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Executive summary
The main objective of Task 4.1 was to develop further the RSP-IE designed under the grant
MARE/2014/19 Med&BS, in order to design and propose a RSP for 2019 adapted to the
characteristics of the stock/fisheries object of regional monitoring, which were identified by the
STREAM WP2. Task 4.1 was divided into 3 sub-Tasks:
Sub-task 4.1.1 Data on stomach contents of fish.
Sub-task 4.1.2 Data on co-occurrence and relative abundance of species/stocks.
Sub-task 4.1.3 Data on incidental catch of non-target species, such as protected, endangered
or threatened species (PET species).
This document is the Deliverable D4.1”Updated protocols and guidelines for collection, processing
and analysis of stomach contents”. Under Sub-Task 4.1.1, some revision of the methodologies
developed by the MARE/2014/19 Med&BS project for the collection and analysis of fish stomach
content data for selected stocks was applied, in particular concerning the selected stocks. In addition
to the main stock proposed by MARE/2014/19 for stomach content data collection, namely
European hake in Mediterranean and turbot in the Black Sea, additional stocks were proposed for
this data collection in the new sampling program: anglerfish, Lopius piscatorius and L. budegassa,
in the Mediterranean, Mediterranean horse mackerel, Trachurus mediterraneus, and sprat, Sprattus
sprattus, in the Black Sea. As main criteria followed for the selection of the new species, we
considered the species importance in terms of landings and commercial value, the trophic
relationships (e.g. predator, prey) with European hake in the Mediterranean, and turbot in the Black
Sea. This will allow increasing the overall knowledge on the stocks from an ecological point of
view, and gathering information that could be used to evaluate the natural mortality.
The proposed methodology for the stomach content analysis is practically the same of that
suggested by the MARE/2014/19 Med&BS project. As for the previous grant, the sampling scheme
takes into account, for each species, factors such as size class, season (quarter), and type of
sampling (e.g. experimental fishing and biological sampling on commercial fishery).
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1. Introduction
In the recent decades, there has been a progressive change from the traditional approach to fishery
assessment and management based on monospecific assessments (Caddy, 1993; Lleonart and
Maynou, 2003), to an approach focused on the entire ecosystem (Browman and Stergiou, 2004;
Pikitch et al., 2004). This approach is particularly relevant in multispecies fisheries, as the
calculations for a single species are of limited value for management purposes (Caddy, 1993). The
EAFM (Ecosystem Approach for Fisheries Management) requires different methodologies than the
traditional ones, and the use of ecosystem indicators (e.g. Trenkel and Rochet, 2003; Nicholson and
Jennings, 2004; Shin and Shannon, 2010), as well as the inclusion of ecological and economical
models (e.g. Coll et al., 2006, 2008; Merino et al., 2007; Albouy et al., 2010; Sartor et al., 2014).
There are several ways to define and charcterise an ecosystem and its functioning. One widely used
approach is based on the trophic level concept. The trophic level is the position that an organism
occupies in a food chain. In aquatic ecosystems, this concept was introduced by assigning integer
trophic levels to the individual numbers, to the biomass or to the biological production by its
component species. Trophic relationships are fundamental to understand the biological interactions
in animal communities and how they respond to human exploitation and thus, it has an application
in ecological studies of predation, assessment of competition and optimal foraging. The evaluation
of the degree of food resource partitioning, as well as the identification of the pool of food resources
sustaining critical life cycle phases (e.g. recruitment), can provide useful elements to better evaluate
and manage the stocks in an ecosystem context.
Stomach contents analysis is the primary method for qualitative estimation of dietary composition
by investigating the prey items in the fish stomachs. The study of the feeding habits of fish based on
the analysis of stomach content can provide important insights not only to assess food spectra at
species level, but also to understand the prey-predator relationships, useful aspects to contribute to
multispecies stock assessment (Rindorf et al., 2013; Casini et al., 2008, 2009) or to be included in
ecological models as mentioned before. Stomach content data are also useful to evaluate the
resource partitioning among the species inhabiting a particular habitat/fishing ground. At species
level, the information on predator-prey relationship can also be helpful for a better evaluation of the
natural mortality of the key exploited stocks.
There are different ways to assign a trophic level and to characterise the food spectrum of a given
species; the stomach content analysis undoubtedly provides the main source of information,
although important insight can proceed also from other approaches, as the Stable Isotope Analysis
(SIA, Cresson et al., 2014) or the “metabarcoding”, a molecular method (Riccioni et al., 2015).
These last two approaches can be useful to integrate and validate the results coming from the
classical stomach content analysis. The three methods have pros and cons, and although stomach
content analysis has been criticized for providing only a relative ‘snapshot’ of diet composition
(Pinnegar and Polunin, 2000), for not capturing true interaction dynamics (Deb, 1997), and for
neglecting possible dietary items that quickly break down (Polunin et al., 2001), some discrepancies
have been detected when comparing fish trophic level based on isotopic or molecular methods,
which calls for a careful interpretation of stable isotope values as direct indicators of trophic level
(Cresson et al., 2014).
The approach based on stomach content analysis, although rather expensive in terms of time and
expertise needed, represents a classical method in fishery ecology, therefore it is still the most
appropriate method to be implemented for a wide spatio-temporal monitoring basis. As a matter of
fact, data collection by means of stomach contents is the routine method applied to monitor the
trophic spectra and the species trophic relationships in the ICES context, for several decades.
To increase the knowledge on predator-prey relations is one of the aspects to be taken into account
for the future EU Multiannual Programs. The general objective of the WP4 of the EU Project
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STREAM is to design a Regional Sampling Program (RSP) for the collection of data on fisheries
impacts on the ecosystem. In this WP, the Task 4.1 “Develop/refine methodologies for data
collection and processing”, includes the Sub-task 4.1.1 “Data on stomach contents” and the present
Deliverable, D4.1 “Updated protocols and guidelines for collection, processing and analysis of
stomach contents”. This Sub-Task has been planned to build upon the experience of previous
grants, such as FishPi and MARE/2014/19 Med&BS (Spedicato, 2016). One of the outcomes of the
MARE/2014/19 Project was the proposal of a sampling plan for the collection and analysis of fish
stomach content data for selected stocks, that of the European hake in north-western Mediterranean
(GSAs 6, 7 and 9) and that of turbot in Black Sea (GSA 29). A detailed sampling design for the
collection of the stomachs was also proposed, taking into account various factors for the appropriate
stratification.
Starting from this proposal, the main objective of Sub Task 4.1.1 was to possibly refine the
methodologies elaborated by MARE/2014/19, regarding both the investigated stocks and the
sampling size and the sampling stratification. Finally, the outcomes of Sub Task 4.1.1 can be
considered for the implementation of a multi-annual regional sampling plan on stomach contents in
the region.
During the first months of the STREAM project, some activities of Sub-Task 4.1.1 have been
performed in liaison with the Workshop on sampling, processing and analysing the stomach
contents (WKSTCON) held in Palma de Mallorca (Spain), 24-27 April 2018. The WKSTCON
represented an important chance to present the STREAM project to a wide audience of scientists
working in the Mediterranean, and to create possible synergies among the actors involved in
fisheries data collection and stomach content analysis.
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2. Stocks selected for stomach content data collection
One of the outcomes of the MARE/2014/19 Med&BS Project was the proposal of the stocks to be
sampled for stomach content analysis, following the criteria of the Call of Proposals, as well as the
advices of Primary End Users, as STECF, GFCM and MEDAC. Two stocks were selected, the
European hake, Merluccius merluccius, in the Mediterranean, and the turbot, Psetta maxima, in the
Black Sea. The two species are among the most important resources, both in terms of production
and value, exploited by demersal fisheries in the two areas and also play an important role in the
demersal species assemblages. The standardised data collection of stomach contents of these two
stocks will allow obtaining useful information to better understand their role in the ecosystems, as
well as to know and monitor the pool of resources sustaining the two species in the different phases
of their life cycle.
M. merluccius and P. maxima are proposed as the main targets for the data collection by means of
stomach content analysis also for the new Regional Sampling Programmes. However, according to
the discussions made in several fora (e.g. the Workshop of Palma de Mallorca, WKSTCON 2018,
and the STREAM Plenary Meeting held in Bari in October 2018), additional species are proposed
to be included in the data collection by means of stomach content analyses. As main criteria
followed for the selection of the new species, we choose the species importance in terms of landings
and commercial value, and the trophic relationship (e.g. predator, prey) with the target stocks
(European hake and turbot). This will allow increasing the overall knowledge from the ecological
point of view and also to increase biological information on the stocks that could be used to
evaluate the natural mortality.
As regards Mediterranean, several potential candidates stocks were taken into account, such as blue
whiting, Micromesistius poutassou, anglerfish, Lophius spp., conger eel, Conger conger, and
blackmouth catshark, Galeus melastomus. After a wide discussion during the STREAM Plenary
Meeting in Bari (4-5 October 2018), blackbellied anglerfish, Lophius budegassa, was proposed as
the candidate stock to be included together with M. merluccius in the collection of stomach content
data. It is a commercially important and piscivorous species, with European hake among its most
important preys; L. budegassa is occurring in the same species assemblage of M. merluccius,
although with notably lower density values. Therefore, in order to reach the expected sample size, it
has been suggested to include also the congeneric species, monkfish L. pisctorius, in the stomach
content data collection. The two species show very similar ecological characterisitcs. Therefore, the
sampling plan proposed for the Mediterranean includes Lophius spp. other than M. merluccius.
The selection of the additional species for stomach data collection in the Black Sea was based on
criteria related to trophic impacts on other commercial stocks, as well as on the importance for the
fisheries and the ecosystem. In Table 2.1, the most important fish predators in the Black Sea, ranked
by the amount of fish prey that they consume, are presented. Table 2.1 also shows data on biomass
and fishery catches of each predator species. Predatory fishes are obviously priorities for the
feeding studies, because of their impact on other fishes including valuable commercial stocks. The
classification presented in Tab. 2.1 is based on the biomass of fish preys consumed by the most
important (commercially and for the ecosystem) predatory fishes in the Black Sea. The estimation
of fish consumption is based on the biomass of each stock, as estimated in recent stock assessments
(STECF, 2017a) multiplied by the annual consumption rates (consumption/biomass, Demirel et al.
2019). As shown by Tab. 2.1, the largest amount of fish preys are consumed by the mid-sized
pelagic predators: bonito, bluefish and Mediterranean horse mackerel. Bonito and bluefish are
commercially and ecologically important, but currently they are not covered by the DCF. Because
of their commercial and ecological (as predators) importance bonito and bluefish should be covered
by future DCF. It should however be kept in mind, that bonito and bluefish are pelagic migratory
species, which overwinter in the Marmara Sea, and their abundance in the EU Black Sea waters
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vary from year to year, relative to the state of the stocks and migration behaviour. Between the
demersal predators, most of prey fish biomass is consumed by the whiting, turbot and dogfish.
Between them, turbot is the most important commercial stock in the Black Sea.
Finally, other than P. maxima, other two species were chosen for stomach analyses in the Black
Sea: the Mediterranean horse mackerel, Trachurus trachurus, as an important predator (Table 2.1)
as well as a prey species, and the sprat, Sprattus sprattus, as the most important prey species in the
EU Black Sea waters. The proposed species are also of great commercial importance and are all
already included in the current DCF.
Tab. 2.1. Consumption of fish prey, biomass and catches (in thousands tons) of the most abundant
predatory fishes in the Black Sea (STECF, 2017a, Demirel et al., 2019).

Predatory fishes
Bonito
Bluefish
Horse mackerel
Whiting
Turbot
Dogfish

Biomass of predatory
fishes
98.1
29.1
34.5
19.1
4.8
1.6

Catches of
predatory fishes
15.2
6.3
15.5
9.1
1.6
0.4

Total biomass of fish
preys consumed by each
predator
166.8
56.9
32.7
29.9
20.8
4.7

2.1 Mediterranean Sea
European hake, Merluccius merluccius (Fig. 2.1.1), is an eurhybatic species and an important
component of the demersal assemblages of the continental shelf and upper slope in Mediterranean
Sea (see the Deliverable D.4.2). The European hake occurs in the Mediterranean and Eastern
Atlantic, from Norway and Iceland coasts to Mauritania coasts. In the Black Sea, it lives along the
Southern coasts only (Lloris et al., 2003; Colloca et al., 2016). In the Mediterranean, the highest
abundance occurs between 50 and 400 m depth. Juveniles migrate from their nurseries towards
shallower depths when they reach size of 13-14 cm Total Length; maturing specimens (15-30 cm
TL) concentrate between 50 and 120 m depth, whereas larger size specimens, adults over 30 cm TL
cm show a wider bathymetric distribution (Bartolino et al., 2008). The reproductive period of the
species extends almost all the year round, although seasonal peaks are present according to the
different areas; males mature at a lower size (around 20 cm TL) compared to females (30-35 cm
TL) (Arneri and Morales-Nin, 2000; Vrgoč et al., 2004; Sbrana et al., 2007; Recasens et al., 2008;
Donnaloia et al., 2012, among others).
Spatially and temporally stable nursery areas have been identified in many areas of the
Mediterranean (Jukic and Arneri, 1984; Abella et al., 2008; Manfredi et al., 2009; Lembo 2010;
Murenu et al., 2010; Garofalo et al., 2011).
In the Mediterranean, M. merluccius is one of the most important demersal resources for trawl
fisheries, but also for the small scale fisheries using gillnets and bottom longlines (Martin et al.,
1999). Trawlers mostly exploit specimens below 30 cm TL, whereas artisanal vessels target larger
specimens (Sartor et al., 1996; Abella et al., 1997). As shown by the results of the assessments
carried out in last years in the context of GFCM and STECF, the stocks of European hake in the
Mediterranean are suffering a "chronical" overexploitation, mostly due to the high fishing pressure
produced by trawling on the first age classes (FAO, 2016; STECF, 2017a). The Minimum
Conservation Reference Size in EU Mediterranean waters is 20 cm TL (Reg. EU 1967/2006).
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Fig. 2.1.1. European hake, Merluccius merluccius

The diet of European hake has been widely studied in both Atlantic and Mediterranean waters. In
the Mediterranean, where the diet of this species has been widely investigated, European hake preys
on a wide spectrum of organisms (from small crustaceans to medium sized fish), with sharp
ontogenetic changes in its diet (Bozzano et al., 1997; Carpenteri et al., 2004; 2005; 2008, Carrozzi
et al., 2019; Cartes et al., 2009; Fanelli et al., 2018; Sartor et al., 2003; Stagioni et al., 2011;
Sinopoli et al., 2012). The daily food consumption was estimated as 5.0–5.9% of body wet weight
(Carpentieri et al., 2008).
The main switches in the diet occur when juveniles migrate from nurseries towards shallower
depths and after the achievement of sexual maturity (Carpentieri et al., 2004). Recruits in nurseries
(specimens lower than 15 cm TL) feed mostly upon euphausiids and mysids. A key role, as food
resource for the juveniles, is played by the Euphausids Meganychtiyphanes norvegica and
Nychtiphanes couchii, and by the mysid Lophogater typicus, has been evidenced in several areas
(Bozzano et al., 1997; Carpentieri et al., 2004; 2005; Sartor et al., 2003; Stagioni et al., 2011).
Before the transition to the complete ichthyophagous phase (at around 30-35 cm TL) hake shows
more generalized feeding habits where crustaceans decapods (such as Processa spp., Solenocera
membranacea, Chlorotocus crassicornis), benthic (Gobiidae, Callionymidae) and necktonic fish
(anchovy, sardine) dominate the diet, whereas cephalopods have a lower incidence. The
cannibalism has been observed in several areas; it increases with hake size, achieving a proportion
of about 15-20% in the weight of preys, as regards the diet of specimens over 30 cm TL and it
seems to be positively correlated to the density of hake recruits (STECF, 2008). The largest hake
specimens feed on a variety of fish preys, that vary according to the habitat, from small pelagics
(e.g. anchovy and sardine) and Myctophids, to benthic and demersal fishes (e.g. Trisopterus
capelanus, Cepola macrophtalma, Gaidropsaurus biscayensis, Trachurus trachurus).
A predominance of fishes during winter and a greater diversification of preys in summer has been
noticed as well.
Therefore, the studies carried out on European hake diet have evidenced a change in the food
spectrum according to three main size groups, corresponding to different life cycle stages: i)
recruits, preying mostly on small crustaceans and small benthic fishes, ii) post-recruits, preying on
larger fish and crustaceans decapods and iii) adults, preying mostly on active swimming fishes.
However, some differences in the size range of each group can depending on the area analysed
(Table 2.1.1).
Daily migrations (Froglia, 1973; Orsi-Relini et al., 1989; Bozzano et al., 2005) and changes of diet
as a function of temporal/spatial prey availability have also been reported (Cartes et al., 2004), with
daily movements often related to diel feeding rhythms. Diet has shown differences among seasons
8
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(Bozzano et al., 2005), although in the Balearic Islands these changes are restricted to recruits
(Cartes et al., 2009).
Table 2.1.1. Examples of ontogenic changes in the diet of European hake in different Mediterranean areas.
Area
Size groups
Diet composition
Reference
(Total length)
(main food items)
Western
Mediterranean <14.5 cm
Small
crustaceans Bozzano
et
al.
(Gulf of Lions) - GSA 7
(Euphausiids, Mysids), small (1997)
benthic fishes (e.g. Gobidae)
14.5-39.5 cm
Decapod crustaceans, small
fishes (sardine, anchovy)
>40 cm
Necktonic Fishes
Western
Mediterranean <18 cm
Small
crustaceans Cartes et al. (2009)
(Balearic Islands) - GSA 5
(Euphausiids, Mysids), small
benthic fishes
18-21.9
small fish (sardine, anchovy)
>22 cm
Nektonic fish, crustacens
Central
Mediterranean >16 cm
Small crustaceans (Mysids)
Carpentieri et al.
(central Tyrrhenian Sea) 16-35.9 cm
Decapod
crustaceans (2005)
GSA 9
(Pandalidae, small fish (e.g.
Gobidae, Callyonimidae)
>36 cm
Fishes (sardine, anchovy, small
Gadidae)
cephalopods,
Decapod crustaceans

Conversely, as concerns the role played by M. merluccius as a prey, less information is available.
Hake juveniles, due to their important densities, especially in some areas, undoubtedly constitute an
important food resource for the piscivorous species. The presence of hakes in the stomach contents
of anglerfish, Lophius piscatorius and L. budegassa, have been widely documented in several
Mediterranean areas (Stagioni et al., 2013; López et al., 2016; Ainouche and Nouar, 2018). There
are several studies reporting a constant and abundant presence of hakes of different size in the
stomachs of cetaceans, such as the bottlenose dolphin, Tursiops truncates, and the striped dolphin,
Stenella coeruleoalba (Wurtz and Marrale, 1993; Voliani and Volpi, 1990; Blanco et al., 2001;
Scuderi et al., 2011).
Blackbellied anglerfish, Lophius budegassa, and monkfish, Lophius piscatorius (Fig. 2.1.2), are two
important demersal species distributed in the Mediterranean Sea, which are commercially exploited
due to their economic value (Fariña et al., 2008; Colmenero et al., 2013; Gangitano 2015a; 2015b).
Both species are characterised by dorso-ventrally compressed morphology, a wide mouth, and the
presence of an illicium, a modified first dorsal ray which serves as a lure (Fariña et al., 2008). Both
species have a wide geographic distribution that includes the North-eastern Atlantic Ocean from the
Barents Sea to the Strait of Gibraltar, the Mediterranean and the Black Sea (Relini et al., 1999;
Velasco et al., 2008; Gangitano 2015a; 2015b). Their bathymetric distribution is also large, between
the continental shelf and the upper slope down to 1000 m depth. They are benthic species and live
on sandy and muddy bottoms. Both species are exploited mainly by the bottom trawl fishery, caught
together with other species including M. merluccius, Mullus barbatus, Helycolenus dactylopterus
and Phycis blennoides (Ungaro et al., 2002; Gristina et al., 2006) and represent an important portion
of the commercial value of the catch.
An assessment of the exploitation status of L. budegassa was performed in the Strait of Sicily (GSA
15 and 16) using length distribution of commercial landings in 2009-2010 and data collected from
MEDITS trawl surveys (2002-2011) carried out in the Strait of Sicily (Gancitano et al., 2013a). The
9

MARE/2016/22 - STrengthening REgional cooperation in the Area of fisheries biological data collection in the
Mediterranean and Black Sea (STREAM)

results obtained showed an overfishing condition. At present, no stock assessments are available for
L. piscatorius in the Mediterranean; evaluations on the exploitation status of this species have been
performed in Atlantic, Faroe Islands (Ofstad et al., 2013), showing that the species is suffering the
excessive fishing pressure. Nowadays, no specific management measures for the two Lophius
speces are applied in Mediterranean. No minimum landing size has been established for the two
species in accordance with EU Reg. No. 1967/2006.

Fig. 2.1.2. Monkfish, Lophius piscatorius (left) and blackbellied anglerfish, Lophius budegassa (right).

Both anglerfish species are opportunistic, non-selective feeders displaying a common feeding
strategy called “sit and wait”, as they do not prey actively, but attract preys by moving the illicium
(Laurenson and Priede, 2005). Although available information shows that bony fish constitute the
principal prey category for both species, the studies carried out for these species have evidenced a
change in the food spectrum according to size (Table 2.1.2). Thus, in the case of L. budegassa,
available studies show that small individuals prey on smaller fish species and large individuals on
larger species, such as M. merluccius, as well as crustaceans. Although the information on the diet
of L. piscatorius in the Mediterranean is scarce, also this species shows an ontogenic change, which
has also been described at genus level worldwide (Fariña et al., 2008).
Table 2.1.2 - Ontogenic changes in the diet of L. budegassa and L. piscatorius in some Mediterranean areas.

Area

Tunisian coast
Adriatic Sea

Size groups
(total
length)
<40 cm
>40 cm
<15 cm

>15 cm

Lophius budegassa
Diet composition
(main food items)
Carangidae and Penaeidae
Carangidae, Argentinidae, Merlucciidae
Small fish (Lesuerigobius friesii,
Gaidropsarus biscayensis, Callionymus
maculatus)
M. merluccius, M. poutassou, E.
10
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Negzaoui-Garali et
al., 2008
Stagioni et al.,
2013
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Catalan Sea

<30 cm
>30 cm

Algerian coast

<24 cm
>24 cm

Catalan Sea

<30 cm

>30 cm

encrasicolus, M. barbatus, crustaceans
Small fish (Gobius niger, Lesuerigoibus
friesii, Trisopterus minutus)
Merluccius
merluccius,
Gadiculus
argenteus,
Ophidion
barbatum,
crustaceans.
Small fish (Gadiculus argenteus,
Leuseurigobius suerii)
Large fish (Trachurus trachurus, Mullus
barbatus, Merluccius merluccius) and
crustaceans (Parapenaeus longirostris
and Aristeus antennatus)
Lophius piscatorius
Ophidion
barbatum,
Cepola
macrophthalma, Merluccius merluccius,
crustaceans
Cepola macrophthalma, Gadiculus
argenteus

López et al., 2016

Ainouche
Nouar, 2018

and

López et al., 2016

2.2 Black Sea
Turbot, Psetta maxima, (Fig. 2.2.1) is a large, broad-bodied left-eyed demersal flatfish that belongs
to the family Scophthalmidae. Its geographical range extends from Icelandic seas to the
Mediterranean, including the Sea of Marmara, and the Black Sea (Blanquer et al., 1992). The turbot
is one of the most important commercial fish species in the Black Sea, where it is heavily fished
using otter trawls, gillnets, beach seines, and trammel nets (Aydin and Sahin, 2011).

Fig. 2.2.1. Turbot, Psetta maxima, (Photo by Valodia Maximov)
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Turbot is a slow growing, and long living species (Stoyanov et al., 1963), with maximum longevity
of 10-12 years along the Bulgarian, Romanian and Turkish coasts (Stoyanov et al., 1963;
Karapetkova and Zivkov, 2006), and 17-23 years along the Russian and Ukrainian coasts (STECF,
2015). Turbot reaches a maximum total length of 85-87 cm TL, and weight of 12-15 kg (Stoyanov
et al., 1963; Karapetkova and Zivkov, 2006). The length at first maturity is estimated of about 41-51
cm TL that correspond to age 3-5 years, based on research in Bulgaria (Stoyanov et.al., 1963;
Karapetkova and Zivkov, 2006) and 31-37 cm TL that corresponds to age of 2-3 years in Romania
based on samples from scientific surveys (STECF, 2015). In Turkish waters, length at first maturity
is estimated at 20-25 cm TL (Eryilmaz and Dalyan, 2015). The Minimum Conservation Reference
Size for this species in EU Black Sea waters is 45 cm TL (Maximov et al., 2013) and was
introduced in Bulgaria under Fisheries and Aquaculture Act (FAA, 2001).
The stock is subject to EU regulations fixing the fishing opportunities. A multiannual management
plan for turbot fisheries in GSA29 was agreed during the 41st Annual Meeting of the General
Fisheries Commission for the Mediterranean (GFCM), October 2017. The agreement was based on
the best available scientific advice and the principles of the reformed Common Fisheries Policy
(CFP). The stock exploited by Bulgaria and Romania is shared with non-EU countries, such as
Turkey, Ukraine, Georgia and the Russian Federation. So far, no TACs had been decided at
regional level between EU and non-EU countries, and every year since 2008, the European Union
had been fixing autonomous quotas for turbot in order to ensure that the CFP rules were applied
(Regulation (EU) 2018/2058 fixing for 2019 the fishing opportunities for certain fish stocks and
groups of fish stocks in the Black Sea). Supporting the development of multiannual management
plans in the Black Sea are management measures such as minimum standards for bottom-set gillnet
fisheries for turbot in the Black Sea (Recommendation GFCM/37/2013/2 on the establishment of a
set of minimum standards for bottom-set gillnet fisheries for turbot and conservation of cetaceans in
the Black Sea) and measures adopted recently to prevent, deter and eliminate IUU fishing in turbot
fisheries in the Black Sea (Recommendation GFCM/39/2015/3 on the establishment of a set of
measures to prevent, deter and eliminate illegal, unreported and unregulated fishing in turbot
fisheries in the Black Sea). The turbot stock in the Black Sea was assessed in 2017 by state-space
assessment model (SAM); the current F (0.82) is larger than FMSY (0.26), which indicates that
turbot in GSA 29 is being fished above FMSY (STECF, 2017b).
Due to its importance to aquaculture, numerous studies regarding the use of different types of food
in cultivated turbot are available (e.g. Bonaldo et al., 2015; Sevgili et al., 2015; Kroeckel et al.,
2013 and references cited therein). However, information on the diet of wild turbot is rather scarce.
Age 0 individuals of turbot avoid non-motile organisms (such as gastropods and bivalves) and prey
on crustaceans and polychaetes on west of Ireland nursey grounds (Haynes et al., 2011). In the
Black Sea, small fish with lengths between 2.0 – 20.0 cm (age groups 0+ - 1+) feed on polychaets,
crustaceans and fish, mainly gobiids (Karapetkova, 1962). Adult turbot prey on fish (e.g.
Merlangius merlangius and Gobiidae), followed by small Crustaceans, like the shrimp Crangon
crangon and mollusks (Panayotova and Todorova, 2008; Karapetkova, 1962; Bulgurkov, 1965)
Totoiu et al. (2014) have found small quantities of bivalves and decapods in turbot diet in
Romanian waters. To our knowledge, no studies of ontogenetic changes and few studies on
seasonality (Karapetkova, 1962) have been performed until now.
The Black Sea population of the Mediterranean horse mackerel, Trachurus mediterraneus, Fig.
2.2.2, is distributed across the Black, Azov and Marmara seas (Stoyanov et al.1963, Karapetkova
and Jivkov 2006). Its wintering areas are situated along the coasts of the Crimea, Caucasus,
Anatolia and parts of the Marmara Sea (Ivanov and Beverton 1985). In spring, the horse mackerel
appears in the Bulgarian coastal waters usually in mid-May. By mid-June, the majority of the
schools migrate toward the northwestern part of the Black Sea for feeding and spawning. The
autumn migration spans from mid-September to mid-December when the horse mackerel moves
southward, towards its wintering grounds (Stoyanov et al. 1963). Mediterranean horse mackerel is a
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species with maximum longevity of 10-12 years reported in the past (Stoyanov et al., 1963), but
nowadays the age of most of the individuals in the Black Sea population does not exceed 6 years.
The horse mackerel matures at the age of 1-2 years in spring-summer (May-August), when the main
feeding and growth season also takes place. It spawns in the upper layers, mainly in the open part of
the sea as well as near the coast (Stoyanov et al. 1963; STEFC 2017b).

Fig. 2.2.2. Mediterranean horse mackerel, Trachurus mediterraneus

The horse mackerel is a species of great commercial importance for the Black Sea fishery
(Shlyakhov and Daskalov 2008). The catches of Black sea horse mackerel are realized by active
(pelagic trawl and seine) and passive fishing gears (trap nets, beach seine, STEFC 2017b). The
horse mackerel of age 1-3 years generally prevails in the commercial catches. About 90% of the
total horse mackerel catch is taken by Turkey (STEFC 2017). After the 1950, the horse mackerel
catches have been gradually increasing, reaching a maximum level of about 140 thousand tons in
the late 1980s (Prodanov et al. 1997). During 1990-2010 the catches have decreased down to about
10 thousand tons. In recent years, the reported Black Sea catches fluctuate between 10,229 and
25,367 tons (STEFC 2017b). The minimum landing size of horse mackerel in EU Black Sea waters
(Bulgaria and Romania) is 12 cm total length (STEFC 2017b; FAA 2017). In the Black Sea the
status of the horse mackerel stock is considered in a state of overexploitation (STEFC 2017b).
The feeding biology of T. mediterraneus in the Black Sea has been investigated by several authors
(e.g. Fortunatova, 1948; Briskina, 1954; Stoyanov et al.1963, Stikov 1978, Zlatev 1986, Yankova et
al. 2008, Georgieva et al. submitted). The horse mackerel occupies a position in the middle of the
trophic pyramid (trophic level 3.5), that makes it important for the functioning of the ecosystem.
Depending on the season the diet of horse mackerel is dominated by benthic crustaceans such as
Mysidacea, Caridea, Amphipoda in spring and summer, and zooplankton and fishes (sprat,
anchovy) in autumn (Fortunatova, 1948; Briskina, 1954; Stoianov et al. 1963, Yankova et al. 2008;
Georgieva et al. submitted). To our knowledge, only two studies have reported on ontogenetic
changes in horse mackerel diet (Yankova et al. 2008; Georgieva et al. submitted).
Table 2.2.1. Ontogenic changes in the diet of Trachurus mediterraneus in the Black Sea

Area

Bulgarian
Black Sea

Size group
Main food items in the diet
Total Length
<10 cm
Zooplankton (Copepoda; Decapoda larvae,
Gastropoda larvae, Cirripedia larvae)
>10 cm
Benthic invertebrates (Crustacea, Polychaeta),
Pisces (Clupeidae, Engraulidae)

Reference
Georgieva et al.
submitted
Georgieva et al.
submitted; Yankova
et al. 2008

The sprat, Sprattus sprattus, (Fig. 2.2.3) is a small pelagic planktivorous fish. It forms one of the
most abundant stocks in the Black Sea, that has a great importance for the commercial fisheries, as
13
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well as for the marine predators (including other commercial fish such as whiting and turbot) and
the ecosystem as a whole (Daskalov et al 2008, Shlyakhov and Daskalov 2008). Together with the
anchovy, sprat is one of the most abundant, planktivorous, pelagic species. The level of its stocks
depends on the conditions of the environment mainly and on the fishing effort. The changes in the
environment due to anthropogenic influence affect the dry land as well as the world ocean. The
level of the sea pollution and its “self-purifying” ability are completely different. There is a clear
indication of changes in the nature equilibrium in the corresponding ecological niches. The greatest
impact in the world ocean is played by commercial fisheries, which directly devastate a significant
part of the given species populations. As a result of this, some of the species stocks are declined or
depleted.

Fig. 2.2.3. Sprat, Sprattus sprattus
The long-term (Yankova et al., 2008; Mihneva et al., 2015; Raykov et al., 2019) studies on food
composition and feeding patterns of sprat have been based on analysis of stomach content
composition of samples collected in front of Bulgarian Black Sea coast in 2007-2018 under Reg.
EU 199/2008 and Reg. (EU) 2017/1004 of the European Parliament and of the Council. The above
mentioned studies encompassed also analyses of the zooplankton species composition and biomass
in the marine environment, as these pelagic organisms form the main food source of planktivorous
fish species.
Eight zooplankton species/groups have been identified in the stomach contents of the studied sprat
specimens during November 2018: – copepods such as Calanus euxlinus, Pseudocalanus elongates,
Paracalanus parvus, and Acartia clausi; from meroplankton were detected only Decapoda larvae;
class Chaetognatha was represented by Parasagitta setosa, and class Appendicularia - by
Oicopleura dioica. The sprat food spectrum was dominated by the cold-water copepod Calanus
euxinus, followed by Parasagitta setosa, Acartia clausi, Oicopleura dioica, Ps. elongatus and
Decapoda larvae. The cold-water zooplankton dominated in the sprat diet by frequency of
occurrence, as well as by abundance and biomass. Parasitic Nematoda were found in 10% of the
studied fish specimens.
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3. Sampling methodology and guidelines
3.1 Rationale
During the WKSTCON (Palma de Mallorca, April 2018), different methodological approaches for
the study of trophic ecology were discussed, highlighting their pros and cons in terms of robustness
of results, costs and capability of implementation for a long term monitoring activity, such as that
needed for the Regional Sampling Program of Data Collection. A similar summary was already
performed during the MARE/2014/19 Project, and it is available in the Deliverable 3.3 of that
Project.
As reported in the Introduction, the classical method based on stomach content analysis still
remains the most valid approach for the implementation a coordinated and a long term program of
data collection. Therefore, this method is proposed also for the next Regional Sampling Program.
This methods is based on the taxonomic identification of the prey items present in the stomach
contents; the role of each prey item is then evaluated according to its frequency of occurrence,
numerical or weight/volumetric importance.
It is important also to consider that, as shown by the abundant literature available, both for
Mediterranean and Black Seas, there is wide experience and expertise (both in Ecology and in
Taxonomy) in the field of trophic ecology based on stomach content analysis.

3.2 Proposed sampling protocol
The proposed sampling protocol is the same as the one proposed by the Project MARE/2014/19
Med&BS; the validity of this method was also underlined by the review carried out during the
Workshop WKSTCON, where this method was agreed at Mediterranean and Black Sea level, and
considering the preliminary results of pilot studies carried out under national work plans (e.g. Italy).
The individuals sampled for the analysis of their stomach contents should be sampled at sea and,
preferably, analysed later in the laboratory. The recommended method for preservation is frozen. If
there is any alteration to this protocol, it should be taken into account. The preservation can be done
for: i) the entire specimen or ii) only the stomach.
Individuals without everted stomachs should be prioritized.
For the individuals to be sampled, it is necessary to register the general information of the sampling
(i.e., haul, date and time of the haul, position, depth).
The following steps should be followed for each individual:
1. Measure the size, as Total Length (to the lowest half cm).
2. Open the fish’s body carefully with a knife or scissors to avoid cutting internal organs.
3. Identify the different organs and determine sex (male, female or indeterminate) and maturity
stage (following the usual procedures, according to the reference maturity scales in use, e.g. A.A.
V.V., 2017).
4. Remove the stomach. Identify if it is in one of the following states. Any of these states should
be include in the scoreboard, as this information is important in order to calculate some of the
dietary indices.
4.1. Full: Stomach with some content. If the contents are only hard structures or a mass of
unidentified species, this should be annotated.
4.2. Empty: Stomach without any content, but gallbladder with content. This means that
there was nothing in the stomach when the fish was caught.
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4.3. Regurgitated: Stomach without any content and gallbladder without content. This means
that there was some content in the stomach when the fish was caught, but it was expelled
due to stress of the catch.
5. For full stomachs, estimate its content quantitatively (volume or/and weight). For empty and
regurgitated stomachs, no further steps should be taken.
6. Classify the stomach content according to the categories decided (major prey Taxa and, when
possible, at species level for Teleostea, Crustacea and Cephalopoda).
7. For each prey category identified:
7.1. Estimate the percentage in volume or/and weight.
7.2. Estimate the state of digestion (1: intact prey, 2: partially- digested prey or 3: welldigested prey).
7.3. When possible, estimate the number of preyed individuals.
7.4. When possible, for those preys (Teleostea, Crustacea and Cephalopoda) in which the
state of digestion allows it (i.e. entire preys), measure the size of each individual. If more
than a prey is identified, measure the smaller (minimum length) and larger (maximum
length) individuals. Type of length: Teleostea (total or standard length), Crustacea (carapace
or total length), Cephalopoda (mantle length).
A proposal of scoreboard for stomach content data collection and analysis is included in Annex I,
with an example of filled scoreboard with a detailed description.

3.3 Estimation of dietary indices
For each prey item (species of major taxon preyed by the investigated species), the following
dietary indices are proposed to measure feeding intensity and to evaluate the trophic spectrum of
each species:
1) Frequency of occurrence (%F), percentage of stomachs with a specific type of prey in relation
to the total number of stomachs containing food;
2) Numerical (%N) and volumetric (%V) composition, expressed as the percentage contribution
of each prey to the whole content, in number or volume respectively;
3) Index of relative importance (IRI), IRI = %F(%N+%V), standardized following
%IRI=(IRI/ΣIRI)x100 (Cortes, 1997);
4) Index of relative importance prey-specific (%PSIRI = % Fpi(%Npi+ %WPi) 0⋅5) (Brown et
al., 2012).
5) Vacuity index (v), calculated as the percentage of empty stomachs divided by the sum of the full
and empty stomachs, or its reverse, repletion index (R), calculated as the percentage of full
stomachs divided by the sum of the full and empty stomachs. Everted stomachs are not considered
by this index.
6) Gastro-somatic index (Ga.SI), Ga.SI=100(total stomach content weight/total fish weight) (Desai
1970)
7) Diet breadth, following Levin’s standardized index:
,
Where pij is the proportion of diet of predator i that is made up of prey j and n is the number of prey
categories. This index ranges from 0 to 1, low values indicating diets dominated by a few prey
items (specialists predators) and higher values indicating generalist diets (Krebs, 1999);
8) Species diversity in both prey number (H’n) and prey volume (H’v), calculated using the
classical Shannon-Wiener index:
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Where S is the number of species, pi the proportion of species i (in number of H’n and in volume for
H’v) in relation to total abundance/volume individuals (that is relative abundance or volume of the
species).
Prey categories with frequency of occurrence lower than 3% and unidentifiable remains should be
excluded from these indices.

3.4 Proposal of sampling plan
Two possible sources of data shall be considered in the collection of stomachs of the selected
Mediterranean and Black Sea species: experimental bottom trawl surveys (like MEDITS survey
in the Mediterranean) and biological sampling (sampling from commercial fishing). In the first
case, the sampling would not take into account seasonality but the second would. Sampling can be
performed from fresh or frozen individuals, depending on the possibilities, as explained in the
Chapter 3.2.
The sampling of stomachs has been planned taking into account the following criteria (strata),
which are known to influence the diet of the investigated species:
- Size class: for European hake, three different groups should be considered (see Table 2.1.1): i)
juveniles (<20 cm TL, which would be part of the discarded fraction, in the case of sampling from
commercial catches); ii) sub-adults (20-35 cm TL) and iii) adults (>35 cm LT).
For the anglerfish, Lophius spp., two different groups should be considered: i) small (<30 cm TL,
which would be part of the discarded fraction in the case of sampling from commercial catches) and
ii) large (>30 cm TL) individuals.
As concerns turbot, three size groups have been proposed, taking into account both the length at
first maturity and the Minimum Conservation Reference Size (Karapetkova, 1962): i) juveniles
(<20 cm TL), ii) discarded adults (20-45 cm TL) and iii) adults taken by the commercial fisheries
(>45 cm TL).
For the Mediterranean horse mackerel, two size groups should be considered for the sampling of
stomachs: i) juveniles <10 cm TL, and ii) adults >10 cm TL.
Concerning sprat, 2 size groups should be regarded: i) <8 cm TL and ii) >8cm TL.
Seasonality: This stratum will only refer to the samplings from commercial catches and, as
explained before, quarter should be the time interval.
- Sample size: The proposal on the number of individuals to be sampled for stomach content
analysis is reported in the tables below.
The proposed numbers correspond to full stomachs to be sampled. For the moment, no estimations
of the optimal sample size is available; the samples sizes proposed for each species are the product
of a first evaluation based on various aspects: sample size from previous study, heterogeneity of the
diet of each species, availability of the samples, including the information on the stomach repletion.
Hake (Table 3.4.1):
o Biological sampling (commercial fishery): In order to take into account seasonality,
sampling should be carried out by quarter and 30 full stomachs by quarter and length group
shall be analysed by each GSA.
o Experimental trawl surveys: 20 full stomachs by length group should be analysed by GSA.
Total number of stomachs to sample per GSA/year: 420. This number is lower than that (690)
proposed by the Project MARE/2014/19 Med&BS, due that the results of the Pilot Studies (e.g.
those performed in the Italian GSAs) highlighted the difficulty to reach the expected samples
size, especially for the first and last size class.
Anglerfish (Lophius spp., Table 3.4.2):
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Biological sampling (commercial fishery): In order to take into account seasonality,
sampling should be carried out by quarter and 12 full stomachs by quarter and length group
shall be analysed by GSA.
o Experimental trawl surveys: 12 full stomachs by length group should be analysed by GSA.
Total number of stomachs to sample per GSA/year: 120.
o

Turbot (Table 3.4.3):
o Commercial fishery: In order to take into account seasonality, sampling should be carried
out by quarter and 30 full stomachs by quarter and length group shall be analysed. It should
be noted, that the number of juveniles in commercial catches is zero or very low. Discarded
adults could be found in sprat fisheries using OTM trawls, in Rapana fisheries using beam
trawls and in turbot gillnets fisheries, but in low quantities.
o Surveys: A total of 15/30 individuals by length group should be analysed. The number of
juveniles in survey catches is usually very low.
Total number of stomachs to sample in GSA 29: 315
Horse mackerel (Table 3.4.4.):
o Commercial fishery: In order to take into account seasonality, sampling should be carried
out by quarter and 450 full stomachs should be analysed.
o Surveys: A total of 100 individuals should be analysed.
Total number of stomachs to sample in GSA 29: 550.
Sprat (Table 3.4.5):
o Commercial fishery: In order to take into account seasonality, sampling should be carried out
quarterly and 200 full stomachs (total for all size categories) shall be analysed per quarter.
o Surveys: 100 individuals in total should be analysed.
Total number of stomachs to sample in GSA 29: 900.

It is worth noting that this sampling program could be revised in the future, according of the results
of the analysis of the stomachs content; this statement is valid especially for the sample size.
Therefore, the sampling strategy and the sampling effort could be refined in order to minimize the
variability of the estimates of the food spectra and to properly consider all the factors influencing
the variations in diet composition.
- Precision level in prey identification: It is recommended to classify the preys to the lowest
taxonomic level, possibly at species level. However, in order to have the most standardized and
comparable information possible, in addition to the list of prey with the most detailed classification
level, prey should be grouped into major Taxa, not necessarily at species level.
The proposed grouping categories are the following taxa: Polychaeta, Sipuncula, Gastropoda,
Bivalvia, Cephalopoda, Euphusiacea, Amphipoda, Isopoda, Mysidacea, Crustacea Reptantia,
Crustacea Natantia and Teleostea. For the stomach contents of sprat in Black Sea, also the
following categories should be taken into account: Copepoda, Cladocera, Chaetognatha, and
Lamellibranchia veliger.
However, in the case of Teleostea, Crustacea and Cephalopoda, when the level of digestion would
allow the identification, it is strongly suggested to provide the information at the lowest taxonomic
level, possibly the Species level.
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Table 3.4.1. European Hake in Mediterranean; proposal on number of full stomachs to be sampled by type of
sampling, quarter and size class, for each GSA.

Biological sampling
(landing and discard)
Quarter
I
II
III
IV
Total biological sampling
Experimental trawl survey
(MEDITS)
Total survey
Total

Full stomachs to sample
Juveniles Sub-adults Adults
Total
30
30
30
90
30
30
30
90
30
30
30
90
30
30
30
90
120
120
120
360
Full stomachs to sample
20
20
20
60
20
20
20
60
140
140
140
420

Table 3.4.2. Anglerfish (Lophius spp.) in Mediterranean; proposal on number of full stomachs to be sampled
by type of sampling, quarter and size class, for each GSA

Biological sampling
(landing and discard)
Quarter
I
II
III
IV
Total biological sampling
Experimental trawl survey
(MEDITS)
Total survey
Total

Full stomachs to sample
Small
Large
Total
12
12
24
12
12
24
12
12
24
12
12
24
48
48
96
Full stomachs to sample
12
12
24
12
12
24
60
60
120

Table 3.4.3. Turbot in Black Sea; proposal on number of full stomachs to be sampled by type of sampling,
quarter and size class.

Biological sampling
(landing and discard)
Quarter
I
II
III
IV
Total biological sampling
Bottom trawl survey
Total survey
Total

Full stomachs to sample
Juveniles
0
0
0
0
0
15
15
15

Discarded Commercialized
adults*, **
adults
30
30
30
30
30
30
30
30
120
120
Full stomachs to sample
30
30
30
30
150
150

Total
60
60
60
60
240
75
75
315

*In Romania, according to the legislation, commercial fishing of turbot is carried out only with gillnets
(selective gears) and no discards or < 45 cm individuals are reported. Consequently, in Romanian waters is
very unlikely to achieve the target value for discarded adults (30 ind. x 4 seasons). ** In Bulgaria, only in the
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case the annual turbot quota is reached and the catch should be partially discarded or in the case the adults in
the catch are under the minimum allowed size (45 cm). The proposed sampling intensity is based on the
previous observations and cannot be guaranteed due to high uncertainty whether the above mentioned two
cases will happen.

Table 3.4.4. Mediterranean horse mackerel in Black Sea; proposal on number of full stomachs to be sampled
by type of sampling, quarter and size class.

Biological sampling
(landing and discard)
Quarter
I
II
III
IV
Total biological sampling
Research survey
Total survey
Total

Full stomachs to sample
Juveniles
Adults
Total
0
0
0
30
150
180
15
75
90
30
150
180
75
375
450
Full stomachs to sample
30
70
100
30
70
100
105
445
550

*The number of the samples was determined based on previous observations on horse mackerel feeding but
also depends on the availability of the species in front of the Bulgarian coast. The presence of horse mackerel
along the Bulgarian coast is conditional to the species migration (to/from Marmara Sea) and depends on the
season. Hence, the appearance of horse mackerel in the Bulgarian Black Sea waters is sporadic – fact that
cannot always guarantee the exact number of the proposed sampling. **Horse mackerel, is present in
Romanian waters only at the end of May (for about 2 weeks); in summer it is missing, and it returns in
autumn (starting in September). Reported catches are very small (30 tons), only from pound nets. Thus,
likely it will be possible to not achieve the target value in summer (quarter III).

Table 3.4.5. Sprat in Black Sea; proposal on number of full stomachs to be sample by type of sampling,
quarter and size class.

Biological sampling
(landing and discard)
Quarter
I
II
III
IV
Total biological sampling

Full stomachs
to sample

Total

200
200
200
200
200
200
200
200
800
800
Full stomachs to sample

Research survey

100
100
900

Total survey
Total

20

100
100
900

MARE/2016/22 - STrengthening REgional cooperation in the Area of fisheries biological data collection in the
Mediterranean and Black Sea (STREAM)

References
AAVV (2017) - MEDITS-Handbook. Version n. 9. MEDITS Working Group: 106 pp.
Abella A., Fiorentino F., Mannini A., Orsi Relini L., 2008, Exploring relationships between recruitment of
European hake (Merluccius merluccius L. 1758) and environmental factors in the Ligurian Sea and the
Strait of Sicily (Central Mediterranean). Journal of Marine Systems, 71: 279-293.
Albouy C., D. Mouillot, D. Rocklin, J.M. Culioli, Le Loch F., 2010. A trophic model to simulate the
combined effect of artisanal and recreational fisheries on a Mediterranean ecosystem: the Bonifacio
Straits Natural Reserve (Corsica, France). Marine Ecology Progress Series 412, 207–221.
Aydin I., Sahin T., 2011. Reproductive performance of turbot (Psetta maxima) in the southeastern Black Sea.
Turkish Journal of Zoology 35, 109-113.
Arneri E., Morales-Nin B., 2000. Aspects of early life history of European hake from the central Adriatic. J.
Fish Biol., 56: 1368-1380.
Bartolino V., Colloca F., Sartor P., Ardizzone G.D., 2008. Modelling recruitment dynamics of hake,
Merluccius merluccius, in the central Mediterranean in relation to key environmental variables.
Fisheries Research 92 82-3): 277-288.
Blanco C., Salomón O., Raga J.A. (2001) - Diet of the bottlenose dolphin (Tursiops truncatus) in the western
Mediterranean Sea. J. Mar. Biol. Ass. U.K., 81: 1053-1058.
Blanquer A., J.P. Alayse, B.O. Rkhami, Berrebi P., 1992. Allozyme variation in turbot (Psetta maxima) and
brill (Scophthalmus rhombus) (Osteichthyes, Pleuronectoformes, Scophthalmidae) through their range
in Europe. Journal of Fish Biology 41, 725-736.
Bonaldo A., Di Marco P., Petochi T., Marino G., Parma L., Fontanillas R., Koppe W., Mongile F., Finoia
W.G., Gatta P.P., 2015. Feeding turbot juveniles Psetta maxima L. with increasing dietary plant protein
levels affects growth performance and fish welfare. Aquaculture Nutrition, 21: 401-413.
Bozzano A., Recasens L., Sartor P., 1997. Diet of the European hake Merluccius merluccius (Pisces:
Merluccidae) in the western Mediterranean (Gulf of Lions). Scientia Marina, 61:1-8.
Bozzano A., Sardà F., Rios J., 2005. Vertical distribution and feeding patterns of the juvenile European hake,
Merluccius merluccius in the NW Mediterranean. Fisheries Research 73: 29-36.
Briskina M.M.1954. Feeding of commercially important Black Sea fish: Horse mackerel, mackerel, red
mullet, whiting and grey mullet.- Proceedings of Russian Federal Research Institute of Fisheries and
Oceanography (VNIRO), 28; 136-150 (in Russian)
Browman H.I., Stergiou K.I., 2004. Perspectives on ecosystem-based approaches to the management of
marine resources. Marine Ecology-Progress Series 274: 269-270.
Bulgurkov K., 1965. On the food and distribution of commercial stock of turbot (Rhombus maeoticus
(Pallas)) in the Southern Bulgarian Black Sea area. Proc.of Research institute Fisheries and
Oceanography - Varna, vol.VI, 99 – 110 pp.
Caddy J.F., 1993. Some future perspectives for assessment and management of Mediterranean fisheries.
Scientia Marina 57 (2-3): 121-130.
Carpentieri P., Colloca F., Belluscio A., Ardizzone G.D., 2004. Feeding habits of European hake
(Merluccius merluccius) in the central Mediterranean Sea. Fish. Bull., 103: 411-416.
Carpentieri P., Colloca F., Cardinale M., Belluscio A., Ardizzone G.D., 2005. Feeding habits of European
hake (Merluccius merluccius) in the central Mediterranean Sea. Fisheries Bulletin NOAA 103: 411-416.
Carpentieri P., Colloca F., Ardizzone G.D., 2008. Daily ration and feeding activity of juvenile hake in the
central Mediterranean Sea. J. Mar. Biol. U K., 88: 1493-1501.
Carrozzi V., Di Lorenzo M., Massi D., Titone A., Ardizzone G.D., Colloca F. 2019. Prey preferences and
ontogenetic diet shift of European hake Merluccius merluccius (Linnaeus, 1758) in the central
Mediterranean Sea. Regional Studies in Marine Science 25: 100440
Cartes J.E., Rey J., Lloris D., Gil de Sola L., 2004. Influence of environmental variables on the feeding and
diet of European hake (Merluccius merluccius) on the Mediterranean Iberian coasts. Journal of the
Marine Biological Association of the United Kingdom, 84: 831-835.
Cartes J.E., Hidalgo M., Papiol V., Massutí E, Moranta J., 2009. Changes in the diet and feeding of the hake
Merluccius merluccius at the shelf-break of the Balearic Islands: Influence of the mesopelagic-boundary
community. Deep-Sea Research I, 56: 344-365.

21

MARE/2016/22 - STrengthening REgional cooperation in the Area of fisheries biological data collection in the
Mediterranean and Black Sea (STREAM)

Casini M., Lövgren J., Hjelm J., Cardinale M., Molinero J.C, Kornilovs G., 2008. Multi-level trophic
cascades in a heavily exploited open marine ecosystem. Proceedings of the Royal Society of London,
Series B—Biological Sciences, 275: 1793–1801.
Casini M., Hjelm J., Molinero J.C., Lövgren J., Cardinale M., Bartolino V., Belgrano A., Kornilovs G., 2009.
Trophic cascades promote threshold-like shifts in pelagic marine ecosystems. Proceedings of the
National Academy of Sciences of the United States of America, 106: 97–202.
Coll M., Shannon L.J., Moloney C.L., Palomera I., Tudela S., 2006. Comparing trophic flows and fishing
impacts of a NW Mediterranean ecosystem with coastal upwelling systems by means of standardized
models and indicators. Ecological Modelling 198: 53–70.
Coll M., Lotze H.K., Romanuk T.N., 2008. Structural degradation in Mediterranean Sea food webs: Testing
ecological hypotheses using stochastic and mass-balance modelling. Ecosystems 11: 939–960.
Colloca F., Mannini A., Fiorentino F. (2016). Merluccius merluccius. In: Sartor P., Mannini A., Carlucci R.,
Massaro E., Queirolo S., Sabatini A., Scarcella G., Simoni R. (eds), Synthesis of the knowledge on
biology, ecology and fishery of the halieuthic resources of the Italian Seas. Biol. Mar. Mediterr., 23
(Suppl. 1): 292-303.
Colmenero, A. I., V. M. Tuset, J.-M. Fortuño, and P. Sánchez.2015b. The chorion ultrastructure of ova of
Lophius spp. J. Fish Biol. 86:1881–1886.
Cortes E., 1997. A critical review of methods of studying fish feeding based on analysis of stomach contents:
Application to elasmobranch fishes. Canadian Journal of Fish and Aquatic Sciences, 54: 726-738.
Cresson P., Ruitton S., Ourgaud M., Harmelin-Vivien M., 2014. Contrasting perception of fish trophic level
from stomach content and stable isotope analyses: A Mediterranean artificial reef experience. Journal of
Experimental Marine Biology and Ecology 452: 54–62.
Daskalov, G. M., Prodanov, K. and Zengin, M. 2008. The Black Seas fisheries and ecosystem change:
discriminating between natural variability and human-related effects. In: Proceedings of the Fourth World
Fisheries Congress: Reconciling Fisheries with Conservation (ed J. Nielsen, J. Dodson, K. Friedland, T.
Hamon, N. Hughes, J. Musick and E. Verspoor). American Fisheries Society Symposium 49, AFS,
Bethesda, MD, pp 1649-1664. ISBN: 978-1-888569-80-3
Deb D., 1997. Trophic uncertainty vs parsimony in food web research. Oikos 78: 191–194.
Demirel N, Daskalov, GM, Ulman A., Georgieva, Y, and Zengin M. 2019. Stock dynamics and predator-prey
effects of bonito and bluefish as top predators in the Black Sea. ICES JMS (in review).

Desai V. 1970. Studies on the Fishery and Biology of Tor tor (Ham) from River Narmada. Journal of
the Inland Fishery Society of India 2: 101- 112.
Donnaloia M., Carbonara P., Spedicato M.T., Lembo G. (2012) - Reproductive strategies of European Hake
(Merluccius merluccius L. 1758) in the South Adriatic Sea. In: International Conference on Marine and
Coastal Ecosystems (MarCoastEcos2012): increasing knowledge for a sustainable conservation and
integrated management. 25-28 April 2012, Tirana, Albania.
Eryilmaz L., Dalyan C., 2015. Age, growth, and reproductive biology of turbot, Schophthalmus maximus
(Actinopeterygii: Pleuronectiformes: Scophthalmidae), from the south-western coasts of Black Sea,
Turkedy. Acta Ichthyologica et piscatoria 45, 181-188.
Fanelli, E., Rumolo, P., Barra, M., Basilone, G., Genovese, S., Bonanno, A., 2018. Mesoscale variability in the
trophic ecology of the European hake Merluccius merluccius in the Strait of Sicily. Hydrobiologia 821,
57–72. http://dx.doi.org/10.1007/s10750-017-3268-2.
FAO, 2016. The State of Mediterranean and Black Sea Fisheries. Rome, pp. 134.
Fariña A.C., Azevedo M., Landa J., Duarte R., Sampedro P., Costas G., Torres M.A., Cañás L.,2008. Lophius
in the world: a synthesis on the common features and life strategies. ICES J. Mar. Sci., 65: 1272-1280.
FAA (Fisheries and Aquaculture Act of Bulgaria). 2017. Chapter 4. Section II. Art. 38. Annex 2
Fortunatova K.R. 1948. The biology of feeding) of the horse mackerel Trachurus trachurus, L. Publications
of the Sevastopol Biological Station, 7: 324-337 (in Russian)
Froglia C., 1973. Osservazioni sull’alimentazione del merluzzo (Merluccius merluccius L.) del medio
Adriatico. Atti V Congresso Nazionalle della Societá Italiana di Biologia Marina, 327-341.
Gancitano V., Badalucco C., Cusumano S., Gancitano S., Ingrande G., Knittweis L., Rizzo P., 2013.
Exploitation state of black-bellied angler, Lophius budegassa (Spinola, 1807) (Pisces: Lophiidae), in the
Strait of Sicily (GSA 15 & 16). Biol. Mar. Mediterr., 20 (1): 184-185.

22

MARE/2016/22 - STrengthening REgional cooperation in the Area of fisheries biological data collection in the
Mediterranean and Black Sea (STREAM)

Gancitano V., 2015a. Lophius budegassa. In: Sartor P., Mannini A., Carlucci R., Massaro E., Queirolo S.,
Sabatini A., Scarcella G., Simoni R. (eds), Sintesi delle conoscenze di biologia, ecologia e pesca delle
specie ittiche dei mari italiani. Biol. Mar. Mediterr., 22 (Suppl.): 278-285.
Gancitano V., 2015b. Lophius piscatorius. In: Sartor P., Mannini A., Carlucci R., Massaro E., Queirolo S.,
Sabatini A., Scarcella G., Simoni R. (eds), Sintesi delle conoscenze di biologia, ecologia e pesca delle
specie ittiche dei mari italiani. Biol. Mar. Mediterr., 22 (Suppl.): 286-291.
Garofalo G., Fortibuoni T., Gristina M., Sinopoli M., Fiorentino F. (2011) - Persistence and co-occurrence of
demersal nurseries in the Strait of Sicily (Central Mediterranean): implications for fishery management.
J. Sea Res., 66: 29-38.
Georgieva Y., Daskalov G. M., Klayn S., Stefanova K., Stefanova E. Seasonal Diet and Feeding Strategy of
Horse Mackerel, Trachurus mediterraneus (Perciformes: Carangidae), in the southwestern Black Sea.
Submitted in Acta Zoologica Bulgarica
Gristina M., Bahrib T., Fiorentino F., Garofalo G., 2006. Comparison of demersal fish assemblages in three
areas of the Strait of Sicily under different trawling pressure. Fish. Res., 81: 60-71.
Haynes P.S., Brophy D., De Raedemaecker F., McGrath D., 2011. The feeding ecology of 0 year-group
turbot Scophthalmus maximus and brill Scophthalmus rhombus on Irish west coast nursery grounds.
Journal of Fish Biology: 79, 1866-1882
Hyslop E.J., 1980. Stomach contents analysis- a review of methods and their application. Journal of Fish
Biology, 17: 411-429.
Ivanov L., Beverton R. J. H. 1985. The fisheries resources of the Mediterranean. 2. Black Sea. Studies and
Reviews of the General Fisheries Council for the Mediterranean, FAO, 60: 135.
Karapetkova M., 1962. The food of turbot along Bulgarian Black Sea coast. Proc.of Central Research
institute for aquaculture and Fisheries, vol.II, 179 – 205 pp.
Karapetkova M., M. Zhivkov (2006) Ribite v Bulgaria. Geya Libris Publishers, Sofia, 190 pp.
Krebs C.J., 1999. Ecological Methodology. 2nd. ed. A. Wesley Longman, New York.
Kroecker S., Dietz C., Schulz C., Susenbeth A., 2013. Effect of diet composition and lysine supply on
growth and body composition in juvenile turbot (Psetta maxima). Archives of Animal Nutrition, 67:
Jukic S., Arneri E., 1984. Distribution of hake (Merluccius merluccius L.) striped mullet (Mullus barbatus
L.) and pandora (Pagellus erythrinus L.) in the Adriatic Sea. FAO Fish. Rep., 290: 85-91.
Lembo G., Silecchia T., Carbonara P., Spedicato M.T., 2000. Nursery areas of Merluccius merluccius in the
Italian seas and in the east side of the Adriatic Sea. Biol. Mar. Mediterr., 7 (3): 98-116.
Laurenson, C. H., Priede, I. G., 2005. The diet and trophic ecology of anglerfish Lophius piscatorius at the
Shetland Islands, UK. Journal of the Marine Biological Association of the United Kingdom, 85, 419424.
Lleonart J., Maynou F., 2003. Fish stock assessments in the Mediterranean: state of the art. Scientia Marina
67: 37-49.
Lloris D., Matallanas J., Oliver P., 2003. Merluzas del mundo (Familia Merlucciidae). Catálogo comentado e
ilustrado de las merluzas conocidas. FAO Catálogo de Especies para los Fines de la Pesca, 2: 57 p. + 12
colour plates.
Manfredi C., Piccinetti C., Vrgoč N., Marčeta B., 2009. Aree di nursery di alcune specie demersali in
Adriatico (GSA 17): prospettive di gestione. Biol. Mar. Mediterr., 16 (1): 201-204.
Martin P., Sartor P., Garcia Rodriguez M., 1999. Exploitation patterns of the European hake Merluccius
merluccius, red mullet Mullus barbatus and striped red mullet Mullus surmuletus in the western
Mediterranean. J. Appl. Ichtyol., 15, pp. 24-28.
Maximov V., Zaharia T, Nicolaev S., 2013 - State of the fisheries, stock assessment and management of the
Black Sea turbot (Psetta maxima maeotica p.) in Romania. Journal of Environmental Protection and
Ecology (JEPE), vol. 14, no. 3, p.913-921,http://www.jepe-journal. info ISSN 1311-5065– ISI
Merino G., Karlou-Riga C., Anastopoulou I., Maynou F., Lleonart J, 2007. Bioeconomic simulation analysis
of hake and red mullet fisheries in the Gulf of Saronikos (Greece). Scientia Marina 71: 525–535.
Mihneva V., Raykov V., Grishin A., Stefanova K. 2015. Sprat feeding in front of the Bulgarian Black Sea
Coast, MEDCOAST conference 2015, vol.1, 431- 443.

23

MARE/2016/22 - STrengthening REgional cooperation in the Area of fisheries biological data collection in the
Mediterranean and Black Sea (STREAM)

Murenu M., Cau A., Colloca F., Sartor P., Fiorentino F., Garofalo G., Piccinetti C., Manfredi C., D’Onghia
G., Carlucci R., Donnaloia L., Lembo G., 2010. Mapping the potential locations of European hake
(Merluccius merluccius) nurseries in the Italian waters. In: Nishida T., Caton A.E. (eds), GIS/Spatial
Analyses in Fishery and Aquatic Sciences. Vol. 4. Saitama, Japan. International Fishery GIS Society:
51-68.
Negzaoui Garali N., Ben Salem M., Capapè C., 2008. Feeding habits of the black anglerfish, Lophius
budegassa (Osteichthyes: Lophiidae), off the Tunisian coast (central Mediterranean). Cahiers de
Biologie Marine 49(2):113-122.
Nicholson M.D., Jennings S., 2004. Testing candidate indicators to support ecosystem-based management:
the power of monitoring surveys to detect temporal trends in fish community metrics. ICES Journal of
Marine Science 61 (1): 35-42.
Ainouche N., Nouar A., 2018. Trophic behavior and diet composition of the black anglerfish Lophius
budegassa (Spinola, 1807) of the Algerian coast (Southwestern Mediterranean Sea). Cahiers de
Biologie Marine 59 (5), 441-449
Ofstad L.H., Petersen T., Steingrund P., 2013. Maturation, reproduction and early life history of anglerfish
Lophius piscatorius in Faroe waters. Fróðskaparrit, 60.
Olaso I., 1990. Distribución y abundancia del megabentos invertebrado en fondos de la plataforma
Cantábrica. Publicaciones Especiales. Instituto Español de Oceanografía, 5: 128 pp.
Orsi-Relini L., Cappanera M., Fiorentino F., 1989. Spatial-temporal distribution and growth of Merluccius
merluccius recruits in the Ligurian Sea. Observations on the 0 group. Cybium, 13: 263-270.
Panayotova M., Todorova V., Konsulova T., Raykov V., 2008. Stock assessment of Turbot (Psetta maxima)
by the Swept Area Method in the Bulgarian Black Sea during Spring 2008. Bulgarian Academy of
Sciences. Institute of Oceanology. Varna, 55 pp.
Panayotova M., V. Todorova, 2008. Stocks, distribution and population parameters of Turbot (Psetta
maxima L.) in front of the Bulgarian Black Sea coast in 2006. Acta zoologica bulgarica, Suppl. 2, 317324 pp.
Pikitch E.K., Santora C., Babcock E.A., Bakun A., Bonfil R., Conover D.O., Dayton P., Doukakis P.,
Fluharty D., Heneman B., Houde E.D., Link J., Livingston P.A., Mangel M., McAllister M.K., Pope J.,
Sainsbury K.J., 2004. Ecosystem-based fishery management. Science 305 (5682): 346-347.
Pinnegar J. K., Polunin N.V.C., 2000. Contributions of stable-isotope data to elucidating food webs of
Mediterranean rocky littoral fishes. Oecologia 122(3): 399–409.
Polunin N., Morales-Nin B., Pawsey W., Cartes J., Pinnegar J., Moranta J., 2001. Feeding relationships in
the Mediterranean bathyal assemblages elucidated by stable nitrogen and carbon isotope data. Marine
Ecology Progress Series 220: 13–23.
Raykov V.S.Yankova.M,Ivanova P.,Dimitrov.D.Mihneva.V,Stefanova K,Stefanova E., Dzembekova.N, et al
2019 Pelagic survey in Bulgarian Black Sea area. Technical and Scientific report, NAFA,Ministry of
Agriculture and Food, Bulgaria.
Recasens L., Chiericoni V., Belcari P., 2008. Spawning pattern and batch fecundity of the European hake,
Merluccius merluccius (Linnaeus, 1758), in the western Mediterranean. Sci. Mar., 72 (4): 721-732.
Riccioni G., Stagioni M., Tinti F., Piccinetti C., Libralato S. 2015. Metabarcoding analysis of European hake
diet in the Mediterranean Sea. Front. Mar. Sci. Conference Abstract: XV European Congress of
Ichthyology. doi: 10.3389/conf.FMARS.2015.03.00160
Rindorf A., Schmidt J., Bogstad B., Reeves S., Walther Y., 2013. A Framework for Multispecies Assessment
and Management. An ICES/NCM Background Document.
Sartor P., Sbrana M., Reale B., 1996. Sfruttamento del nasello, Merluccius merluccius, (L. 1758)
nell’Arcipelago Toscano Meridionale. Biol. Mar. Mediterr., 3 (1): 576-578.
Sartor P., Carlini F., De Ranieri S., 2003. Diet of joung european hake (Merluccius merluccius) in the
northern Tyrrhenian Sea. Biol. Mar. Mediterr., 10 (2): 904-908.
Sartor P., Recasens L., Viva C., Lleonart J., 2001. Analysis of the impact of the fishery on the adult
population of European Hake in the northwestern Mediterranean. Rapp. Comm. int. Mer Médit., 36:
321.
Sartor P., Colloca F., Maravelias C., Maynou F. 2014. Critical assessment of the current
nderstanding/knowledge of the framework of the Ecosystem Approach to Fisheries in the Mediterranean
and Black Seas. Sci. Mar. 78S1: 19-27 - DOI: 10.3989/scimar.04021.17B

24

MARE/2016/22 - STrengthening REgional cooperation in the Area of fisheries biological data collection in the
Mediterranean and Black Sea (STREAM)

Sbrana M., Belcari P., De Ranieri S., Sartor P., Viva C., 2007. Comparison of the catches of European hake
(Merluccius merluccius, L. 1758) taken with experimental gillnets of different mesh sizes in the
northern Tyrrhenian Sea (western Mediterranean). Sci. Mar., 71 (1): 47-56.
A. Scuderi, A. Voliani, C. Mancusi, C. Pedà, T. Romeo, 2011. Stomach contents of bottlenose dolphins
stranded along the coasts of Tuscany (North Western Mediterranean Sea). 25th Conference of the ECS,
Abstract book: 307
Sevgili H., Kurtoglu A., Oikawa M., Fedekar D., Emre Y., Takeno N., 2015. Evaluation of nutritional
values of selected commercial fish meal sources in turbot (Psetta maxima) diets. Aquaculture Research
46: 2332–2343.
Shin Y.J., Shannon L.J., 2010. Using indicators for evaluating, comparing and communicating the ecological
status of exploited marine ecosystems. 1. The IndiSeas project. ICES Journal of Marine Science 67:
686–691.
Shlyakhov VA, Daskalov GM. 2008. Ch. 9 The state of marine living resources. pp 291-334.In BSC, 2008.
State of the Environment of the Black Sea (2001-2006/7). Black Sea Commission Publications 2008-3,
Istanbul, Turkey, ISBN 994424533-3 419 pp
Spedicato M.T. (coordinator), 2016. Strengthening regional cooperation in the area of fisheries data collection
in the Mediterranean and Black Sea. Contract MARE/2014/19 -SI2.705484, Final Report, 34 pp +
Annexes.
Stagioni M., Montanini S., Vallisneri M. 2011. Feeding habits of European hake, Merluccius merluccius
(Aactinopterygii: Gadiformes: Merlucciidae), from the northeastern Mediterranean sea. Acta
Ichthyologica et Piscatoria, 41 (4): 277-284.
Stagioni M., Montanini S., Vallisneri M. 2013. Feeding habits of anglerfish, Lophius budegassa (Spinola,
1807) in the Adriatic Sea, north-eastern Mediterranean. J. Appl. Ichthyol., 29 (2): 374-380.
STECF (Scientific, Technical and Economic Committee for Fisheries) 2015. Black Sea assessments (STECF15-16). Publications Office of the European Union, Luxembourg, EUR 27517 EN, JRC 98095, 284 pp.
STECF (Scientific, Technical and Economic Committee for Fisheries) 2017a. Mediterranean Stock
Assessments - Part 2 (STECF-17-15); Publications Office of the European Union, Luxembourg, ISBN
978-92-79-67494-5, doi:10.2760/90316, JRC111820, pp. 663.
STECF (Scientific, Technical and Economic Committee for Fisheries) 2017b. Stock assessments in the
Black Sea (STECF-17-14). 2017. Publications Office of the European Union, Luxembourg, 498 pp.,
ISSN 2467-0715 (online); ISBN 1831-9424 (print).
Stoikov S.T. 1978. The food of the scad (Trachurus mediterraneus ponticus Aleev) during the 1978 fishing
season. Fish industry, 7: 4-5 (in Bulgarian)
Stoyanov St., Georgiev Z., Ivanov L., Nikolov P., Kolarov P., Aleksandrova K., Karapetkova M., 1963.
Fishes in Black Sea. State Publishing house, Varna, 101 pp.
Țotoiu Aurelia, Țiganov George, Galațchi Mădălina, Nenciu Magda (2014), Food Array Analysis in Turbot
Psetta maeotica (Pallas, 1811) at the Romanian Black Sea Coast in 2013, in Cercetari Marine, Issue
44/2014, ISSN 0250-3069, pp. 164-172.
Trenkel V.M., Rochet M.J., 2003. Performance of indicators derived from abundance estimates for detecting
the impact of fishing on a fish community. Canadian Journal of Fisheries and Aquatic Sciences 60 (1):
67-85.
Ungaro N., Marano G., Auteri R., Voliani A., Massutí E., Garcia-Rodriguez M., Osmani K., 2002.
Distribution, abundance and biological features of anglerfish (Lophius piscatorius and Lophius
budegassa) (Osteichtyes: Lophiiformes) in the Mediterranean Sea. Sci. Mar., 66 (Suppl. 2): 55-63.
Voliani A., Volpi C., 1990. Stomach content analysis of a stranded specimen of Tursiops truncatus. Rapp.
Comm. int. Mer Mediterr., 32 (1): 237.
Vrgoč N., Arneri E., Jukić-Peladić S., Krstulović Šifner S., Mannini P., Marčeta B., Osmani K. Piccinetti C.,
Ungaro N. (2004) - Review of current knowledge on shared demersal stocks of the Adriatic Sea. FAOMiPAF Scientific Cooperation to Support Responsible Fisheries in the Adriatic Sea.
GCP/RER/010/ITA/TD-12. AdriaMed Technical Documents, 12: 91 pp.
WKSTCON, 2018. Workshop on sampling, processing and analyzing the stomach contents (WKSTCON).
Final report. Palma de Mallorca, Spain, 24-27 April 2018. 48 pp.
Wurtz M., Marrale D.. 1993. Food of striped dolphins, Stenella coeruleoalba, in the Ligurian Sea. J. Mar.
Biol. Ass. U.K., 73: 571-57
25

MARE/2016/22 - STrengthening REgional cooperation in the Area of fisheries biological data collection in the
Mediterranean and Black Sea (STREAM)

Yankova M. H., Raykov V. S., Frateva P. B.2008. Diet Composition of Horse Mackerel, Trachurus
mediterraneus ponticus Aleev, 1956 (Osteichthyes: Carangidae) in the Bulgarian Black Sea Waters.
Turkish Journal of Fisheries and Aquatic Sciences, 8: 321-327.
Zlatev E. 1986. Migration, distribution and feeding of the Black Sea horse mackerel Trachurus
mediterraneus ponticus form the Western Black Sea. Master thesis

26

MARE/2016/22 - STrengthening REgional cooperation in the Area of fisheries biological data collection in the
Mediterranean and Black Sea (STREAM)

Annex I. Example of scoreboard for stomach content sampling
Proposed scoreboard for stomach content sampling
SURVEY: __________________________ HAUL: _________ DATE: ________________________
RESPONSIBLE: _______________________________
CODE PREDATOR: _________________ PREDADOR: ________________________________
N _______

LENGHT (mm) __________ SEX _______ MATURITY _________ STOMACH STATE ____________ REPL. (cc/g) ____________
PREY NAME
% REP
N
DIG
MIN L.
MAX L.
L (mm)
HP

N _______

LENGHT (mm) __________ SEX _______ MATURITY _________ STOMACH STATE _____________ REPL. (cc) ____________
PREY NAME
% REP
N
DIG
MIN L.
MAX L.
L (mm)
HP

N _______

LENGHT (mm) __________ SEX _______ MATURITY _________ STOMACH STATE _____________ REPL. (cc) ____________
PREY NAME
% REP
N
DIG
MIN L.
MAX L.
L (mm)
HP

N _______

LENGHT (mm) __________ SEX _______ MATURITY _________ STOMACH STATE _____________ REPL. (cc) ____________
PREY NAME
% REP
N
DIG
MIN L.
MAX L.
L (mm)
HP

N _______

LENGHT (mm) __________ SEX _______ MATURITY _________ STOMACH STATE _____________ REPL. (cc) ____________
PREY NAME
% REP
N
DIG
MIN L.
MAX L.
L (mm)
HP

N _______

LENGHT (mm) __________ SEX _______ MATURITY _________ STOMACH STATE _____________ REPL. (cc) ____________
PREY NAME
% REP
N
DIG
MIN L.
MAX L.
L (mm)
HP

N _______

LENGHT (mm) __________ SEX _______ MATURITY _________ STOMACH STATE _____________ REPL. (cc) ____________
PREY NAME
% REP
N
DIG
MIN L.
MAX L.
L (mm)
HP

SEX

STOMACH STATE

DIGESTION (DIG)

M: Male
F: Femal
I: Indeterminate

EM: Empty
EV: Everted
FU: Full

1: Intact
2: Partially digested
3: Well digested

REPL. (cc/g): Repletion (total volume in cubic centimetres, or weight in
grams)
% REP: Percentage of repletion by prey
N: number of preys for each species
MIN L., MAX L: minimum and maximum length in mm (when more than 1
individual of each species)
L (mm): length in mm
HP: put a cross if only hard parts (otoliths, peaks, chelipeds,...)
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Example of the proposed scoreboard for stomach content sampling
Sampling
characteristics
Number of
individual
sampled

Characteristics of
the individual
(length, sex,
maturity)

List of preys found
in the stomach of
the sampled
individual

Percentage of
repletion
(volume/grams)
by prey (sum
should be 100)

Stomach state (EV: everted;
full; EM: empty)

FU:

List of codes in the
scoreboard
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Repletion (volume in cc). Blank for
everted and zero for empty
stomachs

