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Vulnerability of key benthic and by-
catch species 

 

 

 

1. Summary 

The assessment of species vulnerability by means of Biological Traits Analysis (BTA) of 
benthic organisms and analysis of life strategies of by-catch species was the Objective 
of Task 1.4. 

The present document corresponds to Deliverable D1.10 and compiles the analysis of 
the data obtained and processed at 8 different Case Studies of the Project MINOUW. 

The objective of Task 1.4 is centered on the indirect effects of fishing activities on 
unwanted fished and commercial species. To achieve this, the vulnerability to fishing 
activities of both target and by-catch species was differentiated in three main 
components: i) susceptibility to be caught, ii) the resistance to surviving on board the 
vessel and potential discard and iii) the resilience of the population to fishing. 

The analysed data corresponded to fishing catches from different fleets operating in 5 
main study areas: 1) Algarve (south Portugal, ICES IXa); 2) Catalan Sea (north-western 
Mediterranean, GSA 6); 3) Strait of Sicily (GSA 16); 4) Ligurian and north-central 
Tyrrhenian sea (GSA 9); 5) Balearic Islands (north-western Mediterranean, GSA 5). The 
case studies include bottom trawling and bottom set nets (trammel nets and gillnets) 
fleets that were monitored on a regular basis from 1998 to 2001 in the Algarve CS and 
from 2011 to 2015 in the Mediterranean CSs. 

Observers on-board commercial vessels registered the total biomass of fishing catches 
(including target species and unwanted catch). The composition of the catches is 
usually divided on retained and discarded fractions. Retained species are those that 
are commercialised (both from target species and by-catch ) and the discard fraction 
corresponds of the catch that are not commercialised (usually named unwanted 
species). The division on retained and discarded fractions varies depending on the 
characteristics of each fishery, the legal provisions and the consumer’s tradition. 

All the fished species were identified (generally to species or genera) and their biomass 
recorded. Biomass data was standardised to kg/km2 and was subsequently 
transformed (log (x+1)) to down-weight the influence of dominant species and/or large 
biomasses.  

In order to work with a representative fraction of the catch, but small enough so the 
BTA approach is feasible, a species subset was selected following the criteria: 
frequency of appearance in at least 10% of samples (sample= haul), or, species within 
the 90% of cumulative biomass. A subset of 161 species (from a total of 687 species) 
were selected. This subset included 71 actinopterygii, 32 decapoda, 19 cephalopoda, 
10 elasmobranchia, and 28 benthic invertebrates (including bivalvia, gastropoda, 
echinodermata, ascidia and cnidaria). 
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The vulnerability of commercial and non-commercial species was estimated by means 
of the designation of Biological Traits (BT) that better described those characteristics of 
the species related with fishing activities. The assignation of traits followed a fuzzy 
coding approach allowing flexibility in the assignement of traits. 

To define an overall vulnerability to fishing practices (from fishing with the net, 
extracting from the water and potentially discarding the organism), the biological traits 
were clustered in 3 categories that grouped the set of traits according to different 
properties of the vulnerability of the organisms to fishing activities: “Catchability”, 
traits that increase or decrease the probability of an organism to be caught. 
“Resistance”, traits that increase or decrease the potential survival of organisms 
extracted from the water and discarded. “Resilience”, traits that increase or decrease 
the long-term sustainability of the population. 

The overall vulnerability score ranged from 0 to 3. This score provide information on 
the vulnerability of a species to fishing practices, at the level of both retained and 
potential discard.   

To ease the interpretation of the results, 4 ranges based on k-means were computed 
for the vulnerability scores, so each range corresponds to a vulnerability group: “very 
high”, “high”, “moderate” and “low”.  

After computing the vulnerability groups, the 161 species were distributed amongst 
the groups, resulting in 5 species classified as “very high vulnerability”; 82 species as 
“high”; 65 species as “moderate”; and 9 species as “low”. 

Finally two matrices, species biomass and species vulnerability groups were merged 
obtaining the total biomass of each vulnerability group. The biomass of all the species 
that fall within a group were summed, so we obtained the overall biomass of a 
vulnerability group in a sample. 

Results evidenced that the principal commercial species among the investigated CSs 
had “high” vulnerability indices for about 75% and about 22% had “moderate 
vulnerability indices, with a “moderate to high” catchability, “low” resistance, but 
“high” resilience.  

The principal no-commercial species among the investigated CSs had “high” 
vulnerability indices for about 55% and about 41% had “moderate” vulnerability 
indices.  

The percentage of the species classified as “very high” vulnerable were almost absent, 
ranged between 2 and 8% among the assessed fished assemblages while much of the 
species were classified as “high”.   

Whether this reflects a situation of chronically modified fished assemblages could be 
further tested by incorporating a long-term temporal factor in the analysis. The use of 
the proposed indices in the investigated CSs for management and conservation 
targets, e.g. ranges vs. continuous variables, divide continuous variables into 
categories, and the cut-off points are critical for the interpretation of data. An 
alternative as management tools could be to work with a continuous index, e.g. like a 
vulnerability gradient scale, to avoid rather artificial groups. 
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2. Introduction 

2.1. General Introduction 

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).  

The overall aim of MINOUW project is to minimize unwanted catches by 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.  

It is well known the difficulty, even impossibility, to avoid unwanted catches. On the 
other hand, the achievement of a zero-unwanted catches fishery would offer the 
opportunity to reach desirable levels of conservation of marine ecosystems, as these, 
in turn, could ensure the provision of the goods and services that societies need and 
want, driving to the claimed blue growth economy. This scenario would also imply the 
reduction of the undersized fraction of commercial species (MCRS), thus contributing 
to sustainability of exploited stocks. At the same time, avoiding the catch of non-
commercial species, mainly invertebrates, would prevent the deterioration of benthic 
communities, including many sensitive habitats, which are essential for many exploited 
commercial resources (Kaiser et al., 2003; Hidalgo et al. 2011; Muntadas et al., 2014). 

Several research projects funded at national or EU levels within the space of the Task 
1.4, have investigated the indirect effect of fishing activities in different areas, in terms 
of the discards generated or the damage of non-target organisms and habitats: 
”DISCARDS” (1995-1997);  “IMPACT I” (1996-1998) ; “DISCALG” (1998-1999);  “FATE” 
(1998-2000) ; “IMPACT II” (1998-2000); “BYDISCARDS” (1999-2001); “SCARTO” (2001);  
“RESPONSE” (2002-2006); “COMSOM” (2009-2011);” VIBAM” (2011-2012); “GRECA” 
(2015); “LANDMED”  (2015). 

These research projects evidence the overexploitation of benthic ecosystems, with 
impacts on various community components including abundance, biomass, diversity 
and community structure (de Juan et al., 2009; 2011; Sartor et al., 2006). 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 (de Juan et al., 2007).  

Moreover, undersized individuals are frequent in the catches, such as the case of two 
emblematic target species in the Mediterranean, hake (Merluccius merluccius) and red 
mullet (Mullus surmuletus), especially during the recruitment period when these 
species are distributed near the bottom. In general, these unwanted catches disfavor 
the turnover of stocks because of the removal of juvenile individuals before their 
optimum reproductive potential is achieved (Demestre et al., 1997; Demestre and 
Sánchez 1998; Martín et al., 1999; Sartor et al., 2001; Sala and Lucchetti 2011) 

The characteristic multispecies fishery in the South Coast of Portugal and in the 
Mediterranean evidence high heterogeneity of the catch composition: commercial 
species, potentially discarded commercial species from the by-catch, and discarded 
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unwanted species. This mosaic of possibilities difficult the accurate estimation of 
discard rates and composition. Works on different trawl fisheries agreed on 
percentages between 20-60% of discards. This high variability in the discard ratio is 
due to an inherent spatial and temporal variability in the distribution of target species 
influenced by their biological cycle and the environmental characteristics. 
Furthermore, discarded species depend on the local consumer’s preferences that 
control the most appreciated target species and their price. All these particularities 
result in a great variety of fishing strategies and multiple fishing grounds, and each one 
entails a different discarded fraction (Carbonell et al., 1998; Damalas et al., 2015; 
Stergiou et al., 1998; Moranta et al, 2000; Borges et al, 2001; Machias et al., 2001;  
Erzini et al, 2002; D’Onghia et al., 2003; Lleonart and Maynou 2003; Kelleher, 2005; 
Sanchez et al., 2004; Sanchez et al., 2007; Tsagarakis et al. 2013) 

In addition, current fishing methods and practices might have indirect effects on 
sensitive habitats and threatened species that are important components of exploited 
marine systems. As a consequence, fishing operations can generate important 
invertebrate discards by fishing on vulnerable habitats, e.g. beds of maërl, sea-grass, 
crinoideids (Barberà et al. 2003; Colloca et al, 2004), generating indirect impacts that 
menaces fisheries sustainability through the alteration of essential habitats of many 
fishery resources (Sartor et al., 2006; Muntadas et al., 2014) and, at the long term, 
reduce the societal value of marine ecosystems (Suuronen et al. 2012). The current 
state of overexploitation of stocks and degraded habitats urgently demands the 
monitoring of the consequences of fishing activities following an ecosystem based-
approach. This implies going beyond the target-species monitoring by assessing the 
effects at the community and habitat levels. 

Indicators sensing community responses to human impact, beyond species-specific 
approaches, provide clear advantages for monitoring ecosystem changes under a 
variety of stress scenarios. For example, functional shifts (e.g., a set of species with 
particular traits replaced by other sets with different traits, Mouillot et al. 2013) may 
indicate variability in species abundance in response to environmental changes 
(Bremner et al., 2006). Biological Trait Analysis allows to identify the vulnerability of 
individuals and populations to external sources of stress based on their Biological 
Traits (e.g., size, protective structure, mobility, reproductive strategy). Importantly, 
BTA has proved to be useful in identifying community responses to fishing activities, 
which are often difficult to detect using a species approach (de Juan et al., 2007, 2009). 
In this task, a BTA approach is explored to provide indicators of the status, and current 
vulnerability to fishing, of the biological community exploited by fishing fleets. 

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).  

The overall aim of MINOUW project is to minimize unwanted catches by 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.  
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It is well known the difficulty, even impossibility, to avoid unwanted catches. On the 
other hand, the achievement of a zero-unwanted catches fishery would offer the 
opportunity to reach desirable levels of conservation of marine ecosystems, as these, 
in turn, could ensure the provision of the goods and services that societies need and 
want, driving to the claimed blue growth economy. This scenario would also imply the 
reduction of the undersized fraction of commercial species (MCRS), thus contributing 
to sustainability of exploited stocks. At the same time, avoiding the catch of non-
commercial species, mainly invertebrates, would prevent the deterioration of benthic 
communities, including many sensitive habitats, which are essential for many exploited 
commercial resources (Kaiser et al., 2003; Hidalgo et al. 2011; Muntadas et al., 2014). 

Several research projects funded at national or EU levels within the space of the Task 
1.4, have investigated the indirect effect of fishing activities in different areas, in terms 
of the discards generated or the damage of non-target organisms and habitats: 
”DISCARDS” (1995-1997);  “IMPACT I” (1996-1998) ; “DISCALG” (1998-1999);  “FATE” 
(1998-2000) ; “IMPACT II” (1998-2000); “BYDISCARDS” (1999-2001); “SCARTO” (2001);  
“RESPONSE” (2002-2006); “COMSOM” (2009-2011);” VIBAM” (2011-2012); “GRECA” 
(2015); “LANDMED”  (2015). 

These research projects evidence the overexploitation of benthic ecosystems, with 
impacts on various community components including abundance, biomass, diversity 
and community structure (de Juan et al., 2009; 2011; Sartor et al., 2006). 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 (de Juan et al., 2007).  

Moreover, undersized individuals are frequent in the catches, such as the case of two 
emblematic target species in the Mediterranean, hake (Merluccius merluccius) and red 
mullet (Mullus surmuletus), especially during the recruitment period when these 
species are distributed near the bottom. In general, these unwanted catches disfavor 
the turnover of stocks because of the removal of juvenile individuals before their 
optimum reproductive potential is achieved (Demestre et al., 1997; Demestre and 
Sánchez 1998; Martín et al., 1999; Sartor et al., 2001; Sala and Lucchetti 2011) 

The characteristic multispecies fishery in the South Coast of Portugal and in the 
Mediterranean evidence high heterogeneity of the catch composition: commercial 
species, potentially discarded commercial species from the by-catch, and discarded 
unwanted species. This mosaic of possibilities difficult the accurate estimation of 
discard rates and composition. Works on different trawl fisheries agreed on 
percentages between 20-60% of discards. This high variability in the discard ratio is 
due to an inherent spatial and temporal variability in the distribution of target species 
influenced by their biological cycle and the environmental characteristics. 
Furthermore, discarded species depend on the local consumer’s preferences that 
control the most appreciated target species and their price. All these particularities 
result in a great variety of fishing strategies and multiple fishing grounds, and each one 
entails a different discarded fraction (Carbonell et al., 1998; Damalas et al., 2015; 
Stergiou et al., 1998; Moranta et al, 2000; Borges et al, 2001; Machias et al., 2001;  
Erzini et al, 2002; D’Onghia et al., 2003; Lleonart and Maynou 2003; Kelleher, 2005; 
Sanchez et al., 2004; Sanchez et al., 2007; Tsagarakis et al. 2013) 
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In addition, current fishing methods and practices might have indirect effects on 
sensitive habitats and threatened species that are important components of exploited 
marine systems. As a consequence, fishing operations can generate important 
invertebrate discards by fishing on vulnerable habitats, e.g. beds of maërl, sea-grass, 
crinoideids (Barberà et al. 2003; Colloca et al, 2004), generating indirect impacts that 
menaces fisheries sustainability through the alteration of essential habitats of many 
fishery resources (Sartor et al., 2006; Muntadas et al., 2014) and, at the long term, 
reduce the societal value of marine ecosystems (Suuronen et al. 2012). The current 
state of overexploitation of stocks and degraded habitats urgently demands the 
monitoring of the consequences of fishing activities following an ecosystem based-
approach. This implies going beyond the target-species monitoring by assessing the 
effects at the community and habitat levels. 

Indicators sensing community responses to human impact, beyond species-specific 
approaches, provide clear advantages for monitoring ecosystem changes under a 
variety of stress scenarios. For example, functional shifts (e.g., a set of species with 
particular traits replaced by other sets with different traits, Mouillot et al. 2013) may 
indicate variability in species abundance in response to environmental changes 
(Bremner et al., 2006). Biological Trait Analysis allows to identify the vulnerability of 
individuals and populations to external sources of stress based on their Biological 
Traits (e.g., size, protective structure, mobility, reproductive strategy). Importantly, 
BTA has proved to be useful in identifying community responses to fishing activities, 
which are often difficult to detect using a species approach (de Juan et al., 2007, 2009). 
In this task, a BTA approach is explored to provide indicators of the status, and current 
vulnerability to fishing, of the biological community exploited by fishing fleets. 

 

2.2. Objective 

Task 1.4. Assess species vulnerability by means of Biological Traits Analysis of benthic 
organisms, and analysis of life strategies of by catch species 

Deliverable 1.10: Vulnerability of key benthic and by-catch species.  

One objective of the MINOUW Project is to minimize unwanted and discards catches 
by incentivizing i) the adoption of fishing technologies and ii) practices that reduce pre-
harvest mortality and post-harvest discards, while avoiding damage to sensitive marine 
species and habitats. Specifically, the WP1 is focused on the characterization of 
discarding practices in European fisheries in ecological, socioeconomic and technical 
terms by developing different works and tasks. Part of this objective is fulfilled by the 
characterization of the case study fisheries in terms of unwanted catches of undersized 
individuals of commercial species and non-commercial organisms such as benthic 
invertebrates and the characterization of habitats where fisheries are producing 
unwanted catches.  

In particular, the Task 1.4 is centered on the effects of fisheries on unwanted and 
commercial species. Knowledge on the vulnerability of species to fisheries, whether or 
not they are commercial or target species, is of the utmost importance in the field of 
ecosystem conservation and especially for those ecosystems most vulnerable to 
fishing. Particularly vulnerable ecosystems are those that have high densities of 
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invertebrates and high presence of unwanted species and are frequently identified as 
sensitive or essential habitats for exploited resources. 

The main objective of Task 1.4 is to assess the vulnerability of benthic and demersal 
species to fishing practices using Biological Traits Analysis (BTA). Therefore, 
vulnerability of both target and by-catch species to fishing activities will be 
characterized in terms of susceptibility to be caught, the resistance to surviving the 
extraction from the water and discard and the resilience of the population to fishing. 
This information will also serve as baseline information for the mathematical models in 
the Impact Assessment workpackage (WP3) and for policy recommendations in WP4. 

The results of this study generate the present Report as the text of the deliverable 
D1.10: Vulnerability of key benthic and by-catch species. Moreover, these results will 
be disseminated through a manuscript to be submitted to a scientific journal. 

To analyse the vulnerability of commercial and non-commercial species in the South 
Coast of Portugal and Mediterranean fisheries the Task 1.4 has been developed based 
on 8 Case Studies: 4 CS related with trawl fishing activity and 4 CS with small scale 
fisheries. Case-by-case fisheries are described in the following sections, with special 
emphasis on commercial and non-commercial catches. 
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3. Methods 

3.1. Data 

Data input 

The analysed data corresponded to fishing catches from different fleets operating in 5 
main study areas: 1) Algarve, south Portugal, (ICES IXa); 2) Balearic Islands, north-
western Mediterranean), (GSA 5); 3) Catalan Sea, north-western Mediterranean, (GSA 
6); 4) Ligurian and north-central Tyrrhenian Sea (GSA 9); 5) Strait of Sicily (GSA 16) 
(Figure 1). The case studies include bottom trawling and bottom set nets fleets that 
were monitored on a regular basis from 2011 to 2015 in the Mediterranean CSs and 
from 1998 to 2001 in the Algarve CS.  

    

Figure 1. Algarve, south Portugal, (ICES IXa) on left and 4 Mediterranean study areas (GSA 5, GSA 6, GSA 

9 and GSA 16) on right. 

 

Observers on-board commercial vessels registered the total biomass of catches 
(including target species and by-catch). Usually, the catch arriving on board is divided 
in retained and discarded fractions (Alverson et al., 1994).. Retained species are those 
that are commercialised including target species and some species of the by-catch 
which have also commercial interest. On the other hand, the discarded fraction 
corresponds to by-catch species that are non-commercial and commercial species that 
are not commercialised for several reasons (undersized individuals, damaged 
specimens, market demands). The non-commercial by-catch species and the discarded 
commercial specimens compose the unwanted catches fraction. It is important to 
notice that the division in retained and discarded fractions varies depending on the 
characteristics of each fishery, the market request and the legal framework. 
Consequently, during this work the catch was classified according the division of 
commercial and not commercial species. 

All the species caught by the fishing gear were identified (generally to species or 
genera) and their biomass recorded. This assemblage included target and by-catch 
species, that might be retained or discarded. Biomass data was standardised to kg/km2 
and was subsequently transformed (log (x+1)) to down-weight the influence of 
dominant and/or large biomasses.  
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Select species subset for analysis 

This subset should be small enough so the search of BT information is feasible (e.g. not 
more than 50-70 sp). A common criterion was discussed amongst the researchers in a 
specific workshop of the project Minouw held in January 2017 in Barcelona, and the 
following agreement was reached:  

 

CRITERIA: frequency of appearance in at least 10% of samples (sample= haul),  

OR, species within the 90% of cumulative biomass. 

 

As a result, a subset of 161 species (from a total of 687 species) were selected. This 

subset included 71 actinopterygii, 32 decapoda, 19 cephalopoda, 10 elasmobranchia, 

and 28 benthic invertebrates (including bivalvia, gastropoda, echinodermata, ascidia 

and cnidaria).  

 

3.2. Approach. From Biological Traits to vulnerability groups 

Assignation of Biological Traits to the species 

Each species is described by a set of morphological, behavioural and life-history traits 
that overall condition the vulnerability of the assemblage to fishing activities. The 
biological traits included in the analysis are those that are directly or indirectly related 
with the vulnerability of the species to fishing and discard practices. This relationship is 
identified based on the acquired scientific knowledge on fished communities (e.g. de 
Juan 2007, Kaiser 2003, Jennings et al 1999, Piet et al 2000, Collie et al 2000, Bremner 
and Frid 2005 

 We distinguish Traits (e.g. “size”) and Trait categories (e.g. “small/medium/large”).  

The assignation of traits follows a fuzzy coding approach: each trait has a maximum 
value of 1, that can be split amongst the different trait categories, and thus allowing a 
species to exhibit more than one category. This data structure allows flexibility in the 
assignment of traits, either due to plasticity in the biological traits of a species, or due 
to uncertainty on the biological traits of a species (e.g. if the information is uncertain 
and the species might exhibit two categories of a trait, 0.5 is assigned to each 
category). Also, the fuzzy coding allows handling lack of knowledge on a species; when 
no information for a trait is available, the 1 is equally divided amongst the trait 
categories, so the trait does no influence the results.  

Most of the BT information of fished assemblages was found in two data bases: 
FISHBASE (for vertebrates, www.fishbase.org) and BIOTIC (for invertebrates, 
http://www.marlin.ac.uk/biotic/). Additionally, research papers provided the specific 
details on reproductive strategies or regional characteristics. Also, experts’ knowledge 
was an invaluable input for this database. If no information was available for a species, 
information on the genera or family could also be included (the selection of this option 
is leaved to researchers’ criteria).  

http://www.fishbase.org)/
http://www.marlin.ac.uk/biotic/
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Scoring of the traits’ categories 

Each trait was split into categories, which directly or indirectly condition the 
vulnerability of the organisms that exhibit this trait category to fishing. Therefore, trait 
categories were assigned a score depending on their potential response to fishing 
activities (i.e., positive/neutral/negative response to fishing).  

 Score 1: high resistant / high resilient / low catchability  

 Score 2: moderate resistant / moderate resilient / moderate catchability 

 Score 3: low resistant / low resilient / high catchability 

This score was multiplied by the fuzzy code; the sum of the values assigned to each 
category provided the total score of the trait for a species (e.g., Munida spp. size = 0.5 
as small and 0.5 as medium = (1*0.5) + (2*0.5) + (3*0); the size score for the species 
was 1.5). Generally, the maximum score per trait was 3, although there were several 
traits (i.e., regeneration potential and reproduction frequency) that had a maximum 
score of 2. 

Classification of Biological Traits  

The traits were classified in 3 groups depending on the way they condition the 
vulnerability of the organisms to fishing (Table 1). “Catchability”, encompasses those 
traits that increase or decrease the probability of an organism to be caught (four traits: 
habitat, mobility, size and sociability). “Resistance”, traits that increase or decrease the 
potential survival of organisms extracted from the water and discarded (three traits: 
protective structure, regeneration and survival on board). “Resilience”, traits that 
increase or decrease the long-term sustainability of the population (four traits: life-
span, age at maturity, reproductive frequency and egg development). The total score 
per class is the sum of the traits’ scores within each class. As the number of traits, and 
total score attained, within each class is variable, the indices are normalised. As a 
result, the three indices range from 0 to 1. 

 

Table 1. Classification of biological traits 

Catchability Resistance Resilience 

Habitat Regeneration Life span 

Mobility Protective structure Age at maturity 

Size Potential survival on board Reproduction frequency 

Sociability  Egg development 

 

Weighting of the Biological Traits 

The traits were weighted depending on their role in conditioning the vulnerability of 
the species to fishing (catch and discard practices) (Table 2). 

Weight of 0.5: traits related with the “catchability” of the species; these traits were 
assigned a lower score as the analysed assemblage already implies that the organism 
has been caught by the fishing gear. Even though, the species within a fished 
assemblage might be lower or higher susceptible to being catch.  
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Weight of 1: traits related with the resistance of the individuals to being fished and 
potentially discarded. These traits have a moderate impact as they influence only at 
the individual level and only when individuals are discarded.  

Weight of 1.5: traits related with the resilience of populations are the most relevant 
ones as this influence the long-term sustainability of fished populations.  

Vulnerability groups 

After weighting the different classes depending on their relevance for the long-term 
sustainability of the fished assemblages (Table 2), all the traits’ final scores were added 
to obtain an overall “vulnerability” score. This score could range from 0 to 3 and 
informs of the vulnerability of a species to fishing practices (catch and potential 
discard).   

 

  Vulnerability = (Catchability*0.5) + (Resistance*1) + (Resilience*1.5) 

To ease the interpretation of results, 4 ranges based on k-means were computed for 
the vulnerability scores, and each range corresponded to a vulnerability group: “very 
high”, “high”, “moderate” and “low”. The species were classified in these groups 
depending on the biological traits that each species exhibits (Table 3) and, therefore, 
the total score assigned to a species. The biomass of all the species that fall within a 
group were summed, so we obtained the overall biomass of a vulnerability group in a 
sample.  

The vulnerability groups were estimated using the maximum and minimum possible 
values (0-3) even if these values were not represented in our data set. By adopting this 
approach, the distribution of the species amongst the groups is less equal, but it 
encompasses all possible scenarios (e.g., the “very high” group was barely represented 
in our data set). The advantage of this approach is that it allows the incorporation of 
new data without the need to modify the groups’ ranges; therefore, the approach can 
be adopted to different scenarios and different data sets can be directly compared. 

 

Table 2. Scores and weights assigned to the different traits and categories 
 

Trait Category Score Weight 

Habitat Endobenthic 
Epibenthic 
Demersal 

1 
3 
2 

0.5 

Mobility Sessile 
Sedentary 
Crawler 
Swimmer 

3 
3 
2 
1 

0.5 

Size Small (<5cm) 
Medium (5-15cm) 
Large >15cm 

1 
2 
3 

0.5 

Regeneration Yes 
No 

1 
2 

1 

Protective structure Shelled 
Exoskeleton 

1 
2 

1 
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Tubiculous 
Unprotected 

2 
3 

Life span Short (<5yrs) 
Average (<10yrs) 
Long (>10yrs) 

1 
2 
3 

1.5 

Age at maturity Early maturity (<1yr) 
Average (1-5yrs) 
Late maturity (>5yrs) 

1 
2 
3 

1.5 

Reproduction frequency Annual 
Less than annual 
Semelparous 

1 
2 
2 

1.5 

Egg development Pelagic 
Benthic 
Brooding 
Viviparous 

1 
2 
3 
3 

1.5 

Potential survival Non resistance 
Moderate 
Resistant 

3 
2 
1 

1 

Sociability Schools 
Small groups (<10 
individuals) 
Solitary 

3 
2 
1 

0.5 

 

 

BT assignation to the species subset 

The set of Biological Traits that are directly or indirectly related with the vulnerability 
of the species to fishing practices (Table 2) were assigned to the species subset. The 
search of BT information relied on published literature and public databases (e.g., 
BIOTIC or FishBase); this assignation was also based on expert’s knowledge, supported 
by previous research projects coordinated by the participants on the effects of trawling 
on benthic communities and on trawl catch composition, discards and on-board 
survival experiments. The BT assignation was largely done during a group workshop 
(January 2017, Barcelona), where discussions from different taxonomic expertise 
greatly contributed to accurately select the BT. As a result, a minor proportion of cases 
(species-trait category) remained empty (<10%). This lack of data did not influence the 
analysis due to the fuzzy coding approach (i.e., the total code 1 was equally split 
amongst the trait categories). After computing the “vulnerability groups”, the 161 
species were distributed amongst the groups (Table 3), resulting in 5 species classified 
as “very high vulnerability”; 82 species as “high”; 65 species as “moderate”; and 9 
species as “low”. The two matrices, species biomass and species vulnerability groups 
were merged (as described under “approach”) obtaining the total biomass of each 
vulnerability group.  
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Table 3. Example of distribution of species among the four groups depending on the total score 
obtained. 
 

Vulnerability groups 

“Very high” “High” “Moderate” “Low” 

Deania calcea 
Dipturus oxyrinchus 
Etmopterus spinax 
Helicolenus 
dactylopterus 

Aristeus antennatus 
Coelorinchus 
caelorhincus 
Echinus melo 
Funiculina 
quadrangularis 
Galeus melastomus 
Merluccius merluccius 
Pennatula rubra 
Raja miraletus 

Aristaeomorpha 
foliacea 
Astropecten 
irregularis 
Cepola 
macrophtahlma 
Lepidotrigla cavillone 
Parastichopus regalis 
Paromola cuvieri 
Sepia officinalis 
Squilla mantis 

Calliostoma 
granulatum 
Fusinus rostratus 
Galeodea 
echinophora 
Leptopentacta 
tergestina 
Ocnus planci 
Sternaspis scutata 
Turritella communis 

 
 

 

4. Case Studies 

 

The catch composition is characteristic to each type of fishery and regional sea 
(STECF/SGMOS 2008; Anon. 2011). For this reason, the Task 1.4 of the WP1 of the 
MINOUW project approaches the discard problem at 8 different Case Studies (CS) 
focusing the analysis on the ecological dimensions of the unwanted catches from 
fishing activity of both bottom trawl and small scale fisheries.  

From the 8 CS there are 4 related to trawl fishing activity: CS 1.2 Algarve deepwater 
crustacean trawl fishery; CS 1.4 Catalan sea bottom trawl fishery; CS 1.5 Bottom trawl 
fisheries in Strait of Sicily; CS 1.6 Ligurian and Northern-central Tyrrhenian Sea bottom 
trawl; and 4 related to small scale fishing activity:  CS3.1 Algarve set nets, CS 3.2 
Balearic islands set net fisheries, CS 3.4 Small scale fishing Catalan Coast and CS 3.5 Set 
nets Ligurian and Northern-central Tyrrhenian seas (Figures 2). 
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Figure 2-4. The 8 Case Studies (on top): CS1.2, CS1.4, CS1.5 and CS 1.6 trawl fishing activity; CS3.1,    
CS3.2, CS3.4 and 3.5 small sale fishing activity. 

CS 3.1 CS 1.4 
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Case Studies related with trawl fishing activity 

 

CS1.2 Algarve deep-water crustacean fishery 

The Algarve deep-water crustacean fishery is a high economic value bottom trawl 
fisheries (OTB), targeting mainly shrimps (Parapenaeus longirostris, Aristeus 
antennatus) and Norwegian lobster (Nephrops norvegicus).  

This fishery occurs in the south and southeast of Portugal in fishing grounds mainly 
with muddy bottoms and a depth range of 100-670m. 

Data used in this deliverable were provided from 4 European research projects, 
namely: 

 

- Project FATE (1998-2000) (“Methodologies to Study the impact of discards in 
trawl fisheries”); 

- Project DISCARDS (1996-1997) (“Studies of the discards of commercial fisheries 
from the South coast of Portugal”); 

- Project DISCALG (1998-1999) (“Analysis of fisheries discards from the south 
coast of Portugal”); 

- Project BYDISCARDS (1999-2001) (“Managing by-catch and discards: a 
multidisciplinary approach”). 

Samplings were done on board commercial vessels by fisheries observers during the 
normal fishing activity. Data cover different years and all year round. 

In each haul, catch composition at species level and fate (retained and discarded) of 
the specimens were recorded with position (longitude and latitude), duration, boat 
speed and depth. For the purpose of this study, data were standardized in CPUE 
(kg/km2). 

 

CS1.4 Catalan Sea Bottom trawl fishery 

In the Catalan coast, demersal and benthic fisheries are mainly carried out by bottom 
trawl and represent about the 30-40% of the total landings with a value around the 60-
70% of the total yield. Some small fishery, as trammel nets and gillnets and longlines, 
exploit also demersal and benthic communities. The bottom trawl fleet corresponds to 
fleet segments OTB that were 256 units in 2014. 

Bottom trawl exploits more than 100 demersal and benthic species differentiating the 
fishing that is carried out on the continental-shelf until 250-300 meters depth and the 
one practiced on the slope reaching 900 meters depth where there are the submarine 
canyons. The target species of the first type of fishery are mainly: hake (Merluccius 
merluccius), red mullets (Mullus spp), octopus (Octopus vulgaris), anglerfishes (Lophius 
spp), blue whiting (Micromesisteus poutassou) and several Sparidae. The deep fishery 
targets the highly prized crustaceans such as red shrimp (Aristeus antennatus) and 
Norway lobster (Nephrops norvegicus). 

Data of commercial bottom trawl catches used in this deliverable is from the IEO 
database collected by observers onboard during commercial fishing trips in GSA06, 
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carried out during the DCF activities (Data Collection Framework, Reg.199/2008 EU). 
The studied period was from 2011 to 2015 and covers the fishing activity of trawlers of 
Palamós. The fishing grounds are bottoms of sand-muddy and muddy from 54 to 720 
m depth. Characteristics of each haul were registered (haul duration, depth, position, 
etc), and catch data composition of both commercial and non-commercial species 
have been standardized to kg/km2. 

 

CS1.5 Bottom trawl fisheries in the Strait of Sicily 

Data included in the database come from self-sampling and observations on board 
performed during commercial fishing trips in GSA 12, 13, 14 e 16, carried out from 
2009 to 2013 within the DCF (Data Collection Framework). A total of 144 commercial 
hauls was monitored at quarter level. Hauls concerned exclusively trawlers based 
along the southern coast of Sicily targeting mainly deep water rose shrimp, 
Parapenaeus longirostris. . The gear used is otter bottom trawl (OTB), the fisheries 
monitored were OTB_DESP (demersal species) and OTB_MDDWSP (mixed demersal 
and deep water species).  

Bottom trawling is the most important demersal fishery in the Strait of Sicily and one 
of the main fisheries in the Mediterranean. The deep water rose shrimp, Parapenaeus 
longirostris (DPS) is the first target species of Italian bottom trawlers operating on the 
outer continental shelf and upper slope of the south-central Mediterranean both in 
terms of catch and economic values of landings. DPS in the area is considered a stock 
shared among Italian, Tunisian and Maltese trawlers. The total mean annual landing 
(2009-2013) was about 8490 being 6750 tons caught by Italian trawlers. The main 
accessory commercial species of DPS fishery is the European hake Merluccius 
merluccius (HKE) with a mean annual landing (2009-2013) of about 2886 tons. Due to 
its importance, the DPS and HKE fishery in the Strait of Sicily was object of a 
recommendation of GFCM for the adoption of a long-term management plan (REC.CM-
GFCM/40/2016/4). 

The second target species is the giant red shrimp, Aristaeomorpha foliacea (ARS) 
caught almost exclusively by the Italian trawlers on the epi and meso bathyal fishing 
grounds with a mean annual yield (2013-2015) amounting to 1523 tons. Finally, other 
important deep water crustaceans representing commercial by catch are the norway 
lobster, Nephrops norvegicus (NEP) (257 tons) and violet shrimp, Aristeus antennatus 
(ARA) (191 tons).  

Sicilian (Italy) trawlers between 12 and 24m LOA targeting deep water rose shrimp are 
based in seven harbours along the southern coasts of Sicily. These trawlers operate 
mainly on short-distance fishing trips, which range from 1 to 2 days at sea, and fishing 
on the outer shelf and upper slope. In recent years, the fraction of DPS in catches of 
this fleet increased while the importance of fish and cephalopods decreased. Italian 
trawlers larger than 24m LOA have longer fishing trips, which may have a duration of 
up to 4 weeks and are mostly based in Mazara del Vallo (south-west Sicily). These 
vessels operate offshore, in both Italian and international waters of the south-central 
Mediterranean Sea at depth generally ranging from 200 to 400m.  

On the basis of their target, Sicilian trawlers are distinguished in three main “métiers”. 
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Considering the bottom otter trawl targeting to demersal species (OTB_DEMSP), the 
species which cumulative percentage in terms of value of landings accounts for 75% 
are the deep water pink shrimp (DPS, 60%) and the European hake (HKE, 15 %). 
According to the most recent DCF data, in the period 2012-2014, 147 vessels, on 
average, were involved in this fishery. This fleet was mostly composed by the segments 
VL2440 (44%) and VL1824 (39%). In the period 2012-2014, this fleet performed, on 
average, 2,347,237 GT*days at sea per year.  

Regarding the bottom otter trawl targeting to deep water species (OTB_DWSP) giant 
red shrimp  (ARS), is clearly the only target species of this fishery, accounting for about 
75 % both in terms of the total value and landings. This fishery is performed on the 
muddy bathyal bottoms, from 300 to 800 m depth. Traditionally the Sicilian bottom 
trawlers fishing on deep water shrimps operate mainly in GSAs 12, 13, 14, 15, 16, and 
21. About 15 trawlers of Mazara del Vallo targeting giant red shrimps exploit also 
fishing grounds in GSAs 22, 23 and 24 between March and September. Overall 49 
vessels, on average, were involved in this fishery in the period 2012-2014. This fleet 
was mainly composed by the segment VL2440 (74%), followed by VL 1824 (18%). In the 
period 2012-2014, this fleet performed, on average, 1,860,114 GT*days at sea.   

As the bottom otter trawl targeting to mixed demersal and deep water species 
(OTB_MDDWSP) concerns, the species which cumulative percentage in terms of value 
of landings accounts for 75% are the deep water pink shrimp (DPS, 32%), the red giant 
shrimp (ARS, 29%), and the European hake (HKE, 14%). In terms of volume of landing, 
the same species mentioned above account for higher fraction of the landed biomass, 
although hake landings in tons are higher than the giant red shrimp ones. This fishery 
is performed by trawlers based on GSA 16 but operating in the muddy bottoms of 
continental outer shelf and upper slope of the GSAs 12, 13, 14, 15 and 16. According to 
the most recent DCF data (2012-2014), 60 vessels, on average, were involved in this 
fishery. This fleet was mostly composed by the segments VL2440 (72%) and, in lesser 
extension, VL1824 (23 %). In the period 2012-2014, this fleet performed, on average, 
1,200,003 GT*days at sea per year.  

The stock of DPS is routinely assessed with the support of the regional FAO project 
MEDSUDMED using Extended Survivor Analysis (XSA) method and the length structure 
of catch of Italy, Tunisia and Malta converted in age tuned by MEDITS trawl surveys 
data. According to the last assessment (Gancitano et al., 2016) the stock is in 
overfishing with low level of relative biomass. The current fishing mortality (Fc) 
calculated as mean of the last three years (2012-2014) was 1.21. To reach the F0.1 
(0.84-0.93) reference point for a reduction of fishing mortality between 20 and 30% of 
the Fc should be pursued. 

This reduction of fishing mortality could be reached both decreasing the fishing effort 
and also closing to trawling the main nurseries (Russo et al., 2014).  

Although the deep water rose shrimp is clearly the main target species of trawling in 
the Strait of Sicily, hake represents an important commercial by-catch, amount to 
about the 15% of catch and value both in OTB_DEMSP and OTB_MDDWSP. Other by-
catch species are norway lobster (Nephrops norvegicus), scorpionfish (Helicolenus 
dactylopterus), greater forkbeard (Phicys blennioides), red Pandora (Pagellus 
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bogaraveo), common Pandora (Pagellus erythrinus), monkfish (Lophius spp.), and 
horse mackerel (Trachurus spp.).  

According to the different fishing grounds discard in the DPS fishery ranged between 
25 and 40% of the total catch (Milisenda et al., 2017). Although the main discarded 
fraction, vary with areas, horse mackerel and greater forkbeard are the most relevant 
in abundance. Other important discards are due to undersized hake and deep water 
rose shrimps. Hake, deep water rose shrimps and horse mackerel have a minimum 
catch size in the Reg. CE 1967/2006 and are subject to the discard ban according to the 
Reg. UE 1380/2013. 

According to the recommendation GFCM/40/2016/4, trawling in three main nurseries 
of deep water rose shrimp and hake in the Strait of Sicily was prohibited in order to 
improve their exploitation pattern reducing catches of juveniles. 

 

CS1.6 Bottom trawl fisheries in Ligurian and northern-central Tyrrhenian Sea (GSA 9) 

Data included in the database come from observations on board performed during 
commercial fishing trips in GSA9, carried out during the DCF activities (Data Collection 
Framework, following the Reg. 199/2008 of the European Union) in the years 2011-
2015.  

Information of a total of 203 commercial hauls was gathered, at quarter level. It covers 
the activity of trawl vessels based in the ports of Viareggio, Livorno, Castiglione della 
Pescaia, Porto Santo Stefano and Porto Ercole. These trawlers perform their activity on 
muddy bottoms in the depth range 30-600 m. The gear used is otter bottom trawl 
(OTB). The fisheries monitored for this database were OTB_DESP (demersal species) 
and OTB_MDDWSP (mixed demersal and deep water species). 

For each haul, data on composition of the catch (retained and discarded fraction), 
standardised in CPUE (kg/km2), have been entered in the data base for each species 
caught. Information on position (latitude and longitude), duration and depth was 
collected for each haul as well. 

According to recent estimates (EU fleet Register), the trawl fleet of GSA 9 (OTB vessels) 
in 2014 consisted in 339 boats, with an overall tonnage of approximately 11,500 GT, 
which represents 70% of the fishing capacity employed in the area. 

The landings due to trawlers were about 7,500 tons, approximately 42% of the total 
landings of the whole fishing fleet of GSA 9. The highest contribution of landing is due 
to the trawlers involved in the demersal species fishery (OTB_DESP), which are 
followed by those involved in the mixed demersal species fishery (OTB_MDDWSP) and 
by those involved in the deep water species fishery (OTB_DWS).   

The fishing effort exerted by trawlers is not uniformly distributed throughout GSA 9. In 
western Liguria there is little fishing activity on the shelf, due to its limited extension, 
and many vessels concentrate their activity on bathyal bottoms, targeting blue and red 
shrimp. In eastern Liguria the trawlers target species of the continental shelf, such as 
horned octopus and red mullet. Along the northern coasts of Tuscany, the shelf is wide 
and characterised by soft bottoms suitable to trawling. South of the Elba Island the 
shelf is slightly narrower and the fishing activity is concentrated on the continental 
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slope, targeting European hake, red mullet, horned octopus, deep-water rose shrimp, 
Norway lobster and giant red shrimp.  

In Lazio the fishing effort by trawlers is uniformly distributed both on the continental 
shelf and the slope. The smaller vessels operate on the shelf, targeting European hake 
red mullet, mantis shrimp, common and horned octopus, the larger vessels operate 
mainly on the slope, targeting European hake, deep-water rose shrimp, red shrimps 
and Norway lobster.  

Almost all the trawlers in GSA 9 usually carry out 1-day fishing trips, with the exception 
of certain fleets, such as that of Porto Santo Stefano, where it is common to make trips 
of two and, occasionally, three days, particularly in spring and summer. 

 

Case Studies related with small-scale fishing activity 

 

CS3.1 Algarve set nets 

In the Algarve, the trammel net fisheries are mainly operated by small coastal fishing 
boats using nets between 4000 to 15000m in lenght, depending on boat size. This 
fishery occurs in sandy or muddy bottoms usually in depths between 15 to 80m during 
daily trips. 

Data used to do this analysis provides from a European research project: 

- Project Trammelnet (1999-2001) (“Trammel net selectivity studies in the 
Algarve (Southern Portugal), Gulf of Cadiz (Spain), Basque County (Spain) and 
Cyclades Islands (Greece)”). 

In each daily fishing trip, around 7500m of trammel nets were deployed. Observers on 
board sorted daily catch at species level, regarding catch composition and fate 
(retained or discarded). Position (longitude and latitude), duration, boat speed and 
depth were recorded and associated with each capture. For the purpose of this study, 
data were standardized in CPUE (individuals/1000m).  

 

CS3.2 Balearic set net fisheries  

Almost all of the small-scale vessels in Balearic Islands use trammel nets during part of 
the year. Three different target species fisheries are being studied as part of the 
MINOUW project that are carried out at different times of the year over different 
habitats i.e. spiny lobster (hard substrate), cuttlefish (Posidonia meadows) and red 
mullet (soft substrate). The investigation into the spiny lobster fisheries has been 
concluded while sampling for the other two target species is still ongoing. Within this 
report, we therefore will be presenting only the discard composition for the spiny 
lobster fishery (note the difference to trawl data that presented the total catch).   

Palinurus elephas is one of the most relevant targets species for the Balearic Islands: 
Since the 1980s, global fishing of common spiny lobster represents an average catches 
of 520 t/year, reduced to 340 t/year in the lasts 10 years. Spain represents the 14% of 
the catches, with an average in the last 10 years of 47.5 t/year (FAO-Figis). For the 
Balearic Islands, the annual landing catches in the lasts 15 years ranged between 24 
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and 37 tons, and the average first sale price varied between 30 and 60 €/Kg (data 
provided by OPMallorcaMar). 

Despite the relevance of the lobster trammel net fishery, only sparse, anecdotic data 
are available for the by-catch and discards fraction of the small-scale fishery from the 
Balearic Islands (e.g. Carreras et al., 2004). Therefore, the first objective of this work 
was to describe by-catch and discard composition of trammel net fisheries targeting 
spiny lobster Palinurus elephas in the Balearic Islands using the vulnerability traits 
based approach. The results presented here represent mean abundances of 37 fishing 
trips standardized to a trammel net length of 1000m. 

 

CS3.4 Small-scale fishing Catalan coast  

The material was collected from commercial fishing vessels of the port of Sant Carles, 
one of the ports on the Catalan coast where the fishery of this resource is of major 
importance.   

Three different target species fisheries are being studied as part of the MINOUW 
project that are carried out at different times of the year: sole (Solea spp), prawn 
(Penaeus kerathurus), and cuttlefish (Sepia officinalis). Bolinus brandaris is a valuable 
bycatch in trammel nets targeting cuttlefish, prawns and sole. In the port of Sant 
Carles the four species represent 27.2% of catches and 41.9% of income of the 
artisanal fleet. 

The results presented here represent mean abundances of 19 samples standardized to 
a trammel net length of 1000m. 

 

CS3.5 Set nets in Ligurian and northern-central Tyrrhenian Sea (GSA 9) 

Data included in the database was collected by observations on board during 
commercial fishing trips in GSA9, carried out during the DCF (Data Collection 
Framework, following the Reg. 199/2008 of the European Union) activities in the years 
2014-2015. 

Information for a total of 82 hauls was gathered, at quarter level; it covers the activity 
of the small scale vessels moored in the ports of Marina di Pisa, Livorno, Chioma, Vada, 
Porto Santo Stefano. According to the DCF specifications, the fisheries monitored are 
trammel net for demersal species (GTR_DESP) and set gillnet for demersal fish 
(GNS_DEF). For each haul, data on composition of the catch (both of the retained and 
discarded fraction), standardised in CPUE (kg/1000 m of net), have been entered for 
each species caught. Information on duration and depth was collected for each haul as 
well. 

In particular, two specific fisheries/metier were monitored: the one performed with 
trammel nets targeting cuttlefish, Sepia officinalis, and red mullets, Mullus spp., and 
the one performed with gillnets targeting common sole, Solea solea. For this reason it 
was decided to consider these two fisheries as separate case studies in the following 
analyses; for the first fishery, data for the years 2012, 2013, 2014, 2015 were 
considered; for the second fishery, data for the years 2012, 2014 and 2015 were taken 
into account. 
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The fishing fleet operating in GSA 9 is characterised by a high proportion of small-scale 
artisanal vessels. According to the EU fleet register data, in 2014 this fleet accounted 
for about 1200 vessels, the three quarters of the total fishing fleet of GSA 9. These 
vessels have a typical overall length of less than 12 metres, employing passive gears. 
Most of the vessels use primarily different typologies of trammel and gill nets, 
secondarily long lines and traps. Some vessels, north to the Elba Island, have the 
licence to fish the transparent goby, Aphia minuta, with boat seine. Most of the small 
scale vessels operate in the coastal zone, near the home-port. 

 

Table 4. Description of case studies 

Study area GSA Fishing ground Fishing gear Fishing effort 

CS1.2. Algarve 
deep-water 
crustacean fishery 
-  

ICES IXa Continental shelf 
and slope 

Crustacean Otter 
trawl 

31 vessels (mean 
1998-2001, 208894 
GT*days at sea 
(GeoCrust project) 

CS 1.4. Catalan 
Sea Bottom trawl 
fishery.4 

06 Continental shelf 
and slope 

Otter bottom 
trawl (OTB) 

1640 vessels, 
4685445 GT*days at 
sea (EU DCF data, 
2015) 

CS 1.5. Strait of 
Sicily 

12, 13, 14, 
15 & 16 

Continental shelf 
and upper slope 

Otter trawl 
(OTB_DESP, 
OTB_MDDWSP) 

381 vessels (mean 
2009-2013) 4261202 
GT*days at sea (EU 
DCF data, 2014) 

CS 1.6. Ligurian, 
northern and 
central Tyrrhenian 
Sea 

09 Continental shelf 
and slope 

Otter bottom 
trawl 

(OTB_DESP, 
OTB_MDDWSP) 

339 vessels, 1880000 
GT*days at sea (EU 
DCF data, 2014) 

CS 3.1. Algarve 
trammel nets sets 

ICES IXa Continental shelf 
(coastal area) 

GTR Data not available 

CS 3.2. Balearic 
set net 

05 Continental shelf 
(coastal area) 

Set nets  Data not available 

CS 3.4. Small scale 
fishing Catalan 
coast 

06 Continental shelf 
(coastal area) 

Set nets (GTR) Data not available 

CS 3.5. Ligurian, 
northern and 
central Tyrrhenian 
Sea 

09 Continental shelf 
(coastal area) 

Set nets 

(GTR_DESP, 
GNS_DEMF) 

1164 vessels, 320000 
GT*days at sea (EU 
DCF data, 2014) 
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5. Results 

 

Case Studies related with trawl fishing activity 

 

CS1.2 Algarve deep-water crustacean fishery 

After applying the representativeness criteria, the average biomass across samples for 
the retained species subset was 193 kg, while the average biomass for the excluded 
species was 12 kg. Therefore, the retained subset is considered an excellent 
representation of the assemblage. Considering the species subset, on average, the 
non-commercial species accounted to ca. 61% of the biomass retained by the trawling 
gear. Of the 44 species retained by the “commonness criteria”, 23 were non-
commercial. 

Micromesistius poutassou contributed up to 56% to total non-commercial biomass 
(average across sampling years and seasons), whereas on average it accounted to 37% 
of total catches. Twenty one commercial species accounted for 38.7% of the total 
average catches, evidencing the multi-specificity of the fishery, although only seven 
commercial species corresponded to about 76% of the biomass: Lepidopus caudatus 
(25.8%), Galeus melastomus (14%), Conger conger (12%), Phycis blennoides (7.4%), 
Illex coindetii (6.2%), Helicolenus dactylopterus (6%) and Merluccius merluccius (5.2%). 

Considering average catch composition by year, Micromesistius poutassou dominated 
the non-commercial fraction, and was the only species present across the four years 
period analysed. Nevertheless, species like Capros aper, Nezumia sclerorhynchus and 
Etmopterus spinax where also highlighted in terms of relative importance or presence 
in three of the years (Table 5.1.2.1). The list of retained non-commercial species was 
similar between years, except in 1999 where Polybius henslowi was the most 
important species, also Capros aper and Nezumia sclerorhynchus alternate their 
relative abundance in certain years. 

 

Table 5.1.2.1. The five principal non-commercial species indicating their % contribution to the total 
catch averaged across seasons.  

1998 1999 2000 2001 

Micromesistius 
poutassou (27.2%) 

Polybius henslowi 

(25%) 

Micromesistius 
poutassou (41.9%) 

Micromesistius 
poutassou (60%) 

Capros aper 

(6.2%) 

Micromesistius poutassou 
(19.5%) 

Nezumia 
sclerorhynchus (3.6%) 

Capros aper (4.9%) 

Etmopterus spinax 

(5.3%) 

Nezumia sclerorhynchus 
(4.4%) 

Etmopterus pusillus  
(2.7%) 

Chimaera monstrosa 
(0.6%) 

Deania calcea 

 (4.3%) 

Etmopterus spinax 

 (4%) 

Etmopterus spinax  
(2.6%) 

Actinauge richardi 

(0.5%) 

Chimaera monstrosa 
(3.5%) 

Gadiculus argenteus 

(2.8%) 

Capros aper (2.3%) Nezumia sclerorhynchus 
(0.4%) 
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On average, the percentage of non-commercial fauna in the catches was higher in 
autumn (81.6%), similar in winter and spring (62 and 65%) and lower in summer (58%). 
Micromesistius poutassou dominated this fraction in all seasons (Table 5.1.2.2). 

  

Table 5.1.2.2.Top 5 species contributing to the non-commercial fraction averaged across years by season.   

Spring Summer Autumn Winter 

Micromesistius 
poutassou (41.5%) 

Micromesistius 
poutassou (49.8%) 

Micromesistius 
poutassou (53.8%) 

Micromesistius 
poutassou (22%) 

Nezumia sclerorhynchus 
(9.5%) 

Nezumia sclerorhynchus 
(1.3%) 

Polybius henslowi 

(19.3%) 

Capros aper (13.4%) 

Etmopterus pusillus 

 (3.1%) 

Chimaera monstrosa 
(1.3%) 

Etmopterus spinax 

 (1.9%) 

Macropodia sp (9.9%) 

Etmopterus spinax 

 (2.7%) 

Etmopterus spinax 

 (1.3%) 

Capros aper (1.4%) Gadiculus argenteus 
(3.7%) 

Chimaera monstrosa 
(3.5%) 

Capros aper (1%) Deania calcea (1.3%) Etmopterus spinax 

 (2.8%) 

 

Regarding the commercial fraction, Galeus melastomus and Conger conger dominated 
the catches across years, while the order of importance of the other species varied but 
mainly included: Lepidopus caudatus, Phycis blennoides and Merluccius merluccius. 

Nevertheless, the list of all retained commercial species show the same variation 
across years with species clearly associated to a seasonal pattern (Table 5.1.2.3).  

 

Table 5.1.2.3. Top 5 Commercial species contributing to the total catch averaged across years by season. 

Spring Summer Autumn Winter 

Conger conger (8.7%) Lepidopus caudatus 
(19.1%) 

Phycis blennoides (2.7%) Galeus melastomus 
(7.9%) 

Galeus melastomus 
(4.6%) 

Galeus melastomus 
(4.8%) 

Lepidopus caudatus 
(2.7%) 

Conger conger (7.1%) 

Eledone cirrhosa (3.5%) Helicolenus 
dactylopterus (3.4%) 

Galeus melastomus 
(2.2%) 

Merluccius merluccius 
(4.7%) 

Phycis blennoides (3.3%) Torpedo torpedo 

(2.5%) 

Conger conger 

(2.1%) 

Illex coindetii (3.1%) 

Scyliorhinus canicula 
(2.5%) 

Conger conger 

(2.5%) 

Merluccius merluccius 
(1.3%) 

Hoplostethus 
mediterraneus 
mediterraneus (3.1%) 

 

Of the top five non-commercial species identified for each year, eight were categorized 
as having high vulnerability to being caught and discarded, while the remaining 2 
species were categorized as moderately vulnerable to trawling practices.  
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Of the non-commercial species, only 3 had a high susceptibility to being caught 
(including the dominant species Merluccius merluccius), Gadiculus argenteus had very 
high population resilience to being caught and discarded and other five species had 
high resilience. Three other species where categorized has low resilience to being 
caught and discarded; however, most of these species had a low or moderate 
resistance to being exposed out of the water, which increased their overall 
vulnerability (Table 5.1.2.4).  

Otherwise, most of the principal commercial species had a high vulnerability to fishing 

practices. In general, the species had a moderate to high susceptibility to being caught 

and low or moderate resistance of being extracted from the water; however, regarding 

population resilience, most of these species exhibited relatively high resilience to 

fishing practices, which lowered their overall vulnerability.  

 

Table 5.1.2.4. Vulnerability of the principal non-commercial and commercial species in the study area. 
The overall vulnerability is a combination of three components: catchability, resistance and resilience. A 
high vulnerability is the result of high catchability, low resistance and low resilience (note the different 
response direction of the components) 

Non-commercial species Catchability Resistance Resilience Vulnerability 

Ophiura texturata (O. Ophiura) High High High Moderate 

Polybius henslowi High High High Moderate 

Micromesistius poutassou High Low High High 

Venefica proboscidea High Low High High 

Capros aper Moderate Low High High 

Chlorophthalmus agassizi Moderate Low High High 

Notacanthus chemnitzii Moderate Low High High 

Polymetme corythaeola Moderate Low High High 

Nezumia sclerorhynchus Moderate Low High High 

Actinauge richardi High Moderate High High 

Neorossia caroli Low Moderate High Moderate 

Rossia macrosoma Moderate Moderate High Moderate 

Etmopterus pusillus Moderate Low Low High 

Etmopterus spinax Moderate Low Low High 

Deania calcea Moderate Moderate Low High 

Chimaera monstrosa Moderate Low Moderate High 

Astropecten aranciacus High High Very high Moderate 

Gadiculus argenteus Moderate Low Very high Moderate 

Gaidropsarus biscayensis Moderate Low Very high Moderate 

Malacocephalus laevis Moderate Low Very high Moderate 

Serranus hepatus Moderate Low Very high Moderate 

Commercial species Catchability Resistance Resilience Vulnerability 
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Eledone cirrhosa High High High Moderate 

Benthodesmus elongatus High Low High High 

Citharus linguatula High Low High High 

Hoplostethus mediterraneus mediterraneus High Low High High 

Merluccius merluccius Moderate Low High High 

Mora moro Moderate Low High High 

Lepidopus caudatus Moderate Low High High 

Phycis blennoides Moderate Low High High 

Conger conger High Moderate High High 

Trachurus trachurus High Moderate High High 

Scyliorhinus canicula Moderate Moderate High Moderate 

Helicolenus dactylopterus High Low Low High 

Dipturus oxyrinchus Moderate Low Moderate High 

Synaphobranchus kaupii High Moderate Moderate High 

Galeus melastomus Moderate Moderate Moderate High 

Raja clavata Moderate Moderate Moderate High 

Torpedo torpedo Moderate Moderate Moderate High 

Symphurus ligulatus Moderate Low Very high Moderate 

Illex coindetii High Moderate Very high Moderate 

Todaropsis eblanae High Moderate Very high Moderate 
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Figure 5.1.2.1. Biomass of the different vulnerability groups for non-commercial species (left) and 
commercial species (right) in the assemblage fished by the otter trawl in the Algarve deep-water study 
area (data: average 1998-2001). 

 

Considering the complete non-commercial and commercial fractions, the 
characterization partly follows the pattern of the dominant species, with slight 
variations (which emphasized the importance of the whole assemblage assessment). 
The non-commercial fraction is characterized by having high vulnerability, with 
resilience to fishing practices, but high to moderate susceptibility to being caught and 
low resistance. The commercial fraction is mostly highly vulnerable to fishing practices, 
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with also high resilience but low or moderate resistance and moderate or high 
catchability. Therefore, in this case study, both fractions of commercial and non-
commercial show more or less the same patterns in all the categories analysed, 
however since the biomass was higher in the non-commercial fraction, this one seems 
to be the most vulnerable fraction of the species assemblage 

Combining all the species retained in the subset, and in accordance with the dominant 
commercial species fraction, the overall vulnerability of the assemblage was 
characterized as high (70%), while 28% had moderate vulnerability (Figure 5.1.2.2). The 
assemblage barely included species with either low or very high vulnerability (the 
score values towards the extremes).  

The three vulnerability components show most of the assemblage having moderate or 
high catchability, and high to very high resilience. The resistance of being extracted 
from the water exhibited a high value of over 75% of the assemblage being low 
resistance (Figure 5.1.2.3); this characteristic is of high importance when considering 
measures related to discard practices. 

 

 

 

Figure 5.1.2.2. Composition (as percentage of biomass) of vulnerability groups in the assemblage fished 
by the otter trawl in the Algarve deep-water study area. 

 

 

Figure 5.1.2.3. Description of the assemblage fished by the otter trawl in the Algarve deep-water study 
area in terms of its Catchability, Resistance and Resilience (data: percentage of biomass). 
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The analysis of the assemblage composition by season (Figure 5.1.2.4) for overall 
vulnerability evidence a clear pattern in terms of biomass, with the lowest values in 
spring and the highest in summer. Summer was also the only season with very high or 
high categories dominating the assemblage composition, clearly indicating that this 
season has the highest impact in the Algarve deep-water crustacean fishery. In this 
case study, autumn and winter show the same pattern indicating no variability in the 
species assemblage or in the overall biological traits composition for the trawling fleet. 

 

 

 

Figure 5.1.2.4. Composition of vulnerability groups in the assemblage fished by the otter trawl in the 
Algarve deep-water study area by season (data: average 1998-2001). 

 

CS1.4 Catalan Sea Bottom Trawl Fishery 

After applying the representativeness criteria, the average biomass across samples for 
the retained species subset was 72.22 tons, while the average biomass for the 
excluded species was 2.4 tons. Therefore, the retained subset is considered a good 
representation of the assemblage. Considering the species subset, in average, the non-
commercial species accounted to ca. 6% of the biomass retained by the trawling gear. 
Of the 84 species retained by the “commonness criteria”, 25 were non-commercial. 

Diazona violacea contributed up to 50% to total non-commercial biomass (average 
across sampling years and seasons), whereas in average it accounted to 3% of total 
catches. Fifteen commercial species accounted to 80% of the total average catches, 
evidencing the multi-specificity of the fishery, although only six commercial species 
corresponded to 50% of the biomass: Merluccius merluccius (13%), Aristeus 
antennatus (11%), Nephrops norvegicus (8%), Micromesistius poutassou (7%), 
Trachurus trachurus (6%), Lophius budegassa (6%).  

Considering average catch composition by year, Diazona violacea dominated the non-
commercial fraction particularly in the last years (2013-2015), followed by Gadiculus 
argenteus, Trachyrincus scabrus and Alcyonium palmatum (their relative importance 
varied amongst years) (Table 5.1.4.1). The list of retained non-commercial species was 
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common across years, although, remarkably, Diazona violacea was not retained in the 
first year of monitoring, 2011. 

 

Table 5.1.4.1. The five principal non-commercial species indicating their % contribution to the total catch 
averaged across seasons.  

2011 2012 2013 2014 2015 

Antedon 
mediterranea (0.7%) 

Diazona violacea  

(1.8%) 

Diazona violacea 
(5%) 

Diazona violacea 
(5%) 

Diazona 
violacea (3%) 

Gadiculus 
argenteus (0.6%) 

Trachyrincus         

 scabrus 

        (0.6%) 

Gadiculus 
argenteus (0.7%) 

Histioteuthis 
bonnellii (1%) 

Alcyonium 
palmatum 
(0.5%) 

Pteroctopus 
tetracirrhus (0.5%) 

Gadiculus 
argenteus 
(0.5%) 

Alcyonium 
palmatum (0.5%) 

Trachyrincus 
scabrus (0.6%) 

Gadiculus 
argenteus 
(0.4%) 

Alcyonium 
palmatum (0.2%) 

Capros aper 
(0.3%) 

Galeodea rugosa 
(0.2%) 

Gadiculus 
argenteus (0.4%) 

Paromola 
cuvieri (0.4%) 

Coelorinchus 
coelorhincus (0.2%) 

Alcyonium 
palmatum 
(0.3%) 

Dardanus arrossor 
(0,1%) 

Coelorinchus 
coelorhincus 
(0.6%) 

Pteroctopus 
tetracirrhus 
(0.3%) 

 

 

In average, the percentage of non-commercial fauna in the catches increased in 
autumn (9%; 5-6% on the other seasons); Diazona violacea dominated this fraction in 
all seasons (Table 5.1.4.2).  

 

Table 5.1.4.2. Species contributing to 70% of the non-commercial fraction averaged across years.   

Spring Summer Autumn Winter 

Diazona violacea 

 (45%) 

Diazona violacea 

 (42%) 

Diazona violacea 

 (54%) 

Diazona violacea 

 (55%) 

Antedon mediterranea 
(9%) 

Pteroctopus tetracirrhus 
(10%) 

Gadiculus argenteus 

 (12%) 

Alcyonium palmatum 
(7%) 

Capros aper  

(8%) 

Gadiculus argenteus 
(6%) 

Histioteuthis bonnellii 
(10%) 

Trachyrincus scabrus  

(6%) 

Trachyrincus scabrus 
(7%) 

Histioteuthis bonnellii 
(6%) 

 Gadiculus argenteus 

 (5%) 

 Alcyonium palmatum 
(6%) 
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Regarding the commercial fraction, Merluccius merluccius dominated the catches 
across years, while the order of importance of the other species varied but principally 
included: Micromesistius poutassou, Nephrops norvegicus, Aristeus antennatus, Illex 
coindetii, Lophius budegassa, Scomber scombrus, Scyliorhinus canicula. Nevertheless, 
the list of all retained commercial species was common across years. This pattern was 
similar across seasons, where no species dominated the commercial fraction, although 
there were slight differences in the % contribution (Table 5.1.4.3).  

 

Table 5.1.4.3. Commercial species contributing to 50% of the total catch averaged across years.  

Spring Summer Autumn Winter 

Micromesistius 
poutassou (15%) 

Merluccius 
merluccius (15%) 

Merluccius 
merluccius (16%) 

Merluccius 
merluccius (14%) 

Nephrops 
norvegicus (12%) 

Aristeus 
antennatus (9%) 

Aristeus 
antennatus (12%) 

Aristeus 
antennatus (13%) 

Aristeus 
antennatus (9%) 

Lophius 
budegassa (8%) 

Scyliorhinus 
canicula (9%) 

Trachurus 
trachurus (8%) 

Merluccius 
merluccius (9%) 

Scomber 
scombrus (7%) 

Nephrops 
norvegicus (8%) 

Lophius 
budegassa (7%) 

Illex coindetii 
(8%) 

Nephrops 
norvegicus (7%) 

Trachurus 
trachurus (6%) 

Scyliorhinus 
canicula (5%) 

 Micromesistius 
poutassou (6%) 

 Eledone cirrhosa 
(5%) 

 

 

Four of the principal non-commercial species were categorized as having high 
vulnerability to being catch and discarded, while the other 7 species were either 
moderately or low vulnerable to trawling practices, including the dominant Diazona 
violacea. Of the non-commercial species, only 3 had a high or very high susceptibility 
to being catch (including the dominant species Diazona violacea) and all the species 
had a high or very high population resilience to being catch and discarded; however, 
most of these species had a moderate or low resistance to being fished out of the 
water, which increased their overall vulnerability (Table 5.1.4.4). Otherwise, most of 
the principal commercial species had a high vulnerability to fishing practices, including 
the dominant species Merluccius merluccius. In general, the species had a moderate to 
high susceptibility to being catch and low resistance of being extracted from the water; 
however, regarding population resilience, most of these species exhibited relatively 
high resilience to fishing practices, which lowered their overall vulnerability.  
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Table 5.1.4.4. Vulnerability of the principal non-commercial and commercial species in the study area. The 
overall vulnerability is a combination of three components: catchability, resistance and resilience. A high 
vulnerability is the result of high catchability, low resistance and low resilience (note the different 
response direction of the components) 

Non-commercial species Catchability Resistance Resilience Vulnerability 

Alcyonium palmatum Very high High High Moderate 

Antedon mediterranea  High Moderate High High 

Capros aper Moderate Low High High 

Coelorinchus coelorhincus  Moderate Low High High 

Dardanus arrossor  Moderate Very high High Moderate 

Diazona violacea High Moderate Very high Moderate 

Gadiculus argenteus Moderate Low Very high Moderate 

Galeodea rugosa Moderate Very high Very high Low 

Histioteuthis bonnellii  Moderate Low High Moderate 

Pteroctopus tetracirrhus Moderate Low High Moderate 

Trachyrincus scabrus  Moderate Low High High 

Commercial species Catchability Resistance Resilience Vulnerability 

Aristeus antennatus  Moderate Low High High 

Eledone cirrhosa High High High Moderate 

Illex coindetii  Moderate Low Very high Moderate 

Lophius budegass Moderate Low Moderate High 

Merluccius merluccius  Moderate Low High High 

Micromesistius poutassou High Low High High 

Nephrops norvegicus  High Moderate Moderate High 

Scomber scombrus High Low High High 

Scyliorhinus canicula  Moderate Moderate High High 

Trachurus trachurus  High Low High High 

 

 

Considering the complete non-commercial and commercial fractions, the 
characterization partly follows the pattern of the dominant species, with slight 
variations (which emphasized the importance of the whole assemblage assessment). 
The non-commercial fraction is characterized by having moderate vulnerability, with 
high or very high resilience to fishing practices, but high to moderate susceptibility to 
being catch and low resistance. The commercial fraction is mostly high vulnerable to 
fishing practices, with also high resilience but low resistance and moderate 
catchability. Therefore, in our case study, the most vulnerable fraction is the 
commercial species assemblage, whereas the unwanted fraction has an overall high 
resilience, although low survival to being extracted out of the water (Figure 5.1.4.1).  
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Figure 5.1.4.1. Biomass of the different vulnerability groups for non-commercial species (left) and 
commercial species (right) in the assemblage fished by the otter trawl in the Catalan Sea study area 
(data: average 2011-2015). 

 

Combining all the species retained in the subset, and in accordance with the dominant 
commercial species fraction, the overall vulnerability of the assemblage was 
characterized as high (62%), while 34% had moderate vulnerability (Fig. 5-1.4.2). The 
assemblage barely included species with either low or very high vulnerability (the 
score values towards the extremes). This is not totally unexpected as the low 
vulnerable fraction principally includes small invertebrates, with low catchability, that 
are probably underrepresented in the trawled assemblage. Otherwise, species with 
very high vulnerability (such as some elasmobranch identified in the common species 
list) have been already decimated from this historically exploited fishing grounds. In 
fact, the three vulnerability components reflect this situation, with most of the 
assemblage having moderate or high catchability, and high to very high resilience. The 
resistance of being extracted from the water exhibited a different pattern with over 
50% of the assemblage being low resistance (Fig.5-1.4.3); this characteristic is of high 
importance when considering measures related to discard practices.  
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Figure 5.1.4.2. Composition (as percentage of biomass) of vulnerability groups in the assemblage fished 
by the otter trawl in the Catalan Sea study area.  

 

 

      

 

Figure 5.1.4.3. Description of the assemblage fished by the otter trawl in the Catalan Sea study area 
in terms of its Catchability, Resistance and Resilience (data: percentage of biomass).  

 

 

The analysis of the assemblage composition by season (Fig.5-1.4.4) or year (results not 
shown) did not evidence variability regarding the level of overall vulnerability (Fig.5-
1.4.2), which indicates there is no annual or seasonal variability in the assemblage 
overall biological traits composition for the trawling fleet in this case study. The next 
step is to evaluate the composition of samples grouped by factors including trawling 
depth of habitat type.  
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Figure 5.1.4.4. Composition of vulnerability groups in the assemblage fished by the otter trawl in the 
Catalan Sea study area by season (data: average 2011-2015). 

 

 
CS 1.5 Bottom trawl fisheries in the Strait of Sicily 

After applying the representativeness criteria, the average biomass across samples for 
the retained species subset was 10.9 tons, while the average biomass for the excluded 
species was 2.6 tons. Therefore, the retained subset is considered a good 
representation of the exploited assemblage. Considering the species subset, in 
average, the non-commercial species accounted to ca. 14.7% of the biomass retained 
by the trawling gear. Of the 55 species retained by the “commonness criteria”, 18 were 
non-commercial. 

Gadiculus argenteus contributed up to 19% to total non-commercial biomass (average 
across sampling years and seasons) followed by Munida rutllanti (11.1%), whereas in 
average it accounted to 3% and 1.5% of the total catches. Eleven commercial species 
accounted to 65% of the total average catches, although only six commercial species 
contributed in about 50% of the biomass: Parapenaeus longirostris (23.8%), Trachurus 
trachurus (9.2%), Merluccius merluccius (8%), Mullus surmuletus (3.7%), Phycis 
blennioides (3.7%) and Mullus barbatus(3.2%).  

Considering average catch composition of non-commercial species by year, Gadiculus 
argenteus was recorded in all years while Plesionika heterocarpus was recorded in four 
of the five years considered. Their percentage to the total catch ranging from 5.1% in 
2013 to 1.3% in 2012 for Gadiculus argenteus and from 2.7% in 2009 to 0.65 in 2012 
for Plesionika heterocarpus.   Neopycnodonte cochlear reached the highest percentage 
(4.3%) in  the non-commercial fraction in 2012, followed across years by other species, 
like Coelorinchus caelorhincus, Munida rutllanti, Capros aper, Galeus melastomus, 
Macroramphosus scolopax, etc. (their relative importance varied amongst years) 
(Table 5.1.5.1).  

 

 



Deliverable 1.10 

  

37 

Table 5.1.5.1. The principal non-commercial species indicating their % contribution to the total catch 
averaged across seasons   

2009 2010 2011 2012 2013 

Plesionika 
heterocarpus 
(2.7%) 

Munida rutllanti 
(2.8%) 

Gadiculus 
argenteus (3.7%) 

Neopycnodonte 
cochlear (4.3%) 

Gadiculus 
argenteus (5.1%) 

Gadiculus 
argenteus (2.6%) 

Galeus 
melastomus 
(1.9%) 

Turritella 
communis (2.1%) 

Coelorinchus 
caelorhincus 
(2.9%) 

Funiculina 
quadrangularis 
(4.3%) 

Neopycnodonte 
cochlear (2.1%) 

Gadiculus 
argenteus (1.8%) 

Plesionika 
heterocarpus 
(1.4%) 

Munida rutllanti 
(2.2%) 

Galeus 
melastomus (2.1%) 

Macroramphosus 
scolopax (1.5%) 

Coelorinchus 
coelorhincus 
(1.3%) Capros aper (1.4%) Capros aper (1.9%) 

Munida rutllanti 
(2.1%) 

Capros aper 
(0.81%) 

Pasiphaea sivado 
(1.3%) 

Coelorinchus 
caelorhincus 
(1.3%) 

Gadiculus 
argenteus (1.3%) 

Pagurus prideaux 
(1.2%) 

Alcyonium 
palmatum (0.72%) 

Plesionika 
heterocarpus 
(1.2%) 

Munida rutllanti 
(0.83%) 

Plesionika 
heterocarpus 
(0.65%) Capros aper (0.8%) 

 

 

In average, the percentage of non-commercial fauna in the catches change between 
the season and increased in winter (mean 30% on the other seasons); the higher 
number of species able to contribute to 70% of the non-commercial fraction was 
recorded in Autumn (Gadiculus argenteus, Coelorinchus caelorhincus, 
Macroramphosus scolopax, Alcyonium palmatum, Pagurus prideaux, Neopycnodonte 
cochlear, Galeus melastomus) while the lower number in Winter (Gadiculus argenteus, 
Munida rutllanti, Plesionika heterocarpus and Capros aper) (Table 5.1.5.2).  

 

Table 5.1.5.2. Species contributing to 70% of the non-commercial fraction averaged across season. 

Spring Summer Autumn Winter 

Coelorinchus 
caelorhincus 

 (16.6%) 

Neopycnodonte cochlear 

 (27.5%) 

Gadiculus argenteus 

 (14.1%) 

Gadiculus argenteus 

 (33.2%) 

Gadiculus argenteus 

 (14.1%) 

Turritella communis 

 (13.5%) 

Coelorinchus caelorhincus 

 (12.5%) 

Munida rutllanti 

 (14.9%) 

Funiculina 
quadrangularis 

 (10.8%) 

Munida rutllanti 

 (12.8%) 

Macroramphosus 
scolopax 

 (10.8%) 

Plesionika 
heterocarpus 

 (10.9%) 

Plesionika heterocarpus 

 (10.3%) 

Gadiculus argenteus 

 (11.1%) 

Alcyonium palmatum 

 (8.9%) Capros aper (10.6%) 
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Capros aper (9.3%) 

Coelorinchus 
coelorhincus 

 (5.0%) 

Pagurus prideaux 

 (8.3%)   

Munida rutllanti (9.1%)   

Neopycnodonte cochlear 

 (7.7%)   

    

Galeus melastomus 

 (7.5%)   

 

Regarding the commercial fraction, Parapenaeus longirostris was the most abundant in 

the catches across years by season (Spring 24.8%,  Summer 23.5%, Autumn 27.7% and 

Winter 19.1%). Among the other species, Trachurus trachurus, Merluccius merluccius 

and Mullus spp. represent an important fraction of the catches with their percentage 

ranging between 12.1 and 5.8%, 11.9 and 5.8% and 11.4 and 3.1%, respectively (Table 

5.1.5.3).  

 

Table 5.1.5.3. Commercial species contributing to 50% of the total catch averaged across years.  

Spring Summer Autumn Winter 

Parapenaeus longirostris 
(24.8%) 

Parapenaeus 
longirostris (23.5%) 

Parapenaeus longirostris 
(27.7%) 

Parapenaeus longirostris 
(19.1%) 

Trachurus trachurus 

 (8.3%) 

Merluccius merluccius 

 (11.9%) 

Trachurus trachurus 

 (12.1%) 

Trachurus trachurus 

 (11.3%) 

Merluccius merluccius 

 (6.3%) 

Trachurus trachurus 

 (5.8%) 

Merluccius merluccius 

 (9.8%) 

Merluccius merluccius 

 (5.8%) 

Phycis blennoides 

 (4.0%) Eledone cirrhosa (5.0%) 

Phycis blennoides 

 (4.7%) Mullus barbatus (5.7%) 

Eledone cirrhosa (3.5%) 

Mullus surmuletus 

 (4.1%)   

Pagellus erythrinus 

 (5.3%) 

Mullus barbatus (3.1%)     

Mullus surmuletus 

 (4.7%) 

 

 

Among the eleven non-commercial species (contributing to 70% of the overall non-
commercial fraction) reported in the Table 5.1.5.4, Funiculina quadrangularis was the 
only one species categorized as having very high vulnerability, while seven species 
(Capros aper, Coelorinchus caelorhincus, Galeus melastomus, Macroramphosus 
scolopax, Munida rutllanti, Pasiphaea sivado, Plesionika heterocarpus, Neopycnodonte 
cochlear and Plesionika heterocarpus) were categorized as high vulnerability and two 
species (Gadiculus argenteus and Neopycnodonte cochlear) as moderate vulnerability 
(Table 5.1.5.4). Among the selected twelve commercial species (contributing to 65% of 
the total catch), only Helicolenus dactylopterus was categorized as having very high 
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vulnerability, while Lepidopus caudatus, Merluccius merluccius, Mullus barbatus, 
Mullus surmuletus, Nephrops norvegicus, Mullus surmuletus, Nephrops norvegicus, 
Pagellus erythrinus, Parapenaeus longirostris, Phycis blennoides and Trachurus 
trachurus were categorized as high vulnerability. The two cephalopods, Eledone 
cirrhosa and Illex coindetii were categorized as moderate vulnerability to capture and 
discarding.  

 

Table 5.1.5.4. Vulnerability of the principal non-commercial and commercial species in the study area. 
The overall vulnerability is a combination of three components: catchability, resistance and resilience. A 
high vulnerability is the result of high catchability, low resistance and low resilience (note the different 
response direction of the components) 

Non-commercial species Catchability Resistance Resilience Vulnerability 

Capros aper Moderate Low High High 

Coelorinchus caelorhincus Moderate Low High High 

Funiculina quadrangularis Very high Low High Very high 

Gadiculus argenteus Moderate Low Very high Moderate 

Galeus melastomus Moderate Moderate Moderate High 

Macroramphosus scolopax Moderate Low Very high High 

Munida rutllanti High Moderate High High 

Neopycnodonte cochlear Very high Very high Very high Moderate 

Pasiphaea sivado Moderate Low High High 

Plesionika heterocarpus High Low High High 

Turritella communis Moderate Very high Very high Low 

Commercial species Catchability Resistance Resilience Vulnerability 

Eledone cirrhosa High High High Moderate 

Helicolenus dactylopterus High Low Low Very high 

Illex coindetii Moderate Low Very high Moderate 

Lepidopus caudatus Moderate Low High High 

Merluccius merluccius Moderate Low High High 

Mullus barbatus Moderate Low High High 

Mullus surmuletus Moderate Low High High 

Nephrops norvegicus High Moderate Moderate High 

Pagellus erythrinus Moderate Low High High 

Parapenaeus longirostris Moderate Low High High 

Phycis blennioides Moderate Low High High 

Trachurus trachurus High Low High High 

 

 



Deliverable 1.10 

  

40 

Considering the overall subset (non-commercial and commercial fractions), the 
characterization partly follows the pattern of the dominant species, with slight 
variations (which emphasized the importance of the whole assemblage assessment). 
The commercial fraction is mostly high vulnerable to fishing practices, with also high 
resilience but low resistance and from high to moderate catchability. The non-
commercial fraction is characterized by having high vulnerability, moderate 
catchability, low survival and high- very high resilience to fishing practices (Figure 
5.1.5.1).  

Combining all the species retained in the subset, and in accordance with the dominant 
commercial species fraction, the overall vulnerability of the assemblage was 
characterized as high (61%), while 36% had moderate vulnerability (Figure 5.1.5.3). The 
assemblage included species with either low or very high vulnerability (the score 
values towards the extremes). This is not totally unexpected as the low vulnerable 
fraction principally includes small invertebrates, with low catchability, that are 
probably underrepresented in the trawled assemblage. Moreover, seems plausible to 
suppose that in fishing grounds historically exploited mostly of the species with very 
high vulnerability have been already decimated; in this context, the three vulnerability 
components emphasized as most of the assemblage having moderate or high 
catchability, and high to very high resilience. The resistance of being extracted from 
the water exhibited a different pattern with 79% of the assemblage being low 
resistance (Figure 5.1.5.3); this characteristic is of high importance when considering 
measures related to discard practices. 
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Figure 5.1.5.1. Biomass of the different vulnerability groups for commercial species (left) and non-
commercial species (right) in the assemblage fished by the otter trawl in the Figure 3.1. Biomass of the 
different vulnerability groups for commercial species (left) and non-commercial species (right) in the 
assemblage fished by the otter trawl in the Strait of Sicily study area (data: average 2009-2013).Sicily 
study area (data: average 2009-2013). 
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Figure 5.1.5.2. Composition (as percentage of biomass) of vulnerability groups in the assemblage fished 
by the otter trawl in the Strait of Sicily study area. 

 

 

 

 

 

Figure 5.1.5.3. Description of the assemblage fished by the otter trawl in the Strait of Sicily study area in 
terms of its Catchability, Resistance and Resilience (data: percentage of biomass). 
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The analysis of the assemblage composition by season (Fig. 5-1.5. 4) or year (results 
not shown) did not show variation in level of overall vulnerability. The next step is to 
evaluate the composition of hauls grouped by factors such as trawling depth or habitat 
type.  

 

 

 

Figure 5.1.5.4. Composition of vulnerability groups in the assemblage fished by the otter trawl in the 
Strait of Sicily study area by season (data: average 2009-2013). 

 

 

CS 1.6 Otter Bottom Trawl (OTB) fisheries in Ligurian and northern-central 
Tyrrhenian Sea (FAO GFCM GSA9) 

The whole database obtained from the data collected during the observations on 
board of the bottom otter trawling fishery of GSA9 (Ligurian and northern-central 
Tyrrhenian Sea) consisted in 323 species, of which 142 commercial species and 181 not 
commercial species 

After applying the representativeness criteria, that are, for each species, the frequency 
of occurrence in at least 10% of the monitored hauls or the inclusion in the 90% of 
cumulated biomass, the resulting subset accounted for 105 species, of which 59 
commercial and 46 not commercial (see the lists shown in the Annex).  

Therefore, the retained subset can be a good representation of the total fish 
assemblage. Considering the species subset, in average, the commercial and the not 
commercial species were the 79.2 and the 5.8%, respectively, the biomass retained by 
the trawling gear.  

Concerning the most important commercial species, twenty species accounted to 80% 
of the total average catches, evidencing the multi-specificity of the otter bottom trawl 
fishery, although only seven species are included, in the different seasons, in the 50% 
of cumulative biomass. 

These species alternated their rank of importance in the different years and seasons 
(Tables 5.1.6.1 and 5.1.6.2). There is no clear dominance of one species in the 
commercial fraction, only slight differences were evidenced.  

0

5

10

15

20

25

30

35

40

45

50

Winter Spring Summer Autumn

B
io

m
as

s 
in

 %

Strait of Sicily - Vulnerability

Very High High Moderate Low



Deliverable 1.10 

  

44 

In any case the most important species were the deepwater pink shrimp, Parapenaeus 
longirostris, the black mouth cat shark, Galeus melastomus, the horned octopus, 
Eledone cirrhosa, the red mullet, Mullus barbatus, the horse mackerel, Trachurus 
trachrus, the Norway lobster, Nephrops norvegicus, the European common squid, 
Loligo vulgaris. 

It is important to note that, among these species, there are species of which the whole 
catch is commercialized, as N. norvegicus, E. cirrhosa and L. vulgaris; for other species 
a part of the catch is discarded: M. merluccius and M. barbatus (due to the restriction 
in Minimum Conservation Reference Size, reg. EU 1967/2006 ); for other species the 
majority of the catch is discarded: melastomus and T. trachurus (due their low 
commercial value).  

Table 5.1.6.1. GSA9.  The five principal commercial species indicating their % contribution to the total 
catch averaged across years.  

2010 2011 2013 2014 2015 

Parapenaeus 
longirostris 19.85 % 

Galeus melastomus  

16.39 % 

Eledone cirrhosa 
12.16 % 

Galeus melastomus 
16.44 % 

Mullus barbatus 
14.10 % 

Trachurus trachurus 
13.93 % 

Trachurus trachurus 
12.35 % 

Parapenaeus 
longirostris 8.65 % 

Eledone cirrhosa 
11.10 % 

Eledone cirrhosa 
12.18 % 

Merluccius 
merluccius 8.93 % 

Parapenaeus 
longirostris 10.16 % 

Galeus melastomus  

8.61 % 

Loligo vulgaris      8.63 
% 

Parapenaeus 
longirostris 9.73 % 

Galeus melastomus 
8.69 % 

Merluccius merluccius 
9.24 % 

Nephrops 
norvegicus 8.52 % 

Parapenaeus 
longirostris 8.10 % 

Merluccius 
merluccius 6.86 % 

Eledone cirrhosa 8.14 
% 

Nephrops norvegicus 

8.45 % 

Merluccius 
merluccius  

7.24 % 

Mullus barbatus 5.83 
% 

Galeus melastomus  

6.12 % 

 

 

Table 5.1.6.2. GSA9. Commercial species contributing to 50% of the total catch averaged across seasons.  

Spring Summer Autumn Winter 

Galeus melastomus  

19.66 % 

Galeus melastomus  

14.42 % 

Parapenaeus longirostris 
19.85 % 

Parapenaeus longirostris 
14.85 % 

Trachurus trachurus 

15.1% 

Eledone cirrhosa  

11.57 % 

Galeus melastomus  

8.69 % 

Eledone cirrhosa  

13.19 % 

Parapenaeus longirostris 
11.2 % 

Parapenaeus longirostris 
11.01 % 

Mullus barbatus 

 9.96 % 

Trachurus trachurus 

8.99% 

Eledone cirrhosa  

8.6 % 

Nephrops norvergicus 

8.0 % 

Merluccius merluccius  

8.93 % 

Merluccius merluccius  

8.79 % 

 Mullus barbatus 

 7.64 % 

Loligo vulgaris 

8.17 % 

Mullus barbatus 

 7.47 % 

  Eledone cirrhosa  

8.14 % 
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As regards the non-commercial species, although 17 species were observed, as 
contributing, in the different seasons, to the 70% of  the total of the non-commercial 
fraction, a group of five species was regularly present in all the years observed (Table 
5.1.6.3). Among these, the most important species was the gadoid fish Gadiculus 
argenteus; it resulted the most abundant non-commercial species in summer, autumn 
and winter (representing from 16 to 30% of the total annual average non-commercial 
catch, Table 5.1.6.4). G. argenteus was followed by the Echinoderm Astropecten 
irregularis, the medium-small sized shark Etmopterus spinax, the macrourid fish 
Coelorhinchus coelorhynchus and the Holoturoid Holoturia tubulosa. 

 

Table 5.1.6.3. GSA9. The five principal non-commercial species indicating their % contribution to the 
total catch averaged across years. 

2010 2011 2013 2014 2015 

Gadiculus argenteus 
0.76 % 

Gadiculus 
argenteus 1.41 % 

Gadiculus argenteus 
1.62 % 

Gadiculus argenteus 
3.54 % 

Gadiculus argenteus 
1.15 % 

Astropecten 
irregularis 

0.55 % 

Holoturia tubulosa 
1.11 % 

Etmopterus spinax 

1.30 % 

Astropecten irregularis 

1.05 % 

Astropecten 
irregularis 

0.84 % 

Etmopterus spinax 

0.52% 

Hymenocephalus 
italicus  

1.05 % 

Astropecten 
irregularis 

0.43 % 

Hoplostetus 
mediterraneus 

0.84% 

Holoturia tubulosa 
0.30 % 

Coelorhynchus 

coelorhynchus 

0.42% 

Etmopterus spinax 

0.63 % 

Coelorhynchus 

coelorhynchus 

0.35 % 

Etmopterus spinax 

0.77 % 

Coelorhynchus 

coelorhynchus 

0.29 % 

Munida intermedia 

0.41 % 

Astropecten 
irregularis 

0.42 % 

Medorippe lanata 
0.23 % 

Holoturia tubulosa 0.73 
% 

Lesueurigobius spp. 

0.25 % 

 

Table 5.1.6.4. GSA9. Species contributing to 70% of the non-commercial fraction averaged across seasons.   

Spring Summer Autumn Winter 

Hymenocephalus italicus 
15.65 % 

Gadiculus argenteus 

28.96 % 

Gadiculus argenteus 

29.81 % 

Gadiculus argenteus 

16.38 % 

Hoplostetus mediterraneus 

12.17 % 

Etmopterus spinax 

12.36 % 

Astropecten irregularis 

11.31 % 

Astropecten irregularis 

15.94 % 

Etmopterus spinax 

11.2 % 

Astropecten irregularis 

6.58 % 

Coelorhynchus 

coelorhynchus 

6.05 % 

Holoturia tubulosa 

13.2 % 

Astropecten irregularis 

8.45 % 

Hoplostetus mediterraneus 

6.28 % 

Holoturia tubulosa 4.89 % Coelorhynchus 

coelorhynchus 

3.69 % 

Coelorhynchus 

coelorhynchus 

Holoturia tubulosa  

5.50 % 

Hymenocephalus italicus  

4.44 % 

Munida intermedia 

3.10% 
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7.7 % 

Gadiculus argenteus 

5.18 % 

Coelorhynchus 

coelorhynchus 

4.83 % 

Etmopterus spinax 

4.02 % 

Callionymus maculatus 

2.78% 

Holoturia tubulosa 3.92 % Hymenocephalus italicus 
4.79 % 

Lesueurigobius spp. 4.0 % Etmopterus spinax 

2.53 % 

Policheles typhlops 

2.61 % 

Medorippe lanata 

2.75 % 

Medorippe lanata 

3.39 % 

Leptopentacta tergestina 
2.47 % 

Macropipus tuberculatus 
2.54 % 

 Munida intermedia 

3.17% 

Synchiropus phaeton 

2.47 

Serranus hepatus 

2.33 % 

 Dardanus arrosor 

2.72 % 

Hymenocephalus italicus 
2.41 % 

   Suberites domuncula 

2.10 % 

 

Two of the principal non-commercial species were categorized as having high 
vulnerability to trawling practices, Coelorinchus coelorhincus and Hymenocephalus 
italicus, one of very high vulnerability, Etmopterus spinax; the others, Gadiculus 
argenteus, Astropecten irregularis, Holoturia tubulosa, Medorippe lanata, were 
classified as having moderate vulnerability (Table 5.1.6.5). Otherwise, the majority of 
the most important commercial species was classified as having high vulnerability to 
trawling; however, these species exhibited moderate-high, which lowered their overall 
vulnerability.  

 

Table 5.1.6.5.  GSA9.  Vulnerability of the principal non-commercial and commercial species in the study 
area. The overall vulnerability is a combination of three components: catchability, resistance and 
resilience. A high vulnerability is the result of high catchability, low resistance and low resilience. 

 Non-commercial species Catchability Resistance Resilience Vulnerability 

Gadiculus argenteus Moderate Low Very high Moderate 

Etmopterus spinax Moderate Low Low Very high 

Astropecten irregularis High High Very high Moderate 

Coelorinchus coelorhincus Moderate Low High High 

Hymenocephalus italicus Moderate Low High High 

Holoturia tubulosa Moderate High Very high Moderate 

Medorippe lanata Moderate High High Moderate 

Commercial species Catchability Resistance Resilience Vulnerability 

Parapenaeus longirostris Moderate Low High Moderate 

Eledone cirrhosa High High High Moderate 

Merluccius merluccius  Moderate Low High High 

Galeus melastomus Moderate Moderate Moderate High 
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Mullus barbatus Moderate Low High High 

Nephrops norvegicus  High Moderate Moderate High 

Trachurus trachurus  High Low High High 

 

Considering the whole non-commercial and commercial fractions, the characterization 
partly follows the pattern of the dominant species, with slight variations (Figure 
5.1.6.1). The non-commercial fraction is characterized by having high-moderate 
vulnerability, with high-moderate catchability, low resistance and moderate-high 
resilience. The commercial fraction shows the same pattern of the non-commercial 
fraction, except a higher resilience in comparison to that shown by the non-
commercial species.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1.6.1.  GSA 9. Biomass of the different vulnerability groups for commercial species (left) and 
non-commercial species (right) in the assemblage exploited by the otter bottom trawl (data: average 
2010-2015). 
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Considering the whole set of retained species (commercial and not commercial), the 
most important fraction was represented by the biomass of high vulnerability (53%) 
and moderate vulnerability species (36%) (Figure 5.1.6.2). The assemblage also 
includes species with either low or very high vulnerability, but their percentages are 
negligible, representing 3 and 8%, respectively. This is an expected result, as the low 
vulnerable fraction principally includes small invertebrates, with low catchability, 
which are low abundant in trawl catches.  

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1.6.2. GSA9. Composition (as percentage of biomass) of vulnerability groups in the species 
assemblage exploited by otter bottom trawl.  

 

 

 

 

Figure 5.1.6.3.  GSA9. Description of the species assemblage caught by the otter bottom trawl according 
to Catchability, Resistance and Resilience (data: percentage of biomass).  
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The analysis of the assemblage composition by season (Figure 5.1.6.4) or year (results 
not shown) follows the same pattern showed by the overall vulnerability ((Figure 
5.1.6.1), which indicates a substantial annual or seasonal stability in the species 
assemblage according to the biological traits composition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1.6.4. GSA9. Composition of vulnerability groups in the species assemblage exploited by the 
otter bottom trawl, according to season (data: average 2010-2015). 

 

 

Case Studies related with small-scale fishing activity 

 

CS 3.1 Algarve trammel nets 

After applying the representativeness criteria, the average abundance across samples 
for the retained species subset was 227 ind/1000m, while the average biomass for the 
excluded species was 52 ind/1000m. Therefore, the retained subset is considered an 
excellent representation of the assemblage. Considering the species subset, in 
average, the non-commercial species accounted to ca. 72% of the abundance retained 
by the trammel net gear. Of the 46 species retained by the “commonness criteria”, 18 
were non-commercial. 

Phallusia mammillata contributed up to 22% to total non-commercial abundance 
(average across sampling ), whereas in average it accounted to 16% of total catches. 
Twenty eight commercial species accounted to 28.3% of the total abundance catches, 
evidencing the multi-specificity of the fishery, although only six commercial species 
corresponded to about 75% of the biomass: Boops boops (21.7%), Chelidonichthys 
obscurus (14.3%), Pagellus acarne (13.8%), Microchirus azevia (11.9%), Trigloporus 
lastoviza (8 %) and Merluccius merluccius (5.5%). 
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Considering average catch composition by year, Phallusia mammillata dominated the 
non-commercial fraction. Nevertheless, species like Cymbium olla, Paracentrotus 
lividus, Astropecten aranciacus and Astrospartus mediterraneus where also highlighted 
in terms of relative importance or presence (Table 5.3.1.1).  

 

Table 5.3.1.1. The five principal non-commercial species indicating their % contribution to the total catch 
averaged across seasons.  

 

 

 

 

 

 

 

In average, the percentage of non-commercial fauna in the catches was higher in 
spring (84.8%) and summer (83.2%), and lower in autumn (54.3%) and winter (47.2%). 
Phallusia mammillata was one of the most important species in all seasons (Table 
5.3.1.2). 

 

Table 5.3.1.2. Top 5 species contributing to the non-commercial fraction averaged across years by 
season.   

Spring Summer Autumn Winter 

Paracentrotus lividus 

 (28.2%) 

Phallusia mammillata 
(42.3%) 

Dardanus arrosor 

 (30.6%) 

Phallusia mammillata 

 (44.4%) 

Cymbium olla (24.1%) Astrospartus 
mediterraneus (21.2%) 

Bolma rugosa 

 (15.4%) 
Astropecten aranciacus 
(19.8%) 

Astropecten aranciacus 
(18.5%) 

Cymbium olla (18.3%) 

 

Cymbium olla (14.3%) 
Halobatrachus 
didactylus (8.6%) 

Phallusia mammillata 

 (10.4%) 

Dardanus arrosor (3.6%) 
Paracentrotus lividus 
(8.8%) 

Dardanus arrosor 

 (7.8%) 

Astrospartus 
mediterraneus (4.0%) 

Astropecten aranciacus 
(3.1%) 

Astrospartus 
mediterraneus (8.3%) 

Callionymus lyra  

(6.4%) 

 

Regarding the commercial fraction, Pagellus acarne and Microchirus azevia dominated 
the catches across years, while the order of importance of the other species varied but 
principally included: Chelidonichthys obscurus and Boops boops. Nevertheless, the list 
of all retained commercial species show same variation across years with species 
clearly associated to a seasonal pattern (Table 5.3.1.3).  

 

2000 

Phallusia mammillata (15.7%) 

Cymbium olla (13.5%) 

Paracentrotus lividus (10%) 

Astropecten aranciacus (7.8%) 

Astrospartus mediterraneus (7%) 
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Table 5.3.1.3. Top 5 Commercial species contributing to the total catch averaged across years by season. 

Spring Summer Autumn Winter 

Pagellus acarne 
(17.5%) 

Microchirus 
azevia (26.8%) 

Boops boops 
(43.7%) 

Chelidonichthys 
obscurus (30.4%) 

Microchirus 
azevia (15.4%) 

Boops boops 
(21.9%) 

Trigloporus 
lastoviza (8.8%) 

Pagellus acarne 
(17.9%) 

Chelidonichthys 
obscurus (13.8%) 

Pagellus acarne 
(14.3%) 

Pagellus acarne 
(8.8%) 

Trigloporus 
lastoviza (11.0%) 

Pagellus 
erythrinus (9.4%) 

Citharus 
linguatula 
(10.7%) 

Microchirus 
azevia (6.3%) 

Merluccius 
merluccius (9.3%) 

Bothus podas 
(6.8%) 

Chelidonichthys 
obscurus (8.7%) 

Merluccius 
merluccius (5.4%) 

Microchirus 
azevia (8.4%) 

 

Two of the top five non-commercial species identified for each year were categorized 
as having high vulnerability to being catch and discarded, while other 6 species were 
categorized as moderately and just one were categorized as low vulnerability to 
trammel net gear.  

Of the non-commercial species, only one had a very high susceptibility to being catch 
(Halobatrarchus didactylus), five species had very high population resilience to being 
catch and discarded other three species had high resilience and only one where 
categorized has low resilience to being catch and discarded; however, about half of 
these species had a low or moderate resistance to being fished out of the water, which 
increased their overall vulnerability (Table 5.3.1.4).  

Otherwise, most of the principal commercial species had a high vulnerability to fishing 

practices. In general, the species had a very high to high susceptibility to being caught 

and low or moderate resistance of being extracted from the water; however, regarding 

population resilience, most of these species exhibited relatively high resilience to 

fishing practices, which lowered their overall vulnerability.  

 

Table 3.1.4. Vulnerability of the principal non-commercial and commercial species in the study area. The 
overall vulnerability is a combination of three components: catchability, resistance and resilience. A high 
vulnerability is the result of high catchability, low resistance and low resilience (note the different 
response direction of the components) 

Non-commercial species Catchability Resistance Resilience Vulnerability 

Astrospartus mediterraneus High High High Moderate 

Echinocardium cordatum High Low High High 

Paracentrotus lividus High Low High High 

Pentapora foliacea Low Low High High 

Centrostephanus longispinus High Moderate High Moderate 

Filograna implexa Moderate Moderate High Moderate 
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Dardanus arrosor High Very high High Moderate 

Halobatrachus didactylus Very high Low Moderate High 

Alicia mirabilis Low Moderate Moderate High 

Astropecten aranciacus High High Very high Moderate 

Holothuria tubulosa High High Very high Moderate 

Callionymus lyra High Low Very high Moderate 

Dendrophyllia ramea Low Low Very high Moderate 

Phallusia mammillata Low Low Very high Moderate 

Bolma rugosa High Moderate Very high Moderate 

Ophidiaster ophidianus High Moderate Very high Moderate 

Calappa granulata High Very high Very high Low 

Cymbium olla High Very high Very high Low 

Commercial species Catchability Resistance Resilience Vulnerability 

Maja squinado High High High High 

Chelidonichthys lucerna High Low High High 

Chelidonichthys obscurus High Low High High 

Citharus linguatula High Low High High 

Conger conger High Low High High 

Boops boops Very high Low High High 

Diplodus sargus sargus Very high Low High High 

Diplodus vulgaris Very high Low High High 

Liza aurata Very high Low High High 

Loligo vulgaris Very high Low High High 

Mullus surmuletus Very high Low High High 

Pagellus acarne Very high Low High High 

Pagellus erythrinus Very high Low High High 

Pagrus pagrus Very high Low High High 

Trigloporus lastoviza Very high Low High High 

Lithognathus mormyrus Very high Low High High 

Merluccius merluccius Very high Low High High 

Bolinus brandaris High Very high High Moderate 

Dicentrarchus labrax Very high Low Moderate Very high 

Labrus bergylta High Low Very high High 

Lepidotrigla cavillone High Low Very high High 

Microchirus azevia High Low Very high Moderate 

Balistes carolinensis Very high Low Very high Moderate 
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Bothus podas Very high Low Very high Moderate 

Diplodus bellottii Very high Low Very high Moderate 

Pagrus auriga Very high Low Very high Moderate 

Charonia lampas High Very high Very high Moderate 

 

Considering the complete non-commercial and commercial fractions, the 
characterization partly follows the pattern of the dominant species, with slight 
variations (which emphasized the importance of the whole assemblage assessment). 
The non-commercial fraction is characterized by having high and moderate 
vulnerability, with resilience to fishing practices, but high susceptibility to being catch 
and very high to high resistance. The commercial fraction is mostly high vulnerable to 
fishing practices, with also high resilience but with low resistance and very high or high 
catchability. Therefore, in this case study, both fractions of commercial and non-
commercial show more or less the same patterns in all the categories analysed, 
however since the abundance was higher in the non-commercial fraction, this one 
seems to be the most vulnerable fraction of the species assemblage (Figure 5.3.1.1). 
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Figure 5.3.1.1. Biomass of the different vulnerability groups for non-commercial species (left) and 
commercial species (right) in the assemblage fished by the trammel nets in the Algarve study area. 

 

Combining all the species retained in the subset, the overall vulnerability of the 
assemblage was characterized as moderate (48%) or high (38%), only one species had 
very high vulnerability and 14% had low vulnerability (Figure 5.3.1.2).  

The three vulnerability components show most of the assemblage having high 
catchability, and very high to high resilience. The resistance of being extracted from 
the water exhibited a value of over 58% of the assemblage being low resistance and 
21% with very high resistance (Figure 5.3.1.3).  
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Figure 5.3.1.2. Composition (as percentage of abundance) of vulnerability groups in the assemblage 
fished by the trammel nets in the Algarve study area. 

 

 

 

 

 

Figure 5.3.1.3. Description of the assemblage fished by the trammel nets in the Algarve study area in 
terms of its Catchability, Resistance and Resilience (data: percentage of abundance). 

 

 

The analysis of the assemblage composition by season indicates in spring season 
higher values of high vulnerability group and also the highest abundance in high and 
moderate groups, summer had an high value of moderate vulnerability and autumn 
and winter had the same composition and almost the same abundance (Figure 
5.3.1.4). 
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Figure 5.3.1.4. Composition of vulnerability groups in the assemblage fished by the trammel nets in the 
Algarve study area by season (data: 2000). 

 

CS 3.2 Balearic Sea set net fisheries 

In the Balearic Islands the most important by-catch species by weight of the spiny 
lobster fishery was the reef-forming, calcareous algae of the genus Lithothamnion spp., 
followed by four elasmobranchids (Figure 5.3.2.1). Note, that the units in Figure 5.3.2.1 
are kg. per trammel net. As a consequence, calcareous organisms formed a 
proportionally large part of the discarded weight. Taking into account this limitation 
discards formed 80.2% of the total catch. Excluding calcareous algae, the percentage of 
discards changed to 48%.  Within the traits based anlaysis only fauna was included and 
plant material was therefore exclueded from the analysis presented here. 

 

Figure 5.3.2.1.Total amount of by-catch (in kg) of non-commercialized species. 
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Overall catchability of the discard community was high which is not surprising 
considering that we used catch data for this type of analysis (Figure 5.3.2.2). Survival 
potential was high for 32% of individuals caught (Figure 5.3.2.2). 24% showed low 
survival potential while the greatest part 45% had moderate survival potential. 
Resilience showed that 50% had high resilience traits while the other 50% showed 
moderate resilience (Figure 5.3.2.2). Overall weighted vulnerability was high with 85% 
falling in high vulnerability categories (Figure 5.2). 

The weighted vulnerability score identified both fish and invertebrate species in the 
discard fraction that have a high vulnerability and may therefore require attention 
with respect to mitigation action. Equally examining survival and resilience indexes 
helped to identify species that may be less of a problem with respect to discards due 
to their relatively high survival and resilience potential (see Table 5.1). 

 

 

Figure 5.3.2.2.  Discard composition with respect to their overall Vulnerability made up of the separate 
components of Catchability, Resistancel and Resilience. 

 

In particular, the frequently discarded elasmobranchids Raja spp, Leucoraja naveus 
and Raja clavate (see Figure 5.1) may be species that may benefit from mitigation 
measures. For the invertebrate species, the hard coral Dendrophyllia and Sponges may 
need to be considered for mitigation measures as they were frequently discarded and 
showed high weighted vulnerabiltiy. Juveniles of the target species Palinurus elephas 
were discarded but this species had a releaivly high survial potential and resilience. 
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Table 5.3.2.2.  Common discard species contributing and their Vulnerability, Resistance and Resilience  
Categories. 

 

 

 

CS 3.4 Small-scale fishing in the Catalan coast  

Trammel net is a targeted fishery, therefore a small group of commercial species 
accounts for most of the biomass caught. These are the sole Solea solea, prawn 
Penaeus kerathurus and the common cuttlefish, Sepia officinalis, the three targets of 
this fishery. The main by catch is represented by the murex, Bolinus brandaris, the 
annular sea bream, Diplodus annularis, and by gilthead seabream, Sparus aurata (Table 
5.3.4.1). Four of the most important commercial species were classified as having high 

Very high High Moderate Low

Mullus spp. Leucoraja naevus

Fish Raja spp. Lophius piscatorius

Raja clavata

Scorpaena scrofa

Scyliorhinus canicula

Trigla lyra

Zeus faber

Invertebrates Dendrophyllia cornigera Calappa granulata

Echinus melo Cidaris cidaris

Palinurus elephas Ascidia

Porifera

Spatangus purpureus

Stichopus regalis

Very High High Moderate Low

Leucoraja naevus Lophius piscatorius

Fish Mullus spp. Raja spp.

Scorpaena scrofa Raja clavata

Scyliorhinus canicula

Trigla lyra

Zeus faber

Invertebrates Cidaris cidaris Dendrophyllia cornigera Calappa granulata

Porifera Spatangus purpureus Echinus melo

Ascidia Stichopus regalis Palinurus elephas

Very High High Moderate Low

Fish Scyliorhinus canicula Leucoraja naevus

Lophius piscatorius

Mullus spp.

Raja spp.

Raja clavata

Scorpaena scrofa

Trigla lyra

Zeus faber

Invertebrates Calappa granulata Palinurus elephas Cidaris cidaris Dendrophyllia cornigera

Echinoide Porifera

Echinus melo Spatangus purpureus

Stichopus regalis

Weighted vulnerability

Resilience

Survival
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vulnerability to trammel net, one, Bolinus brandaris, moderate and two, Penaeus 
kerathurus and Trachurus spp were classified as low vulnerability.  

 

Table 5.3.4.1. Vulnerability of the principal commercial species in the study area. The overall 
vulnerability is a combination of three components: catchability, resistance and resilience.  

Commercial species Catchability Resistance Resilience Vulnerability 

Solea solea High Low High High 

Sepia officinalis  Very high Moderate High High 

Penaeus kerathurus Moderate Very high Very high Low 

Bolinus brandaris High Very high Moderate Moderate 

Diplodus annularis Very high Low Very high High 

Trachurus spp Low Very high Very high Low 

Sparus aurata Very high Low High High 

 

Considering the whole commercial and non-commercial fractions, the characterization 

partly follows the pattern of the dominant species (Figure 5.3.4.1).  
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Figure 5.3.4.1. Biomass of the different vulnerability groups for commercial species (left) and non-
commercial species (right) in the assemblage exploited by the trammel net fishery  

 

The commercial fraction is characterized by a dominance of high vulnerability, very 
high catchability, low moderate survival and high resilience. On the other hand, most 
of the biomass caught of the non-commercial fraction, is due to species with moderate 
vulnerability, high catchability and very high to high survival and resilience.  
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Figure 5.3.4.2. Discard composition with respect to their overall Vulnerability made up of the separate 
components of catchability, resistance and resilience. 

 

Survival potential was high for 69% of individuals caught. 29 % showed low survival 
potential. Resilience showed that 98% had very high resilience traits while the other 
2% showed moderate. The species show high and very high catchability, 45% and 21% 
respectively 29 % had moderate catchability and only 5% had a low catchability. 

The weighted vulnerability score identified both fish and invertebrate species in the 
discard fraction that have a high or very high vulnerability. This species require 
attention with respect to mitigation action.  
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Table 5.3.4.2. Common discard species contributing with over 1% to discards abundances. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tables 5.3.4.2 and 5.3.4.3 show the species classified by contribution and the scores of 
resilience, survival, etc. This allows us to identify species that may be less of a problem 
with respect to discards due to their relatively high survival and resilience.  

Species Contribution 

Nassarius mutabilis 17 

Atelecyclus undecimdentatus 9 

Sardinella aurita 8 

Corystes cassivelaunus 6 

Sardina pilchardrus 6 

Pennatula rubescens 5 

Bolinus brandaris 4 

Dardanus calidus 4 

Ethusa mascarone 4 

Medoripe lanata 4 

Pegusa lascaris 4 

Coscinasterias tenuispina 2 

Macropodia rostrata 2 

Pagellus acarne 2 

Torpedo marmorata 2 

Diplodus sargus 1 

Hexaplex trunculus 1 

Sparus aurata 1 
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Table 5.3.4.3.  Common discard species contributing and their Vulnerability, Resistance and Resilience  
Categories

 

 

 

 

 

 

 

Very high High Moderate Low

Torpedo marmorata Diplodus sargus Pegusa lascaris

Fish Pagellus acarne

Sardina pilchardrus

Sardinella aurita

Sparus aurata

Invertebrates Pennatula rubescens Astropecten irregularis Hexaplex trunculus

Phallusia mammillata Atelecyclus undecimdentatus Macropodia rostrata

Bolinus brandaris Nassarius mutabilis

Corystes cassivelaunus

Coscinasterias tenuispina

Dardanus calidus

Ethusa mascarone

Medoripe lanata

Very High High Moderate Low

Diplodus sargus Pagellus acarne Torpedo marmorata

Fish Pegusa lascaris

Sardina pilchardrus

Sardinella aurita

Sparus aurata

Invertebrates Astropecten irregularis Atelecyclus undecimdentatus

Coscinasterias tenuispina Bolinus brandaris

Hexaplex trunculus Corystes cassivelaunus

Macropodia rostrata Dardanus calidus

Nassarius mutabilis Ethusa mascarone

Phallusia mammillata Medoripe lanata

Pennatula rubescens

Very High High Moderate Low

Fish Pegusa lascaris Diplodus sargus

Pagellus acarne

Sardina pilchardrus

Sardinella aurita

Sparus aurata

Torpedo marmorata

Invertebrates Bolinus brandaris Astropecten irregularis Pennatula rubescens

Dardanus calidus Atelecyclus undecimdentatus Phallusia mammillata

Ethusa mascarone Corystes cassivelaunus

Hexaplex trunculus Coscinasterias tenuispina

Macropodia rostrata Medoripe lanata

Nassarius mutabilis

Weighted vulnerability

Resilience

Survival
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CS 3.5 Set nets in Ligurian and northern-central Tyrrhenian Sea (GSA 9) 

 

CS3.5a) Trammel net fishery targeting cuttlefish, Sepia officinalis, and red mullets, 
Mullus spp. 

The whole database obtained from the data collected during the observations on 
board of the trammel net fishery of GSA9 consisted in 111 species, of which 64 
commercial species and 47 not commercial species. After applying the 
representativeness criteria, that are, for each species, the frequency of occurrence in 
at least 10% of the monitored hauls or the inclusion in the 90% of cumulated biomass, 
the resulting subset accounted for 44 species, of which 38 commercial and 6 not 
commercial (see the Annex for the complete list of species).  

Considering the species subset, in average, the commercial and the not commercial 
species were the 83.2 and the 8.6%, respectively, of the biomass caught by trammel 
net. Therefore, the retained subset can be a good representation of the total fish 
assemblage. 

This is a very targeted fishery, therefore a small group of commercial species accounts 
for most of the biomass caught. These are the striped red mullet, Mullus surmuletus, 
and the common cuttlefish, Sepia officinalis, the two targets of this fishery. The main 
by catch is represented by the common octopus, Octopus vulgaris, the annular sea 
bream, Diplodus annularis, and by the mantis shrimp, Squilla mantis (Table 5.3.5.1). As 
shown by the Table 5.3.5.2, this fishery is strictly seasonal: in spring and summer the 
main target is the striped red mullet, while in autumn and winter this species is 
replaced by the common cuttlefish. 

 

Table 5.3.5.1. GSA9.  The five principal commercial species indicating their % contribution to the total 
catch averaged across years.  

2012 2013 2014 2015 

Sepia officinalis 

52.8 % 

Mullus surmuletus 

25.1 % 

Mullus surmuletus 

25.1 % 

Mullus surmuletus 

27.1 % 

Octopus vulgaris 

17.3 % 

Sepia officinalis 

12.4 % 

Sepia officinalis 

20.8 % 

Diplodus annularis 

15.0 % 

Mullus surmuletus 

9.2 % 

Squilla mantis 

18.2 % 

Diplodus annularis 

12.4 % 

Sepia officinalis 

9.3 % 

Sparus aurata 

5.3 % 

Diplodus annularis 

6.8 % 

Octopus vulgaris 

7.4 % 

Octopus vulgaris 

7.6 % 

Scorpaena porcus 

5.1 % 

Scorpaena porcus 

5.9 % 

Scorpaena porcus 

7.3 % 

Scorpaena porcus 

4.1 % 
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Table 5.3.5.2. GSA9. Commercial species contributing to 70% of the total catch averaged across seasons.  

Spring Summer Autumn Winter 

Mullus surmuletus 

31.7 % 

Mullus surmuletus 

34.5 % 

Sepia officinalis  

19.8 % 

Sepia officinalis 

 62.6 % 

Sepia officinalis 20.2 % Diplodus annularis 

15.1 % 

Diplodus annularis 

16.6 % 

Octopus vulgaris 

14.8 % 

Diplodus annularis 

7.8 % 

Mullus barbatus 

13.8% 

Mullus surmuletus 

15.9 % 

 

Octopus vulgaris 

6.8 % 

Scorpaena porcus 

6.3 % 

Octopus vulgaris 

8.1 % 

 

Scorpaena porcus 

5.1 % 

Octopus vulgaris 

5.8 % 

Scorpaena porcus 

5.0%  

 

  Mullus barbatus 

4.8 % 

 

 

As regards the non commercial species, in general this fraction represents a low 
fraction of the total catch, newer exceeding the 10% of the total biomass caught. 
Among the most important non commercial species, a primary role is played, in all 
years and seasons, by the Holoturoid Holoturia tubulosa (Tables 5.3.5.3 and 5.3.5.4). 
This species is followed by the Labridae Symphodus tinca, the Serranidae Serranus 
hepatus and by the gastropod Hexaplex trunculus. H. tubulosa, is the main non 
commercial species in all the seasons, where it represents from 42.4 to 78.1 of the 
total catch of the non commercial species (Table 5.3.5.4). 

 

Table 5.3.5.3. GSA9. The five principal non-commercial species indicating their % contribution to the 
total catch averaged across years. 

2012 2013 2014 2015 

Holoturia tubulosa 

3.7 % 

Holoturia tubulosa 

3.1 % 

Holoturia tubulosa 

3.0 % 

Holoturia tubulosa 

5.4 % 

Hexaplex trunculus 

0.4 % 

Symphodus tinca 

2.11 % 

Serranus hepatus 

0.7 % 

Symphodus tinca 

1.6 % 

Symphodus tinca 

0.4 % 

Hexaplex trunculus 

0.4 % 

Hexaplex trunculus 

0.4 % 

Hexaplex trunculus 

0.1 % 

 Serranus hepatus 

0.4 % 

Symphodus tinca 

0.3 % 

Bolma rugosa 

0.1 % 
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Table 5.3.5.4. GSA9. Species contributing to 80% of the non-commercial fraction averaged across 
seasons.   

Spring Summer Autumn Winter 

Holoturia tubulosa 

78.1 % 

Holoturia tubulosa 

70.6 % 

Holoturia tubulosa 

42.4 % 

Holoturia tubulosa 

66.6 % 

Symphodus tinca 

13.6 % 

Symphodus tinca 

16.7 % 

Symphodus tinca 

36.9 % 

Hexaplex trunculus 

26.5 % 

  Serranus hepatus 

9.6 % 

 

 

 

Two of the principal non-commercial species were categorized as having very high or 
vulnerability to trammel net practices, Symphodus tinca and Serranus hepatus, 
respectively (Table 6.5). The other species, Holoturia tubulosa, Hexaplex trunculus and 
Bolma rugosa were classified as having moderate vulnerability (Table 5.3.5.5). 

On the other hand, all the most important commercial species were classified as 
having high vulnerability to trawling (Table 5.3.5.5). 

 

Table 5.3.5.5. GSA9.  Vulnerability of the principal non-commercial and commercial species in the study 
area. The overall vulnerability is a combination of three components: catchability, resistance and 
resilience. A high vulnerability is the result of high catchability, low resistance and low resilience. 

 Non-commercial species Catchability Resistance Resilience Vulnerability 

Holoturia tubulosa Moderate High  Very high Moderate 

Hexaplex trunculus Moderate Very high High Moderate 

Symphodus tinca Very high Low Moderate Very high 

Serranus hepatus High  Low Very high High 

Bolma rugosa Moderate Very high High Moderate 

Commercial species Catchability Resistance Resilience Vulnerability 

Mullus surmuletus Very high Low High High 

Sepia officinalis  Very high Moderate High High 

Octopus vulgaris High High High High 

Scorpaena porcus High Low High High 

Diplodus annularis Very high Low High High 

Squilla mantis High High High High 

Sparus aurata Very high Low High High 
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Considering the whole commercial and non-commercial fractions, the characterization 
partly follows the pattern of the dominant species (Figure 5.3.5.1). The commercial 
fraction is characterized by a dominance of high vulnerability, high to very-high 
catchability, low resistance and high resilience. On the other hand, most of the 
biomass caught of the non-commercial fraction, is due to species with moderate 
vulnerability, moderate catchability, high resistance and very high resilience.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.3.5.1.  GSA 9. Biomass of the different vulnerability groups for commercial species (left) and 
non-commercial species (right) in the assemblage exploited by the trammel net fishery for cuttlefish and 
red mullets (data: average 2012-2015). 

 

Considering the whole set of retained species (commercial and not commercial), the 
most important fraction was largely represented by the biomass of high vulnerability 
(83%) species, followed by the moderate (11%) and very high (6%) vulnerability species 
(Figure 5.3.5.2).  

As concerns catchability, the main fractions are due to very high (55%) and high (32%); 
low resistance species resulted the most abundant (58%), followed by moderate (20%) 



Deliverable 1.10 

  

68 

and high (20%) resistance species. Finally, high resilience species dominated the catch 
with the 83% of the biomass retained. (Figure 5.3.5.3) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.3.5.2. GSA9. Composition (as percentage of biomass) of vulnerability groups in the species 
assemblage exploited by the trammel net fishery for cuttlefish and red mullets (data: average 2012-
2015). 

 

 

 

 

Figure 5.3.5.3. GSA9. Description of the species assemblage caught by the trammel net fishery 
according to Catchability, Resistance and Resilience (data: percentage of biomass).  

 

The analysis of the assemblage composition by season (Figure 5.3.5.4) or year (results 
not shown) follows the same pattern shown by the overall vulnerability (Figure 
5.3.5.1), which indicates a substantial annual or seasonal stability in the species 
assemblage according to the biological traits composition. 
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Figure 5.3.5.4. GSA9. Composition of vulnerability groups in the species assemblage exploited by 
trammel net, according to season (data: average 2012-2015). 

 

CS3.5b) Gillnet fishery targeting common sole, Solea solea. 

The whole database obtained from the data collected during the observations on 
board of the gillnet fishery of GSA9 consisted in 68 species, of which 64 commercial 
species and 47 not commercial species 

After applying the representativeness criteria, that are, for each species, the frequency 
of occurrence in at least 10% of the monitored hauls or the inclusion in the 90% of 
cumulated biomass, the resulting subset accounted for 38 species, of which 21 
commercial and 17 not commercial (see the Annex for the complete list of species).  

Considering the species subset, in average, the commercial and the not commercial 
species were the 87.0% and the 4.7%, respectively, of the biomass caught by gillnet. 
Therefore, the retained subset can be a good representation of the total fish 
assemblage. 

The commercial fraction is dominated by a restricted group of species, which resulted 
recurrent across the years and the seasons monitored (Tables 5.3.5.6 and 5.3.5.7). The 
most abundant species is the common sole, Solea solea, the target species of this 
fishery; it is particularly important in autumn and winter, when it represent from 46 to 
67% of the commercial catches. In summer this fishery is targeted mainly to mantis 
shrimp, Squilla mantis. Another important species of the commercial by catch is the 
starry ray, Raja asterias. 

 

Table 5.3.5.6. GSA9.  The five principal commercial species indicating their % contribution to the total 
catch averaged across years.  

2012 2014 2015 

Solea solea  

51.5 % 

Squilla mantis  

20.8 % 

Solea solea 

45.8 % 
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Sepia officinalis  

10.5 % 

Raja asterias 

 20.1 % 

Raja asterias 

22.3 % 

Squilla mantis  

7.4 % 

Solea solea  

17.5 % 

Squilla mantis 

7.0 % 

Schophtalmus rhombus 

6.3 % 

Trachurus mediterraneus 

15.2 % 

Uranoscopus scaber 

4.1 % 

Raja asterias  

 5.4 % 

Melicertus kerathurus 

4.5 % 

Chelidonichtys lucernus 

2.1 % 

 

 

Table 5.3.5.7. GSA9. Commercial species contributing to 80% of the total catch averaged across seasons.  

Spring Summer Autumn Winter 

Raja asterias 

45.9 % 

Squilla mantis 

60.9 % 

Solea solea 

46 % 

Solea solea 

67.3 % 

Solea solea 

28.2 % 

Melicertus kerathurus 

14.5 % 

Raja asterias 

23.1 % 

Sepia officinalis 

8.2 % 

Chelidonichtys lucernus 

7.6 % 

Raja asterias 

9.2 % 

Squilla mantis 

9.3 % 

Raja asterias 

4.2 % 

 

 

The non-commercial fraction represents a low percentage of the total catch. The most 
abundant species belong to hermit crabs, Paguridae, and the Holoturoid Holoturia 
tubulosa. These are followed by the Gastropods Hexaplex trunculus and Aporrhais 
pespelicani. This species assemblage is maintained in all the seasons, except in summer 
where the non commercial fraction was dominated by the crab Liocarcinus depurator 
and by the flatfish Pegusa lascaris (Tables 5.3.5.8 and 5.3.5.9). 

Table 5.3.5.8. GSA9. The five principal non-commercial species indicating their % contribution to the 
total catch averaged across years. 

2012 2014 2015 

Paguridae 

3.9 % 

Holoturia tubulosa 

3.5 % 

Holoturia tubulosa 

2.2 % 

Hexaplex trunculus 

3.2 % 

Liocarcinus depurator 

1.4 % 

Paguridae 

1.0 % 

Holoturia tubulosa 

1.2 % 

Astropecten spp. 

1.1 % 

Astropecten spp. 

0.6 % 

Aporrhais pespelecani 

0.3 % 

Paguridae 

0.8 % 

Aporrhais pespelecani 

0.2 % 

Goneplax rhomboides 

0.2 % 

Medorippe lanata 

0.2 % 

Hexaplex trunculus 

0.2 % 
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Table 5.3.5.9. GSA9.Species contributing to 70% of the non-commercial fraction averaged across 
seasons. 

Spring Summer Autumn Winter 

Paguridae 

33.6 % 

Liocarcinus depurator 

60.0 % 

Holoturia tubulosa 

66.3 % 

Paguridae 

44.5 % 

Holoturia tubulosa 

25.9 % 

Pegusa lascaris 

31 % 

Astropecten sp. 

19.9% 

Hexaplex trunculus 

35.2 % 

Hexaplex trunculus 

12.2 % 

  Holoturia tubulosa 

13 % 

Aporrhais pespelecani 

12.1 % 

   

 

 

All the most abundant non-com mercial species were categorized as having moderate 
vulnerability to gillnet (Table 5.3.5.10). On the other hand, all the most abundant 
commercial species were classified as having high vulnerability to gillnet (Table 
5.3.5.10). 

 

Table 5.3.5.10. GSA9. Vulnerability of the principal non-commercial and commercial species in the study 
area. The overall vulnerability is a combination of 3 components: catchability, resistance and resilience. A 
high vulnerability is the result of high catchability, low resistance and low resilience. 

Non-commercial species Catchability Resistance Resilience Vulnerability 

Holoturia tubulosa Moderate High Veriy high Moderate 

Paguridae Moderate Very high High Moderate 

Astropecten spp. High High Very high Moderate 

Aporrhais pespelecani Low Very high High Moderate 

Hexaplex trunculus Moderate Very high High Moderate 

Liocarcinus depurator High Very high High Moderate 

Commercial species Catchability Resistance Resilience Vulnerability 

Solea solea  High Low High High 

Raja asterias Low Moderate High High 

Squilla mantis High High High High 

 

Considering the whole commercial and non-commercial fractions, the characterization 
follows the pattern of the dominant species (Figure 5.3.5.5).  
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Figure 5.3.5.5. GSA 9. Biomass of the different vulnerability groups for commercial species (left) and 
non-commercial species (right) in the assemblage exploited by the gillnet fishery for common sole (data: 
average 2012-2015). 

 

In the commercial fraction, most of the biomass caught us due to species with high 
vulnerability, high catchability, low resistance and high resilience. The catch of the 
non-commercial fraction is mainly due to species with moderate vulnerability, medium 
catchability, high-very high resistance and very high – high resilience.   

Considering the whole set of retained species (commercial and not commercial), the 
most important fraction was represented by the biomass of high vulnerability (74%) 
species, followed by that of moderate (20%) a and very high (6%) vulnerability species 
(Figure 5.3.5.6).  
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Figure 5.3.5.6. GSA9. Composition (as percentage of biomass) of vulnerability groups in the species 
assemblage exploited by the gillnet fishery for common sole (data: average 2012-2015). 

 

Figure 5.3.5.7. GSA9. Description of the species assemblage caught by the gillnet fishery for common sole, according 
to Catchability, Resistance and Resilience (data: percentage of biomass).  

The analysis of the assemblage composition by season (Figure 5.3.5.8) or year (results 
not shown) follows the same pattern showed by the overall vulnerability (Figure 
5.3.5.1), which indicates a substantial annual or seasonal stability in the species 
assemblage according to the biological traits composition. We have to note only the 
grater catch values registered in autumn.  

 

 

 

 

 

 

 

 

 

 

Figure 5.3.5.8. GSA9. Composition of vulnerability groups in the species assemblage exploited by gillnet, 
according to season (data: average 2010-2015). 
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6. Fishing effort 

 

The fishing effort at each CS  was estimated considering the Gross Tonnage (GT) of 
vessels and the number of days at sea. For the three Mediterranean CS the 
information comes from the Data Collection Framework. The data of the Algarve CS 
was from GeoCrust Project . 

The fishing effort estimated for each year is the mean of the year. The study period is 
not exactely the same for each CS (Table 6). 

 

Table 6. Fishing effort in each case study as GT * days at sea. 
1
Data from GeoCrust Project. 

 1998 1999 2000 2001   

Algarve 
Crustacean  

OTB
1
 

121,469 198,748 220,097 216,305   

 2011 2012 2013 2014 2015  

Catalan Sea  

OTB 

5,343,285 5,109,806 5,021,556 5,216,517 4,685,445  

 2010 2011 2012 2013 2014 2015 

Ligurian & 

 N-C Tyrrh 

  OTB 

1910800 1837100 1891900 1939400 1863300 1880000 

Ligurian & 

 N-C Tyrrh 

  GTR-GNS 

360,900 420,200 312,300 325,600 319,000 320,500 

 2009 2010 2011 2012 2013  

Strait of 

 Sicily OTB
2
 

6,206,598 6,380,011 5,309,617 5,256,146 5,508,062  
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7. Discussion 

 

Case Studies related with trawl fishing activity 

CS1.2  Algarve deep-water crustacean fishery 

The Algarve deep-water crustacean fishery uses the slope and the deep part of the 
coastal shelf for their fishing activity. Trawler from the main ports of Algarve 
(Portimão, Olhão and V.R.Sto Antonio) use the muddy fishing grounds of the south and 
south-west coast of Portugal to target mainly two species of crustaceans (Parapenaeus 
longirostris and Nephrops norvegicus). Apart from the historical data used in this case 
study, fishing effort and number of vessel are much lower than the other case studies 
located in the Mediterranean Sea. 

Commercial species had high vulnerability to this fishery, mainly cause by the high 
catchability and also by low or moderate resistance, however these species also had 
high resilience mainly due to fish species with pelagic eggs, long or average life span, 
annual reproduction and age at maturity lower than 5 years. Non commercial species 
had two main groups of vulnerability, one with high vulnerability, mainly fish species 
caused by the same reason of the commercial species and another one with moderate 
vulnerability dominated by invertebrate species and some fish species with moderate 
vulnerability. This group it is also characterised by very high or high resilience. Non-
commercial species had high or moderate catchability indicating that measures 
improving species selectivity in this fishery could improve the impact in this species, 
also species with high resistance should be handled in a proper matter to decrease the 
impact in this type of species. Fishermen must be informed of these results to improve 
their awareness in these matters. 

A clear seasonal pattern was observed indicating that measures concerning specific 
periods of time could reduce the impact in very high vulnerability species. Between 
years variation was not clear enough to define a marked pattern however between 
years some of the most important species change, may be as a result of different 
fishing grounds or sampling effort. Spatial patterns of vulnerability were not possible 
to be analysed in this study, but for certain plays an important role and can be used to 
reduce the impact of this fishery in fishing grounds where species of high or very high 
vulnerability had higher biomass. 

 

CS1.4 Catalan Sea Bottom trawl fishery 

The monitored fleet in the Catalan Sea case study was based in Palamós harbour, with 
fishing grounds extending over a soft-bottom continental shelf and slope. The 
commercial fraction monitored from 2011 to 2015 was dominated, in terms of 
biomass, by a set of 6 species, with Merluccius merluccius generally being the top 
contributor. Most of the principal commercial species had high vulnerability to fishing 
practices, with high catchability rates and low resistance to being extracted from the 
water, but a relatively high resilience; for example, M. merluccius has a high resilience 
due to combined traits of long life-span but age at maturity <5yrs, annual reproductive 
frequency and pelagic eggs; low resilient species are for example the elasmobranchs 
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Etmopterus spp. that have annual reproduction but long life-span, late maturity and 
viviparity; these low resilient species were not recorded in our assemblage. Otherwise, 
the contribution of the non-commercial species to the total catch was relatively low, 
ca. 6% of biomass, and principally comprised 25 species. The non-commercial fraction 
was dominated by the ascidian Diazona violacea that, despite having an overall low 
vulnerability (due to a high resilience rate and moderate resistance), has high 
susceptibility to being catch. This means that the trawlers would probably catch high 
quantities of this invertebrate when fishing over habitats with high density of this 
sessile species. The other non-commercial species had variable vulnerabilities but, in 
general, this fraction had a moderate vulnerability to fishing practices, with moderate 
to high catchability and moderate to low resistance, but high to very high population 
resilience. There was no marked seasonality or inter-annual variability in the 
contribution of the species to catch biomass, and therefore, on the overall 
vulnerability of the catch. However, we emphasize the importance of a spatial 
identification of samples to relate vulnerability of the catch with certain habitat types 
like sensitive habitats or essential fish habitat, e.g. whether high densities of Diazona 
violacea might play a role as a nursery habitat, or whether there are specific areas or 
seasons with high concentrations of those species having higher vulnerability to fishing 
practices, like the non-commercial species Antedon mediterranea.  

It is worth mentioning that the assemblage barely included species with either low or 
very high vulnerability (the score values towards the extremes). This is not totally 
unexpected as the low vulnerable fraction principally includes small invertebrates, with 
low catchability, that are probably underrepresented in the trawled assemblage. 
Otherwise, species with very high vulnerability (such as some elasmobranch identified 
in the common species list) might have been already decimated from these historically 
exploited fishing grounds.  

 

CS1. 5 Bottom trawl fisheries in the Strait of Sicily 

The assessment of the community response to trawling impact provided an overall 
view of the identified vulnerability groups as well as for the selected commercial and 
non-commercial species. First of all, it is worth to note that the composition in 
vulnerability groups does not vary according to seasons and years. Moreover, is 
important to underline, as the 97% of the vulnerability groups were categorized as 
high-moderate, being classified only 3% as very high. In this context, taking into 
account the adopted classification of the biological traits (Catchability - Resistance – 
Resilience) and the composition of exploited assemblage in the Strait of Sicily , the 
obtained results are consistent with a community regularly exploited and 
characterized by species with high/moderate catchability and high resilience, at least 
for most of the fishable fraction. The above-summarized results are in line with the 
fishermen knowledge about an increasing of commercial biomass in the deep water 
shrimp fishing grounds exploited by trawling. As expected by the knowledge on life 
cycle and fisheries of the cephalopods, they show a moderate vulnerability to trawling.   

In conclusion, the high vulnerability recorded in the assemblage exploited by deep 
water rose shrimp trawling in the Strait of Sicily is related to a moderate catchability 
and a high resilience. These two features seems to be able in maintaining a quite 
stable abundance of several species in the area. 
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CS1.6 Bottom trawl fisheries in Ligurian and northern-central Tyrrhenian Sea (GSA 9) 

The fishery investigated is that performed mainly by the otter trawl vessels of Tuscany, 
in GSA 9. This fleet works principally on continental shelf and upper slope bottoms, 
exploiting a diversified species assemblage of commercial species. Among them, the 
most important are Merluccius merluccius, Mullus barbatus, Eledone cirrhosa, and the 
two crustaceans Nephrops norvegicus and Parapenaeus longirostris. In particular, in 
this area the abundance of P. longirostris has shown a progressive increase in the last 
two deacades, so that this species has became the main target for most vessels and 
one important item in the landings  

Most of the biomass caught of commercial species is related to species with high and 
moderate vulnerability to trawling, mainly due to their low resistance. In any case, 
these species shows high resilience, due to their biological and ecological 
characteristics, e.g. fast growth, high fecundity, moderate catchability.  

According to the recent stock assessments, P. longirostris seems still able to sustain an 
intense fishing effort, whereas other species, as M. barbatus and in particular M. 
merluccius, are overexploited, suffering of an excessive fishing mortality on juveniles. 
These species have been classified as high vulnerable; we underline their low 
resistance, due to the very low survival rate once discarded. 

A reduction of the fishing pressure on small size specimens, by mean of an increase of 
gear selectivity or spatio-temporal management measures, could therefore produce a 
reduction of discards of these species, which are highly vulnerable to trawling activity. 

Among the commercial species, it is worthy to be mentioned the medium size shark 
Galeus melastomus, very abundant in the catch in the upper slope. However, this 
species, mostly discarded to its low commercial value, has been characterised as highly 
vulnerable, moderately resistant and resilient. A similar situation is for the horse 
mackerel, Trachurus trachurus, a commercial species, but mostly discarded by this 
fishery. 

As concerns the non commercial species, most of the species were classified from 
moderate to high vulnerability. The most abundant one is Gadiculus argenteus, a 
schooling and a fast growing nectobenthic species, therefore considered as highly 
resilient. On the other side, another important non commercial species is the 
Elasmobranch Etmopterus spinax, showing very high vulnerability, caused mainly by its 
low fecundity and the late age at maturity.  

Other non commercial species are benthic species, as Echinoderms (e.g. Astropecten 
irregularis, Holoturia tubulosa) and crabs. These species are an important element of 
the local benthic communities. Although they show a general moderate vulnerability 
(high resistance and resilience), a reduction of their catches through a less selective 
fishery can be beneficial, to preserve the integrity of the benthic species assemblages.  
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Case Studies related with small-scale fishing activity 

 

CS3.1 Algarve set nets 

The Algarve trammel nets fishery is a local fishery characterized by small fishing boats. 
The trammel nets fleet occurs all over Algarve harbors but it is more representative in 
Lagos, Portimão, Quarteira and Olhão where they fish near the shore in sandy or 
muddy sand bottoms in daily trips. 

Seasonal patterns are not evident, however the summer season exhibit a different 
pattern with more abundance of species with moderate vulnerability and spring, even 
with the same pattern of autumn and winter, had more abundance. That way season it 
is an important factor in terms of the impact of this fishery on the assemblage of 
species fished, measures could be taken in order to reduce the impact in spring 
months and transfer the effort for summer months. 

Commercial species was mainly classified as high vulnerable mainly because of their 
low resistance when taken out of the water and their high or very high catchability. 

Non commercial species were dominated by invertebrate species, like crustaceans, 
echinoderms and gastropods, only two fish species were present. Most of them were 
classified with moderate vulnerability mainly because of their very high or high 
resilience and high catchability. In term of resistance there is no clear pattern among 
invertebrates however six species had very high or high resistance to survive after on 
board. These species must be studied in order to understand their survival after 
discarded since they are the ones with best chances due to their good condition.  

As this study indicates some measures could be taken in association with fishermen 
because there is some space to improve the nets, promote onboard good practices, 
changing soaking time but also to identify fishing grounds, in time and/or space, with 
the objective to reduce the catch of species with higher vulnerability. With this aim in 
mind, was introduced in this fishery, in the context of the Minouw project, the “greca” 
to reduce the catch of discarded species. 

 

CS3.2 Balearic set net fisheries   

In the Baliearic Island the the compositionof discards from the set net fisheries 
targeting spiny lobsters (Palinurus elephas) demonstrated that overall weighted 
vulnerability of species was high. However, of the discarded species 32% had high 
survival potential and 50% had high resilience demonstrating that there was capacity 
for recovery for a great part of the species. Nevertheless, there were several species 
that may require attention, in particular, some ray species were identified as having 
low survial and low resilience. Also, some fragile invertebrates such as the purple 
irregular urchin Spartangus purpureus and the hard coral Dendrophyllia cornigera had 
lower survival potentials. Juveniles of the target species Palinurus elephas were 
discarded frequenly but this species had a relatively high survial potential and 
resilience. By-catch of vulnerable species in particular habitat forming species may be 
avoided through spatial management startegies. The catching of unwated ray species 
may be achived though technical measures i.e. slight reduction of mesh sizes. 
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CS3.4 Small-scale fishing Catalan coast  

Trammel net fisheries are a typical element of the small scale fleets of Sant Carles de la 
Rapita in Catalonia. The commercial species of the two fisheries represent the main 
fraction of the total catch (81%). Discard is mainly related to non commercial species 
and to a very small portion (mostly damaged or undersized specimens) of commercial 
species. Discard are mainly invertebrates, crustaceans, mollusk and echinoderms. A lot 
of the invertebrates have been classified as moderately vulnerable. In spite of this, the 
reduction of unwanted catches should be reduced as they contribute to ecosystem 
diversity. 

 

CS3.5 Set nets in Ligurian and northern-central Tyrrhenian Sea (GSA 9) 

Two different fisheries were considered, that performed with trammel nets targeting 
cuttlefish and red mullets and that using gillnets targeted to common sole. Both 
fisheries are a typical element of the small scale fleets of Tuscany, along the GSA9. 

The commercial species of the two fisheries represent by far the main fraction of the 
total catch. Discard is mainly related to non commercial species (up to 10% of the total 
catch) and to a very small portion (mostly damaged or undersized specimens) of 
commercial species. Therefore, the overall portion of the vulnerability picture 
(dominance of the biomass of species classified as highly vulnerable) is similar to the 
vulnerability pattern of the commercial species. 

As concern the non commercial species, they are mainly benthic invertebrates, mainly 
belonging to crustaceans (hermits crabs, crabs) echinoderms (holoturoids), gastropods. 

These species have been classified as moderately vulnerable, principally to their high-
very high resistance (high survival rate after discarding). In spite of this, a reduction of 
the catch of these species can be beneficial, due that they do not contribute to 
commercial catch and play an important role in the demersal communities. 

Therefore, all the technical solutions aimed at reducing the catch of unwanted species 
(e.g. the adoption of by catch reduction devices experimented in this Project). 

 

Highlights:  

Case Studies related with trawl fishing activity 

Algarve  

Algarve deep-water crustacean fishery: 

 Algarve deep-water fishery is a bottom trawling fishery targeting deep water 
crustaceans (mainly, Parapenaeus longirostris and Nephrops norvegicus). 

 Overall vulnerability in this fishery was high, with also high catchability and 
resilience but low resistance. 

 Commercial species are mostly high vulnerable in this fisheries, with high or 
moderate catchability, high resilience but with low or moderate resistance.  
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 Non-commercial species were classified as high or moderate vulnerability, 
moderate catchability, high resilience and low resistance. 

 Micromesistius poutassou dominate the non-commercial fraction biomass with 
56% (average across sampling years and seasons). Capros aper, Nezumia 
sclerorhynchus and Etmopterus spinax where also highlighted in terms of 
relative importance or presence in three of the years analysed. 

 Seasonality in terms of biomass was lowest in spring and highest in summer, 
this last season has the higher impact in this fishery. 

Catalan Sea bottom trawl:  

 The Catalan Sea bottom trawl is a multi-specific fishery, with 6 dominant 
commercial species, being Merluccius merluccius the top contributor 

 The principal commercial species had “high” vulnerability indices, with a 
“moderate to high” catchability, “low” resistance, but “high” resilience.  

 Species classified as “very high” vulnerable were not present in the trawl 
assemblage. 

 The contribution of non-commercial species to the total catch in terms of 
biomass was low, ca. 6% (considering the species subset, that accounted to 
97% of the average biomass). 

 The non-commercial fraction had an overall “moderate” vulnerability index, 
with “high to very high” resilience, “high to moderate” catchability and “low” 
resistance.  

 The non-commercial fraction was dominated by the ascidian Diazona viloacea, 
with a “moderate” vulnerability index, but “high” catchability rate 

 There was no marked seasonality or inter-annual variability in the contribution 
of the species to catch biomass, and therefore, on the overall vulnerability of 
the catch. 

Bottom trawl fisheries in the Strait of Sicily:  

 Bottom trawling in the Strait of Sicily is mainly targeted to deep water 
crustaceans (deep water rose shrimp and giant red shrimps) being the 
European hake the main commercial accessory species. 

 The commercial fraction is mostly “high” vulnerable to fishing practices, with 
also “high” resilience but “low” resistance and from “high to moderate” 
catchability. The only commercial species classified as “very high” vulnerable in 
the trawl assemblage was Helicolenus dactylopterus. 

 The contribution of non-commercial species to the total catch in terms of 
biomass was low, ca. 15% (considering the species subset, that accounted to 
81% of the average biomass). 

 The non-commercial fraction is characterized by having “high” vulnerability, 
“moderate” catchability, “low” survival and “high- very high” resilience to 
fishing practices. The only non-commercial species classified as “very high” 
vulnerable in the trawl assemblage was Funiculina quadrangularis.  

 Gadiculus argenteus contributed up to 19% to total non-commercial biomass 
(average across sampling years and seasons) followed by Munida rutllanti 
(11.1%), whereas in average it accounted to 3% and 1.5% of the total catches. 
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 There was no marked seasonality or inter-annual variability in the contribution 
of the species to catch biomass, and therefore, on the overall vulnerability of 
the catch. 

Ligurian and central – northern Tyrrhenian Sea (GSA 9): otter bottom trawl fishery:  

 This fishery exploits a multispecies fishing assemblage, even though the 
dominant commercial species are only 5-6, as Merluccius merluccius, 
Parapenaeus longirostris, Mullus barbatus, Eledone cirrhosa, Galeus 
melastomus, Nephrops norvegicus. 

 The principal commercial species had “high to moderate” vulnerability indices, 
with a “moderate to high” catchability, “low” resistance, but “high” resilience.  

 Species classified as “very high” vulnerable were scarcely present in the trawl 
assemblage. 

 The contribution of non-commercial species to the total catch in terms of 
biomass was low, ca. 10%. 

 In spite of this, a fraction of the catch of some commercial species (e.g. 
specimens under minimum size or species/specimens with low commercial 
interest) is discarded. 

 The non-commercial species  had an overall “moderate to high” vulnerability 
index, with “very high to high” resilience, “moderate to high” catchability and 
“low” resistance.  

 The non-commercial species were  dominated by the small gadoid Gadiculus 
argenteus, followed by the Elasmobranch Etmopterus spinax and by several 
species of invertebrates (e.g. Astropecten irregularis, Holoturia tubulosa).  

 There was no marked seasonality or inter-annual variability in the contribution 
of the species to catch biomass, and therefore, to the overall vulnerability of 
the catch. 

Case Studies related with small-scale fishing activity 

Algarve trammel nets fisheries: 

 One fishery was studied: coastal trammel nets in the south Algarve coast. 

 Overall vulnerability in this fishery was classified as moderate (48%) or high 
(38%). 

 Non- commercial species were classified with moderate vulnerability, with high 
catchability, very high resilience and all levels of resistance. 

 Phallusia mammillata dominated the non-commercial fraction. 

 Commercial species had high vulnerability, with high or very high catchability, 
low or moderate resistance and high resilience. 

 Spring season had the higher abundances of high vulnerability species. 

Balearic set net fisheries   

 Preliminary data of the spiny lobster fishery of the Balearic Island was 
investigated 

 Bycatch composition by weight was high as catches included corraline algae 
besides fish and invertebrate species. However, for this analysis algae were 
excluded and only fauna was analysed. 
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 Overall vulnerability of discarded species was high or very high (85%) 

 Discarded species 32% had high survival potential and 50% had high resilience 
demonstrating that there was capacity for recovery for a great part of the 
species.  

 Rays were frequently discarded and showed high vulnerability and low survival 
potential suggesting potential benefits through mitigation measures. For the 
invertebrate species, the hard coral Dendrophyllia and Sponges (Porifera) may 
need to be considered for mitigation measures as they were frequently 
discarded and showed high weighted vulnerability. 

 Juveniles of the target species Palinurus elephas were discarded frequenly but 
this species had a releaivly high survial potential and resilience. 

Catalan Sea (GSA 6): trammel net fisheries:  

 One fishery was investigated: trammel nets targeting cuttlefish, prawn and 
common sole.  

 The commercial species of the two fisheries represent the main fraction of the 
total catch (81%). 

 The principal commercial species had “high” vulnerability indices, with “high” 
and “very high” catchability, “high” survival and “high” resilience.  

 The non-commercial fraction had an overall “moderate” vulnerability index, 
with “high” catchability, “high” and “wery high” resilience and survival.  

 The non-commercial fraction was dominated by invertebrates, mainly 
belonging to crustaceans (hermit crabs) echinoderms (Asteroidea) and 
gastropods.  

Ligurian and central – northern Tyrrhenian Sea (GSA 9): set net fisheries:  

 Two fisheries were investigated: trammel nets targeting cuttlefish and red 
mullets and gillnets targeted to common sole.  

 The commercial species of the two fisheries represent by far the main fraction 
of the total catch; the non commercial species represent a very small portion 
(up to 5%) of commercial species. 

 Both fisheries provided very similar results in terms o vulnerability: the 
principal commercial species had “high” vulnerability indices, with “high” 
catchability, “low” resistance, but “high” resilience. Species classified as “very 
high” vulnerable were scarcely present in the trawl assemblage. 

 The non-commercial species had an overall “moderate” vulnerability index, 
with “moderate” catchability, “high” and “wery high” resilience.  

 The non-commercial species  were dominated by invertebrates, invertebrates, 
mainly belonging to crustaceans (Paguridae, Liocarcinus sp.) echinoderms 
(Holoturia tubulosa, Astropecten sp.), gastropods (e.g. Hexaplex trunculus). 

No marked seasonality or inter-annual variability in the contribution of the species to 
catch biomass, and therefore, to the overall vulnerability of the catch, was observed. 
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8. General Discussion 

 

The overall fishing effort in the different GSAs did not showed marked temporal 
increases or decreases, only the Algarve Crustacean OTB experimented a consistent 
increase, double, in the investigated years. The highest effort was recorded for the 
Catalan Sea and the Strait of Sicily OTBs, while the lowest effort was recorded for the 
Algarve Crustacean OTB. This fishery operates on muddy bottoms from the continental 
slope and deep shelf targeting crustaceans (Parapenaeus longirostris and Nephrops 
norvegicus). In the Strait of Sicily, the OTB also targets the crustacean (Parapenaeus 
longirostris) in the outer continental shelf and upper slope. In the Catalan Sea and 
Ligurian and NC Tyrrhenian Sea OTBs operates over the continental shelf and upper 
slope, with Merluccius merluccius as the main target species in the Catalan Sea, while 
this species is overexploited in the Ligurian and NC Tyrrhenian, where the fleet now 
principally retains Parapenaeus longirostris. 

Despite variable trawling effort and fishing areas across case studies, the composition 
of the assemblages in terms of vulnerability was highly similar, with over 50% of the 
assemblage having “high” vulnerability and around 30% having “moderate” 
vulnerability. The presence of either “very high” or “low” vulnerable species, in terms 
of biomass, was negligible. The absence of longer temporal databases, that encompass 
the trends followed by the fishing fleet over past decades, hinder further conclusions, 
such as a current scenario of trawl assemblages already chronically impacted, where 
most of the high vulnerable fauna (particularly low resilient fauna, like large 
elasmobranchs, that was not even present in the analysed assemblages) had been 
already decimated. Otherwise, the low vulnerable fauna is represented by the fraction 
of small, burrowing, invertebrates that would hold low catchability and, thus, are 
poorly represented in our assemblage. This scenario could be confirmed by the 
inclusion of epibenthic samples in the assessment that would allow a full picture of 
benthic and demersal communities from fishing grounds. The three vulnerability 
components reflect the proposed scenario, with most of the assemblages across case 
studies having moderate or high catchability, and high to very high resilience. The 
resistance of being extracted from the water exhibited a different pattern with over 
50% of the assemblage being low resistance. This characteristic is of high importance 
when considering measures related to discard practices.  

The commercial fraction dominated the trawl assemblage in the OTB case studies, with 
the exception of Algarve OTB where the non-commercial fraction was dominant. 
However, the discard fraction might be larger than this set of non-commercial species, 
as some commercial species might also be discarded if they fail to meet a set of 
characteristics (e.g. size bellow the minimum landing size, damaged specimens, or low 
market demand at the time of the catch). The most noticeable case are the target 
species of illegal size  that become non-commercial species. All have low resistance 
because all the caught specimens are recruits and juveniles and all of them die quickly. 
For this reason, it is relevant to consider the vulnerability of the overall assemblage, 
commercial and non-commercial fractions.  

Being the dominant fraction, commercial species were largely driving the vulnerability 
indices, and in most areas these species were “highly” vulnerable, with “high to 
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moderate” catchability, “high” resilience but “low” resistance. The non-commercial 
fraction was variable across case studies and had “moderate” vulnerability in the 
Catalan Sea, “moderate to high” in the the Algarve and Ligurian and NC Tyrrhenian 
Seas, and “high” vulnerability in the Strait of Sicily. In general, this fraction had 
“moderate to high” catchability, “low” resistance, but “high” (and even “very high” in 
some cases) resilience. This assessment provides valuable information to detect the 
presence of particularly vulnerable areas, for example, areas with high densities of the 
sessile ascidian Diazona viloacea in the Catalan Sea, that holds a high catchability rate, 
or the high catch rates of the Elasmobranch Etmopterus spinax in the Ligurian and NC 
Tyrrhenian, with low population resilience. These results imply that the OTB fishery 
could minimize the impact on demersal assemblages by introducing selectivity devices 
in areas with high densities of non-target species with high catchability rates. Also, 
non-commercial species, that are generally discarded, should be handled in a proper 
way to decrease the impact on this type of species, as more than half of these species 
had low resistance of being extracted from the water. Other measures to take into 
account is to restrict fishing activities in areas with high concentrations of low resilient 
species.  

In general, there was no marked seasonality or inter-annual variability in the 
contribution of the species to catch biomass, and therefore, on the overall 
vulnerability of the catch. However, we emphasize the importance of a spatial 
identification of samples to relate vulnerability of the catch with certain habitat types 
like sensitive habitats or essential fish habitat, e.g. whether high densities of Diazona 
violacea might play a role as a nursery habitat, or whether there are specific areas or 
seasons with high concentrations of those species having higher vulnerability to fishing 
practices, like the non-commercial species Antedon mediterranea or Funiculina 
quadrangularis, or several target elasmobranchs.  

The set net fisheries studied were except for the case study area of the Balearic Island 
carried out over soft sediments in shallower water between 10-100m targeting 
cuttlefish, red mullets, sole or penaeid shrimps. Overall the species caught and 
discarded were mainly mobile crustaceans, echinoderms and molluscs not unsimilar to 
invertebrate species caught in the reported trawl fisheries. In contrast, the Balearic 
Island case study was carried out over hard substrate mainly composed of maerl 
nodules or rock targeting spiny lobsters. Thus, the composition of bycatch and discard 
species was distinct to the other areas also containing habitat forming flora and fauna. 
The only other area that had habitat forming species making up part of the bycatch 
was the Algarve set net fishery. Discard levels were in general low for soft bottom 
fisheries. While for the Balearic Island carried outted over harder ground, discard 
levels when analysed by weight, were high. This was related to the disproportionately 
high weight of maerl nodules compared to the animal biomass caught. The overall 
vulnerability of set net caught communities varied between areas but were generally 
very high to moderate. Low vulnerable species were rarely found. A common theme 
was that many non-commercial species had low resistance to mechanical procedures 
of being caught i.e. survival potential. At the same time, many of these lower resistant 
species had life history traits related to high resilience and hence showed the potential 
for recovery. Only few species showed low resistance and low resilience. 
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Results evidenced that the principal commercial species among the investigated CSs 
had “high” vulnerability indices, with a “moderate to high” catchability, “low” 
resistance, but “high” resilience. The principal no-commercial species among the 
investigated CSs had “high” vulnerability indices. The percentage of the species 
classified as “very high” vulnerable were almost absent from the assessed fished 
assemblages. Whether this reflects a situation of chronically modeified fished 
assemblages could be further tested by incorporating a long-term temporal factor in 
the analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Deliverable 1.10 

  

86 

9. References 

 

Alverson D. L., Freeberg M. H., Pope J. G., Murawski S. A., A global assessment of 
fisheries bycatch and discards , 1994 FAO, Rome. FAO Fisheries Technical Paper, 
339, 233 pp 

Bono G., S. Vitale, A. Milazzo, G. Norrito, L. Cannizzaro, (2001). La pesca a strascico 
nello stretto di Sicilia: Risultati delle analisi sulla composizione della cattura 
scartata e commercializzata. (SCARTO). Final report (mimeo) 2001. 

Borges, T. C Erzini, K. Bentes, L.. Costa, M. E. Goncalves, J. M. S. Lino, P. G Pais C.and 
Ribeiro J.. By-catch and discarding practices in ®ve Algarve (southern Portugal) 
metiers 

J. Appl. Ichthyol. 17 (2001), 104±114 

Bremner, J., Rogers, S.I., Frid, C.L., 2006. Matching biological traits to environmental 
conditions in marine benthic ecosystems. J Marine Syst 60, 302–316. 
doi:10.1016/j.jmarsys.2006.02.004 

Carbonell, A. (Coord). Discards of the Western Mediterranean trawl fleets. EU Project 
DG 

 XIV C Nº MED. 94/027: 142 pp. Final Report. 

Colloca F, Carpentieri P, Balestri E, Ardizzone GD (2004) A critical habitat for 
Mediterranean fish resources: shelf-break areas with Leptometra phalangium 
(Echinodermata: Crinoidea). Mar Biol 145:1129–1142. 

Damalas D., Maravelias C., Osio G.C., Maynou F., Sbrana M., Sartor P., Casey J. (2015). 
Historical discarding in Mediterranean fisheries: a fishers’ perception. – ICES 
Journal of Marine Science, doi: 10.1093/icesjms/fsv141. 

Demestre M, Sbrana M, Álvarez F. and Sánchez P. 1997. Analysis of the interaccion of 
fishing gear in Mullus barbatus fisheries in the Western Mediterranean. J. Appl. 
Icht., 13:49-56 

Demestre, M., Sánchez, P. 1998. Spatio-temporal distribution of the European hake 
Merluccius merluccius off Catalan Coast (Northwestern Mediterranean. Rapp. 
Comm. int. Mer Médit. 35(2):420-421. CIESM Dubrovnik. Croacia. 

Demestre, M. (coord) RESPONSE (2002-2006). Response of benthic communities and 
sediment to different regimens of fishing disturbance in European coastal 
waters. FP5, QoL.(Q5RS2002-787). European Project, Final Report  

Demestre, M. (coord) COMSOM (2009-2011). Evaluación del estado de las 
comunidades bentónicas sometidas a distinto grado de impacto pesquero y 
basura marina como herramienta de gestión del ecosistema. MEC. Plan Nacional 
I+D+I (CTM2008-04617/MAR). Final Report. 

Demestre, M. (coord.) VIBAM (2011-2012). Viabilidad de la adaptación de 
invertebrados bentónicos procedentes del “bycatch” de la pesca de arrastre en el 
Mediterráneo catalán y sus posibles usos. Zoo de Barcelona. Ajuntament de 
Barcelona. Final Report. 



Deliverable 1.10 

  

87 

de Juan S., J. Cartes, M. Demestre. 2007Effects of commercial trawling activities in the 
diet of the 1 flat fish Citharus linguatula (Osteichthyes: Pleuronectiformes) and 
the starfish Astropecten irregularis (Echinodermata: Asteroidea). J. Exper. Mar. 
Biol. Ecol 349:152-169. 

de Juan S., M. Demestre, S. Thrush. 2009. Defining ecological indicators of trawling 
disturbance when everywhere that can be fished is fished: A Mediterranean case 
study. Marine. Policy 33:472-478. 

de Juan, S, Demestre, M and Sanchez, P. 2011. Exploring the degree of trawling 
disturbance by the analysis of benthic communities ranging from a heavily 
exploited fishing ground to an undisturbed area in the NW Mediterranean” 
Scientia Marina, 75(3):507-516. 

Erzini, K., Costa, M.E., Bentes, L.,  and Borges, T.C. A comparative study of the species 
composition of discards from ve sheries from the Algarve (southern Portugal). 
Fisheries Management and Ecology, 2002, 9, 31±40 

Hidalgo, M. Rouyer, T., Molinero,  J. C., Massutí E., Moranta J., Guijarro B., Chr. 
Stenseth, N. 2011. Synergistic effects of fishing-induced demographic changes 
and climate variation on fish population dynamics. MEPS. Vol. 426: 1–12,  

 Kelleher, K. Discards in the World's Marine Fisheries: An Update, Número 470,Parte 1 
Food and Agriculture Organization of the United Nations. Food & Agriculture 
Org., 2005 - 131 pp. 

Kaiser, M.J., Austen, M.C.V. and Ojaveer, H. 2004. European Biodiversity Action Plan 
for fisheries: issues for non-target species. Fisheries Research, 69, 1-6. 

Lleonart, J. 2015. Mediterranean fisheries, stocks, assessments and exploitation status. 
In: IEMed Yearbook “Panorama of Mediterranean Fisheries”, p. 276-281.  

Muntadas, A., Demestre, M., de Juan, S., Frid, C.L.J. 2014.Trawling disturbance on 
benthic ecosystems and consequences on commercial species: a northwestern 
Mediterranean case study. Scientia Marina 78S1: 53-65, 

Sala A. and Lucchetti A. 2011. Effect of Mesh size And codend circumference on 
selectivity in the Mediterranean demersal Trawl fisheries. Fisheries Research, 
110: 252-258 

Sánchez et al.. 2007.Trawl catch composition during different fishing intensity periods 
in two Mediterranean demersal fishing grounds. Sci. Mar. 71:765-773 

Sánchez, P (coord). IMPACT I (1996-1998). Impact of bottom trawling on the sediment 
and benthic communities in the NW Mediterranean. D. G. XIV,  CCE. European 
project, Final report. 

Sánchez P. (coord) IMPACT II (1998-2000). Environmental impact of trawling on the 
benthic system on two different sea bed on the NW Mediterranean D. G. XIV,  
CCE. Final report. 

Sartor P., Sartini M., Reale B., Sbrana M. (2001) - Analysis of the discard practices in the 
Merluccius merluccius (L. 1758) bottom trawl fishery of the northern Tyrrhenian 
Sea. Biologia Marina Mediterranea, 8 (1): 771-774. 

 

https://www.google.es/search?hl=es&tbo=p&tbm=bks&q=inauthor:%22Kieran+Kelleher%22
https://www.google.es/search?hl=es&tbo=p&tbm=bks&q=inauthor:%22Food+and+Agriculture+Organization+of+the+United+Nations%22


Deliverable 1.10 

  

88 

Sartor P., Francesconi B., Rossetti I., De Ranieri S. (2006) - Catch composition and 
damage incurred to crabs discarded from the eastern Ligurian Sea "rapido" trawl 
fishery. Hydrobiologia, 557: 121-133. 

Sartor P., Carbonara P., Lucchetti A., Sabatella E., 2016 - Characterisation of the 
discards of the demersal fisheries of the Italian Seas; propaedeutic information 
for the implementation of the Landing Obligation provisions (EU Reg. 1380/2013, 
Art. 15), Final report, 268 pp + ANNEXES. 

Sartor P. (coord.) 2015 - Implications of the implementation of the landing obligations 
provisions in small pelagic fisheries in Mediterranean (LANDMED). Specific 
Contract n. 11 (SI2.678902), implementing framework contract MARE/2009/05-
Lot 1 "Scientific advice and other services for the implementation of the 
Common Fisheries Policy in the Mediterranean" (MAREA). Final Report. 

Tsagarakis, K., A. Palialexis and V. Vassilopoulou. 2014. Mediterranean fishery discards: 
review of the existing knowledge. ICES Journal of Marine Science 71 (5): 1219-
1234. 

Vitale S., Milisenda G., Vecchioni L., Fiorentino F. (2015). PROGETTO DI RICERCA: 
GRECA Progetto pilota a valere sulla misura 3.5 del FEP 2007/2013. Rapporto 
finale (Prot. CNR 0009733 del 14/10/2016). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Deliverable 1.10 

  

89 

ANNEXES 

ANNEX. Tables summarising input data (list of species subset) 

         

LIST OF SPECIES SUBSET IN THE ALGARVE DEEP-WATER CRUSTACEAN FISHERY 

Commercial species Non-commercial species 

Eledone cirrhosa Ophiura texturata (O. Ophiura) 

Benthodesmus elongatus Polybius henslowi 

Citharus linguatula Micromesistius poutassou 

Hoplostethus mediterraneus 
mediterraneus Venefica proboscidea 

Merluccius merluccius Capros aper 

Mora moro Chlorophthalmus agassizi 

Lepidopus caudatus Notacanthus chemnitzii 

Phycis blennoides Polymetme corythaeola 

Conger conger Nezumia sclerorhynchus 

Trachurus trachurus Actinauge richardi 

Scyliorhinus canicula Neorossia caroli 

Helicolenus dactylopterus Rossia macrosoma 

Dipturus oxyrinchus Etmopterus pusillus 

Synaphobranchus kaupii Etmopterus spinax 

Galeus melastomus Deania calcea 

Raja clavata Chimaera monstrosa 

Torpedo torpedo Coelorinchus caelorhincus 

Myctophidae sp. Macropodia sp 

Symphurus ligulatus Astropecten aranciacus 

Illex coindetii Gadiculus argenteus 

Todaropsis eblanae Gaidropsarus biscayensis 

  Malacocephalus laevis 

  Serranus hepatus 

 

 

LIST OF SPECIES SUBSET IN THE ALGARVE TRAMMEL NET SETS 

Commercial species Non-commercial species 

Balistes carolinensis Alicia mirabilis 
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Bolinus brandaris Astropecten aranciacus 

Boops boops Astrospartus mediterraneus 

Bothus podas Bolma rugosa 

Charonia lampas Calappa granulata 

Chelidonichthys lucerna Callionymus lyra 

Chelidonichthys obscurus Centrostephanus longispinus 

Chelidonichthys spp. Cymbium olla 

Citharus linguatula Dardanus arrosor 

Conger conger Dendrophyllia ramea 

Dicentrarchus labrax Echinocardium cordatum 

Diplodus bellottii Filograna implexa 

Diplodus sargus sargus Halobatrachus didactylus 

Diplodus vulgaris Holothuria tubulosa 

Labrus bergylta Ophidiaster ophidianus 

Lepidotrigla cavillone Paracentrotus lividus 

Lithognathus mormyrus Pentapora foliacea 

Liza aurata Phallusia mammillata 

Loligo vulgaris   

Maja squinado   

Merluccius merluccius   

Microchirus azevia   

Mullus surmuletus   

Pagellus acarne   

Pagellus erythrinus   

Pagrus auriga   

Pagrus pagrus   

Trigloporus lastoviza   

 

 

LIST OF SPECIES SUBSET IN THE CATALAN SEA BOTTOM TRAWL 

Commercial species Non-commercial species 

Alloteuthis sp. Acanthephyra pelagica 



Deliverable 1.10 

  

91 

Argentina sphyraena Alcyonium palmatum 

Aristeus antennatus Antedon mediterranea 

Arnoglossus sp. Ascidia mentula 

Boops boops Astropecten irregularis 

Cepola macrophthalma Callionymus maculatus 

Chelidonichthys lucerna Calliostoma granulatum 

Chelidonichthys obscurus Capros aper 

Citharus linguatula Coelorinchus coelorhincus 

Conger conger Dardanus arrosor 

Diplodus sargus sargus Diazonea violacea 

Eledone cirrhosa Gadiculus argenteus 

Eutrigla gurnardus Galeodea sp. 

Galeus melastomus Galeodea rugosa 

Helicolenus dactylopterus Histioteuthis bonnellii 

Illex coindetii Lepidion lepidion 

Lepidopus caudatus Munida sp. 

Lepidorhombus boscii Nezumia aequalis 

Lepidotrigla cavillone Ophiura ophiura 

Liocarcinus depurator Pagurus sp. 

Loligo vulgaris Paromola cuvieri 

Lophius budegassa Pennatula rubra 

Lophius piscatorius Polycheles typhlops 

Merluccius merluccius Pteroctopus tetracirrhus 

Micromesistius poutassou Trachyrincus scabrus 

Molva dypterygia  

Mora moro  

Mullus barbatus  

Mullus surmuletus  

Nephrops norvegicus  

Octopus vulgaris  

Pagellus bogaraveo  

Pagellus erythrinus  

Parapenaeus longirostris  
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Parastichopus regalis  

Pasiphaea multidentata  

Pasiphaea sivado  

Phycis blennoides  

Plesionika sp.  

Scomber scombrus  

Scyliorhinus canicula  

Sepia elegans  

Sepia officinalis  

Sepia orbignyana  

Sepietta oweniana  

Serranus cabrilla  

Serranus hepatus  

Spicara sp.  

Spicara smaris  

Todarodes sagittatus  

Todaropsis eblanae  

Trachinus draco  

Trachurus trachurus  

Trigla lyra  

Trigloporus lastoviza  

Trisopterus minutus  

Uranoscopus scaber  

Zeus faber  

 

 

LIST OF SPECIES SUBSET IN THE CATALAN SEA TRAMMEL NET FISHERY 

Commercial species Non-commercial species 

Bolinus brandaris Acanthocardia aculeata 

Diplodus annularis Alossa fallax 

Panaeus kerathurus Aplysia fasciata 

Sepia officinalis Aplysia odoris 

Solea solea Aporrhais pespelicenus 
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Sparus aurata Aporrhais serresianus 

Trachurus sp Astropecten irregularis 

  Atelecyclus undecimdentatus 

  Boops boops 

  Calliactis parasitica 

  Corystes cassivelaunus 

  Coscinasterias tenuispina 

  Dardanus arrosor 

  Dardanus calidus 

  Dendrodonis rhomboides 

  Dendrodoris limbata 

  Dromia personata 

  Engraulis encrasicolus 

  Ethusa mascarone 

  Goneplax rhomboides 

  Hexaplex trunculus 

  Liocarcinus depurator 

  Macropodia rostrata 

  Medoripe lanata 

  Nassarius mutabilis 

  Nemertesia ramosa 

  Ostrea sp. 

  Paguristes ocellatus 

  Pagurus sp 

  Pagurus alatus 

  Pagurus bernhardus 

  Pagurus excavatus 

  Parthenophe macrochelles 

  Pegusa lascaris 

  Pelagia noctiluca 

  Penaeus kerathurus 

  Pennatula rubescens 

  Phallusia mammillata 
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  Pinna nobilis 

  Pomadasys incisus 

  Sardina pilchardrus 

  Sardinella aurita 

  Sphyraena sphyraena 

  Tethys cimbria 

  Torpedo marmorata 

  Trigla lyra 

  Venus casina 

 

 

LIST OF SPECIES SUBSET IN THE STRAIT OF SICILY 

Commercial Species Non-commercial Species 

Argentina sphyraena Alcyonium palmatum 

Aristaeomorpha foliacea Capros aper 

Aristeus antennatus Coelorinchus caelorhincus 

Arnoglossus laterna Etmopterus spinax 

Boops boops Funiculina quadrangularis 

Chelidonichthys cuculus Gadiculus argenteus 

Chelidonichthys obscurus Galeus melastomus 

Chlorophthalmus agassizi 
Hoplostethus mediterraneus 
mediterraneus 

Citharus linguatula Hymenocephalus italicus 

Conger conger Lepidotrigla cavillone 

Eledone cirrosa Macroramphosus scolopax 

Eledone moschata Munida rutllanti 

Helicolenus dactylopterus Neopycnodonte cochlear 

Illex coindetii Nezumia sclerorhynchus 

Lepidopus caudatus Pagurus prideaux 

Lepidorhombus boscii Pasiphaea sivado 

Loligo vulgaris Plesionika heterocarpus 

Lophius budegassa Turritella communis 

Merluccius merluccius   
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Mullus barbatus 

Mullus surmuletus 

Nephrops norvegicus 

Octopus vulgaris 

Pagellus acarne 

Pagellus erythrinus 

Parapenaeus longirostris 

Phycis blennoides 

Raja clavata 

Raja miraletus 

Scyliorhinus canicula 

Sepia officinalis 

Squilla mantis 

Todaropsis eblanae 

Trachurus mediterraneus 

Trachurus trachurus 

Trisopterus minutus 

Zeus faber 

 

 

LIST OF SPECIES SUBSET IN THE LIGURIAN AND  

NORTHERN-CENTRAL TYRRHENIAN SEA TRAWL FISHERY 

Commercial species   

Alloteuthis spp. Mullus surmuletus 

Argentina sphyraena Nephrops norvegicus 

Aristaeomorpha foliacea Octopus salutii 

Arnoglossus laterna Octopus vulgaris 

Bolinus brandaris Pagellus acarne 

Boops boops Pagellus bogaraveo 

Cepola macrophthalma Pagellus erythrinus 

Chelidonichthys lucerna Parapenaeus longirostris 

Chlorophthalmus agassizi Pasiphaea sivado 

Citharus linguatula Phycis blennoides 
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Conger conger Plesionika gigliolii 

Eledone cirrhosa Plesionika heterocarpus 

Eledone moschata Plesionika martia 

Galeodea echinophora Raja asterias 

Galeus melastomus Raja clavata 

Gobius geniporus Rondeletiola minor 

Gobius niger Scomber scombrus 

Helicolenus dactylopterus Scyliorhinus canicula 

Illex coindetii Sepia elegans 

Lepidopus caudatus Sepia officinalis 

Lepidorhombus boscii Sepia orbignyana 

Lepidotrigla cavillone Sepietta oweniana 

Loligo vulgaris Solea solea 

Lophius budegassa Solenocera membranacea 

Lophius piscatorius Spicara flexuosa 

Merluccius merluccius Spicara smaris 

Micromesistius poutassou Squilla mantis 

Mullus barbatus Todaropsis eblanae 

 

 

LIST OF SPECIES SUBSET IN THE LIGURIAN AND  

NORTHERN-CENTRAL TYRRHENIAN SEA TRAWL FISHERY 

Not commercial species   

Abralia veranyi Holothuria tubulosa 

Aegaeon cataphractus Hoplostethus mediterraneus  

Alcyonium palmatum Hymenocephalus italicus 

Alpheus glaber Leptopentacta tergestina 

Ascidiacea n.d. Lesueurigobius friesii 

Astropecten bispinosus Lesueurigobius suerii 

Astropecten irregularis Liocarcinus depurator 

Blennius ocellaris Macropipus tuberculatus 

Callionymus maculatus Macroramphosus scolopax 

Calliostoma granulatum Medorippe lanata 
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Capros aper Munida intermedia 

Chlorotocus crassicornis Neorossia caroli 

Coelorinchus coelorhincus Nezumia sclerorhynchus 

Dardanus arrosor Ocnus planci 

Deltentosteus quadrimaculatus Pagurus excavatus 

Echinus acutus Pennatula rubra 

Echinus melo Polycheles typhlops 

Epigonus denticulatus Pontophilus spinosus 

Etmopterus spinax Serranus hepatus 

Fusinus rostratus Sternaspis scutata 

Gadiculus argenteus Suberites domuncula 

Gaidropsarus biscayensis Symphurus nigrescens 

Goneplax rhomboides Synchiropus phaeton 

 

 

LIST OF SPECIES SUBSET IN THE LIGURIAN AND  

NORTHERN-CENTRAL TYRRHENIAN SEA TRAMMEL NET FISHERY 

Commercial species       

Bolinus brandaris Scorpaena porcus   

Boops boops Scorpaena scrofa   

Chelidonichthys lucerna Scyllarus arctus   

Conger conger Sepia officilis   

Dentex dentex Serranus cabrilla   

Diplodus annularis Serranus scriba   

Diplodus puntazzo Solea solea   

Diplodus sargus sargus Sparus auratana   

Diplodus vulgaris Sphyraena sphyrae   

Labrus merula Spicara flexuosa   

Labrus viridis Spondyliosoma cantharus 

Mullus barbatus Squilla mantis   

Mullus surmuletus Trachurus mediterraneus 

Muraena helena Umbrina cirrosa   



Deliverable 1.10 
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Oblada melanura Uranoscopus scaber 

Octopus vulgaris       

Pagellus acarne Non commercial species 

Pagellus erythrinus Bolma rugosa   

Melicertus kerathurus Hexaplex trunculus   

Phycis phycis Holothuria tubulosa 

Sarpa salpa Serranus hepatus   

Sciaena umbra Symphodus mediterraneus 

Scorpaena notata Symphodus tinca   

 

LIST OF SPECIES SUBSET IN THE LIGURIAN AND  

NORTHERN-CENTRAL TYRRHENIAN SEA GILLNET FISHERY 

Commercial species       

Bolinus brandaris Uranoscopus scaber 

Chelidonichthys lucerna       

Citharus linguatula Non commercial species 

Diplodus annularis Alcyonium palmatum 

Merluccius merluccius Aporrhais pespelecani 

Mugil cephalus Astropecten aranciacus 

Mullus barbatus Astropecten bispinosus 

Pagellus erythrinus Astropecten irregularis  

Melicertus kerathurus Calliactis parasitica   

Raja asterias Dardanus arrosor   

Scophthalmus rhombus Echinaster sepositus 

Scorpaena notata Goneplax rhomboides 

Scorpaena porcus Hexaplex trunculus   

Sepia officinalis Holothuria tubulosa 

Solea solea Liocarcinus depurator 

Squilla mantis Medorippe lanata   

Torpedo marmorata Paguristes eremita   

Trachurus mediterraneus Pagurus alatus   

Trachurus trachurus Pagurus excavatus   

Umbrina cirrosa Pegusa lascaris   
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