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Abstract

Sea turtle by-catch data in the Mediterranean were reviewed and analysed with

fishing effort. The results indicate over 132 000 captures per year, with probably

over 44 000 incidental deaths per year, while many others are killed intentionally.

Small vessels using set net, demersal longline or pelagic longline represent most of the

Mediterranean fleet and likely cause more incidental or intentional deaths than large

vessels typically using bottom trawl or pelagic longline. When interactions, mortality,

intentional killing, size (a proxy for reproductive value) and turtle populations are

considered, results indicate that Mediterranean green (Chelonia mydas) and logger-

head turtles (Caretta caretta) are more affected (i) by fishing gears such as bottom

trawlers, demersal longlines and set nets, (ii) by small-scale fisheries, and (iii) by

fishing in the eastern basin. Although small-scale fisheries should be the priority

target, available measures are easier to implement on the fewer large vessels.

Moreover, these measures are few, and they are not implemented yet, while others

should still be tested for the Mediterranean fisheries. Thus, measures for reducing

captures or mortality through changing gear-specific characteristics may help, but

probably a more holistic conservation strategy aimed to an ecosystem-based fishery

management for a sustainable fishing would be the only solution for the long-term

survival of Mediterranean Sea turtle populations and their habitats. Small-scale

fisheries should manage marine resources, including turtles, in a responsible and

sustainable way. Turtles may not only benefit from but can also help this process if

their non-consumptive value is fully recognized.
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Introduction

Increased fishing effort over the course of the last

century has produced detrimental effects on marine

ecosystems worldwide (Jackson et al. 2001), also

partly the result of incidental captures of non-target

species or by-catch (Kelleher 2005). By-catch has

become a serious conservation challenge for marine

megafauna worldwide (e.g. Lewison et al. 2004a;

Soykan et al. 2008) and represents one of the most

serious threats to sea turtle populations (e.g. Lewison

et al. 2004b; Lewison and Crowder 2007), which also

face additional pressure from many human activities

including direct exploitation and climate change

(Lutcavage et al. 1997; Campbell and Lagueux

2005; Hawkes et al. 2009; Witt et al. 2010).

The Mediterranean Sea is a virtually enclosed

basin connected to the Atlantic through the narrow

strait of Gibraltar. It has 2.5 million km2 of surface

and 46 000 km of coastline (UNEP/EEA, 2006).

About 150 million people live along its coasts

(UNEP/EEA, 2006), and 246 million international

tourists visited the Mediterranean countries in

2005, i.e. 30.5% of global international tourism

(UNEP/MAP/BLUE PLAN, 2009).

The Mediterranean is considered as a hotspot for

marine biodiversity, with about 17 000 species

listed (Costello et al. 2010), but since the period

500 BC–600 AD, it suffered of species depletion

because of human activities, mainly fishing (Coll

et al. 2010). Nowadays, the increasing exploitation

of resources, use and degradation of habitats, and

the different types of pollution represent serious

threats to the future of the Mediterranean environ-

ment (UNEP/MAP/BLUE PLAN, 2009).

Three endangered sea turtle species occur in the

Mediterranean: the leatherback turtle (Dermochelys

coriacea; Dermochelyidae), the green turtle (Chelonia

mydas; Cheloniidae) and the loggerhead turtle

(Caretta caretta; Cheloniidae). Only a few large

juvenile or adult leatherback turtles enter the

Mediterranean from the Atlantic, without breeding

in the basin (Casale et al. 2003).

The other two species have Mediterranean

populations with a limited gene flow with the

Atlantic ones (Encalada et al. 1996; Laurent et al.

1998).

Green turtles basically reproduce in nesting

beaches in Turkey, Cyprus and Syria, and they

frequent mainly the Levantine basin (Turkey, Syria,

Cyprus, Lebanon, Israel, Egypt) with some foraging

areas also in Greece and Libya (Casale et al. 2010).

The most abundant species is the loggerhead turtle,

which nests mainly in Greece, Turkey, Cyprus and

Libya. At sea, loggerhead turtles frequent the whole

basin and especially the area from the Alboran Sea

to the Balearic Islands, the Sicily Strait, the Ionian

Sea and the wide continental shelves in the north

Adriatic, off Tunisia-Libya, off Egypt and off south-

east coast of Turkey (Casale et al. 2010). Some of

these foraging grounds are shared with loggerhead

turtles of Atlantic origin, in particular, the western

Mediterranean, the Sicily Strait, the Tunisian con-

tinental shelf and the Ionian Sea (Laurent et al.

1998; Carreras et al. 2006; Casale et al. 2008b).

Exploitation of marine resources in the Mediter-

ranean began around 500 BC (Coll et al. 2010).

This very long fishing activity resulted in the present

variety of fishing practices and fishing gears, most of

which can be described as ‘artisanal’ or ‘small scale’

rather than ‘industrial’ fishing (Farrugio et al.

1993). There is no simple and unanimous definition

of what is an artisanal fishery, especially in the

Mediterranean context. Some of the best criteria to

define an artisanal fishing are small boat size and

low tonnage (i.e. small scale), limited autonomy and

operational distance from the coast, small crew and

the use of a variety of gears, according to the area,

time and target species, such as set nets and

demersal longliners (Farrugio et al. 1993; Griffiths

et al. 2007). The EU defines as ‘small scale’ those

vessels smaller than 12 m [Council Regulation (EC)

No 2792/1999], which represent most (over 80%)

of the boats registered in the EU and other Mediter-

ranean countries (Swan 2005).

In the Mediterranean, fishing is severely impact-

ing ecosystems (e.g. Tudela 2004; Sacchi 2008)

and is a major threat for large vertebrates of

conservation concern like sharks (Ferretti et al.

2008), cetaceans (Bearzi 2002), and monk seals
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(Karamanlidis et al. 2008). Regarding sea turtles,

severe exploitation occurred in the first half of the

20th century by fisheries specifically targeting

turtles off Palestine and in the Iskenderun Bay in

Turkey, and selling turtles to the United Kingdom

and Egypt (Sella 1982). Nowadays, international

trade in turtles is no longer a conservation issue in

the Mediterranean, but a large number of individ-

uals are by-caught by fishing gears targeting other

species. A clue of the importance of fishing-induced

mortality is the high proportions of turtles stranding

ashore with evidence of fishing gear interaction (e.g.

Egypt: Clarke et al. 2000; Greece: Kavvadia et al.

2006; Italy: Casale et al. 2010; Spain: Tomás et al.

2008).

In some fisheries, intentional killing for meat is

associated with incidental captures and turtles are

consumed directly by fishermen or traded at local

markets. In some fisheries, intentional injuring or

killing for other reasons is an additional serious threat.

Understanding current turtle by-catch levels,

consequent mortality rates (MRs), the most affected

areas and countries, and the most relevant param-

eters (e.g. technical characteristics of the gear,

target species, turtle size, fishing and social sector)

is fundamental for elaborating appropriate conser-

vation measures for the two sea turtle species with

resident populations in the Mediterranean, the

loggerhead turtle (Caretta caretta), and the green

turtle (C. mydas) (Casale et al. 2010). Although

leatherback turtles (D. coriacea) are incidentally

caught too, the low numbers of individuals involved

probably make the Mediterranean fishery a minor

threat to the Atlantic populations of this species

(Casale et al. 2003).

In the Mediterranean, the high number of coun-

tries (21) makes it difficult to standardize different

fishing gears, fishery statistics systems, and datasets

and also to collect all the necessary data from many

different sources. The small-scale (‘artisanal’) nat-

ure of most Mediterranean vessels makes it difficult

even to obtain a census. The high number of small

vessels implies a high heterogeneity in the technical

features of fishing gears that can affect turtle catch

rates. A previous study (Lewison et al. 2004b)

investigated the impact of pelagic longliners on

loggerhead turtles worldwide and for the Mediter-

ranean it estimated 60 000–80 000 captures per

year, basing on the few by-catch data available at

that time.

Owing to the large number of studies carried out on

sea turtle by-catch in the Mediterranean, particularly

in recent years, much information is now available

on the subject, albeit scattered among different types

of literature and languages. Sea turtles are basically

captured by five fishing gears: drifting nets (e.g.

De Metrio and Megalofonou 1988; Bradai 1993;

Di Natale et al. 1995; Silvani et al. 1999), set

nets (e.g. Godley et al. 1998a; Casale et al. 2005a;

Echwikhi et al. 2010; Nada and Casale in press),

bottom trawls (e.g. Bradai 1992; Laurent and

Lescure 1994; Lazar and Tvrtkovic 1995; Laurent

et al. 1996; Oruç et al. 1997; Oruç 2001; Margari-

toulis et al. 2003b; Casale et al. 2004, 2007; Jribi

et al. 2007), pelagic longlines (e.g. Aguilar et al.

1995; Guglielmi et al. 2000; Caminas and Valeiras

2001; Kapantagakis 2001; Deflorio et al. 2005;

Kapantagakis and Lioudakis 2006; Baez et al.

2007a,b; Casale et al. 2007; Jribi et al. 2008; Cambiè

et al. 2010) and demersal longlines (e.g. Casale et al.

2007; Jribi et al. 2008). However, driftnets were first

banned by the EU and as their use was banned by

ICCAT (the International Commission for the Con-

servation of Atlantic Tunas) and GFCM (the General

Fisheries Commission for the Mediterranean), the

ban now covers the whole of the Mediterranean.

Therefore, they are now more an enforcement issue

(EJF, 2007) than a fishery management problem, and

this fishing gear will not be considered in this study.

Through an extensive review of the current

knowledge about sea turtle by-catch in the Medi-

terranean (see also Casale 2008), this study aims

to provide (i) an estimate of the number of

turtles caught and killed by bottom trawls, pelagic

and demersal longlines and set nets in the region,

(ii) information about intentional killing, and

(iii) recommendations on conservation actions and

approaches to be included in the wider context of

the mitigation of the impact of fisheries on the

marine environment as a whole.

Methods

Available information on turtle by-catch in the

Mediterranean was reviewed for the four most

relevant fishing gears: bottom trawl (BT), pelagic

longline (PLL), demersal longline (DLL) and set net

(SN).

Given the high spatial heterogeneity of the

Mediterranean Sea in terms of fishing gears used

and turtle occurrence, different areas were identified

and treated separately. The basin was divided into

sea areas as small as possible to assume homogene-

ity within them but still large enough to be suitable

Sea turtle by-catch in the Mediterranean P Casale

� 2010 Blackwell Publishing Ltd, F I S H and F I S H E R I E S , 12, 299–316 301



for the analysis with the available data. The largest

areas considered were those corresponding to indi-

vidual countries. It was assumed that fishing vessels

of a country are more likely to share technical and

operational characteristics among them than with

the vessels of other countries. However, some

countries border different marine areas for which

different by-catch rates are either known or sus-

pected because of different oceanographic features or

turtle occurrence. In these cases (Spain, France,

Italy, Croatia, Greece and Turkey), country subareas

were identified and treated separately.

Whenever available, data on fishing effort

(Appendix S1) and turtle catch rates were compiled

for each area.

Particular attention was paid to distinguish

small-scale fishing effort and associated turtle catch.

As vessel size is one of the few most common

information available in databases and reports,

vessels using gears other than trawl (PLL, DLL,

SN) and smaller than 12 m or, if length was not

available, lower than 10 GT (gross tons) were

considered as small-scale ‘artisanal’ vessels (Griffiths

et al. 2007) (Council Regulation (EC) No 2792/

1999).

In case of multiple data available for the same

area, the most recent fishery data distinguishing

among fishing gears and the most accurate turtle

by-catch data (in terms of sample size, distinction

among different fishing gears, etc.) were selected.

When catch rates were not available for an area,

either catch rates of a neighbour area assumed to

share similar features were considered, or catch

rates were conservatively assumed to be the lowest

ones recorded in the Mediterranean: 0.18 (BT), 1.9

(PLL), 0.09 (DLL) and 0.2 (SN) turtles per vessel per

year (see Appendices S2–S5).

In some areas, estimations of number of turtle

caught per year were already available from the

literature. For the other areas, the total number of

turtles caught in a year (TC) was estimated by

combining fishing effort and catch rates as follows:

TC = FEÆCR, where FE is the fishing effort of the

area, typically available in the form of number of

vessels based in the ports of the area, and CR is the

turtle catch rate, in the form of number of turtles

captured by a vessel during 1 year. This procedure

assumes that catch rates were obtained from vessels

representative of their fisheries in terms of the

several technical and operational fishing parame-

ters. This is considered a relatively safe assumption,

because to monitor representative vessels is a

common approach by fishing studies reporting

turtle catch rates, and those studies extrapolating

total catches from catch rates usually take the same

assumption (see references in Appendices S2–S5).

Another assumption is that catch rates have not

changed during time. While most of the fishing

effort data are relatively recent, catch rates were

provided by many studies along a longer time

period, so that they might have changed because of

changes in turtle abundance or fishing gear param-

eters. Unfortunately, there is no way to assess this

other than obtain new catch rate data, and for the

aim of this study catch rates were assumed to be

invariant.

In some areas, catch rates were available as

turtles per vessel per day or turtles per vessel per

month. In these cases, conversion factors were used

to convert catch rates to turtles per vessel per year

(see Appendices S2–S5 for details) either to calcu-

late the total catch (as described earlier) if the

fishing effort was only available as number of

vessels or just to allow for comparison with catch

rates from other areas.

It should be taken into account that TC repre-

sents the number of capture events and not

individual turtles, because an individual turtle can

be caught more than once. TCs of all areas were

aggregated by country and by fishing gear.

Information on MRs induced by interaction with

fishing gears observed in the Mediterranean was

reviewed (Appendix S6) and used to provide a

conservative MR for each of the four fishing gears.

This MR is associated with a capture event, i.e. it

represents the probability that a turtle captured by a

fishing gear dies during a single capture event. If the

turtle survives and is recaptured in another capture

event, the same MR will apply. Thus, MR applied to

TC provides the total number of turtle deaths (TD) in

the Mediterranean in 1 year for a certain fishing

gear, as follows: TD = TCÆMR.

In all of the above-mentioned steps, a strong

conservative approach was adopted to avoid over-

estimation: (i) in case of gaps, the lowest CR for the

Mediterranean was applied, (ii) in case conversion

factors were needed, conservative ones were used,

(iii) in case of multiple information (e.g. range of

values), TCs from the lowest catch rates were used,

and (iv) conservative MR values were applied, in

which post-release mortality (occurring after the

animal is released alive but fatally injured vs.

mortality observed at gear retrieval) was probably

underestimated.
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For this conservative approach and the data gaps,

these estimations should be regarded as the mini-

mum estimates and give the magnitude of the turtle

by-catch phenomenon in the Mediterranean.

Larger (older) turtles have higher reproductive

values than smaller (younger) ones, and their loss

has different effect on the population. Therefore,

information about the size of turtles affected by

interaction with fisheries is of interest for conserva-

tion (Wallace et al. 2008). Available data on turtle

size (CCL, curved carapace length notch-to-tip:

Bolten 1999) were compiled. As by-catch studies

used a variety of methods (e.g. onboard observation,

logbooks, interviews at ports or at markets,

reviews), only in some cases turtles were available

for measurement, and even in these cases, often

only a subset of turtles were measured. For each

fishing gear, data were pooled together to obtain

overall mean and range. As raw data were not

usually reported in the literature, overall mean

(OM) was obtained as follows:

OM ¼

Pn

i¼1

Mi � Ni

Pn

i¼1

Ni

where Mi and Ni are the mean and sample size of

the dataset i.

Results

In total, a minimum of 132 000 captures are

estimated to occur annually in the Mediterranean,

by bottom trawlers (39 000), pelagic longlines

(57 000), demersal longlines (13 000) and set nets

(23 000) (Table 1). These captures would result in

a minimum of 44 000 deaths, the majority owing

to small-scale fisheries (Table 2).

The majority of turtle by-catch data concern

bottom trawlers and pelagic longlines, while studies

on small-scale fisheries such as bottom longlines

and set nets are scarce. In general, most by-catch

data are from fisheries based on the northern

Table 1 Sea turtle by-catch (captures per year) estimated in the Mediterranean, by fishing gear and country. Small scale:

capture ascribed to small-scale fisheries (boats <12 m). Figures are rounded to the nearest hundred or ten. See Appendices

S2–S5 for details.

Country Bottom trawl

Pelagic longline Demersal longline Set net Total

Total Small scale Total Small scale Total Small scale Total Small scale

Albania 600 600 0

Algeria 700 100 100 800 100

Bosnia and Herzegovina 0 0

Croatia 2400 700 3100 0

Cyprus 100 3600 3600 3700 3600

Egypt 1900 1300 800 800 2800 2800 6800 3600

France 40 10 10 20 20 1700 2600 1770 2630

Greece 2900 3300 2900 1000 1000 2500 2500 9700 6400

Israel 10 10 0

Italy 10 600 12 300 500 700 700 500 500 23 600 1200

Lebanon 0 0

Libya 4700 1400 1400 3300 3300 300 9700 4700

Malta 0 3100 2400 40 40 100 100 3240 2540

Monaco 0 0

Montenegro 0 0

Morocco 200 14 800 14 800 100 100 300 300 15 400 15 200

Slovenia 200 0 0 400 400 600 400

Spain 400 20 200 2100 20 0 300 20 920 2100

Syria 200 300 300 900 900 1400 1200

Tunisia 10 900 1000 1000 1500 1500 4200 4200 17 600 6700

Turkey 3500 4700 4700 4700 4700 12 900 9400

Total 39 350 57 410 25 110 12 580 12 560 23 000 22 600 131 840 59 770
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Mediterranean coasts, while information from the

southern areas, especially in the east, is scarce.

Bottom trawl

Estimates of total catch for 17 countries are

summarized in Table 1 (see Appendix S2 for original

data on catch rates and fishing effort). More than

1000 captures per year are estimated in seven of

these countries (Tunisia, Italy, Libya, Turkey,

Greece, Croatia, and Egypt) (Fig. 1). Hence, the most

affected marine areas are the North African conti-

nental shelves (Tunisia, Libya, Egypt), the Adriatic,

the Levantine basin and the Aegean (see Fig. 2).

Loggerhead turtles are captured in all of the

identified countries/areas. Captures of green turtles

are explicitly reported from Egypt (Nada and Casale

in press), Greece (Margaritoulis et al. 2003b),

Tunisia (Laurent et al. 1990) and Turkey (Laurent

et al. 1996; Oruç et al. 1997). However, it is

reasonable that this species is captured by bottom

trawlers wherever it occurs in neritic foraging

habitats, mainly in the Levantine basin, between

south Turkey and Libya (Casale et al. 2010).

Table 2 Sea turtle by-catch associated mortality estimates and turtle size by fishing gear. Small scale: capture or deaths

ascribed to small-scale fisheries (boats <12 m). Captures per year from Table 1 rounded at the nearest thousand. See

text for mortality rates (MRs) and sizes.

Captures/year

MR (%)

Deaths/year

CCL cm

mean (range)Total Small scale Total Small scale

Bottom trawl 39 000 20 7800 0 53.9 (22–87)

Pelagic longline 57 000 25 000 30 17 100 7500 50.5 (20.5–79.5)

Demersal longline 13 000 13 000 40 5200 5200 51.8 (27.1–72)

Set net 23 000 23 000 60 13 800 13 800 48.8 (21–80)

Total 132 000 61 000 43 900 26 500

CCL, curved carapace length.
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Figure 1 Proportions of turtles captured annually in the Mediterranean by country, and fishing gear estimated from

fishery statistics and catch rates. BT, bottom trawl; PLL, pelagic longline; DLL, demersal longline; SN, set net. Country codes

according to the International Organization for Standardization (ISO). AL, Albania; DZ, Algeria; BA, Bosnia, and

Herzegovina; HR, Croatia; CY, Cyprus; EG, Egypt; FR, France; GR, Greece; IL, Israel; IT, Italy; LB, Lebanon; LY, Libya; MT,

Malta; MC, Monaco; ME, Montenegro; MA, Morocco; SI, Slovenia; ES, Spain; SY, Syria; TN, Tunisia; TR, Turkey. Islands: b

Balearic; c Corsica. The 200-m bathymetry line is shown. No data available for BA, LB, MC and ME.
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For the conservative approach used in these

estimations (see Methods) and for the information

gaps about fishing effort and catch rates in several

countries, available data suggest that the annual

number of captures by Mediterranean trawlers may

well be above 39 000 (Table 1).

Trawl-induced mortality depends on a number

of variable factors (e.g. tow duration; Sasso and

Epperly 2006) that can make MRs varying greatly

among and within country fisheries. Available MRs

at the time of gear retrieval is known for seven sets

of data (n = 433) from five countries (Croatia,

France, Italy, Spain, Tunisia), with values ranging

from 0.6 to 50% and a mean of 11.8% (Appen-

dix S6). Comatose turtles cannot swim and may be

unable to come to surface to breathe, so are

assumed to drown if released in that condition.

Their proportion is known for three sets of data

(n = 269) from two countries (Italy and Tunisia),

with values ranging between 0 and 34% with a

mean of 12.0% (Appendix S6). Hence, the average

mortality, including post-release mortality, is con-

sidered to be minimum 20% (11.8 + 12.0%),

resulting in over 8000 turtles killed per year by

bottom trawlers in the Mediterranean (Table 2).

For the definition adopted in this study (see

Methods), this mortality is ascribed to industrial

fisheries.

Information about size of turtles caught is

available from Italy (Adriatic and Central Mediter-

ranean), Tunisia, Greece, Egypt and Turkey. In these

areas, this fishing gear affects a wide range of sizes of

loggerhead turtles (mean: 53.9 cm CCL; range 22–

87 cm; n = 646) (see Appendix S7) (data pooled

from: Bradai 1992; Casale et al. 2007, 2004; Jribi

et al. 2007; Laurent and Lescure 1994; Laurent

et al. 1996; Lazar and Tvrtkovic 1995; Margaritou-

lis et al. 2003b; Oruç 2001; Oruç et al. 1997).

Pelagic longline

Estimates of total catch for 10 countries are

summarized in Table 1 (see Appendix S3 for origi-

nal data on catch rates and fishing effort). High

by-catch levels (1000 or more captures per year)

are estimated in eight of these countries (Spain,

Morocco, Italy, Greece, Malta, Egypt, Libya and

Tunisia) (Fig. 1). Hence, turtles are most at risk in

the Alboran/Balearic area, the central Mediterra-

nean and the Ionian (Fig. 2).

Loggerhead turtles are captured in all the identi-

fied countries/areas. Green turtles are predominantly

herbivorous (Bjorndal 1997; Godley et al. 1998b),

and this may reduce their likelihood to be captured

by a baited hook. This can be a partial explanation as

to why very few captures of green turtles are

CM

LEV

AEGION

ADR

THY

BT

PLL

DLL

SN

WM

40 000 10 00020 000

Figure 2 Proportions of turtles captured annually in the Mediterranean by sea area and fishing gear estimated from

fishery statistics and catch rates. BT, bottom trawl; PLL, pelagic longline; DLL, demersal longline; SN, set net. Sea areas:

ADR Adriatic; AEG Aegean; CM central Mediterranean; ION Ionian; LEV Levantine basin; THY Thyrrenian; WM: western

Mediterranean. The 200-m bathymetry line is shown. Data aggregated as follows. ADR: SI HR AL IT (Adriatic side); AEG:

GR (east) TR (west); CM TN LY MT IT (central Med); ION: GR (west) IT (Ionian); LEV: CY EG SY; TR (Levantine); THY: IT

(Thyrrenian); WM: ES MA DZ; France is not aggregated. No data available for BA, LB, MC and ME.
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explicitly reported from Greece (Panou et al. 1999)

and Italy (Deflorio et al. 2005), but it cannot be

excluded that more green turtles are captured in

areas where they are more abundant, but where

detailed information on turtle by-catch and species is

not available, i.e. in the Levantine basin, between

south Turkey and Libya (Casale et al. 2010).

For the conservative approach used in these

estimations (see Methods) and for the information

gaps about fishing effort and catch rates in several

countries, available data suggest that the annual

number of captures by Mediterranean pelagic long-

lines may well be above 57 000 (Table 1).

Mortality induced by pelagic longline is basically

because of the lesions caused by the ingested hooks

and branchlines (Casale et al. 2008c). Unlike turtles

caught in other gears, which die immediately

because of drowning, turtles captured by pelagic

longline can be found still alive at gear retrieval

even if they have lethal lesions. Thus, observed

mortality of pelagic longline at the time of gear

retrieval is relatively low (0–7.7%; Appendix S6).

Post-release mortality is not well documented, but

available data suggest that the overall mortality is

higher than 30% (Casale et al. 2008c). Hence, the

overall mortality caused by pelagic longliners in the

Mediterranean is here conservatively assumed to be

at least 30%, resulting in over 17 000 turtles killed

per year (Table 2). About half of this mortality can

be ascribed to small-scale fisheries (Table 2).

Information about size of turtles caught is avail-

able from Italy (Ionian and Central Mediterranean),

Spain and Tunisia. In these areas, this fishing gear

affects a wide range of sizes of loggerhead turtles

(mean: 50.5 cm CCL; range: 20.5–79.5; n = 1880)

(data pooled from: Aguilar et al. 1995; Caminas and

Valeiras 2001; Casale et al. 2007; Deflorio et al.

2005; Jribi et al. 2008; Kapantagakis 2001;

Kapantagakis and Lioudakis 2006; Cambiè et al.

2010).

Demersal longline

Estimates of total catch for 12 countries are

summarized in Table 1 (see Appendix S4 for

original data on catch rates and fishing effort).

More than 1000 captures per year are estimated in

four of these countries (Turkey, Libya, Tunisia,

Greece) (Fig. 1). The most affected marine areas

are the north African continental shelf (Tunisia,

Libya, Egypt), the Levantine basin and the Aegean

(Fig. 2).

Loggerhead turtles are captured in all the iden-

tified countries/areas. No green turtle captures are

explicitly reported, but as with pelagic longlines, the

nature of their diet may reduce the likelihood of

being captured by a baited hook (see earlier).

However, studies on interaction of demersal long-

line with turtles are very few and in areas where

green turtles are not abundant. Therefore, it cannot

be excluded that more green turtles are captured in

areas where they are more abundant, i.e. in the

Levantine basin, between south Turkey and Libya

(Casale et al. 2010).

For the conservative approach used in these

estimations (see Methods) and for the information

gaps about fishing effort and catch rates in several

countries, available data suggest that the annual

number of captures by Mediterranean demersal

longlines may well be above 13 000.

Mortality induced by demersal longline is attrib-

uted to at least two types of factors. First, turtles

may drown because they cannot ascend to breathe,

as demersal longlines are anchored to the sea

bottom. Available MR at the time of gear retrieval

(12.5%) is higher than the estimates obtained for

pelagic longlines (Appendix S6). Moreover, a high

proportion of comatose turtles is observed (20.5%),

an indication of initial drowning, similar to what

observed in bottom trawl (see earlier). The com-

bined proportion of dead and comatose turtles

(which are assumed to drown if released in that

condition) observed in Tunisia was 33% (Jribi et al.

2008) and can be considered the potential mortality

because of drowning only. Second, mortality can

result from lesions caused by the ingested hooks and

branchlines, similar to pelagic longlines (see above).

Demersal longliners typically use smaller hooks

than pelagic longliners, so that post-release mortal-

ity induced by hooks might be lower; however,

branchlines alone probably cause a high mortality

in turtles captured by pelagic longline (Casale et al.

2008c), and it is reasonable that it is the same for

those caught by demersal longline. On these bases,

it is reasonable to consider the overall mortality

resulting from a combination of forced apnoea and

lesions by hook and line as 40% at least. This means

over 5000 turtles killed per year by demersal

longlines in the Mediterranean (Table 2). Almost

all this mortality can be ascribed to small-scale

fisheries (Table 2).

Information about size of turtles caught is avail-

able from the central Mediterranean only (Italy and

Tunisia). In this area, this fishing gear affects a wide
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range of size of loggerhead turtles (mean: 51.8 cm

CCL; range: 27.1–72 cm, n = 35) (data pooled

from: Casale et al. 2007; Jribi et al. 2008).

Set net

Estimates of total catch for 13 countries are

summarized in Table 1 (see Appendix S5 for origi-

nal data on catch rates and fishing effort). More

than 1000 captures per year are estimated in seven

of these countries (Libya, Turkey, Tunisia, Cyprus,

Greece, Croatia and France) (Fig. 1). Hence, the

most affected marine areas are the north African

continental shelf (Tunisia, Libya, Egypt), the Lev-

antine basin, the Aegean and the Adriatic (Fig. 2).

Loggerhead turtles are captured in all the iden-

tified countries/areas. No green turtle captures are

explicitly reported, but studies on interaction of set

nets with turtles are very few and in areas where

green turtles are not abundant, so it cannot be

excluded that they are captured in neritic areas,

where they are more abundant, i.e. in the Levantine

basin, between south Turkey and Libya (Casale

et al. 2010).

For the conservative approach used in these

estimations (see Methods) and for the information

gaps about fishing effort and catch rates in several

countries, available data suggest that the annual

number of captures by Mediterranean set nets may

well be above 23 000.

Mortality induced by set net is basically due to

forced apnoea, because set nets are left for many

hours or even days at sea, and turtles cannot easily

come to the surface to breathe, especially when nets

are set at depth. Combining all the available data,

the average mortality observed at gear retrieval is

55.4% (n = 474; Appendix S6). In a subset of three

records concerning set nets targeting lobsters,

mortality was even higher (82.6%; n = 69) proba-

bly because these nets are set deeper. As for bottom

trawlers and demersal longlines, turtles in comatose

condition (13.9%; n = 36) were reported too,

although by just one recent study (Echwikhi et al.

2010), probably because of more attention given to

this condition. Turtles may also die if freed with

pieces of the net attached to the body. On these

bases, it is reasonable to consider the overall

mortality resulting capture in set nets as 60% at

least. This means over 14 000 turtles killed per year

by set nets in the Mediterranean (Table 2). Almost

all this mortality can be ascribed to small-scale

fisheries (Table 2).

This fishing gear affects a wide range of sizes of

loggerhead turtles (mean: 48.8 cm CCL; range: 21–

80 cm; n = 115) (data pooled from: Laurent 1996;

Casale et al. 2005a; Echwikhi et al. 2010).

Intentional killing

In most countries, intentional killing has not been

clearly investigated, is anecdotic, and in some cases

the information is old. Nonetheless, reports indicate

intentional killing, to various degrees, occurred and

probably still occurs in several Mediterranean

countries, driven by the use of meat, blood, cara-

pace, oil, or by hostility. Intentional killing is mostly

associated with artisanal/small-scale fisheries and

has been reported from Algeria (Laurent 1990),

Egypt (Nada and Casale in press), France (Delaug-

erre 1987; Laurent 1991), Greece (Margaritoulis

et al. 1992; Panou et al. 1992; Kopsida et al. 2002;

Panagopoulou et al. 2008), Italy (Gerosa and Casale

1999; Casale and Cannavo 2003), Morocco (Lau-

rent 1990; Benhardouze et al. 2004), Tunisia

(Laurent et al. 1990, 1996; Laurent and Lescure

1994), Turkey (Laurent et al. 1996; Godley et al.

1998a), Cyprus (Godley et al. 1998a) and Syria

(Jony and Rees 2009).

Discussion

Captures, mortality and the need for a

precautionary approach

The results indicate that a minimum of 132 000

captures per year occur in the Mediterranean, with

possibly over 44 000 deaths (Table 2). Although

remarkable, both these figures are underestimated,

for the following reasons: (i) official fleet statistics

may not include all operational vessels, especially

the small boats using gears such as set nets,

demersal longline and part of pelagic longlines; (ii)

fleet statistics of fisheries from several countries (e.g.

pelagic or demersal longlines in Algeria, Croatia,

Cyprus, Israel, Italy, Lebanon, Morocco, Syria,

Tunisia, Turkey; set nets in Algeria, Israel, Lebanon,

Morocco, Tunisia, Turkey; all gears in several small

countries with small coast extension) were not

available or were not in the form needed for this

analysis (Appendix S1); and (iii) a conservative

approach was used in case of gaps, range of catch

values and MRs (see Methods).

Overall, and across all gears, the countries with

the highest number of captures, probably over
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10 000 per year, are (Table 1; Fig. 1): Greece, Italy,

Libya, Morocco, Spain, Tunisia, and Turkey. Coun-

tries with thousands of captures per year are:

Croatia, Cyprus, Egypt and Malta. The general

conclusion is that any country with an important

fishing effort would capture high numbers of turtles.

However, fishing efforts of some countries are

probably underreported.

Although turtle by-catch occurs in all areas, the

results indicate particularly high numbers of cap-

tures in the westernmost part of the basin, in the

central Mediterranean (between Italy and Africa), in

the Levantine basin, in the Adriatic and in the

Aegean (Fig. 2).

For pelagic longlines, present estimates seem to

corroborate findings presented by Lewison et al.

(2004b) (60 000–80 000 captures per year), de-

spite the present study taking advantage of a much

larger data set than previously available. This

suggests that it is unlikely that further data sets

would indicate a different order of magnitude for

this fishing gear, although they could certainly

improve the accuracy.

Small/artisanal vessels using set nets, demersal

longline, and a part of pelagic longline may be

responsible for as many captures and of more deaths

than large/industrial vessel, typically trawlers and

part of longliners (Table 2), especially considering

that the gaps in official statistics typically concern

small boats. A study based on tag returns suggested

that, in the Mediterranean, set nets may capture as

many turtles as other fishing gears like trawl (Casale

et al. 2005a), and another highlighted the Spanish

artisanal coastal fishery and bottom trawlers as an

additional threat other than pelagic longlines (Car-

dona et al. 2009). Furthermore, results show that

intentional killing for meat consumption or antag-

onism is particularly common in artisanal/small-

scale fisheries.

All the four fishing gears capture loggerhead

turtles in all areas considered. It is likely that bottom

trawlers and set nets capture many green turtles,

albeit fewer than loggerheads, in the neritic areas

between south Turkey and Egypt, known to be

frequented by this species (Casale et al. 2010).

Green turtles are basically herbivorous (Bjorndal

1997; Godley et al. 1998b) and may therefore not

be attracted to baited hooks, in turn reducing their

capture rate. However, as a few records of green

turtles captured by pelagic longlines are known, it is

possible that in the Levantine Basin pelagic and

demersal longlines capture green turtles too.

Data about size of loggerhead turtles indicate that

most size classes (20.5–87 cm CCL) are affected by

incidental capture. This means that only the size

class smaller than 20 cm escape by-catch, i.e.

turtles younger than 1.5 years (Casale et al.

2009). Average size does not differ much among

different fishing gears. Large individuals, for

instance turtles of adult size (over 70 cm CCL;

Margaritoulis et al. 2003a; Casale et al. 2005b) are

captured by fishing gears typically deployed in

neritic areas (bottom trawls, set nets, demersal

longlines), where large turtles are supposed to spend

most of their time and also by pelagic longlines,

which typically fish in oceanic areas. The smallest

turtle (20.5 cm CCL) was captured by a pelagic

longline. This is in accordance with the first

epipelagic phase of loggerhead turtles (Casale et al.

2008a) that are expected to interact more with

pelagic longlines. However, the minimum sizes of

turtles captured by other fishing gears were not

much larger: 21-cm CCL for set net, 22 cm for

bottom trawl and 27 cm for demersal longline. This

indicates an early use of neritic areas and benthic

preys, as also clearly showed by dietary analysis of

turtles caught by different gears (Casale et al. 2008a).

The great overlap of size means and ranges

among the four fishing gears can be explained by

the heterogeneity of oceanographic features in the

Mediterranean, with deep-water areas surrounded

by shallow waters at short distances. This allows

turtles to move rapidly from one type of area to the

other. Different fishing gears can also be used in the

same areas. The greatest difference is observed

within the same fishing gear, pelagic longlines in

Spain (mean CCL from 39.4 to 63.6 cm), depending

on the hook size (Caminas and Valeiras 2001), as

observed in the Ionian (37.2 and 43.8 cm CCL)

(Deflorio et al. 2005) (Appendix S7). As a whole,

the smallest mean CCLs are reported for pelagic

longlines fishing in the westernmost part of the

basin (Spain) waters and in the Ionian/central

Mediterranean (Italy). High proportions of logger-

head turtles of Atlantic origin are estimated to

frequent the Spanish waters and the central Med-

iterranean (Carreras et al. 2006), and these turtles

are probably small, on the basis of the small size

recorded in the Atlantic coast of Europe (Hays and

Marsh 1997). Also the Ionian sea is frequented by

small turtles, probably born in the close major

nesting sites of Greece (Casale et al. 2010). Large

mean CCLs for pelagic longlines are reported from

areas close to neritic foraging grounds, for instance
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Greece (56.3 cm) (Kapantagakis 2001) and Tunisia

(58.5 cm) (Jribi et al. 2008). As a general pattern,

larger turtles are captured in fishing areas close to

neritic foraging areas, especially in the eastern

Mediterranean, whatever the fishing gear.

Regarding the loggerhead turtle populations

affected, half or more of the turtles captured by

pelagic longliners in the western and central

Mediterranean are of Atlantic origin (Laurent et al.

1998; Carreras et al. 2006), just a minority

frequent the Ionian Sea (Carreras et al. 2006) and

the neritic foraging ground off Tunisia (Casale et al.

2008b), while no occurrence has been observed

so far in the neritic grounds in the Adriatic

(Giovannotti et al. 2010) and in Egypt (Laurent

et al. 1998).

From above-mentioned details about mortality,

intentional killing and size, considered as a proxy for

reproductive value (Wallace et al. 2008), present

results (Table 2) indicate that Mediterranean turtle

populations of green and loggerhead turtles are

more affected (i) by fishing gears such as bottom

trawlers, demersal longlines and set nets than by

pelagic longlines, (ii) by small-scale fisheries, and

(iii) by fishing in the eastern basin.

Under the precautionary principle (COMEST,

2005), the magnitude of by-catch phenomenon

here presented should be considered as unsustain-

able for Mediterranean Sea turtle populations, and

the best data available at present should be used to

implement the most appropriate conservation mea-

sures. Compared to other regions (e.g. Lewison et al.

2004a,b), a large amount of data are available for

the relatively small Mediterranean Sea. The region

therefore presents a unique opportunity to spear-

head effective fishery management strategies, mon-

itor success of these over time and present lessons

learned for other regions.

From mitigating measures to holistic approaches

At present, several measures for mitigating the

negative effects of incidental catches are available

and can be ascribed to four groups: (A) modifica-

tions of fishing gear or (B) of fishing operations,

(C) fisheries closures, and (D) increased awareness

and education of fishermen. Naturally, the first

three groups of measures require adequate enforce-

ment to be effective.

Among (A) measures, the Turtle Excluder Device

(TED; for a review see Epperly 2003) was developed

for trawlers. It basically consists of a grid placed

inside the net and which diverts large objects (like

turtles) toward an exit in the net. The TED was

primarily designed for shrimp trawling (Epperly

2003), while in the Mediterranean larger species

(e.g. fishes, cephalopods, other crustaceans) are

often targeted, making its implementation question-

able (Laurent et al. 1996; Casale et al. 2004). Up to

now, two studies, in Italy and Turkey, undertook

preliminary tests to find the TED type most suitable

for Mediterranean fisheries (Atabey and Taskavak

2001; Lucchetti et al. 2008). Regarding pelagic

longline, there is evidence from outside (Gilman

et al. 2006; Read 2007) and for the central Med-

iterranean (Piovano et al. 2009) that circle hooks

wider than traditional J hooks can reduce turtle

catch rates in some fisheries. Another technical

solution is to place the hooks deeper in the water

column (Gilman et al. 2006), because in open

waters where the sea bottom is out of reach,

loggerhead turtles rarely dive deeper than 100 m

and they spend most of their time at less than 40 m

(Polovina et al. 2003, 2004). Finally, the lightsticks

used to attract target species should be avoided,

because they also attract turtles (Kapantagakis

2001; Wang et al. 2007). Proposed ways to reduce

turtle catch in gillnets is to make them more visible

to the turtles, through illumination or line material,

to reduce net height and other technical changes,

although it is questionable whether such changes

would be economically suitable for artisanal fisher-

ies (Gilman et al. 2010; Wang et al. 2010).

Among (B) measures, trawling tow duration has

a great effect on mortality (e.g. Sasso and Epperly

2006), with a shorter tow duration resulting in

lower mortality, as also observed in the Mediterra-

nean (Casale et al. 2004). However, compliance

would be probably low, while enforcement would be

very difficult (Epperly 2003). Regarding longline,

Baez et al. (2007a) observed that most turtles are

captured during daylight in the Spanish fishery,

probably because of visual location of baits, while

capture of target species are not affected by set

times. Therefore, night-time fishing can be a good

solution, especially for those vessels making only

one set per day. In the north-west Atlantic pelagic

longline fishery, using large mackerels (200–500 g)

instead of squids (150–300 g) as bait reduced the

catch rate of loggerhead turtles (Watson et al.

2005). Unfortunately, mackerel is already used by

many Mediterranean longliners, and to reduce turtle

catch rates the mackerel should be big, while several

reasons including the cost and the size of the
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individuals of the target species may make fishermen

prefer small mackerels (e.g. Guglielmi et al. 2000).

Regarding (C) measures, fishing should be

reduced in areas and seasons where/when, turtles

concentrate, resulting in higher catch rates than

other areas/seasons. Identifying such areas/seasons

is not an easy task, because it requires spatial

fine-scale stratification and long monitoring, respec-

tively. Alternatively, it can be inferred from high-

use areas investigated with other means (e.g.

Peckham et al. 2007). Higher catch rates in winter

than in summer have been reported for bottom

trawlers in the north Adriatic (Casale et al. 2004).

In Spain, turtle catch rates in the zone farther than

35 nm are four times higher than the <35 nm

zone, while current fishing effort is 18% in the

former, and catch rates of target species are

the same in the two zones (Baez et al. 2007b).

Given the number of captures estimated for the

Spanish fleet (about 20 000 per year), fishing

within 35 nm would represent an important con-

tribution to the conservation of sea turtle popula-

tions in the region, without affecting target species

catch. Although not well documented, the following

restrictions are reasonable: (i) near important

nesting sites and during the reproductive season

(mating, nesting, hatching; May–September)

(Margaritoulis 2005; Schofield et al. 2009), (ii) on

or near seagrass beds, which are food for the

herbivorous green turtles and where dietary anal-

yses suggest that the carnivorous loggerhead turtles

preferably feed too (Casale et al. 2008a), and (iii)

shallow water areas recognized as important forag-

ing grounds for turtles (see Casale et al. 2010).

Some neritic areas, especially if including seagrass

beds, host very important marine communities and

their protection, especially from trawling, should be

a conservation priority in general (e.g. Guidetti

2000; Tudela 2004).

Measures (D) aim to reduce post-release mortal-

ity. This is when turtles are released alive, but will

die later on, and in some cases, it can represent the

main mortality (e.g. Casale et al. 2004, 2008c).

Education of fishermen about procedures to reduce

post-release mortality in bottom trawlers and in

longliners (e.g. Gerosa and Aureggi 2001) should be

regarded as a useful conservation tool. Moreover,

adequate awareness campaigns are necessary to

remove the drivers of intentional killing, which may

vanish other conservation measures.

Such measures, especially (A) and (B), should be

correctly defined as ‘mitigating’ measures, in the

sense that they can reduce or delay the problem.

However, they can not be assumed as sufficient to

prevent population decline, if the remaining mor-

tality is still not sustainable for populations. Mea-

sures for tackling artisanal fisheries, which

according to present results are responsible of most

of the turtle mortality, are particularly lacking.

Unfortunately, if some measures that are available

and relatively easy to implement are considered as

sufficient by decision makers, there is the risk that

no efforts will be allocated to investigate and

implement further and necessary measures. To

provide correct information is a responsibility of

scientists.

In general, the current fishing effort in the

Mediterranean is considered as unsustainable for

several taxa and for marine ecosystems as a whole

(e.g. Smith et al. 2000; Tudela 2004; Ferretti et al.

2008; Sacchi 2008), and such habitat alternations

may represent additional threats to sea turtle

populations.

A significant part of the world fishing effort is

made of illegal, unregulated and unreported (IUU)

fishing (e.g. Agnew et al. 2009). IUU is a problem in

the Mediterranean too (Swan 2005; EJF, 2007),

where to control the small-scale fisheries represents

an additional difficulty (GFCM, 2008). A reduction

of fishing effort and consequently of the number of

turtles captured can be theoretically achieved, if the

current regulations were enforced. In some cases,

vessels capturing many turtles have no fishing

permit at all (e.g. Italy: Cambiè et al. 2010). In other

cases, legal vessels fish in waters where fishing is

prohibited, like in the case of the ban for trawlers in

extensive coastal areas shallower than 50 m in the

EU [Council Regulation (EC) No. 1626/94].

The conservation measures proposed for a taxon

may have adverse effects on other taxa. For

instance, a different hook can decrease turtle

catches but increase catches of sharks or other

fish (Gilman et al. 2006). This can generate con-

fusion among conservationists, fishermen and

decision makers, resulting in dispersion of resources

or inaction. On the other hand, similar measures

targeting different taxa could be synergic. For

instance, both sea turtles (Baez et al. 2007a) and

sea birds (Tudela 2004) would benefit from noc-

turnal longline setting, and both sea turtles

(Gilman et al. 2006) and sharks (Gilman et al.

2007) would benefit from deep longline setting.

Therefore, a reductionist approach, which consid-

ers one taxon or even one fishing parameter at a
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time, risks to not be very effective and to disperse

limited resources.

Initiatives aimed to mitigate fishing impacts on

the populations of the five main vertebrate taxa of

conservation concern in the Mediterranean (sea

turtles, sharks, cetaceans, monk seals, seabirds)

should at least be shaped considering these taxa

altogether. A further and ultimate enlargement is

by a holistic approach through an ecosystem-based

fishery management (EBFM) (Pikitch et al. 2004),

i.e. a fishery management that sustains healthy

marine ecosystems and the fisheries they support.

Under an EBFM framework, measures such as those

described earlier would be calibrated and integrated

to maintain stable sea turtle population and to

benefit the marine ecosystem as a whole, on which

turtles depend. Responsibility of local communities

for the resources on which they depend is a key for

the implementation of an effective EBFM. Successful

case studies are known from around the world (e.g.

Grieve and Short 2007). There are also many cases

where the sustainable/non-consumptive use of sea

turtles has benefited local communities and reversed

their attitude toward sea turtles, stopping turtle

harvest (Troeng and Drews 2004). This could be

implemented in the Mediterranean too, and in this

way sea turtles would represent one of the main

flagship species helping the EBFM at regional level.

In summary, available measures (A, B, C, D)

should be implemented with no further delay. At the

same time, although challenging, turtle by-catch

and intentional killing in small-scale fisheries should

be recognized as a priority as well and tackled

through community-based approaches and EBFM.
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(2007) Is There a Future for Artisanal Fisheries in the

Western Mediterranean? FAO, Rome, Italy.

Guglielmi, P., Di Natale, A. and Pelusi, P. (2000) Effetti

della pesca col palangaro derivante sui grandi pelagici e

sulle specie accessorie nel Mediterraneo centrale.

Guidetti, P. (2000) Differences among fish assemblages

associated with nearshore posidonia oceanica seagrass

beds, rocky-algal reefs and unvegetated sand habitats in

the adriatic sea. Estuarine, Coastal and Shelf Science 50,

515–529.

Hawkes, L.A., Broderick, A.C., Godfrey, M.H. and Godley,

B.J. (2009) Climate change and marine turtles. Endan-

gered Species Research 7, 137–154.

Hays, G.C. and Marsh, R. (1997) Estimating the age of

juvenile loggerhead sea turtles in the North Atlantic.

Canadian Journal of Zoology – Revue Canadienne De Zoologie

75, 40–46. [In English].

Jackson, J.B.C., Kirby, M.X., Berger, W.H. et al. (2001)

Historical overfishing and the recent collapse of coastal

ecosystems. Science 293, 629–638.

Jony, M. and Rees, A. (2009) Preliminary findings on the

interaction between marine turtles and fisheries in Syria.

In: Proceedings of the Second Mediterranean Conference on

Marine Turtles (eds A. Demetropoulos and O. Turkozan).

Barcelona Convention – Bern Convention – Bonn

Convention (CMS), pp. 92–95.

Jribi, I., Bradai, M.N. and Bouain, A. (2007) Impact of

trawl fishery on marine turtles in the Gulf of Gabes,

Tunisia. Herpetological Journal 17, 110–114. [In Eng-

lish].

Jribi, I., Echwikhi, K., Bradai, M.N. and Bouain, A. (2008)

Incidental capture of sea turtles by longlines in the Gulf

of Gabes (South Tunisia): a comparative study between

bottom and surface longlines. Scientia Marina 72, 337–

342. [In English].

Kapantagakis, A. (2001) Greek drifting longline monitor-

ing program. In: Assessing Marine Turtle Bycatch in

European Drifting Longline and Trawl Fisheries for Identi-

fying Fishing Regulations. Project-EC-DGXIV 98-008.

Final Report (eds L. Laurent, J.A. Camiñas, P. Casale,
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