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Introduction 

The project “Addressing the interaction between small-scale fisheries and marine 

megafauna in Greece”, funded by MAVA Foundation, coordinated by the World Wide Fund (WWF) 

for Nature Greece in collaboration with the Aristotle University of Thessaloniki (AUTh) and the 

Hellenic Center for Marine Research (HCMR), aims to collect scientific data at the national level 

to estimate for the first time in detail the rate of incidental catches of key marine megafauna 

species, including marine mammals (cetaceans and monk seals), seabirds and sea turtles, as well 

as elasmobranchs in Greece and also fill the gap that exists in estimating the economic loss of 

small-scale fishers due to gear damage and catch loss by marine megafauna species. Based on 

the data collected, the competent authorities and involved agencies can develop, establish and 

implement the appropriate management, financial, and technical measures to limit and address 

the impact of the interaction between small-scale fishing (SSF) and marine species. 

The overall project had a duration of two years, from July 2020 to June 2022, and consisted 

of two research phases. Phase I (July-December 2020) aiming at determining the current actual 

SSF fleet and fishing effort in Greece, as well as the “hotspots” of interactions with marine 

megafauna, and Phase II (January 2021-June 2022) aiming at estimating the economic losses 

(fishing gear damages and catch loss) and total incidental catch in selected SSF gears via onboard 

monitoring.  

Based on the results collected and analyzed during the first phase of the project1 on the 

active SSF fleet, fishing effort and gears predominantly interacting with marine megafauna, the 

identified hotspot areas of interaction, and a number of selected criteria, five (5) study areas were 

chosen for the conduction of the onboard monitoring. These areas were the Thracian Sea, 

Thermaikos Gulf, Cyclades (Kythnos and Andros Islands), Dodecanese (Rhodes Island) and 

Ionian Sea (Zakynthos Island). 

Finally, before the initiation of the second phase, a second training was organized focusing 

on the on-board surveys so as to raise the capacity and effectively equip researchers with the 

updated methodology and skills required to conduct the field activities. 

  

                                                             
1 Pardalou A., Giannoulaki M., Alberini A. 2021. Addressing the interaction between small-scale fisheries and marine 
megafauna in Greece. Technical Report: Phase I (Interim Report). p.14. 
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Results of Phase II of the project 

Section 1:  Sampling description, main targets and catches 

A temporally (quarter basis: January-March, April-June, July-September, October-

December) and spatially stratified sampling scheme was applied on onboard monitoring of the 

SSF in the Aegean and Ionian Seas in 2021. Regarding the spatial stratification, four sub-areas 

have been chosen in the Aegean Sea: the Thermaikos Gulf and the eastern Thracian Sea for the 

northern Aegean Sea, and the Cyclades and the Dodecanese Island groups in the central and 

southwest Aegean Sea respectively. In the Ionian Sea, no spatial stratification was deemed 

necessary given the spatial distribution of the SSF and the gap in knowledge identified during the 

Phase I of the project that we aimed to cover.  Sampling was completed within 2021 by on-board 

observers (in Figures 6 and 7 the spatial distribution of the sampled hauls is depicted). During 

each trip, all fishing operations were distinguished and sampled on a métier basis (defined by the 

gear used and target species, hereafter “hauls”).  

 

Figure 6. The spatial distribution of sampled hauls in the Aegean and Ionian Seas. Different colors represent different 

fishing gears used.  
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Figure 7. The spatial distribution of the sampled hauls in 

the 5 sub-areas: Thermaikos Gulf, eastern Thracian Sea, 

Cyclades islands (Kythnos, Andros) Dodecanese Islands 

(Rhodes) and (e) Ionian Islands (Zakynthos). 
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In total, 604 onboard trips were carried out, 450 in the Aegean Sea and 154 in the Ionian 

(see Table 1 for the distribution of sampled trips per quarter and sub-area), using the FAO protocol 

(FAO 2019), slightly modified. Sampling has been conducted in 42 different fishing vessels (35 in 

the Aegean Sea and 7 in the Ionian Sea, Total length: 5.0-13.8 m, Registered Gross Tonnage: 

0.70-18.51 and Engine Power: 7.5-285 Kw). The mean number of sampled trips per vessel was 

14.38 (SD = 15.31). In the Aegean Sea, in 366 out of the 450 fishing trips (81.33%) a single haul 

has been recorded, 69 trips (15.33%) included two hauls, 14 trips (3.11%) included three hauls 

and in one trip four different hauls have been conducted by the fisher (the total number of different 

hauls was 550). In the Ionian Sea, two hauls per fishing trip were recorded only in two out of the 

154 trips; all other trips were single hauled (total number of hauls was 156). 

 

Table 1. The number of sampled trips per quarter and sub-area in the Aegean Sea and the Ionian Sea. 

Quarter Aegean Sea Ionian 
Sea 

 Thermaikos Gulf Thracian Sea Cyclades Dodecanese  

1 23 18 20 15 30 

2 19 44 39 26 40 

3 43 45 36 20 48 

4 32 23 28 19 36 

 

The most frequently used fishing gear in the Aegean Sea was the trammel nets (GTR, 284 

hauls), followed by gillnets (GNS, 93 hauls), set longlines (LLS, 90 hauls), encircling gillnets (GNC, 

53 hauls), and a combination of gillnets and trammel nets (GNT, 30 hauls. In the Ionian Sea, the 

only static net fishing gear in the sample was GTR (132 hauls). Two longline gears were sampled, 

set longlines (LLS, 14 hauls, onboard sampling) and drifting longlines (LLD, 10 hauls, onshore 

sampling). The distribution of the gear sampled per sub-area and quarter is presented in Figure 8 

and in Tables 2 and 3. The basic features of the hauls per gear are provided in Tables 2 and 3.   
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Figure 8. The number of hauls per gear, quarter, and sub-area. 

 

Table 2. The number of sampled trips, the mean length of nets (m), the mean height of the nets (m), the mean fishing 
depth (m) and the mean soaking time (hours) per static net gears and sub-area. 

Sub-area Gear 
N 

samples  
Mean Net 

length 
Mean Net 

height 
Mean Fishing 

Depth 

Mean 
Soaking 

Time 

Thermaikos 
Gulf 

GNS 49 1736.73 1.41 17.95 1.11 

GTN 30 1648.33 1.62 25.13 7.32 

GTR 60 1549.17 1.69 19.96 17.47 

Thracian 
Sea 

GNC 53 473.58 3.82 7.66 0.28 

GNS 15 1933.33 1.83 14.82 2.50 

GTR 64 1478.91 1.29 7.55 16.47 

Cyclades 
GNS 16 2835.00 1.50 143.69 2.80 

GTR 52 2222.31 1.89 49.24 11.34 

Dodecanese 
GNS 13 538.46 1.89 21.79 3.50 

GTR 108 667.59 1.80 31.69 12.11 

Ionian Sea GTR 132 1949.24 1.94 33.48 10.63 
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Table 3. The number of sampled trips, the hook size range, the mean number of hooks, the range of the number of 

lines, the mean fishing depth (m), and the mean soaking time (hours) for longlines per sub-area. 

Sub-area Gear N 
samples  

Hook size 
range 

Mean N 
hooks 

N lines 
range 

Mean Fishing 
Depth 

Mean 
Soaking 

Time 

Cyclades LLS 68 8-14 462.38 1-6 72.36 3.60 

Dodecanese LLS 22 10-16 134.09 1-2 57.38 2.15 

Ionian Sea LLD 10* 2-6 297 1-4 77.56 2.36 

 LLS 14 9-13 540.36 1-4 20.07 4 

*: onshore sampling based on questionnaires 

Regarding the combination of gears used and the target species (defined as métiers at 

level 5 based on the European Union classification, see Commission Decision 2010/93/EU), 

differences have been recorded between the samples taken from the different sub-areas (Figure 

8).  

 

Northern Aegean Sea 

In Thermaikos Gulf, the most frequently used métier was the combination of GTR targeting 

common sole (Solea solea) followed by GTN for caramote prawn (Penaeus spp.) and GNS for red 

mullet (Mullus barbatus) (Figure 8). In the Thracian Sea, the GNC targeting European sardine 

(Sardina pilchardus) métier was the most frequently applied, followed by the GTR for caramote 

prawn (Penaeus spp.) and GTR for common cuttlefish (Sepia officinalis) (Figure 9). In terms of 

seasonal differentiation, GTN in Thermaikos were sampled in quarter 3 and 4 and GTR all year 

round. In the Thracian Sea GNS were absent in quarter 1 while GNC were mostly sampled in 

quarters 2 and 3. 

 

Southern Aegean Sea 

In Cyclades, the most frequently used métiers were LLS for red porgy (Pagrus pagrus), GTR for 

scorpionfish (Scorpaena spp.), and LLS for Goldblotch grouper (Epinephelus costae) (Figure 8). 

GTR and LLS were sampled in all four quarters, whereas GNS only in quarters 2 and 3.  In 

Dodecanese, the most frequently used métier were GTR for rabbitfish (Siganus spp.), GTR for 

common cuttlefish (Sepia officinalis), and GTR for red mullet (Mullus barbatus) (Figure 9). 

Seasonal differentiations were also observed. GTR appeared in all 4 quarters, LLS were used in 

quarter 4, whereas GNS in quarters 2 and 3. 

 

Ionian Sea 

In the Ionian Sea, GTR for striped red mullet (Mullus surmuletus) was by far the most frequently 

used métier, followed by GTR for common cuttlefish (Sepia officinalis) and GTR for red mullet 
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(Mullus barbatus) (Figure 9). GTR in the Ionian also appeared in all 4 quarters, whereas LLS were 

more active in quarter 3 and 4. 

 

 

Figure 9. The most frequently used métiers (as combination of gear and target species) in the five sub-areas of the 
Aegean and the Ionian Seas. X-axis measures the % percentage of the métier within the sample per sub-area. Only the 
métiers with over 5% contribution in the sample are presented. 

 

In Tables 4 to 7, métiers are presented per mesh size for static nets (4 groups based on 

mesh size have been formed: 10-20 mm, 20-30 mm, 30-40 mm and 40+ mm) and per hook size 

for longlines. Apart from the 11 mm mesh size for the encircling GNC gear targeting European 

sardine in the Thracian Sea, the mesh size of the static gears ranged between 18 mm (observed 

in Thermaikos Gulf and Dodecanese GNS gear targeting Mullus spp., and in Thermaikos Gulf 
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GTN gear targeting Penaeus spp.) and 44 mm for GTR targeting common dentex (Dentex dentex) 

in Dodecanese. In Tables 4 (Aegean Sea) and 5 (Ionian Sea), the sampled trips are classified per 

gear, target species and mesh size categories (10-20mm, 20-30mm, 30-40mm and 40+mm) for 

nets. As far as the longlines are concerned, the hook size in the sampling areas ranged between 

8-16 mm as shown in Tables 6 (Aegean Sea) and 7 (Ionian Sea). 

 

Table 4. The number of sampled trips per gear, target species and mesh size group for static nets in the Aegean Sea. 

The mesh size (mm) groups are 10-20, 20-30, 30-40 and 40+. 

  Mesh size 

Gear Target species 10-20 20-30 30-40 40+ 

GNC Sardina pilchardus 52    

Sarda sarda   1     

GNS Boops boops 7 1     

Merluccius merluccius   9     

Merluccius merluccius, Mullus 
barbatus 

  1     

Mullus barbatus 30 1     

Mullus surmuletus 16 23     

Pagellus erythrinus   1 1   

Pomatomus saltatrix     2   

Sarda sarda     1    

GTN Penaeus spp 24 6     

GTR Dentex dentex   3 3 3 

Mullus barbatus 1 17     

Mullus spp   7     

Mullus surmuletus   18     

Oblada melanura     1   

Penaeus spp   36     

Penaeus spp, Solea solea   4     

Sarpa salpa     4   

Scorpaena elongata   3     

Scorpaena spp   24     

Sepia officinalis   23 31 5 

Seriola dumerili   1     

Siganus rivulatus   10 3   

Siganus sp   9 15   

Solea solea   12 17 15 

Sparisoma cretense   14     

Sparus aurata     4   

Spicara maena   1     
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Table 5. The number of sampled trips per gear, target species and mesh size group for static nets in the Ionian Sea. 

The mesh size groups are 10-20 mm, 20-30 mm, 30-40 mm and 40+ mm. 

  Mesh size 

Gear Target species 10-20 20-30 30-40 40+ 

GTR Diplodus sargus  9   

Merluccius merluccius  5   

Mullus barbatus  10   

Mullus surmuletus  64   

Palinurus elephas  2   

Scorpaena scrofa  1   

Sepia officinalis  30 7  

Seriola dumerili  3   

Sparisoma cretense  1   

 

Table 6. The number of sampled trips per gear, target species and hook size for LLS in the Aegean Sea. 

  Hook size 

Gear Target species 8 9 10 11 12 14 16 

LLS Dentex dentex     1         

Diplodus sargus           12   

Epinephelus costae 1 10 2 7 1     

Epinephelus marginatus     1     1   

Epinephelus spp   1 2         

Oblada melanura             1 

Pagrus pagrus 1 5 28 7 7 1   

Spondyliosoma 
cantharus 

      1       

 

Table 7. The number of sampled trips per gear, target species and hook size for longlines in the Ionian Sea. 

  Hook size 

Gear Target species 2 6 9 10 11 12 13 

LLD Thunnus alalunga  1      

Xiphias gladius 9       

LLS Dentex dentex      1  

Diplodus sargus       4 

Epinephelus 
aeneus 

   1    

Epinephelus 
costae 

  3  1 1 1 

Pagrus pagrus     2   

 

 



 

13 
 

Differences were recorded also in the species composition of the hauls between the four 

sub-areas. In Figure 10, the mean weight per haul, gear, sub-area and species landed are 

presented, including the ten most abundant species per sub-area (a list of all the species recorded 

is provided in the Annex Tables 1 and 2). In Thermaikos Gulf the highest values of landed weight 

per gear were recorded for caramote prawn in GNT, while in the Thracian Sea for European 

sardine in GNC (Figure 10). In southern Aegean, Atlantic horse mackerel (Trachurus trachurus) 

and bogue (Boops boops) in GNS were the most abundant species, while in the Ionian Sea 

Goldblotch grouper (Epinephelus costae) caught by LLS exhibited the higher weight per trip values 

(Figure 10). Differences have also been recorded in the composition of the discarded species 

(Figure 11). In the northern Aegean, Spottail mantis shrimp (Squilla mantis) dominated the 

discarded biomass (in GTN gear in Thermaikos Gulf, and in GNS gear in Thracian Sea). In 

contrast, in the southern Aegean it was the Lessepsian migrant species that were the most 

discarded species: Dusky spinefoot (Siganus luridus) in GTR in Cyclades and Silver cheeked 

toadfish (Lagocephalus scelerattus) in LLS in Dodecanese (Figure 11).   

In the Ionian Sea, the Mediterranean moray (Muraena helena) was the most discarded 

species followed by bull ray (Aetomylaeus bovinus) and European conger (Conger conger) (Figure 

11).  

Finally, Landings per Unit Effort (LPUE) and Discards per Unit Effort (DPUE) have been 

calculated per species. For static nets, LPUE and DPUE have been calculated as Total weight 

(Kg)/Net lengths (Km)/Soaking time (h) while for LLS have been calculated as Total weight 

(Kg)/1000 hooks/Soaking time (h). Mean values and confidence intervals for these metrics have 

been calculated with the R package survey (Lumley, 2020). 
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Figure 10. The mean landed weight per gear, per sub-area and per species. The bars represent the 95% confidence 

intervals of the estimations. Here, only the ten most abundant species (with the higher biomass values) are presented. 
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Figure 11. The mean discarded weight (Kg) per gear, per sub-area and per species. The bars represent the 95% 

confidence intervals of the estimations. Here, only the ten most abundant species (with the higher values) are presented. 
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Catch Per Unit Effort (CPUE), has also been calculated per sub-area and gear (by 

aggregating all species, landings and discards together). Accordingly, LPUE has been calculated 

for target species and for non-target species per sub-area and gear, and DPUE for discarded 

species respectively (see Figure 12).  

For these calculations, the métier GNC for European sardine (sampled only in the Thracian 

Sea) has not been included in the corresponding group nor is it included in Figure 12. As this 

métier targets a small pelagic species, CPUE and LPUE values for this métier are strikingly higher 

and not comparable to the other values. More specifically, CPUE for Thracian Sea-GNC-Sardine 

was 845.6 Kg/km/h (SE = 144.9), LPUE-Target was 830.6 Kg/km/h (SE = 144.5), LPUE-Non target 

was 12.4 Kg/km/h (SE = 7.0), and DPUE was 2.5 (SE = 0.79). 

 

 

Figure 12. The mean value per sub-area and gear for (a) CPUE, (b) LPUE- target species, (c) LPUE- non-target species 

(d) DPUE. The bars represent the 95% confidence intervals of the estimations.   



 

17 
 

Section 2: Incidental catch 

Throughout the sampling period, one incidental catch of Loggerhead sea turtle (Caretta 

caretta) has been recorded in the northern Aegean (GTR, 2/6/2021) and three incidental catches 

of the same species were recorded in the Ionian Sea. The first record of sea turtle incidental catch 

in the Ionian Sea was recorded in 14/3/2021 (GTR, 32 mm mesh size, 12 m depth), the second in 

19/6/2021, (LLS gear, 10 mm hook size, depth: 40.95 m) and the third in 31/10/2021 (LLS, 13 mm 

hook size, 12.5 m depth).  

Two incidental catches of birds have been recorded in the Aegean Sea: a black-throated 

loon (Gavia arctica), a migratory aquatic bird, has been recorded in Thermaikos Gulf in 29/3/2021 

(GTR, mesh size 36, depth 4-6 m) and a Scopoli's shearwater (Calonectris diomedea) in Cyclades, 

in 21/3/2021 (LLS, hook size 9.5, depth 110-145m). Zero cases of marine mammal incidental 

catches have been recorded.  

Finally, several protected species of Elasmobranchs have been recorded throughout 

sampling. These species are provided in Table 8 (with a reference list of Protected, Endangered 

and Threatened species of Elasmobranchs according to the IUCN updated Red List on sharks 

and rays - we have used the one provided by FAO, 2020). 

Table 8. List of Protected, Endangered and Threatened Elasmobranch species per sub-area and gear and their 

protection status (LC: least concern; VU: vulnerable; EN: endangered; CR: critically endangered). N is the total number 

of individuals per species recorded and TW is their total weight in Kg.  

Sub-area Gear Species N TW Protection status 

Thermaikos Gulf GNS Raja polystigma 1 0.70 LC 

Thermaikos Gulf GTR Dasyatis pastinaca 3 8.74 VU 

Thermaikos Gulf GTR Raja polystigma 5 1.05 LC 

Thermaikos Gulf GTR Raja radula 4 1.78 EN 

Thracian Sea GNS Raja radula 3 0.39 EN 

Thracian Sea GTR Raja radula 73 22.85 EN 

Cyclades GNS Leucoraja naevus 1 0.96 LC 

Cyclades GTR Dasyatis pastinaca 16 4.90 VU 

Cyclades GTR Leucoraja naevus 10 7.08 LC 

Cyclades GTR Oxynotus centrina 1 0.70 EN 

Cyclades GTR Raja radula 3 2.08 EN 

Cyclades LLS Dasyatis pastinaca 5 44.5 VU 

Cyclades LLS Leucoraja naevus 1 1.00 LC 

Cyclades LLS Raja radula 2 1.23 EN 

Dodecanese GTR Centrophorus uyato 2 5.80 EN 

Dodecanese GTR Dasyatis pastinaca 14 15.43 VU 

Dodecanese GTR Gymnura altavela 2 3.60 EN 
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Dodecanese GTR Raja polystigma 4 4.00 LC 

Dodecanese GTR Squatina oculata 1 5.50 CR 

Ionian Sea GTR Dasyatis pastinaca 17 17.67 VU 

Ionian Sea GTR Raja polystigma 2 2.80 LC 

Ionian Sea GTR Raja radula 3 1.46 EN 

Ionian Sea LLS Aetomylaeus bovinus 1 15.00 CR 

Ionian Sea LLS Dasyatis pastinaca 1 3.00 VU 
 

As for the same period stranding events information on vulnerable species was available, 

this was analyzed and presented below in a complementary way.  Specifically, stranding data on 

marine turtles, cetacean and monk seals derived from port authorities reports addressed to the 

National Network for Monitoring Stranding Events (HCMR) during 2021 and stored at a dedicated 

database. All stranding records were georeferenced based on toponym information. An ArcGIS 

(ESRI, 2015) point shapefile was produced. Stranding events were categorized initially into “Dead” 

or “Alive”, based on the presence of fishing gear as “Fishing gear entanglement” and then 

“Fisheries_LL” for longlines and “Fiheries_N” for nets.  

Fishing gear entanglement was observed in 45 recorded stranding events (Figures 13 and 

14). The majority of strandings were sea turtles, with 40 animals of loggerhead turtle (Caretta 

caretta). Eleven marine turtles were stranded alive. Regarding marine mammals only five records 

of entangled animals were encountered i.e., 3 dolphins (the common bottlenose dolphin Tursiops 

truncatus, and the striped dolphin Stenella coeruleoalba) and 2 Mediterranean monk seals 

(Monachus monachus). In terms of fishing gear types/differences,  longlines referred as 

“Fisheries_LL” involved 29 records (including  only one record of monk seal ) and nets referred as 

“Fisheries_N” involved 15 records (including both sea turtles and marine mammals). Based on 

this, marine turtles are much more susceptible to incidental catch compared to marine mammals. 

Although Carpentieri et al. (2021) mention set nets, and especially trammel nets, as responsible 

for the highest direct mortality rate of sea turtles, here longlines was the fishing gear presenting 

the higher number of marine turtles entanglements, with the main species caught being 

predominantly the loggerhead turtle especially in the Ionian Sea, an area with key foraging 

grounds and nesting areas of the species (Casale & Margaritoulis, 2010). Especially regarding 

longlines, the strandings information might reflect more the direct mortality caused by the gear, 

which is generally low, rather than the actual entanglement rate, as the hooked loggerhead turtles 

have the strength to rise to the surface, even when entangled, and breathe (Carpentieri et al., 

2021). In addition, delayed mortality due to injuries and necrosis after entanglement and/or release 

cannot be ignored although largely unknown. Our results support the fact that cetacean and monk 

seals incidental catch is likely to be very low in Greek waters, concerning only sporadically medium 
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and small-sized cetacean species, such as the bottlenose dolphin and the stripped dolphin. At 

such low rate, incidental catch monitoring with on-board observers should be very demanding in 

terms of effort and personnel (Carpentieri et al., 2021) taking into account the large number of 

small-scale fishing vessels registered and operating year-round in the Greek Seas. 

 

Figure 13. Stranding events due to gear entanglement for 2021 in Greek seas. Different signs indicate different 

species and whether the event was an alive or dead animal. 
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Figure 14.  Stranding events due to gear entanglement in 2021 in the Greek seas. Different signs indicate the 

different species stranded and colors whether longlines or net entanglement was recorded. 

Section 3: Net damage 

The onboard observers were also instructed to inspect the fishing nets used by the SSF to 

record actual damages. In every sampled haul, at least five or six net sheets (summing up to at 

least 500 m of net length) were randomly selected and inspected for holes and tears that could 

have been caused by the interaction with any one of the megafauna species of interest. The 

number of observed holes per net sheet were recorded. The holes were classified into two 

categories, based on their size and typology: holes with diameter from 20 cm to 40 cm and holes 

with diameter larger than 40 cm; small holes and tears were excluded because of their low impact 

on the catchability of the gear. The position of the holes was also recorded (upper and lower part 

of the net sheet). The onboard observers recorded the presence or absence of megafauna species 

in the vicinity of the fishing boat that could have caused the damages on the net during hauling. 

Apart from the presence or absence of animals during hauling, the fisher was asked to assess 

whether the net damages had been caused either by dolphins or seals (provided that damages 

were found on the nets). 

Overall, at least one damage (hole or/and tear) on the net was observed in 419 out of the 

total 573 hauls (73.12%) inspected for damages. The highest percentage of damaged net was 

found in the Dodecanese (in 121 out of 122 hauls, 99.18%) followed by the Cyclades (64 out of 

68 hauls, 94.18%), the Ionian (89 out of 109 hauls, 81.65%), the Thracian Sea (81 out of 132 

hauls, 61.36%) and the Thermaikos Gulf (64 out of 142 hauls, 45.07%). As far as the temporal 

distribution of the damages are concerned, the highest figures of nets with at least one damage 

were recorded in the second quarter (135 out of 158 hauls, 85.44%), followed by the first quarter 

(83 out of 113 hauls, 73.45%), the third quarter (70 out of 112 hauls, 66.32%) and the fourth 

quarter (70 out of 112 hauls, 62.5%). Finally, in terms of gear differences, the highest percentage 

of nets with at least one damage was found in GTR (321 out of 397 hauls, 80.86%), followed by 

GNS (88 out of 145 hauls, 60.69%) and GNT (10 out of 30 hauls, 33.33%). 

To quantify the damage on the nets, the variable Hm, which is the mean number of holes 

per 100m of Net, was calculated (Figure 15). The highest values of Hm per gear were found in the 

Cyclades with 67.77 H/100m (55.46-80.08 H/100m) in GTR and 29.17 H/100m (20.25-

38.09H/100m) in GNS. High values of Hm per gear were also found in the Ionian Sea GTR (26.69 

H/100m, 19.31-34.07), in the Dodecanese GTR (16.63 H/100m, 14.55-18.72) and the GNS (11.14 

H/100m (5.5-16.79). In the northern Aegean Sea (Thermaikos Gulf and Thracian Sea), Hm was 

lower than 7 H/100m on all gears used.  
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Overall, most of the damages found on the nets were small holes (between 20-40 cm 

diameter as presented in Figure 16). Finally, the majority of the net damages have been located 

on the lower part of the net sheet in all areas (Figure 17). 

 

 
Figure 15. The mean number of holes per 100 m of net per gear and sub-area. The bars represent the 95% confidence 

intervals of the estimations.  
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Figure 16. The mean number of holes per 100 m of net per gear, size of holes (larger than 40cm, between 20-40 cm) 

and sub-area. The bars represent the 95% confidence intervals of the estimations.  

Figure 17. The mean number of holes and their position on the net (upper part and lower part) per 100m of Net per 

Gear and sub-area. The bars represent the 95% confidence intervals of the estimations.  

 

Damage on the net has also been quantified in terms of the damaged net per total length 

of the net (quantified in m of damaged net per 100 m of net). For this quantification, it was assumed 

that a smaller hole (between 20 and 40 cm) corresponds to an average damaged surface of 30 

cm x the net height while bigger holes (> 40 cm) correspond to an average damaged surface area 

of 60 cm x the net height. The entire net height was used because the fishers do not replace just 

the damaged area but the entire panel of the damaged net area. Based on this assumption, the 

average damaged length per 100 m of total net used has been calculated for each haul and 

subsequently mean values and confidence intervals per Gear and sub-area have been calculated 

using the R package survey (Lumley, 2020). Higher values were found in GTR in the Cyclades 

(10.99 m damage per 100 m of net), followed by the GTR in the Dodecanese (6.74 m damage per 

100 m of net) and the GTR in the Ionian (5.15 m damage per 100 m of net), whereas the lowest 

values were found in GNS in Thracian Sea (0.64 m damage per 100 m of net) and in GTN in 

Thermaikos Gulf (0.76 m damage per 100 m of net) (Figure 18, Table 9). The retail price of new 

nets was acquired per type (GNS, GTR and GTN) by local suppliers in May 2022; lower prices 



 

23 
 

refer to the net panel (price per 100 m of net) and upper prices to the net including rigging (floats, 

weight, ropes and labor costs).  

Apart from the spatial configuration of the damages on the fishers’ net, their temporal 

distribution was also examined. In Figure 19, the mean damaged surface per 100 m of net per 

gear and quarter is depicted. In trammel nets (GTR), the highest values were recorded during the 

first and fourth quarters (January-March and October-December respectively) while the lowest in 

the third (July-September). This coincides, at least for the monk seals with their pupping and 

nursing season that require from adult females increased demands of energy. High values of 

damage in gillnets (GNS) were also recorded in the first quarter (January-March), with a declining 

trend afterwards, while in encircling nets (GNC) and combined trammel-gillnets, the third quarter 

(July-September) was the one with the higher values.  

 

Table 9. List of damaged gear per sub-area and the range (lower-upper) of cost of a new net (expressed as euros per 

100 m). The range of cost of a new net was calculated for 1000 m and 5000 m nets, which corresponds to the common 

net lengths recorded.  

  
Gear damage  

  
Gear damage  

(in euros) 

  
Damage in m per 

100 m  
Cost of 100 m of 

net  1000   m  5000   m  

AREA Gear Damage SE Lower Upper  Lower Upper Lower Upper 

Thermaikos Gulf GNS 1.46 0.36 33 154  5 23 24 113 

 GTN 0.76 0.25 42 162  3 12 16 62 

 GTR 1.72 0.50 50 170  9 29 43 146 

Thracian Sea GNS 0.64 0.16 33 154  2 10 11 49 

 GTR 0.86 0.11 50 170  4 15 22 73 

Cyclades GNS 3.92 0.65 33 154  13 60 65 302 

 GTR 10.99 1.14 50 170  55 187 275 935 

Dodecanese GNS 4.36 1.59 33 154  14 67 72 336 

 GTR 6.74 0.47 50 170  34 115 169 573 

Ionian Sea GTR 5.15 0.84 50 170  26 88 129 438 

 



 

24 
 

  

Figure 18. The mean damage in the haul in m per 100 m of net per gear and sub-area. The bars represent the 95% 

confidence intervals of the estimations. 

 

 

Figure 19. The mean damage in the haul in m2 per 100 m of net per gear and quarter. The bars represent the 95% 

confidence intervals of the estimations.  
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In Figure 20, the relationship between Hm and the CPUE is presented. As it was expected, 

the damages on the net were found to have an impact on its fishing effectiveness, since generally, 

as Hm increases CPUE is decreasing.  

In 101 out of the 573 sampled hauls (17.6 % of the total number of hauls) the damages 

found on the nets were attributed to dolphins by the onboard observers. The highest number of 

damages on the nets by dolphins was recorded in the Thermaikos Gulf (38 damaged hauls, 18 in 

GTR, 12 in GNS and 8 in GNT) followed by the Thracian Sea (34 damaged hauls, 19 GNS and 

15 GTR). In the Cyclades only 1 damaged (GNS) haul was attributed to dolphins, while in the 

Dodecanese 16 hauls (11 GTR and 5 GNS). Finally, in the Ionian Sea the damages on the net 

were attributed to dolphins in 12 GTR sampled hauls.  

On the contrary, in 70 out of the 573 sampled hauls (12.20 % of the total number of hauls) 

damages were attributed to seals. The majority of seal induced damages were recorded in the 

Ionian Sea (32 GTR hauls) and in the Dodecanese (31 hauls, 30 of which were in GTR and 1 in 

GNS), whereas in the Cyclades, 6 damages caused by seals were recorded (5 in GTR and 1 in 

GNS) and in the Thermaikos Gulf only 1 GTR damage attributed to seals was recorded. Lastly, 

no incidents of seal induced net damages have been recorded in the Thracian Sea. All other 

damages found on the nets (43.30%) were either not directly related to specific megafauna group 

or were attributed to both dolphins and seals. In Figure 21, the mean number of holes per 100m 

of Net (Hm in log form) per damage cause is presented. It seems that the higher values of Hm are 

associated with seals or both seal/dolphin induced damages.  
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Figure 20. CPUE in relationship with Hm in the sample. Different panels represent the fishing gears applied. The 
smoothed curve has been added to show the general trend between CPUE and Hm.  

 

 

Figure 21. Net Damage cause (Dolphins, Seals, Both Dolphins and Seals or no Megafauna) in relation to log(Hm) for 
the North Aegean (Thracian Sea and Thermaikos Gulf), the South Aegean (Cyclades and Dodecanese islands) and 
Ionian Sea. 
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Section 4: Loss or damage of catch due to depredation 

Apart from damages on the net, the onboard observers also recorded the damaged – due 

to depredation – fish on the net (or on hook in longlines). Damaged catch has been recorded in 

134 out of the total 573 sampled hauls (23.39%). The highest numbers of damaged fish were 

recorded in the Cyclades islands (161 specimens: 112 in GTR, 41 in GNS and 8 in LLS), followed 

by the Dodecanese island (90 specimens: 54 in GTR and 36 in GNS), the Ionian Sea island (63 

specimens: 62 in GTR and 1 in LLS), the Thracian Sea (48 specimens: 34 in GNS and 14 in GTR) 

and the Thermaikos Gulf (15 specimens: 7 in GTR, 7 in GNS and 1 in GNT). In Τable 10, the total 

number and total weight, as well as the mean total length of the damaged specimens per sub-

area, gear and species are presented. Additionally, the total value of the damaged individuals 

based on local market prices (in euros per kg of fish per species) has been calculated and 

expressed per 100 m of net length. Local market prices on a species basis have been recorded 

from the observers based on the average prices fishers acquired locally by selling their catch. 

Local market prices were recorded per quarter for each area during the monthly surveys. 

Table 10. List of damaged catch per sub-area and gear. Hauls are the total number of hauls where damaged specimens 

were recorded, N is the total number of damaged specimens, TW (g) is the total weight and TL (cm) the mean total 

length of the damaged specimens and SD is the standard deviation of mean TL. Finally, total value (euros) is the total 

cost of the damaged individuals based on local market values recorded during sampling.  

AREA Gear Hauls N TW (g) 
Mean 
TL (cm) 

Total value 
(euros) 

 Lost catch in 
euros per 100 
m of net 

Thermaikos Gulf GNS 2 7 150 14.35 0.366 0.013 

 GTN 1 1 160 15.00 0.96 0.056 

 GTR 4 7 3680 23.48 51.6 2.359 

Thracian Sea GNC 5 30 720 12.70 0.68 0.148 

 GNS 4 4 100 20.25 1.17 0.053 

 GTR 8 14 410 14.38 4.37 0.437 

Cyclades GNS 9 41 3500 19.30 39.9 1.393 

 GTR 28 112 13400 20.30 153.8 6.170 

 LLS 5 8 960 28.75 16.4  - 

Dodecanese GNS 6 36 4870 17.94 29.52 4.217 

 GTR 28 54 8560 20.69 93.47 10.947 

Ionian Sea GTR 32 61 4620 18.32 65.02 3.394 

 LLS 1 1 360 30.00 7.2  - 

 

As far as the longlines (LLS) are concerned, there is no account on the number of 

depredated fish that were removed from the main line together with the gangion. There were some 

observations of missing gangions that could be attributed to depredation but the exact amount of 
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missing gangions that were actually removed due to depredation could not be estimated. 

Therefore the total values that correspond to LLS in Table 10 are probably an underestimation of 

the lost catch. 
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Section 5: Overall damage 

The cumulative cost of gear and catch damage per sub-area and gear, expressed as total 

damage per 1000m and 5000m of net length is outlined in Table 11. It appears that the overall 

highest damage varies both with area and with gear. The highest cumulative damage cost was 

calculated in the southern Aegean Sea (Dodecanese and Cyclades) followed by the Ionian Sea 

and the northern Aegean Sea (Thermaikos and Thracian Sea). GTR is the gear with the highest 

cumulative damage cost across areas, with the southern Aegean Sea areas being the ones with 

the highest GTR damage partly because GTR are more expensive compared to GNS and also 

because the catch of GTR in the southern Aegean Sea consists of species with higher market 

value. 

 

Table 11. List of damaged gear and catch per sub-area and gear and the range (lower-upper) of cost of a new net 

(expressed as euros per 100 m). The range of cost of a new net was calculated for 1000 m and 5000 m nets, which 

corresponds to the common net lengths recorded. 

  
Gear damage  

(in euros)  
Catch damage  

(in euros)  
Total (gear+catch) damage  

(in euros) 

  1000   m 5000   m  1000 m 5000 m  1000   m 5000   m 

AREA Gear Lower Upper Lower Upper     Lower Upper Lower Upper 

Thermaikos Gulf GNS 5 23 24 113  0.13 0.65  5 23 25 113 

 GTN 3 12 16 62  0.56 2.8  4 13 19 64 

 GTR 9 29 43 146  23.59 117.95  32 53 161 264 

Thracian Sea GNS 2 10 11 49  0.53 2.65  3 10 13 52 

 GTR 4 15 22 73  4.37 21.85  9 19 43 95 

Cyclades GNS 13 60 65 302  13.93 69.65  27 74 134 371 

 GTR 55 187 275 935  61.7 308.5  117 249 583 1243 

Dodecanese GNS 14 67 72 336  42.17 210.85  57 109 283 547 

 GTR 34 115 169 573  109.47 547.35  143 224 716 1120 

Ionian Sea GTR 26 88 129 438  33.94 169.7  60 122 299 608 
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