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Summary: This short-term study on commercial discards was carried out in fishing grounds around Gökçeada Island in the 
northeastern Aegean Sea, a geographic area where fisheries information is rather limited. A total of 28 bottom trawls were 
performed between 70 and 410 m depth from December 2009 to February 2010. All the samples were collected on board a 
commercial trawler under commercial fishing conditions. A total of 3143 kg of biomass was caught in 28 valid hauls. Land-
ings accounted for about 67% of the total catch while the remaining 33% was discarded. Fish species comprised 85% of the 
total catch and their composition could be divided into four main groups related to depth: shallow shelf (70 to 88 m), deep 
shelf (155 to 180 m), shelf break (196 to 276 m), and upper slope (307 to 410 m). Fish dominated the abundance and biomass 
of both landings and discards in all bathymetric strata. Echinoderms also accounted for a large proportion of the discards. 
Mean total catches varied between 78.4 kg/h on the shallow shelf and 38.1 kg/h on the shelf break with no differences in the 
landing biomass between groups, but with slightly higher discards over the shallow shelf. Taking into account the preliminary 
nature of the findings, based on a short-term analysis, the minimum mesh size and minimum landing size currently applied 
in the Turkish bottom trawl fishery are not sufficient to reduce discards and to protect juveniles of commercially important 
species in the northeastern Aegean Sea. 
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Evaluación preliminar de los desembarques y descartes de la pesquería de arrastre de fondo de Turquía en el mar 
Egeo nororiental (Mediterráneo oriental)

Resumen: Este estudio a corto plazo sobre los descartes de la flota comercial de arrastre se llevó a cabo en las zonas de pesca 
alrededor de la isla Gökçeada en el noreste del mar Egeo, una zona geográfica en la que la información sobre las pesquerías 
es bastante limitada. Se realizaron un total de 28 pescas de arrastre de fondo entre 70 y 410 m de profundidad de diciembre 
2009 a febrero de 2010. Todas las muestras se recogieron a bordo de un embarcación de pesca de arrastre siguiendo las mis-
mas condiciones de pesca comercial. Se capturaron un total de 3143 kg de biomasa en 28 lances válidos. Los desembarques 
comerciales representaron alrededor del 67% de la captura total, mientras que el resto (33%) se descartó. El 85% de la cap-
tura total estuvo compuesta por especies de peces. La composición específica se pudo separar en cuatro grupos principales 
relacionados con la profundidad : la plataforma poco profunda (70 a 88 m), la plataforma profunda (155-180 m), el borde 
inferior de la plataforma (196 a 276 m) y el talud superior (307-410 m). Los peces dominaron la abundancia y biomasa tanto 
de los desembarques comerciales como de los descartes en todos los estratos batimétricos. Además los equinodermos tam-
bién fueron un grupo importante de los descartes. La media de las capturas totales varió entre 78.4 kg/h en la plataforma poco 
profunda y 38.1 kg/h en el borde de la plataforma, sin diferencias en la biomasa desembarcada entre los dos grupos, pero 
siendo los descartes ligeramente superiores en la plataforma poco profunda. Teniendo en cuenta el carácter preliminar de los 
resultados, obtenidos sobre la base de un análisis a corto plazo, el tamaño mínimo de malla de la red y la talla mínima de las 
especies comerciales aplicada hoy en día en la pesquería de arrastre de fondo de Turquía no son suficientes para reducir los 
descartes y proteger a los juveniles de las especies de importancia comercial en el Mar Egeo nororiental.

Palabras clave: arrastre de fondo; composición de las capturas; desembarques; descartes; frecuencia de tallas; Mediterráneo 
Oriental.
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INTRODUCTION

During the last few decades, scientific studies have 
revealed the intensive impact of fishing activities on 
ecosystems (e.g. Jennings and Kaiser 1998). Among 
negative effects such as reduced species abundances, 
changes in size and species composition, and modi-
fication of species life-history traits (e.g. Gislason et 
al. 2000), one of the most undesirable direct effects of 
fishing is the great amount of by-catch and discards 
produced all around the world (Kelleher 2005, Davies 
et al. 2009). The fishing techniques in use in the Medi-
terranean Sea are highly diverse, but bottom trawling 
has the greatest ecosystem impact because it involves 
a wide range of species and different functional groups 
(Coll et al. 2006, Moranta et al. 2008, Tsagarakis et 
al. 2013). Discards produced by this fishing activity 
account for 20% to 70% of the total catch depending 
upon the geographic area, depth range and type of hab-
itat where fishing occurs (Stergiou et al. 1998, Moranta 
2000, Machias et al. 2001, 2004, Sánchez et al. 2004, 
2007, Guijarro and Massutí 2006, Ordines et al. 2006).

The Aegean Sea is one of the main biogeographic 
areas of the Mediterranean Sea (Garibaldi and Caddy 
1998) and, according to the spatial analysis of catch 
composition of the commercial fleet operating in this 
area, two main regions, the northern and southern Ae-
gean, have been defined (Stergiou and Pollard 1994). 
Available studies have revealed differences in the 
demersal assemblages between these regions (Tsime-
nides et al. 1991, Kallianiotis et al. 2000, 2004, Labro-
poulou and Papaconstantinou 2000, Katsanevakis and 
Maravelias 2009, Klaoudatos et al. 2010)

Thanks to increased research effort in the southern 
and northwestern region of the Aegean, information 
on the demersal fisheries and their impact on eco-
systems has improved substantially (e.g. Petrakis and 
Stergiou 1997, Stergiou et al. 1997, Smith et al. 2000, 
Labropoulou and Papaconstantinou 2004, Damalas and 
Vassilopoulou 2011, Maravelias et al. 2012, Katsane-
vakis et al. 2009, Damalas et al. 2010, Tosunoğlu et 
al. 2003a, 2003b, Tokaç et al. 1998, 2004). Similarly, 
demersal fish communities of the northeastern Aegean 
have also been studied and compared with other areas 
(Labropoulou and Papaconstantinou 2000, 2004, Kes-
kin et al. 2011a, 2011b). However, the information on 
catch composition, landings and discards of the bottom 
trawl fishery in the eastern Aegean Sea is very scarce 
(Özbilgin et al. 2006).

Demersal species landings by the Turkish fishing 
fleet operating in the Aegean Sea are on average 10000 
t per year (Tırasın and Ünlüoğlu 2012), being about 
31% of its total fisheries production. This is the fourth 
most important region in fisheries production in Tur-
key, accounting for nearly 10% of the total marine fish-
eries landings. The number of fishing boats in Turkey 
is around 17803 (TUIK 2009). A total of 5725 of them 
are located in the Aegean Sea, corresponding to 32% of 
the total fleet. Among them 83 are bottom trawlers, 89 

purse seiners, 17 trawler-purse seiners (combined) and 
5056 small-scale fishing boats.

The current fishing regulations in Turkey include: i) 
minimum mesh size and landing sizes; ii) closed areas 
and seasons; iii) gear or fishing method restrictions 
and bans; and, iv) catch prohibition for some species 
(Anonymous 2012). Fishing effort is regulated by a 
system of vessel licensing, which was adopted in 2002. 
As a part of the European Union (EU) accession pro-
cess to correct legal, institutional and structural defi-
ciencies, Turkey’s fisheries have recently been subject 
to evaluation and fisheries regulation is currently being 
revised (Koşar 2009, European Commission 2007). 
The aim of these reforms is permit a more effective 
fisheries management. Some new measures have al-
ready been implemented (e.g. a total allowable catch 
for Bluefin tuna and vessel length limitation for some 
species) and some technical improvements for a future 
implementation of vessel monitoring and fisheries in-
formation systems have been made. However, no new 
management measures have thus far been implemented 
for demersal fisheries (Anonymous 2012).

Despite the available information on the Mediterra-
nean bottom trawl fishery, additional scientific studies 
are still necessary to better understand the dynamics of 
catches and discards (Piet and Jennings 2005), espe-
cially in data-poor areas. It must be taken into account 
that one of the main objectives of the new Common 
Fishery Policy of the EU is the gradual elimination of 
discards from 2014 onwards (European Commission 
2011). The main objective of this paper is to improve 
the knowledge of demersal communities exploited by 
the bottom trawl fishery off Gökçeada Island (north-
eastern Aegean Sea), focusing on the bathymetric dis-
tribution of species, composition of landings and dis-
cards, and sizes of the main commercial fish species.

MATERIALS AND METHODS

Study area

The North Aegean Sea is a highly productive area 
because of the influence of the Black Sea and the Meriç 
River (Ignatiades et al. 2002). The bottom type on the 
shelf is mainly sand, with silt and clay sediments found 
predominantly on the slope (Sarı and Çağatay 2001). 

The main fishing grounds in Turkish territorial wa-
ters in the Aegean Sea are located in Saros Bay, around 
Gökçeada and Bozcaada islands, and in Edremit Bay in 
the north, Çandarlı Bay, İzmir Bay, Sığacık and Kuşadası 
Bay in the centre, and Güllük Bay and Gökova Bay in 
the south (Kınacıgil and İlkyaz 2012). The study area 
was located on the fishing grounds around Gökçeada 
Island (Fig. 1). Fishing activities in this entire region 
are spatially limited due to the narrow continental shelf, 
the steep slope and its geo-morphological characteristics 
(Benli et al. 1999, Kınacıgil and İlkyaz 2012). Due to its 
composition (vessel sizes range from 15 to 25 m with 
an engine size of 150-350  HP) and lack of appropri-

Copyright: © 2014 CSIC. This is an open-access article distributed under the Creative Commons Attribution-Non Com-
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ate equipment, the bottom fleet is limited to exploiting 
depths of 400-500 m (Kınacıgil and İlkyaz 2012, Tırasın 
and Ünlüoğlu 2012). The most important target species 
of the bottom trawl fishery are red mullet Mullus bar-
batus (L.), European hake Mercluccius merluccius (L.), 
common sole, Solea solea (L.), pandora (Pagellus spp.), 
poor cod Trisopterus minutus (L.), whiting Merlangius 
merlangus (L.), anglerfish Lophius spp., four-spot me-
grim Lepidorhombus boscii (Risso), Norway lobster 
Nephrops norvegicus Leach, rose shrimp Parapenaeus 
longirostris (Lucas) and giant red shrimp Aristeomor-
pha foliacea (Risso) (Tırasın and Ünlüoğlu 2012).

The fisheries management in the area is based on 
closed areas and seasons. Bottom trawling activities 
are banned within 1.5 miles of the north coast and with-
in 3 miles of the south coast off Gökçeada Island to 
protect small fishes and Posidonia oceanica (L.) Delile 
meadows. In addition, Saros Bay, a very important area 
for fish spawning and nursery (Coker et al. 2008), has 
been closed to trawling since 1993. In Turkish territo-
rial waters, trawling is not allowed from April to Sep-
tember in order to protect the recruitment of demersal 
fish species. For these reasons, the existing open areas 
in the northeastern Aegean Sea for bottom trawling are 
heavily exploited during the fishing season (November 
to April). Unfortunately, for some areas, such as our 
study area, there are no reliable data and/or official sta-
tistics on fishing effort and the number of vessels oper-
ating is unknown. Nevertheless, many bottom trawlers 
were observed in the area during the sampling period.

Sampling and data analysis

Sampling was conducted in December 2009 and Feb-
ruary 2010 onboard a commercial vessel (24 m length 

and 141.5 GRT) and under commercial fishing condi-
tions. A conventional bottom trawl gear, with vertical 
and horizontal opening estimated at around 1.5 and 22 
m, respectively, and a codend stretched diamond mesh 
size of 44 mm was used. Observers on board collected 
data from 28 hauls, carried out between 70 and 410 m 
depth. The effective duration of these hauls ranged from 
1-2 h on shallow bottoms (<100 m) to 3-4 h in deeper 
fishing grounds. Position, depth and vessel speed were 
recorded every 30 min. After each haul, catches were 
sorted by taxonomic and commercial categories (land-
ings and discards), counted and weighed separately. 
Total length of individuals of commercial fish species 
was measured to the nearest cm.

Catches in terms of abundance and biomass were 
standardized to one-hour tows. Species appearing only 
in one sample were removed from the matrix used for 
multivariate analysis. Cluster analysis was applied to 
detect groups of samples with similar species composi-
tion in total catches. Data were log(x+1) transformed, 
the Bray-Curtis index was used as similarity index and 
the UPGM (unweighted pair-group method), with arith-
metic mean was applied to link samples into clusters. 
Similarity percentage analysis (SIMPER) was used to 
assess species contribution to the detected groups of 
samples. All analyses were carried out using PRIMER 
software (Clarke and Warwick 2001). For each group 
detected in the cluster analysis, mean biomass of total 
catch, landings and discards, and the community de-
scriptors mean species richness (S), Shannon-Wiener 
diversity (H’; Shannon and Weaver 1949) and even-
ness indices (J’; Pielou 1969) were determined for 
fish assemblages. Differences in these parameters 
were tested using one-way ANOVA. Significant dif-
ferences among groups were identified using the HSD 
post-hoc test. Data was checked for the assumptions of 
homogeneity of variances and normality before apply-
ing ANOVA. When these assumptions were not met a 
more conservative p-value (<0.01) was adopted. 

RESULTS

A total of 3143 kg of biomass were caught in the 
28 valid hauls. Of that amount, 2101 kg (67%) were 
landed and 1042 kg (33%) were discarded. Eighty-
nine fish species comprised 85% of the total catch, and 
echinoderms (7%), crustaceans (5%) and cephalopods 
(2%) were also large taxonomic groups (Table 1). 
Eight fish species were always landed, 49 were always 
discarded, and 32 appeared in both the landed and the 
discarded fractions.

The cluster analysis showed the existence of four 
groups of samples at around 50% similarity, with the 
following depth ranges: 70-88 m (shallow shelf, SS), 
155-180 m (deep shelf, DS), 196-276 m (shelf break, 
SB) and 307-410 m (upper slope, US) (Fig. 2). Ac-
cording to SIMPER analysis, the average similarities 
of the four groups were 70.0% in the SS group, 70.5% 
in the DS group, 66.3% in the SB group and 80.4% in 
the US group. The contribution of the main fish spe-
cies to the average similarity per each group is shown 
in Table 2.

Fig. 1. – Map of the study area around Gökçeada Island (northeast-
ern Aegean Sea; eastern Mediterranean) showing the position of the 
trawl samples analysed (circles). 1, Edremit Bay; 2, İzmir Bay; 3, 

Güllük Bay; 4, Gökova Bay.
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ANOVA showed no differences in S among these 
groups, whereas significant differences were detected 
for H’ and J’, due to higher values on the SS and the 
US than on the DS and the SB (Table 3). Mean total 
catches varied between 78.4 kg/h on the SS and 38.1 
kg/h on the SB. Landings biomass showed no differ-
ences between groups, whereas the amount of discards 
was significantly higher on the SS than on the rest of 
depth strata (Table 3).

Total biomass of both landings and discards was 
mainly composed of fish species in all groups (Fig. 3). 
Fish accounted for 96% of landings in the SS, with M. 
barbatus, Dentex maroccanus Valenciennes, Pagellus 
acarne (Risso), M. merluccius and P. erythrinus com-
prising up to 70% of the commercialized catch (Table 
4). In the DS, fishes accounted for 88% of the land-
ings, M. merluccius and P. bogaraveo being the most 
important species (both reaching 72% of landings). 

Table 1. – General summary of the results for the trawl samples analysed. Cephal., cephalopods; Crustac., crustaceans; Echin., echinoderms.

Hauls Date
Tow 
time 
(h)

Min. 
depth 
(m)

Max. 
depth 
(m)

Mean 
depth 
(m)

Total 
catch 
(kg)

Landings 
(kg)

Discards 
(kg)

Fishes 
(kg)

Cephal.
(kg)

Crustac.
 (kg)

Echin.
(kg)

Others
(kg)

1 05.12.2009 4 201 233 223 129 94 35 106 3 19 2
2 05.12.2009 5 263 275 266 185 148 37 174 3 7 1
3 07.12.2009 4 165 210 196 180 141 39 160 5 12 3
4 07.12.2009 3 284 323 307 101 68 33 87 8 6
5 07.12.2009 4 262 243 225 105 67 38 90 4 1 9 1
6 08.12.2009 4 161 215 196 85 69 17 63 3 17 3
7 08.12.2009 3 255 270 267 64 59 5 48 2 14 1
8 08.12.2009 2 133 190 155 110 84 26 84 6 16 4
9 09.12.2009 3 374 456 410 173 149 24 160 3 10 1
10 09.12.2009 3 333 449 388 173 137 36 149 7 12 6
11 09.12.2009 2 343 407 369 49 29 21 44 5 1
12 24.02.2010 3 140 198 168 144 101 43 120 4 8 12
13 24.02.2010 3 161 205 176 134 91 43 101 4 10 13 7
14 24.02.2010 3 123 247 180 132 79 53 95 2 8 27
15 25.02.2010 3 274 277 275 186 96 90 165 4 8 9
16 25.02.2010 3 272 279 276 70 51 20 59 1 5 4 1
17 27.02.2010 2 83 88 86 70 45 25 64 2 4
18 27.02.2010 1 69 72 70 55 26 29 54 1
19 27.02.2010 1 70 73 71 82 32 50 55 2 24
20 27.02.2010 1 79 83 82 53 24 29 42 3 7 2
21 27.02.2010 1 77 83 81 102 57 45 92 3 2 4 1
22 27.02.2010 1 87 89 88 64 40 24 60 3 1 1
23 27.02.2010 1 74 78 76 65 42 23 59 1 2 3
24 27.02.2010 1 80 83 81 76 42 34 51 3 2 20 2
25 27.02.2010 1 84 89 86 125 78 48 105 2 1 17 1
26 27.02.2010 1 84 91 87 139 61 78 136 2 1
27 27.02.2010 1 79 83 81 167 110 57 150 2 14 1
28 27.02.2010 1 81 83 81 123 83 40 96 1 24 1

Total (kg) 3143 2101 1042 2667 76 163 216 22
Percentage   67 33 85 2 5 7 1

Fig. 2. – Cluster analysis of the species abundance (individuals/h) in the trawl samples . Mean depth is shown for each sample. SS, shallow 
shelf; DS, deep shelf ; SB, shelf break; US, upper slope.
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Table 2. – SIMPER results for each fish assemblage identified from cluster analysis of hauls. N, abundance (individual/h); Sim, average 
similarity; SD, Standard deviation; Sim%, percentage contribution to the similarity; DISSim, average dissimilarity. Letters between brackets 

indicate whether the species are considered target (T), low-demand (L) and always discarded (D) species according to market demand. 

SS (70-88 m), Sim= 70.61 N Sim Sim/SD Sim% S Sim%

Mullus barbatus (T) 202.10 7.98 9.14 11.30 11.30
Pagellus erytrinus (L) 84.07 6.84 7.00 9.69 20.98
Pagellus bogareveo (L) 293.81 5.79 1.41 8.21 29.19
Lepidotrigla cavillone (D) 153.83 5.79 2.41 8.20 37.39
Boops boops (L) 53.67 5.60 6.08 7.93 45.32
Spicara smaris (L) 51.70 4.84 3.48 6.86 52.18
Citharus linguatula (L) 45.75 4.67 3.55 6.62 58.80
Merluccius merluccius (T) 40.66 3.66 1.65 5.18 63.98
Dentex maroccanus (L) 97.62 3.40 1.30 4.82 68.80
Pagellus acarne (L) 116.31 3.12 1.25 4.42 73.22
Serranus hepatus (L) 11.64 2.76 2.99 3.90 77.12
Trachurus trachurus (L) 13.37 2.72 4.05 3.85 80.97
Scyliorhinus canicula (D) 7.30 2.41 2.75 3.41 84.39
Serranus cabrilla (L) 7.94 2.39 1.94 3.39 87.78
Spicara maena (L) 5.60 2.06 1.75 2.92 90.70
DS (155-180 m), Sim= 70.51 N Sim Sim/SD Sim% S Sim%

Merluccius merluccius (T) 341.07 13.02 10.94 18.46 18.46
Pagellus bogareveo (L) 156.86 11.14 28.29 15.80 34.27
Trachurus trachurus (L) 55.59 5.22 4.49 7.41 41.67
Citharus linguatula (L) 54.46 4.46 0.91 6.32 48.00
Capros aper (D) 14.88 4.45 1.72 6.31 54.31
Trigla lyra (T) 6.75 3.94 5.27 5.58 59.89
Micromesistius poutassou (L) 14.01 3.74 3.56 5.30 65.19
Mullus barbatus (T) 13.19 3.39 0.91 4.80 69.99
Raja clavata (L) 3.44 3.37 5.79 4.78 74.78
Helicolenus dactylopterus (L) 2.65 2.25 2.31 3.19 77.96
Lophinus budegassa (T) 2.69 2.10 9.97 2.98 80.94
Zeus faber (T) 1.37 1.64 9.99 2.33 83.27
Scyliorhinus canicula (D) 4.39 1.61 3.06 2.29 85.56
Lepidotrigla cavillone (L) 1.51 1.45 0.91 2.05 87.61
Gadiculus argenteus (D) 5.80 1.34 0.76 1.90 89.50
Argentina sphyraena (D) 6.87 1.21 0.90 1.72 91.22
SB (196-276 m), Sim= 66.35 N Sim Sim/SD Sim% S Sim%

Merluccius merluccius (T) 170.16 15.47 10.44 23.31 23.31
Scyliorhinus canicula (D) 24.60 7.10 5.28 10.69 34.00
Gadiculus argenteus (D) 16.51 6.12 2.56 9.22 43.22
Phycis blennoides (T) 8.96 6.01 8.66 9.06 52.28
Micromesistius poutassou (L) 5.36 4.74 4.34 7.14 59.42
Helicolenus dactylopterus (L) 7.88 4.44 3.91 6.69 66.11
Pagellus bogareveo (L) 34.32 4.33 1.76 6.52 72.63
Lophinus budegassa (T) 3.12 3.34 3.04 5.04 77.67
Trigla lyra (T) 3.20 2.33 1.41 3.51 81.18
Capros aper (D) 1.41 1.63 1.21 2.46 83.64
Citharus linguatula (L) 2.97 1.53 0.69 2.31 85.94
Lepidopus caudatus (D) 1.28 1.34 0.83 2.02 87.97
Argentina sphyraena (D) 0.76 1.32 2.97 1.98 89.95
Conger conger (D) 1.16 1.19 1.97 1.79 91.74
US (307-410 m), Sim= 80.04 N Sim Sim/SD Sim% S Sim%

Caelorinchus caelorinchus (D) 148.73 9.82 11.61 12.27 12.27
Hoplostethus mediterraneus (D) 56.06 8.06 12.26 10.07 22.34
Phycis blennoides (T) 33.13 6.86 31.59 8.57 30.91
Merluccius merluccius (T) 52.29 6.75 19.60 8.43 39.35
Nezumia aequalis (D) 29.82 6.52 7.51 8.15 47.49
Scyliorhinus canicula (D) 15.14 5.08 7.02 6.34 53.83
Lepidorhombus boscii (T) 12.89 4.23 4.37 5.28 59.11
Micromesistius poutassou (L) 12.89 4.19 1.36 5.24 64.35
Gadiculus argenteus (D) 13.87 3.87 2.71 4.83 69.19
Etmopterus spinax (D) 5.97 3.56 16.98 4.45 73.63
Molva dypterygia (L) 7.31 3.54 6.92 4.43 78.06
Helicolenus dactylopterus (L) 5.92 3.28 4.89 4.10 82.16
Pagellus bogareveo (T) 23.93 3.19 1.93 3.98 86.14
Galeus melastomus (D) 23.45 3.15 0.91 3.93 90.07

DS & SS, DISSim= 63.59
SB & SS, DISSim= 77.74
SB & US, DISSim= 47.25
SB & DS, DISSim= 49.04
US & SS, DISSim= 85.37
US & DS, DISSim= 67.65
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Table 3. – Ecological parameters (mean±SD) for each group resulting from cluster analysis. n, sampling size; s, total species number; S, mean 
number species; J’, mean evenness index; H’, mean diversity index. SS, shallow shelf (70-88 m); DS, deep shelf (155-180 m); SB, shelf break 
(196-276 m); US, upper slope (307-410 m). D, discards (kg/h); L, landings (kg/h). S, J’ and H’ are calculated considering only the fish species. 

D and L are calculated from the total catch.

SS
(70-88 m)

DS
(155-180 m)

SB
(196-276 m)

US
(307-410 m) p Post-hoc

n 12 4 8 4
s 55 46 51 33
S 26.00±3.33 28.25±3.59 23.75±3.81 24.50±3.70 p>0.05 SS=DS=SB=US
J’ 0.63±0.09 0.47±0.04 0.46±0.09 0.68±0.01 p<0.0001 SS=US>SB=DS
H’ 2.04±0.27 1.58±0.18 1.46±0.28 2.18±0.14 p<0.0001 SS=US>SB=DS

D 32.89±13.13 14.03±2.8 12.72±13.56 10.77±1.84 p<0.01 SS>DS=SB=US
L 45.64±19.3 31.04±3.8 25.37±9.19 35.37±20.01 p>0.05 SS=DS=SB=US

Fig. 3. – Biomass composition for landed and discarded groups of trawl samples obtained from cluster analyses. SS, shallow shelf; DS, deep 
shelf; SB, shelf break; US, upper slope.
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Table 4. Abundance (N, individuals/h) and biomass (B, kg/h) of landings and discards of fishes and invertebrates in the four groups identified 
in the cluster analysis. SS, shallow shelf; DS, deep shelf; SB, shelf break; US, upper slope. *discarded fraction of marketable species. % D, 

percentage represent by discards in relation to the total catch.

Landings Discards

SS (70-88 m)  SS (70-88 m)                
Fishes N ±SD B ±SD B% Fishes N ±SD B ±SD B%
Mullus barbatus 195.48 136.63 9.99 5.58 21.89 Pagellus bogaraveo* 275.46 340.93 7.32 9.31 22.25
Dentex maroccanus 89.76 114.83 6.22 8.29 13.63 Dipturus oxyrinchus 0.63 0.73 3.52 5.39 10.71
Pagellus acarne 114.69 169.57 6.07 8.8 13.29 Lepidotrigla cavillone 153.83 162.17 2.08 2.08 6.32
Merluccius merluccius 35.49 34.95 5.25 4.98 11.51 Scyliorhinus canicula 7.3 6.10 2.06 1.27 6.25
Pagellus erytrinus 73.05 31.42 4.98 2.34 10.91 Rostraraja alba 0.45 1.11 1.3 4.20 3.95
Lophius budegassa 2.13 1.59 2.52 2.52 5.52 Scyliorhinus stellaris 0.86 2.30 0.9 1.73 2.74
Boops boops 44.74 27.85 2.45 1.43 5.37 Citharus linguatula 45.7 54.42 0.83 1.07 2.51
Raja clavata 0.89 0.91 1.45 1.41 3.18 Spicara smaris 44.77 45.04 0.72 0.73 2.2
Zeus faber 0.9 1.28 0.96 1.34 2.1 Raja miraletus 1.53 2.34 0.64 0.96 1.94
Dentex dentex 0.26 0.69 0.91 2.25 1.99 Dasyatis pastinaca 0.33 0.89 0.55 1.84 1.66
Pagellus bogaraveo 18.35 43.51 0.54 1.31 1.19 Pagellus erytrinus 11.02 12.16 0.33 0.36 1.02
Mullus surmuletus 7.35 17.25 0.51 1.07 1.12 Others 68.66 88.17 2.69 4.67 8.18
Chelidonichthys lucernus 1.16 1.37 0.46 0.67 1.01 Invertebrates
Others 26.32 54.4 1.51 3.12 3.32 Stichopus regalis 40.68 47.15 6.41 6.40 19.49
Invertebrates Echinoderms 22.51 24.71 2.06 4.52 6.26
Cephalopods 8.87 4.6 1.51 0.71 3.31 Tunnicate 5.79 5.08 0.52 0.55 1.57
Others 0.44 1.1 0.31 1.07 0.68 Cephalopods 10.67 10.27 0.42 0.39 1.27

Porifera 0.41 0.46 1.25
%D= 42.02

DS (155-180 m)                 DS (155-180 m)                
Fishes N ±SD B ±SD B% Fishes N ±SD B ±SD B%
Merluccius merluccius 228.92 49.4 17.63 1.78 56.78 Merluccius merluccius* 100.11 80.28 1.96 1.77 13.99
Pagellus bogaraveo 151.33 123.01 4.74 3.78 15.27 Pagellus bogaraveo* 38.76 36.57 1.07 1.03 7.64
Trachurus trachurus 66.97 111.12 1.31 0.97 4.22 Raja clavata 4.1 1.2 0.95 1.21 6.79
Mullus barbatus 16.22 12.43 1.04 0.97 3.37 Citharus linguatula* 64.39 58.75 0.89 0.77 6.38
Lophius budegassa 1.94 1.51 0.74 0.26 2.39 Dasyatis pastinaca 0.09 0.17 0.69 1.38 4.92
Trigla lyra 4.2 2.5 0.53 0.33 1.7 Raja montagui 0.21 0.42 0.6 1.21 4.31
Micromesistius poutassou 12.98 18.77 0.52 0.75 1.67 Scyliorhinus stellaris 0.19 0.22 0.22 0.41 1.58
Others 3.62 4.04 0.67 0.64 2.17 Scyliorhinus canicula 1.54 0.78 0.21 0.18 1.51
Invertebrates Squalus acanthias 0.1 0.21 0.16 0.31 1.11
Cephalopods 12.44 20.33 0.81 1.13 2.62 Others 48.59 47.06 0.69 0.7 4.9
Parapenaeus longirostris 589.16 362.21 3.02 1.86 9.74 Invertebrates
Nephrops norvegius 0.1 0.21 0.02 0.04 0.07 Stichopus regalis 12.83 7.52 4.55 3.09 32.43

Cephalopods 26.54 25.7 0.65 0.49 4.62
Porifera 0.55 1.09 3.9
Parapenaeus longirostris* 104.96 122.03 0.43 0.5 3.08
Other Echinoderms 2.17 4.07 0.2 0.31 1.45
Others 6.02 5.93 0.2 0.33 1.39
D%= 30.81

SB (196-276 m) SB (196-276 m)
Fishes               N ±SD B ±SD B% Fishes               N ±SD B ±SD B%
Merluccius merluccius 165.44 67.92 19.79 7.38 77.98 Scyliorhinus canicula 23.5 21.68 2.64 2.42 20.77
Pagellus bogaraveo 24.63 59.1 0.97 2.37 3.81 Mustelus mustelus 0.44 1.12 1.85 4.93 14.56
Lophius budegassa 1.2 0.59 0.61 0.26 2.39 Squalus acanthias 0.42 0.48 0.51 0.6 4.05
Phycis blennoides 4.69 3.97 0.42 0.35 1.64 Merluccius merluccius* 32.1 33.94 0.5 0.5 3.9
Others 8.2 10.69 0.94 1.35 3.7 Raja clavata 0.52 0.96 0.34 0.75 2.68
Invertebrates Pagellus bogaraveo* 8.39 11.65 0.3 0.51 2.39
Cephalopods 4.33 4.31 0.36 0.23 1.41 Myliobatis aquila 0.02 0.07 0.24 0.68 1.89
Parapenaeus longirostris 443.2 335.2 2.3 1.75 9.06 Torpedo marmorata 0.33 0.53 0.15 0.32 1.15

Others 60.07 75.47 1.15 1.89 9.07
Invertebrates
Stichopus regalis 11.41 14.66 2.17 3.11 17.04
Parapenaeus longirostris* 488.52 720.45 1.44 2.03 11.33
Cephalopods 25.1 21.27 0.85 1.02 6.69
Porifera 0.18 0.42 1.44
Others 51.86 48.3 0.39 0.53 3.05
D%= 33.22

US (307-410 m) US (307-410 m)  
Fishes N ±SD B ±SD B% Fishes N ±SD B ±SD B%
Merluccius merluccius 49.95 38.41 13.14 4.01 37.14 Scyliorhinus canicula 15.14 6.74 3.12 1.07 29
Micromesistius poutassou 85.31 92.82 12.06 14.78 34.1 Caelorinchus caelorinchus 148.73 49.91 1.49 0.53 13.87
Pagellus bogaraveo 22.16 29.9 2.16 2.26 6.1 Hoplostethus mediterraneus 56.06 10.11 0.93 0.69 8.6
Phycis blennoides 12.4 7.43 1.81 1.85 5.13 Galeus melastomus 23.45 16.74 0.72 0.53 6.65
Lophius budegassa 1.55 1.27 0.83 0.71 2.35 Phycis blennoides* 20.73 5.44 0.5 0.13 4.64
Lepidorhomus boscii 2.94 1.46 0.51 0.33 1.43 Squalus acanthias 0.38 0.51 0.41 0.66 3.82
Helicolenus dactylepterus 3.69 3.59 0.48 0.48 1.36 Dipturus oxyrinchus 0.38 0.3 0.39 0.37 3.6
Others 2.26 2.19 0.63 0.91 1.78 Molva dypterygia* 7.2 4.41 0.33 0.14 3.1
Invertebrates Etmopterus spinax 5.97 1.74 0.22 0.06 2.09
Cephalopods 4.35 4.16 0.77 0.9 2.17 Chimaera monstrosa 1.66 1.11 0.21 0.31 1.95
Parapenaeus longirostris 506.69 96.36 2.83 0.67 8 Lepidorhombus boscii* 8.97 5.51 0.16 0.11 1.44
Nephrops norvegius 2.47 2.33 0.15 0.11 0.43 Others 58.11 32.09 0.73 0.57 6.77

Invertebrates
Stichopus regalis 5.44 4.25 1.17 1.02 10.86
Parapenaeus longirostris* 51.96 103.93 0.26 0.52 2.4
Cephalopods 5.18 10.36 0.12 0.24 1.13
Others 1.16 2.32 0.01 0.02 0.07
D%= 23.24
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Similarly, fishes accounted for 90% of landings from 
both the SB and the US, M. merluccius (78%), and 
M. merluccius and Micromesistius poutassou (Risso) 
(both summing 71%) being the most important spe-
cies, respectively. The total amount of invertebrates 
decreased with depth, with maximum values in the SS. 
P. longirostris was the main species landed on the DS, 
SB and US, representing 8% to 10% of the landings.

The fish biomass discarded ranged between 53% on 
the DS and 86% on the US (Table 4). P. bogaraveo, 
Dipturus oxyrinchus (L.), L. cavillone and S. canicula 
were the dominant fish, accounting for 46% of discards 
on the SS (Table 4). On the DS, M. merluccius, P. bog-
araveo, Raja clavata L. and C. linguatula accounted 
for 35% of discards, while on the SB S. canicula and 
Mustelus mustelus (L.) were the main species (35%). 
S. canicula, C. caelorinchus, H. mediterraneus and 
Galeus melastomus Rafinesque 1810 accounted for 
58% of discards on the US (Table 4). Within inverte-
brates, echinoderms were the main group in discards 
along the whole depth range surveyed, with Stichopus 
regalis (Cuvier) as the main species, ranging from 11% 
on the US to 34% on the DS (Table 4). P. longirostris 
also accounted for a large proportion of the discards on 
the SB (11%). 	

Size of landed and discarded specimens of M. mer-
luccius ranged from 12 to 99 cm (mode: 23 cm) and 

from 10 to 23 cm (mode: 14 cm), respectively. More 
than half of M. merluccius landed individuals (55%) 
were below the minimum legal size (MLS=25 cm; Fig. 
4). Considering all bathymetric strata, this was the only 
species for which all specimens landed were of market-
able size. Landed size of M. barbatus ranged from 11 
to 22 cm (mode: 15 cm), while discarded size ranged 
from 9 to 16 cm (mode: 11 cm). On the DS, landed 
size of this species was clearly higher than its MLS 
(13 cm), and only 6% of M. barbatus landed from the 
SS was lower than the MLS, while 10% of discarded 
specimens were higher than the MLS. P. erythrinus 
was only caught from the SS and the specimens were 
mostly (77%) larger than the MLS (15 cm). Landed 
and discarded size ranged from 12 to 27 cm (mode: 16 
cm) and from 9 to 19 cm (mode: 13 cm), respectively. 

Landings size of D. maroccanus specimens ranged 
from 12 to 22 cm (mode: 18 cm), while discards ranged 
from 6 to 16 cm (mode: 13 cm). Ranges of landed 
and discarded specimens of P. acarne were 13-22 cm 
(mode: 16 cm) and 13-19 cm (mode: 15 cm), respec-
tively; those of P. bogaraveo were 11-25 cm (mode: 13 
cm) and 10-18 cm (mode: 13 cm), respectively; those 
of M. poutassou were 15-31 cm (mode: 19 cm) and 15-
21 cm (mode: 18 cm), respectively; those of Lophius 
budegassa Spinola were 13-52 cm (mode: 24 cm) and 
9-27 cm (mode: 14 cm), respectively; and those of P. 

Fig. 4. – Size composition of M. merluccius, M. barbatus and P. erythrinus by depth strata (SS, shallow shelf; DS, deep shelf; SB, shelf break; 
US, upper slope), showing the landed (black bars) and discarded (white bars) fractions. The discontinuous line shows the current minimum 

legal landing size.
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blennoides were 12-52 cm (mode: 20 cm) and 8-24 cm 
(mode: 15 cm), respectively (Fig. 5).

DISCUSSION

Depth zonation has been described as a main factor 
affecting faunal change on the continental margins (see 
Carney 2005 for a general review). In the Mediterrane-
an, numerous macrofaunal zonation studies have been 
developed in the past three decades (e.g. Cartes and 
Sardà 1993, Stefanescu et al. 1993, Massutí et al. 1996, 
D’Onghia et al. 1998, Moranta et al. 1998, Kallianiotis 
et al. 2000, Labrapoulou and Papacontantinou 2000). 
In this study, although the survey was performed in a 
commercial fishing vessel under commercial fishing 
conditions, four fish assemblages associated with dif-
ferent bathymetric strata have been detected in the fish-
ing grounds around Gökçeada Island in the northeast-
ern Aegean Sea, similar to those found in other areas 
of the Mediterranean Sea (e.g. Kallianiotis et al. 2004, 
Labropoulou and Papaconstantinou 2004, Massutí and 
Reñones 2005, Moranta et al. 2008).

The species compositions on the SS and the DS 
around Gökçeada Island are in accordance with the re-
sults obtained in terms of dominant species in the south-
ern North Aegean Trough, with M. barbatus on the SS 
and M. merluccius on the DS between the most abundant 
ones (Labrapoulou and Papaconstantinou 2000, 2004, 
Kallianiotis et al. 2004, Keskin et al. 2011a). Neverthe-
less, subdominant species changed from one area to 
another and even between adjacent bottoms of the main-
land coast. The main difference on the continental shelf 
is related to the family Sparidae, with a high number 
of species and high abundance on the SS. In our study 
area, five of the ten most important species in abundance 

belonged to this family [P. bogaraveo, P. acarne, D. 
maroccanus, P. erythrinus and Boops boops (L.)]. By 
contrast, in the surrounding areas these species are not 
among the most abundant, whereas other species such as 
Serranus hepatus (L.) and T. minutus are more abundant 
(Labrapoulou and Papaconstantinou 2004, Keskin et al. 
2011a). These differences could be related to the bottom 
morphology of Gökçeada Island, with a large proportion 
of rocky areas nearby to fishing grounds and lower pres-
ence of muddy bottoms on the SS (Bayhan et al. 2001, 
Koral et al. 2008). Other environmental factors such as 
high productivity, river runoff, salinity and temperature 
along the Aegean Sea have also been suggested as im-
portant descriptors for fish community structure of the 
area (Stergiou and Polard 1994, Kallianiotis et al. 2004).

Fish assemblages found on the SB and the US are 
characterized by the high abundance of both M. mer-
luccius and P. bogaraveo. The abundance of M. mer-
luccius around Gökçeada Island, and in Saros Bay 
(Keskin et al. 2011a), is higher than in other areas of 
the Aegean Sea (Labropoulou and Constantinou 2004, 
2005). This could be related to different environmental 
factors. It is important to highlight the possible effect of 
the mixture of Levantine Intermediate Water and Black 
Sea Water between 20 and 100 m depth in the north-
eastern Aegean Sea, where high nutrient concentration 
and production in the upper layers has been described 
(Pazi 2008). This high productivity can increase the 
abundances of small pelagics, which have been iden-
tified as the main trophic source of M. merluccius in 
this area (mainly sardine and anchovy, Tsagarakis et 
al. 2010, Harmelin-Vivien et al. 2012). Moreover, the 
spill over from the nearby protected area in Saros Bay, 
where bottom trawling has been banned since 1993, 
could also increase the abundance of M. merluccius. 

Fig. 5. – Size composition of main species (P. bogaraveo, L. budegassa, D. maroccanus, P. acarne, M. poutassou and P. blennoides) without 
minimum legal landing size by depth strata (SS, shallow shelf; DS, deep shelf; SB, shelf break; US, upper slope), showing the landed (black 

bars) and discarded (white bars) fractions. 
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By contrast, the higher abundance of P. bogaraveo 
could be related to the particular characteristics of the 
sea bottom in the study area mentioned above. 

For the unexploited demersal stocks in Saros Bay, 
İşmen et al. (2010) reported total catch of 111.4 kg/h 
from 50 to 100 m depth, 436.8 kg/h from 100 to 200 
m and 565.5 kg/h from 200 to 500 m. These yields, 
obtained during the same season as the present study 
(winter), are clearly higher than our results, which 
range from 78.5 kg/h in the SS to 46.1 kg/h in the US, 
suggesting that fishing impact is the main causative 
factor of these differences. Nevertheless, other envi-
ronmental factors operating at a regional scale could 
also affect these differences, as mentioned above.

The higher values obtained for the diversity indexes 
H’ and J’ on the SS and the US could be related to the 
high productivity and the bottom characteristics of the 
shallow continental shelf mentioned above and to the 
fishing strategy followed by the bottom trawl fleet in 
the area, which exerts a higher fishing effort on the DS 
and the SB than on the US. 

Bottom trawling has a large impact on Mediter-
ranean ecosystems, because of the low selectivity 
of the fishing gears used and the high generation of 
discards they can produce, which result in the mortal-
ity of small size specimens of marketable species and 
unmarketable species living on the bottom (Stergiou et 
al. 1998, Moranta et al. 2000, Tudela 2004). Tsagarakis 
et al. (2013) estimated that the amount of discards was 
around 230000 t (18.6% of catch) in the Mediterranean 
Sea. According to these authors, discarding varies 
highly along the basin both geographically and among 
fishing gears, with bottom trawls being responsible 
for the bulk of discards, since they are characterized 
by high discard ratios. In addition, discarding in the 
Mediterranean is regulated by market demands and to 
a lesser extent by legal constraints (see comments be-
low on MLS), and marketable by-catch may be an im-
portant supplemental source of income (Tsagarakis et 
al. 2013). Therefore, the results obtained in this study 
with regard to the percentage of discards and the rate 
of discarded species may be related to fishers’ strategy 
to respond to these market demands. Because of their 
higher prices in the market some species, such as M. 
merluccius, can be classified as target species for the 
bottom trawl fisheries. By contrast, other species have 
a lower demand (e.g. Pagellus acarne) or even no de-
mand (e.g. S. canicula), and are always discarded.

Various studies on trawl fishery showed that discard 
rates in some regions of the Mediterranean Sea ranged 
between 20% and 70% of the total catch, depending on 
depth and the associated macro-epibenthic communi-
ties, with higher rates in shallow fishing grounds than 
in deeper ones (Table 5). For example, deep sea shrimp 
trawl fisheries generate lesser discards than shallow 
water fisheries targeting stripped red mullets Mullus 
surmuletus and red mullets M. barbatus in the Balearic 
Islands and the Catalan coast, as well as intermediate 
water fisheries targeting hake Merluccius merluccius 
(Tsagarakis et al. 2013). The percentage of discards 
from the total catch at Gökçeada Island ranged between 
23% and 42%, with a decreasing trend with depth and 
fishes and echinoderms (mainly S. regalis) as the two 
main groups in all bathymetric strata, also on the SS. 
The amount of crustaceans, mainly P. longirostris, 
in the discards as well as in the landings is not very 
great. Yields obtained in the present study for P. lon-
girostris are much lower (~3kg/h) than those obtained 
for the unexploited stock of this species in Saros Bay 
(>50 kg/h; Bilgin et al. 2009). Kara and Gurbet (1999) 
identified P. longirostris as the main exploited species 
from the SB and the US in the study area, with yields of 
17 kg/h. Taking into account that similar fishing gears 
with a codend mesh size of 22 mm were used in these 
studies, the observed differences in the yields cannot 
be attributed to different catchability of the gears. Fish-
ing pressure appears the most likely factor affecting 
abundances of P. longirostris in the area.

The management of bottom trawl fishery in Turk-
ish waters is mainly based on technical measures, such 
as minimum landing sizes for some species, minimum 
mesh size (40 mm in the Black Sea and 44 mm in the 
Aegean Sea, both diamond mesh type), and closed 
areas and seasons (Anonymous 2012). MLS is also ap-
plied to protect recruitment and juveniles of exploited 
species and is usually below the first maturity size 
(FMS). According to current regulation, the MLS for 
M. merluccius, M. barbatus and P. erythrinus is 25, 
13 and 15 cm, respectively (Anonymous 2012), while 
the FMS of these species in the northeastern Aegean 
Sea ranges between 27 and 34 cm for M. merluccius, 
and is around 12 cm for M. barbatus and 14 cm for 
P. erythrinus (İşmen et al. 2010). Although the MLS 
seems to be correct for M. barbatus and P. erythrinus, 
most of the specimens of M. merluccius caught in the 
present study were below its FMS, so the current MLS 

Table 5. – Summary of bibliographic information on the percentages of discarded catch produced by bottom trawl fisheries by depth stratum 
in different areas of the Mediterranean. S, square mesh; DI, diamond mesh; W MED, western Mediterranean; E MED, eastern Mediterranean.

Region Reference Year Mesh size
% discard of total catch

<150 m 151-350 m >350 m Av.

W MED Carbonell et al. (1998) 1995-96 40DI 23-67 13-62 14-43
Moranta et al. (2000) 1996-97 40DI 38-58 42
D’Onghia et al. (2003) 1996-98 40DI 23-45
Sánchez et al. (2004) 1995-96 40DI 62.7 19.35 19.5
Sánchez et al. (2007) 2002-04 40DI 39-46
Guijarro and Massutí (2006) 2002-03 40(DI/S) 18-45/9-10
Ordines et al. (2006) 2002-03 40(DI/S) 30/70

E MED Stergiou et al. (1998) 1993-94 28DI 45
Vassilopoulou and Papaconstantinou (1998) 1995 28DI 53-59 41-63 37
Machias et al. (2001) 1995-98 28DI 44
Duruer and Tosunoğlu (2012) 2008 44DI/40S 30/20
This study 2009-10 44DI 42 31-33 23 37
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is not adequate to ensure that juveniles of this species 
reach maturity and thus contribute to the spawning 
stock. Moreover, one of the most abundant fish species 
in all depth strata, P. bogaraveo, has no size regulation 
in Turkish waters. This species is clearly caught below 
the FMS in both sexes, 26-29 in males and 28-32 cm 
in females (Estácio et al. 2001, Krug 1998). For the 
Mediterranean little information about the FMS of P. 
bogaraveo is available, but in the Atlantic the FMS 
has been estimated to stand at approximately 24 cm 
(Chilari et al. 2006). Assuming the same FMS for the 
Mediterranean, almost all the individuals caught dur-
ing the present study would be below the FMS. Hence, 
high mortality rates of young immature individuals 
of this commercially important species (Chilari et al. 
2006) have to be discarded or sold at low prices. 

The danger of increasing discarding through a 
heavy focus on regulating the MLS has been recog-
nized (Caddy, 2009). Moreover, several bottom trawl 
selectivity studies have demonstrated that high discard 
rates, with a large proportion of immature small size 
specimens and non-commercial invertebrates, is a gen-
eral problem of the trawl fishery in the Mediterranean 
Sea (e.g. Stergiou et al. 1997, 1998, Vassiloupou and 
Papaconstantinou 1998, Sánchez et al. 2004, Guijarro 
and Massutí 2006, Ordines et al. 2006). These stud-
ies showed that replacing the 40-mm diamond mesh 
with the 40-mm square mesh in the codend improves 
the selectivity of bottom trawling while maintaining 
commercial yields for most of the species. In fact, this 
change of mesh is a mandatory regulation for the Medi-
terranean that has been enforced since 2008 for the EU 
member states (Council Regulation EC nº 1967/2006). 
In addition, the General Fisheries Commission for the 
Mediterranean recommended that the Members and 
cooperating entities should adopt and implement a 
minimum 40-mm square mesh codend or a diamond 
mesh size of at least 50 mm for all trawling activities 
(REC.CM-GFCM/33/2009/2). Though the minimum 
mesh size for trawl nets in Turkey is larger than in other 
areas of the Mediterranean (44 mm), the high amount 
of discards estimated in the present study indicates that 
it is not sufficient to reduce the discards significantly. 
Changing mesh geometry in the codend, from diamond 
to square, as in other areas of the Mediterranean, could 
improve selectivity in the Turkish bottom trawl fish-
ery. However, the consequences of this change should 
previously be evaluated in order to take into account 
the particularities of the area. 

Finally, it should be noted that the results of the pre-
sent study provide only some preliminary indications 
and that other scientific surveys based on longer time 
series in the area are needed to support these findings. 
The issue of discards cannot be handled only with se-
lective fishing, since this can affect food web structure 
and ecosystem functioning (Tsagarakis et al. 2013). 
Thus, mitigation of discards should be based on a com-
bination of measures and, although the results of this 
study are purely indicative, the fact that a large pro-
portion of juveniles of target species (e.g. Merluccius 
merluccius) are caught suggests that other initiatives 
should be implemented, such as temporal restrictions 

on fishing activities or the establishment of closed 
areas of ecological importance for the maintenance of 
heavily exploited populations and/or species of conser-
vation concern.
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