovery of the stock (2-3 years). This
would result in a significant reduction of landings and revenues in the short term (2 years), for
the more affected fleet (reduction of activity -80%), with possibility of restoring a more stable
and profitable situation in the medium-long term.
The landing obligation implementation does not impact significantly with the MSY objective. The
LO alone can be a threat for the fleet because it implies additional costs for employment
and/or for external services. On the other side, it does not influence the achievement of
FMSY. Instead, if it has the function of triggering the objective of improving the fishing
pattern, for example avoiding the hot spots associated with high discarding (i.e. the nursery
areas of key species) or improving gear selectivity, it may contribute twofold to the CFP
objectives: moving towards MSY and reducing the wasteful practice of discarding. Possibly this
would also return a better sale price to the sector, though this positive aspect can be
jeopardized by a poor transparency of the market.
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6.

THE CFP TOOLS, THEIR TECHNICAL ADEQUACY AND
UTILIZATION
KEY FINDINGS
• Management decisions relating to MSY in mixed fisheries should take into account
the difficulty of fishing all stocks in a mixed fishery at MSY at the same time.
• Provisions of the CFP allow to accommodate different actions to fulfil the
management objectives.
• Discard mitigation measures need to be tailored to each particular fishery, or even
species within a fishery.
• Scientific base for fisheries management is implemented regularly.
• Avoidance of unwanted catches can be incentivized: information sharing;
Selectivity improvements, closures of specific areas or depth range or time
closure.
• Actions based on art 15 of the CFP through exemptions.

6.1

Basis of the fishery management

Two among the key principles established in the CFP state that: a) management decisions
relating to MSY in mixed fisheries should take into account the difficulty of fishing all stocks
in a mixed fishery at MSY at the same time; b) Discard mitigation measures need to be
tailored to each particular fishery, or even species within a fishery, and the effectiveness of
solutions is greatest when they are used in combination with other approaches.
Thus according to the CFP fishing opportunities shall ensure relative stability of fishing activities
of each Member State for each fish stock or fishery.
Scientific base for fisheries management with the specifications of data requirements
represent another pillar of the CFP, because these tools give the support for understanding the
stock status, the fishery and the ecosystem, giving the grounds for the advice process.
Provisions of the CFP allow to accommodate different actions to fulfil the management objectives,
Member States may be empowered to adopt legally binding acts in the area of the CFP,
including conservation measures (e.g. the tool of joint recommendations), while guidelines
for principles and objectives of MAP as well as contents of the MAP are defined.

6.2

Summary of mitigation actions

Bottom-up approaches to bycatch and discard management, which involve incentive-based
solutions to bycatch problems, are considered to be the most promising.
Inclusive management through the stakeholders’ involvement in the Advisory Council is a mean
to put in practice a bottom-up approach, which should be pursued incorporating stakeholder
views and perspective through participatory management (Lembo et al., 2017).
Incentivizing the adoption of fishing technologies and practices that reduce pre-harvest mortality
and post-harvest discards, while avoiding damage to sensitive marine species and habitats,
seems the only way to move forward.
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Avoidance of unwanted catches
Incentives, including those of an economic nature, such as fishing opportunities, to promote
fishing methods that contribute to more selective fishing.
Another too is represented by the pilot projects for:
i.

fully exploring all practicable methods for the avoidance, minimisation and elimination
of unwanted catches in a fishery including discard atlas;

ii.

identifying alternative types of fishing management techniques and on gears that
increase selectivity or that minimise the negative impact of fishing activities on the
marine environment;

iii.

establish protected areas due to their biological sensitivity, including areas where there
is clear evidence of heavy concentrations of fish below minimum conservation reference
size and of spawning grounds.

For point i) Information sharing can be a mean to share in real time among vessels catch
information to promote voluntary avoidance of certain hotspot areas.
Regarding point ii) Selectivity improvements can be obtained by increasing the cod-end mesh
size and/or installing escape panels. The latter refers to sorting devices, and trawl modifications.
Knowledge of species specific behavioural or physiological responses can be used to increase
gear selectivity for certain species.
Fishermen showed a strong opposition to an increase of mesh size (MINOUW project), due to
the loss of commercial species with no MCRS (i.e., cephalopods), but seemed more open to other
technological solutions.
Regarding point iii) closures of specific areas or depth range or time closure : these can
be spatial, temporal or restricted to certain fleets/season to avoid certain hotspot areas of
unwanted catch in periods of recruitment peaks of the stocks more heavily exploited.
Actions based on art 15 of the CFP
High survivability exemptions: These are possible solutions, providing scientific
evidences can support the exemptions. However, providing such evidence for each case is
challenging. In the western Mediterranean this tool has been considered for Neprops norvegicus.
De minimis exemptions: discards are relatively low and scientific evidence indicates that
further selectivity is very difficult to achieve or to avoid disproportionate costs of handling
unwanted catches. This tool is currently enforced in the western Mediterranean.
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7.

A QUALITATIVE ASSESSMENT OF POSSIBLE MAIN
IMPACTS OF THE LANDING OBLIGATION IN THE MSY
CONTEXT IN THE WHOLE ECOSYSTEM OF THE STUDY
REGION
KEY FINDINGS
• Short and medium term effects of reducing discards on ecosystem remain
uncertain, as well as the associated economic and social impacts.
• Top predators may be also affected by changes in their prey populations, which
may lead to changes in the predation pressure exerted on the different trophic
groups.
• Ecosystem Model of Intermediate Complexity (MICE) found that a ban on
discarding does not appear to significantly affect predators or prey in the central
Mediterranean (Adriatic sea).
• In applications of ecosystem models LO seemed pointless for the sustainability; in
contrast, a decline in fishing effort seemed to favour cetaceans, and highly
exploited fish groups.
• Avoiding the catch of non-commercial species, mainly invertebrates (thus reducing
the impact on certain areas) would prevent the deterioration of benthic
communities.

Sustainability is one of the central concerns in fisheries and there is an increasing awareness
that it is necessary to manage fisheries with a broader ecological approach (e.g. FAO, 2001;
Garcia and Cochrane., 2005).
Discarding has impacted the marine ecosystem, especially during recent decades. It is expected
that the introduction of discard bans might contribute to the declining of the amount of fish
discarded. However, the short and medium term effects of reducing discards on
ecosystem remain uncertain, as well as the associated economic and social impacts.
In European seas, discarding practices vary across different fishing gears, although bottom
trawls have the highest discard rates with a large proportion of unwanted catches, while
other small-scale demersal fisheries have lower rates due to a higher selectivity of the gear
(Kelleher, 2005).
Damalas et al. (2015) analysing historical discarding in Mediterranean fisheries from fishers’
perception concluded that over the past 70 years, discarding has gradually increased in the
northern Mediterranean trawl fisheries. While discarding can occur for a number of reasons, the
Authors indicated that discarding in the past was mostly driven by market demand, but
recent legal and regulatory constraints have led to changes in fishing strategies and became
a significant reason for discard.
Guillen and co-authors (2018) highlighted that bio-energetic and ecosystem models indicate that
discards may have strong impacts across the whole food-web (Heat et al; 2014) which may have
positive or negative impacts on populations, or even alter or simplify food webs (Sardà et al.,
2015).
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Communities preying on discards will likely be affected. The role that discards currently
play in the energy turnover of current ecosystems will be modified and therefore should be
fully evaluated.
According to Real et al. (2018) the new policies on the ban of fishery discards that are being
progressively implemented in the European Union, Norway, Chile and New Zealand would offer
a suitable experimental scenario for improving our understanding the resilience of populations
against perturbations and the role of individual specialization in the foraging process.
Angelini et al. (2016) applying an Ecosystem Model of Intermediate Complexity (MICE) to test
management options for fisheries in the Adriatic sea found that a ban on discarding does not
appear to significantly affect predators or prey.
Moutopoulos et al. (2018) applying an ecosystem model (Ecopath module of the Ecopath with
Ecosim software) to assess the ecological and fisheries implications of the EU landing obligation
in the Ionian sea concluded that LO seems pointless for the sustainability of most of the
stocks, because there were no changes in the main commercial fish species apart from few
exceptions (e.g. flatfish, deep water shrimps, continental shrimps), in which biomass changes
were generally low. In contrast, a decline in fishing effort seemed to favour cetaceans,
and highly exploited fish groups (e.g., red mullets, anglerfish, hake) but regarding prey fish
and invertebrates possible positive effects were counterbalanced by the increase in predation
mortality.
The overall low impact of changes in discarding policies can be explained by the fact that most
of the species groups did not rely on the small amounts of discards estimated for Ionian Sea
and/or were able to readjust their diet to other resources.
Many studies have evidenced the overexploitation of benthic ecosystems, with impacts on
various community components including abundance, biomass, diversity and community
structure (de Juan et al., 2011). The impact of trawling induces the replacement of
vulnerable organisms by organisms that can withstand the chronic impact of fishery. This shift
might result in important changes in the functioning of the ecosystem due to reduction or loss
of ecosystem structure and biological traits composition. Avoiding the catch of noncommercial species, mainly invertebrates, would prevent the deterioration of benthic
communities, including many sensitive habitats, which are essential for many exploited
commercial resources (Muntadas et al., 2014).
Celić et al. (2018) modelling the ecological and economic effects of the landing obligation by an
ecosystem approach in the North-Eastern Adriatic Sea with and without landing obligation found
that landings will increase by ~13%, causing an increase in fishermen workload, reduction of
biomasses at sea (~ -0.20%) for species of both commercial and non-commercial interest, thus
a small decrease in fisheries revenue (~ -0.50%). Selling landed unwanted catches for fishmeal
production will not compensate the economic losses. Additional adaptation scenarios were
tested: (i) introduction of quotas for small pelagics, (ii) reduction of effort for bottom trawlers,
(iii) improvement of gear selectivity, and (iv) a combination of (i) and (iii). Improving selectivity
and introducing quotas resulted the best alternative but none of the adaptation scenarios
compensated the adverse effects of the landing obligation, suggesting that this
management measure has ecological and economic negative effects in systems where
fisheries are not regulated by quota such as the Mediterranean Sea.
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8.

RECOMMENDATIONS TO THE EUROPEAN PARLIAMENT

KEY FINDINGS
• Adopt flexibility in the sustainability concept of FMSY by MSY ranges (MSY Fupper
and MSY Flower) is important in the adaptive management.
• Strengthen the scientific basis for fisheries management (e.g. introducing stock
categories).
• More sustainable fishing practices should be adopted to guarantee durability of
the results when the stock rebuilt.
• Improving the fishing pattern, avoiding hot spots associated with high
discarding (e.g. the nursery areas of key species) or improving gear selectivity,
may contribute twofold to the CFP objectives: moving towards MSY and
reducing the wasteful practice of discarding.
• Avoidance of discard hot spots requires, in turn, a special effort to control the
fleet displacement.
• Enforcement and compliance cannot be disjoined but compliance cannot be
disjoined by increased awareness.
• Promote awareness and bottom up processes at local level, self-decision within
small groups of fishers.
• Increase mutual trust between fishermen and researchers by partnerships and
collaborative research, thus improving also data quality, identifying solutions
and best practices.
• Increase the awareness of consumers towards products that are fished
sustainably.

8.1

MSY target, variability and management flexibility

In the Mediterranean the methodology developed by ICES (2015) in a single-stock approach
has been applied as basis for defining MSY ranges: MSY Fupper and MSY Flower that introduce
flexibility in a sustainability concept. This implies that to accommodate particular situations:
the upper limit can be lowered or the lower limit increased, without compromising
sustainability, keeping in mind that fishing systematically at the upper range may not be
correct. This flexibility is important in the adaptive management and can mitigate criticism
on MSY limits. In addition it provides the frame to consider economic and social sustainability
pillars (Prellezo and Curtin, 2015).
In the worked examples, reducing exclusively the fishing days of trawlers or of all the fleet
would cause losses of fishing opportunities, at least in the short and medium term, but will not
reverse the situation of the juvenile exploitation when the stocks will rebuilt, for example as a
result of the MAP implementation. Thus actions are desirable to ensure more sustainable
fishing practices are adopted and durability of the results maintained when the stock
rebuilt.
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Spatial management requires mechanism to ensure that rules are applied. Control through
electronic monitoring and registration of catches is possible, but the awareness how the
compliance is important should be promoted with bottom up approaches and participation.
LO has been implemented so far by “high survivability” and “de minimis” exemptions in the
western Mediterranean, but it is important to monitor the reliability of catch statistics used in
stock assessment.

8.2

Improving the exploitation pattern

Given the management system in place, the landing obligation implementation for demersal
fisheries does not impact significantly with the MSY objective. The LO alone can be regarded
as a threat by the sector, because it implies additional costs for employment and/or for external
services and infrastructures. LO should be thus placed in a framework of incentive to fish better
and change (improve) the exploitation pattern, as it is much better to avoid undesirable capture
than discarding.
What is reasonable is that, if LO implementation has the function of triggering the objective of
improving the fishing pattern, for example avoiding the hot spots associated with high
discarding (e.g. the nursery areas of key species) or improving gear selectivity, it may
contribute twofold to the CFP objectives: moving towards MSY and reducing the wasteful
practice of discarding. Possibly this would also return a better sale price to the sector, though
this positive aspect can be jeopardized by a poor transparency of the market.
Moving towards more selective fishing gears and practices can help also to mitigate the additional
costs associated to the implementation of the LO. Improving the exploitation pattern would
reduce discards and, more generally, unwanted catches in many fisheries and consequently the
risk of incurring in the additional costs for the fishing industry. Introducing better fishing
practices and management of catches will not automatically exclude the occurrence of unwanted
catches, but could reduce these at a minimum.
The improvement of the exploitation pattern through the avoidance of discard hot spots
requires, in turn, a special effort to control the fleet displacement, but this would not be
enough, because it would be anyhow possible to circumvent or to not comply with the rule. It is
therefore essential to increase the fishermen awareness and the participation to the
management process.

8.3

Enforcement and compliance,
awareness and participation

increase

the

fishing

sector

Enforcement and compliance with rules cannot be disjoined. Setting rules disregarding
compliance issues does not help the process of reversing the unsustainability of the current
situation. Top-down approach has been experienced to be poorly effective, because shortcuts
can be found for rules' circumventing. In turn, compliance cannot be disjoined by increased
awareness.
Promote awareness and bottom up processes at local level with small groups taking
actions to enhance fisherman awareness and participation, leave room for fishermen to organize
among themselves fishing calendars, taking inspiration from old practices in the
Mediterranean. Thus allowing for self-decision within small groups of fishers, where their
own rules and sanctions do not necessarily have to be formalised in legal acts, but can be
translated into local best practices.
It would be beneficial to increase mutual trust between fishermen and researchers by
partnerships and collaborative research. This objective is also connected with the increase
of the scientific data quality, by involving fishermen in specific actions, as the cooperation
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on the field. Furthermore cooperative projects between scientists and fishermen could be aimed
at identifying solutions (for example on the consequences of innovative technology for the
fishing gear or analysing management measures) and best practices.
Market is often the bottleneck and a factor that can limit the transparency of fish product trade.
Increase the awareness of consumers towards products that are fished sustainably, respecting
the nature life cycle and the environment will increase transparency and facilitate mechanism of
direct knowledge and relationships, promoting actions for direct commercialization of fish
product and contrasting non transparent commercialization.
Promote projects in the blue economy framework to guarantee the presence of infrastructure for
proper disposal and storage of unwanted catches.
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Annex 1 – Additional material
Annex 1.1 - Framework of stock categories based on available knowledge for the basis
of advice in the ICES area 25
Stock categories
1

stocks with quantitative
assessments

2

stocks
with
analytical
assessments
and
forecasts that are only
treated qualitatively
stocks for which surveybased
assessments
indicate trends

3

25

4

stocks for which only
reliable catch data are
available

5

landings only stocks

6

negligible landings stocks
and stocks caught in
minor amounts as bycatch

the stocks with full analytical assessments and
forecasts as well as stocks with quantitative
assessments based on production models
stocks with quantitative assessments and
forecasts which for a variety of reasons are
considered indicative of trends in fishing
mortality, recruitment, and biomass
stocks for which survey or other indices are
available that provide reliable indications of
trends in stock metrics, such as total
mortality, recruitment, and biomass.
stocks for which a time-series of catch can be
used to approximate MSY

stocks for which only landings data are
available
stocks where landings are negligible in
comparison to discards and stocks that are
primarily caught as bycatch species in other
targeted fisheries

ICES Advice 2018, http://www.ices.dk/community/advisory-process/Pages/default.aspx
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Advice basis
MSY approach

MSY approach

Precautionary
approach,
MSY
approach
being
developed
Precautionary
approach,
MSY
approach
being
developed
Precautionary
approach
Precautionary
approach
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Annex 2 - Methodology applied for the implementation of a
case study in the GSA9-11
The bioeconomic model
BEMTOOL bioeconomic model (Accadia et al., 2013 26; Rossetto et al., 2014 27; Spedicato et al.
2016 28; Russo and Bitetto, 2017 29; STECF, 2017 30; Spedicato et al., 2017 31) is a platform
incorporating 6 operational modules (Biological, Harvest, Economic, Behavioural, Policy/Harvest
Rules and Multi-Criteria Decision Analysis – MCDA) each characterized by several components
communicating by means of relationships and equations. ALADYM model (Lembo et al., 2009 32;
Spedicato et al., 2010 33) is nested in BEMTOOL to manage the biological and the harvest
components. .
The conceptual scheme implemented in BEMTOOL is summarized in Figure AII.1. The stocks
dynamic is simulated through growth, maturity, natural mortality and recruitment processes;
the fleet affects the stocks by the fishing mortality, tuned with effort and selectivity. On the
other hand, the fleet is influenced both by its economic performance (through the behavioral
component) and by the management. The management strategies are both input and output
control rules; in particular, the stock status can influence the management, by an annual internal
check between the model indicators and the reference points.
BEMTOOL follows a multi-fleet and multiple species approach simulating the effects of a number
of management trajectories on stocks and fisheries on a fine time scale (month). The model
accounts for length/age-specific selection effects, discards, economic and social performances,
effects of compliance with landing obligation and reference points. The implementation of
decision modelling (Multi-Criteria Decision Analysis and Multi-attribute utility theory) allows that
stakeholder perception is encompassed to weight model-based indicators and rank different
management strategies. A wide set of biological, pressure and economic indicators is the default
output.
The uncertainty implemented in the model following Monte Carlo paradigm allows a risk
evaluation in terms of biological sustainability of the different management strategies accounting
for the economic performances.
In BEMTOOLv.3 the uncertainty component was expanded, allowing an MSE approach. The
process error is implemented besides that on the recruitment, on individual growth and natural
mortality, while the model error on maturity ogive and selectivity functions. Uncertainty can be
applied according to three different probability distributions: normal, lognormal and uniform.
26

27

28

29

30

31

32

33

Accadia P., Bitetto I., Facchini M.T., Gambino M., Kavadas S., Lembo G., Maynou F., Melià P., Maravelias C., Rossetto M., Sartor P., Sbrana M.,
Spedicato M.T., BEMTOOL Deliverable D10: BEMTOOL FINAL REPORT. Tender DGMARE 2009/05/Lot1. MAREA Framework Contract. February
2013. 46 pp.
Rossetto M., Bitetto I., Spedicato M. T., Lembo G., Gambino M., Accadia P., Melià P. (2014) - Multi-criteria decision-making for fisheries
management: A case study of Mediterranean demersal fisheries. Marine Policy, 53, 83–93. https://doi.org/10.1016/j.marpol.2014.11.006.
Spedicato M.T., Bitetto I., Facchini M.T., Accadia P., Carpi P. , Ligas A. , Musumeci C. , Pinello D. , Sartor P. , Scarcella G. , Lembo G., Maynou F.,
Garcia Rodriguez M., Guerin B., Daskalov G. and Panayotova M. (2016) Study on the evaluation of specific management scenarios for the
preparation of multiannual management plans in the Mediterranean and the Black Sea. SERVICE CONTRACT NUMBER EASME/EMFF/2014/1.3.2.7/SI2.703 193 CALL MARE/2014/27. Doi: 10.2826/85917.
Russo T, Bitetto I, Carbonara P, Carlucci R, D'Andrea L, Facchini MT, Lembo G, Maiorano P, Sion L, Spedicato MT, Tursi A and Cataudella S (2017)
- A Holistic Approach to Fishery Management: Evidence and Insights from a Central Mediterranean Case Study (Western Ionian Sea). Front.
Mar. Sci. 4:193; doi: 10.3389/fmars.2017.00193.
STECF 2017. Bio-Economic Methodology (EWG-17-05); Publications Office of the European Union, Luxembourg; EUR 28359 EN;
doi:10.2760/759034.
Spedicato M.T. (coord), I. Bitetto, R. Carlucci, S. Cataudella, M.T. Facchini, F. Fiorentino, G. Lembo, P. Maiorano, A. Mariani, C. Piccinetti, T. Russo,
A. Santojanni, M. Scardi. 2017. - Basi scientifiche e strumenti a supporto dei Piani di Gestione delle risorse della pesca nell’ambito della Politica
Comune della Pesca e delle politiche ambientali ed economiche” - (Rete3). CoNISMA, Roma. 129 pp.
Lembo G., A. Abella, F. Fiorentino, S. Martino and M.-T. Spedicato. 2009 ALADYM: an age and length-based single species simulator for
exploring alternative management strategies. Aquat. Living Resour. 22, 233–241.
Spedicato, M.T., Poulard J.C., Yianna Politou C., Radtke, K., Lembo, G., and Petitgas, P. 2010. Using the ALADYM simulation model for exploring
the effects of management scenarios on fish population metrics. Aquat. Living Resour. 23, 153–165.
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BEMTOOLv.3 platform allows also the implementation of a scenario based on a TAC set according
to an MSE approach. Every year the model checks that the SSB level and the fishing mortality
are within safe biological limits, so the TAC is set accordingly.
BEMTOOLv.3 is used in this case study to assess different scenarios from biological and economic
perspectives.
We use the word simulation for the past and current years and forecast the future years.
(BEMTOOL v.1 has been developed and released for the first time under the Specific Project N.4
(SI2.613770) of MAREA (Mediterranean hAlieutic Resources Evaluation and Advice) Framework
contract (MARE/2009/05_Lot1). It has been afterward revised (BEMTOOL-ver2) under the
Specific Project 11 (SI2.678902) of the same framework, to account for elements related to the
implementation of the landing obligation. Under the research project RETE 3 (MIPAAF) the
uncertainty component in ALADYM model was expanded and shaped following a MSE approach.
The current version, incorporating these upgrades, is BEMTOOLv.3 and has been used in this
study).
Figure AII.1 –BEMTOOL loop

Source: authors.

The bioeconomic model parameterization
Growth
The growth process was modeled for sexes combined, using the growth parameters from STECF
(2015a).
Table 1 – Growth parameters and length-weight relationship coefficients for hake in GSAs 9-1011.
Parameter

Sex combined European hake

Linf (cm)

104

K

0.2

t0

-0.01

a (mm/g)

6.66E-03

b (mm/g)

3.028
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The life span has been set equal to 10 years for both sexes.

Maturity
The size at first maturity used for hake was 33 cm for both sexes. This is consistent with the
maturity at age vector used in the assessment.

Recruitment
Recruitment vectors from the assessment have been used for the simulations (past and present
time). From 2015 to 2018 and in the forecast phase of modelling the recruitment was estimated
according to a segmented regression model estimated by Eqsim on the assessment results.
Eqsim is a stochastic equilibrium software used to explore MSY reference points. Model fitting is
done by maximum likelihood using the nlminb R optimiser. By refitting to non-parametric
bootstrap resamples of the SSB and recruits pairs, realizations from the approximate joint
distribution of the model parameters (coefficients of the segmented regression) are obtained.
The algorithm implemented is:
1. take a resample with replacement from the stock and recruit pairs;
2. fit every stock-recruit model under consideration and store the AIC of each;
3. retain the parameter estimates from the best model;
4. repeat for the number of iterations set by the user.
This process provides a robust way to average over several models, as long as the bootstrap
resampling procedure provides an adequate approximation to the empirical distribution of the
stock and recruit pairs (Minto et al., 2014; ICES, 2015). In Figure A2.1 the segmented regression
estimated by Eqsim, with associated uncertainty (95% CI) is reported.

Figure A2.1 Segmented regression stock-recruitment model estimated by Eqsim, with associated
uncertainty (95% CI).
The segmented regression model used in BEMTOOL is reported in Lembo et al. (2009):
R(t)=a*min(SSB(t),b)

(1)

The number of recruits entering in the population has been split by month to take into account
the seasonal recruitment, according to the characteristics of hake, having a two recruitment
peaks (summer and autumn).
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The age of recruitment has been set at 1 month and the proportion of recruits entering each
year was differentiated by month.
The age of recruitment has been set at 1 month and the proportion of recruits entering each
year by month in the population for both specie is reported in Table A2.2.
Table A2.2 – Monthly proportion of recruits hake in GSAs 9-10-11 used in BEMTOOL.
Jan
0

Feb
0.05

Mar
0.2

Apr
0.25

May
0.1

Jun
0.05

Jul
0

Aug
0

Sep
0.15

Oct
0.15

Nov
0.025

Source: authors.

Natural mortality
The natural mortality at age used in the assessment was also used in BEMTOOL simulations.

Total mortality and selectivity by fleet
The Z-mode of ALADYM (Lembo et al., 2009) model has been used in BEMTOOLv.3 to simulate
the stock dynamics.
The exploitation pattern was differentiated among the fleet segments taking into account the
length frequency distributions of the landings (Fig. A2.2). Specifically, two types of exploitation
patterns were assumed depending on the fleets.
Figure A.2.2 – Selectivity assumed for DTS fleet segments (left) and PGP fleet
segments (right)

Source: authors.

Effort, Landings, Revenues and Socio-economic variables of the fleets
Data related to transversal variables, as effort, used to simulate by BEMTOOLv.3 the past and
current years by fleet segment were obtained by the National Management Plans of each GSA 34.
The assumptions made on the socio-economic dynamic of the fleet were following Spedicato et
al. (2016).
Fishing days and number of vessels for the whole fleet is reported in the Figure A2.3.From 2016
to 2018 the same effort was assumed.

34

https://www.politicheagricole.it/flex/cm/pages/ServeBLOB.php/L/IT/IDPagina/12478
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Figure A2.3 – Effort (Vessels and fishing days) time series of the whole fleet of GSAs
9, 10 and 11 used in BEMTOOL

Source: authors.

Discard
The amount of discard used in the assessment was split among the DTS fleet segments (being
due only to trawlers) according to the proportions of the production. The discard was then
modelled according to a reverse ogive model with parameters varying according to the fleet
(Table A2.3).
Table A2.3 – DL50% (in mm) of reverse ogive model used for the different fleet
segments (the DL75%-DL25%=5 mm)
Fleet segment

DL50%
Min

Max

Mean

GSA9_DTS_VL1218

160

220

191

GSA9_DTS_1824

150

220

196

GSA9_DTS_VL2440

160

200

168

GSA10_DTS_VL1218

120

200

154

GSA10_DTS_VL1824

120

200

152

GSA11_DTS_VL1218

220

220

220

GSA11_DTS_VL1824

220

220

220

GSA11_DTS_VL2440

200

220

212

Source: authors.

Process error
The process error was taken into account in the projections applying the uncertainty on
recruitment and on the growth processes. Specifically, the uncertainty on the recruitment was
applied through the perturbation (Monte Carlo approach) of the coefficients a and b estimated
by Eqsim of the stock-recruitment segmented regression. The error on the growth was instead
considered on the basis of the von Bertalanffy parameters of the three GSAs under consideration,
differing only for the Linf from a value of 100 to 104 cm.

Model error
The uncertainty on the maturity at length model (ogive) and on the selectivity models was
included in the projections. Specifically, the uncertainty on the size at first maturity was modeled
according to the variation of ML50% among the three GSAs (30-36 cm) reported in the official
assessments. Thus, the error on maturity was modelled according to a Gaussian distribution with
mean 33 cm and 1 cm of standard deviation.
The model error on selectivity was modeled perturbing the SL50% according to a normal
distribution with mean 200 mm (standard deviation 5 mm), SR with mean 5 mm (standard
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deviation 0.5 mm), DL50% with mean 500 mm (standard deviation 5 mm) for DTS fleet
segments; the selectivity of PGP fleet segments was perturbed assuming the first parameter
varying as a Gaussian with mean 200 mm (standard deviation 5 mm), the second one with mean
30 mm (standard deviation 0.5 mm) and the third one with mean 200 mm (standard deviation
5 mm).
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This report presents the status of the fishery modelling in the
Ligurian, Tyrrhenian and Sardinia seas (geographical sub-areas
GFCM classification: GSA9, 10 and 11). Using both a qualitative and
quantitative approach, we present an overview of likely effects of
the maximum sustainable yield and the landing obligation on the
fleets exploiting the demersal fisheries in this ecosystem.
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