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Abstract

Incidental catch by fishing gear is one of the major threats to the survival of

the loggerhead turtle (Caretta caretta) in the Mediterranean Sea. The current pa-

per reviews the turtle bycatch assessment and the gear parameters responsible for

turtle capture and mortality, taking into account the possible mitigation measures

tested in the Mediterranean Sea. Drifting longlines, bottom trawls and set nets (with-

out considering illegal drift nets) are demonstrated to have the greatest impact on

Mediterranean turtles. Nevertheless the type of impact strongly depends on fishing

gear characteristics. Different types of fishing gear may induce different mortality

rates and may affect different sea turtle ecological phases (pelagic or demersal). The

bycatch assessment in different Mediterranean areas was reviewed evidencing the

need of a method for homogenising the estimates of turtle bycatch. Most informa-

tion available is focused on drift longlines but for some mitigation measures, Authors

obtained different results in different areas: circle hooks have the potential to reduce

turtle mortality only in certain fisheries and areas larger hooks are less likely to be

swallowed by turtles due to physical constraints of the mouth, reducing the mortality

rate and the catch of juveniles branchlines, once ingested, appear to be one of the

major causes of sea turtle mortality; squid bait, which consistently catches more tur-

tles than mackerel, and lightsticks, which strongly attract turtles, should be banned,

at least in some areas and seasons. Only two studies were carried out in the bot-

tom trawl where the Turtle Excluder Devices (TEDs) were tested with very good

preliminary results. For set nets no practical solutions are available at this time.

1 Introduction

Human activities (incidental catch, pollu-

tion, habitat degradation etc.) are consid-

ered as the major threats to the survival

and to the general decline of marine turtle

populations in the Mediterranean Sea [1].

The Barcelona Convention (UNEP MAP

RAC/SPA, 2007, [2]) acknowledged that

the impact of fishing activities is one of

the most important anthropogenic mortal-

ity factors for sea turtles in the Mediter-

ranean Sea. Several countries regularly fish

in this basin thus the fishing effort is a key

factor to take into account in considering

the sea turtle conservation [3].

Loggerhead-turtle (Caretta caretta) is the

most abundant marine turtle in the Mediter-

ranean Sea and the knowledge of its bi-

ology represents a key point to evaluate

the impact of different fishing activity in

different areas. The loggerhead is known
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to nest in the Mediterranean, especially

on the beaches of the East side (Cyprus,

Egypt, Greece, Israel, Italy, Lebanon,

Libya, Syria, Turkey and Tunisia, Figure

1). Moreover, additional specimens mi-

grate from Atlantic population to Mediter-

ranean Sea through the strait of Gibraltar

during the first half of the year [4, 5], Fig-

ure 1).

Loggerhead life is characterized by three

main ecological phases: the pelagic phase,

when loggerheads feed on pelagic preys;

the demersal phase, when they swim

close to the bottom and feed on benthic

species; and finally an intermediate ner-

itic phase, when loggerheads shift from

pelagic–oceanic to benthic–neritic forag-

ing habitats [6], Figure 1. The bathymetry

and environmental characteristics of dif-

ferent areas determine the distribution and

abundance of marine turtles. Loggerheads

exhibit high fidelity to migratory routes,

foraging areas and wintering sites, be-

tween and within years and after successive

breeding migrations [7], Figure 1.

Therefore, different types of fishing gear

(towed or passive, on the bottom or in the

water column) can produce different cap-

tures and mortality rates [8] and may affect

different ecological phases (Figure 2).

2 Assessment of logger-

head sea turtle bycatch

More than 60,000 turtles per year are es-

timated to be accidentally caught in the

Mediterranean as a result of fishing prac-

tices [12]. Direct mortality rates is esti-

mated to be from 10% to 50% and even

100% of individuals caught, depending on

fishing gear, area, season etc. Moreover,

the delayed mortality, when turtles are re-

leased, is mostly unknown. On the other

hand [13] highlights an even worse picture

suggesting that over 150,000 captures per

year may take place in the Mediterranean

by trawlers, longliners and set netters, with

possibly over 50,000 deaths per year by in-

teraction alone.

2.1 Drifting longline

Drifting longline targeting swordfish

(Xiphias gladius), albacore (Thunnus

alalunga) and bluefin tuna (Thunnus thyn-

nus) is considered as the most danger-

ous fishing gear for marine turtles in the

Mediterranean Sea, in terms of catch per

year [8, 14, 1], Table 1. The incidental cap-

ture of loggerhead turtles in pelagic phase

mainly extends from spring to late autumn,

with most captures occurring during the

summer (Figure 1 and Figure 2).

Casale [13] estimated that over 50,000

specimens are probably caught with

pelagic longlines with a mortality of 40%

mainly in Spain, Morocco, Italy, Greece,

Malta, Libya (Table 1). [15] considered

at least 60,000-80,000 captures per year in

the Mediterranean while [16] found an an-

nual catch of about 35,000 specimens only

for the Central-Western Mediterranean

Sea. Spain is the country with the high-

est number of turtle catch per year, espe-

cially around the Balearic Islands (Table 1,

Figure 2). The high concentration of sea

turtles in the western basin is due to the

Mediterranean population but also to the

entrance of specimens from the Atlantic

Ocean via Gibraltar (Figure 1). Moreover,

results indicated that longline targeting

swordfish is responsible for more abun-

dant incidental catch than bluefin tuna and

albacore longlines [17].

Italian waters are populated by turtles

migrating from the Eastern to the West-
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Figure 1: Loggerhead migrations in the Mediterranean Sea: the main routes, nesting

beaches, pelagic and demersal areas are shown [9, 7, 10, 11].

ern Mediterranean basin and vice versa

through the strait of Messina and the strait

of Sicily (Figure 1). The two corridors are

characterized by high fishing pressure and

in this area loggerhead sea turtle was the

second most abundant fished species after

swordfish in longline fishery [18]. Jribi

and Bradai [19] recorded that most of inci-

dental catches in Zarzis (Tunisia) occurred

during summer (Table 1). Data collected

in Morocco were very similar [20] while

the bycatch data available for Algeria [10]

seem to be underestimated (Table 1).

Bycatch due to foreign industrial longline

fleets operating in the Mediterranean wa-

ters is widely unknown and this could lead

to an even worse situation. Data on an-

nual catches are available for other non-EU

countries but in some cases there is a little

concern on their validity.

2.2 Bottom trawl

Bottom trawl, the second most impacting

fishing gears for sea turtle (Table 1), mainly

impacts turtles in demersal phase, since

they prefer coastal shallow waters where

they feed [21, 22]. In some places (Gulf

of Gabés, Northern Adriatic Sea, Southern

Turkey and Egypt), the continental shelf,

which is the feeding habitats for juve-

niles and sub-adults turtles, is large enough

and turtles in demersal phase are used to

spend winter time in these areas. Mediter-

ranean bottom trawlers are estimated to

catch around 30,000 specimens per year al-

together (Table 1), with a mortality of 25%

(Figure 2). Moreover it is well known that

the same turtle can be caught more than one

time.

North Adriatic Sea with its shallow wa-

ters (<100 m) and rich benthic communi-
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Figure 2: Turtle bycatch in Mediterranean by gear type and area.

ties is considered as one of the most impor-

tant feeding habitat in the whole Mediter-

ranean, mainly for the population nesting

in Greece (Figure 1) and the bycatch esti-

mates for this area are high [3]. A study

carried out in the continental shelf south

of Lampedusa Island showed considerable

catch rates of loggerhead turtle, due to

the high fishing pressure (Table 1, [23]).

Loggerhead bycatch estimates in the Gulf

of Gabès (Tunisia) are comparable with

those reported for the North Adriatic (Ta-

ble 1, [24]), although the estimates for the

whole Tunisia gave an even worse picture

[19]. Sea turtle bycatch estimated by [25]

in Egypt was slightly lower than that ob-

served in the Gulf of Gabès. In the East-

ern Mediterranean coast of Turkey, which

represents an important nesting and feed-

ing area, [26] observed that turtles captured

were mostly juveniles (81%) and most tur-

tles were alive when taken from the trawls.

2.3 Other gears

Illegal drift nets are still used in some coun-

tries (i.e. illegal spadara net used in Italy

to catch swordfish masked as legal “Ferret-

tara”), and the amount of bycatch is sup-

posed to be very high. According to [27],

Italian drift nets in the Ionian Sea were es-

timated to catch around 16,000 turtle/year.

Moreover drift nets are legal in some non

EU countries shifting the bycatch problems

from the North to the South of basin. Bot-

tom longlines are generally set at a depth

of 200-700 m which not arouses concern

however, when these gears are used at a

much shallower depth, they cause numer-

ous captures of marine turtles, mainly ju-

veniles. Demersal longlines could be re-

sponsible for about 35,000 capture events,

mainly in the north African continental

shelf, Alboran Sea, the Levantine basin and

Aegean [13].

The quantification of captures by fixed nets

is very difficult because of the very high

number of small boats along the Mediter-
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ranean coasts. Over 30,000 captures per

year are estimated mainly in coastal areas

of Tunisia, Libya, Greece, Turkey, Cyprus,

Croatia, Italy, Morocco, Egypt, France

[13], Figure 2. Juveniles are frequently

caught nearby nesting areas in Greece,

Turkey and Cyprus. [28] reported that

in Mediterranean French coast loggerhead

sea turtles are mainly captured with tram-

mel nets and bottom trawl.

Very little information is available for

pelagic pair trawl, even if in the North

Adriatic an annual estimate reports that

about 1,550 turtles per year are caught acci-

dentally [29] with all turtles released alive.

The purse seines seem to represent a minor

problem.

3 Technical parameters

affecting turtle bycatch

and

Loggerhead sea turtle bycatch strongly de-

pends on different parameters. The most

important factor is the fishing effort: num-

ber of vessels, engine power, Gross Ton-

nage, time at sea, dimension of the gears

(length, high etc). The mortality rate

largely depends on gear type, practices on

board before and after the catch and on ca-

pability of surviving to forced apnoea.

In the longline technical details of hooks

can be defined by: shape, dimensions, ma-

terial (steel, inox), point (with barb or not),

shape of eye flat or twisted (Figure 3).

In the hooking process, the most impor-

tant parameters are: the overall hook width,

which can be correlated with turtle mouth

dimension, its gap, which ensures deeper

penetration of the point and better holding

power of the fish, its shape which can in-

fluence the hooking position.

The direct mortality induced by longlines

appears to be low (Table 1) but the delayed

mortality, widely unknown, is suspected to

be very high. The low direct mortality

can be justified by the fact that the hooked

turtles maintain enough power to raise the

lines to the surface and to breathe. The

post-release mortality strongly depends on

the hooks position in the digestive tract. In

particular, if the hook is swallowed in the

lower oesophagus or in the stomach the tur-

tle has a very low chance of surviving. On

the contrary the mortality of turtles with a

hook in the mouth or higher oesophagus

seems to be less important, even if a hook

in the mouth could compromise the feeding

performance [22]. Studies made by rescue

centres showed a high post-release mortal-

ity, both in the short- and in the long-term.

The parameters barb size and hook length

can affect the capacity of the turtle to dis-

engage: some studies showed that the use

of barbless hooks implied a small reduction

in unhooking time, leading to an improve-

ment of survival rate.

In addition to the hook, the branchlines,

which is the piece of line attached to the

hook, can easily cause turtle death after

many days, especially if it is long enough

to be affected by intestinal peristalsis [30].

Unfortunately fishermen are used to cut the

branchline from the deck, while the turtle is

still in the water, leaving lethal branchlines

longer than 1 m. Albacore and bluefin tuna

longlines generally produce higher direct

mortality than swordfish longlines. This is

probably because of the gear structure and

hook size but it could be also due to the

fishing depth or to the distance from the

coast. Turtle mortality could be strongly

affected by the depth of the main line set-

ting. Loggerhead sea turtles spend most of

their time at less than 40 m and they do not

dive deeper than 100 m. Thus the main
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Figure 3: Longline technical parameter affecting turtle bycatch.

interaction depth with longline is the up-

per 20 m of the water column. The poten-

tial mortality rate in bottom longlines about

(40%) seems to be concentrated on juve-

niles because bigger specimens are able to

drag the main line with its weights up to

the surface, while juveniles cannot reach

the surface to breathe [13]. Finally turtle

mortality seems to be correlated to the time

setting: the longer the set time, the more

turtles captured die. Loggerhead bycatch in

bottom trawl probably occur during towing

operations when turtles are foraging on the

bottom. Direct mortality is very low even if

a single turtle can be recaptured more than

one time. Mortality by trawling is due to

forced apnoea, thus longer or faster tows

are responsible of higher mortality rates.

As it concerns passive nets it is realistic

to consider that this fishing gear has the

potential to be more harmful than pelagic

longlines and bottom trawl. Studies on

gillnets and trammel nets found that these

gears are responsible of high turtle di-

rect mortality (from 50 to 100%, Table 1).

Drowning is the main reason for the sea tur-

tle mortality since turtles get entangled in

nets when trying to feed on fish previously

captured (Table 1). To this, environmen-

tal parameters could affect sea turtle mor-

tality: high water temperature (such as in

the North Africa countries) associated with

high metabolic rates, can strongly reduce

the resistance to forced apnoea.

4 Mitigation measures

The identification of methods aimed at re-

ducing or preventing sea turtle bycatch is a

high priority for fishery managers. The

most obvious and simplest approach to

solve the bycatch problems is the reduction

of the fishing effort, even if this is often not

a practical or viable option for economic,
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social and sustenance reasons. A summary

of the main mitigation measures tested in

the Mediterranean Sea is shown in Table 2.

4.1 Drifting longline

Several measures have recently been pro-

posed to reduce sea turtle capture and mor-

tality (see for a review [31]) but few studies

have been performed in the Mediterranean

Sea. Among these solutions three are

particularly promising: reducing the hook

size, setting the hooks deeper in the water

column and changing the hook shape.

Hook size. The hook size influences the

probability that a hook is swallowed and

the turtle becomes hooked internally, in-

creasing the delayed mortality after the re-

lease. The reduction in the hook size is the

easiest solution because larger hooks are

less likely to be swallowed by turtles due

to physical constraints of the mouth. In the

Balearic Islands [32] found that the hook

size is the most important cause for the

deep-hooking. They also found that large

hooks reduce the incidence of hooking in-

juries, with a small reduction in catch rate.

Similar results were obtained in Tunisia

and the Ionian Sea, where the smaller

hooks of bottom longlines seemed to be

more easily swallowed in the digestive tract

in comparison with hooks of surface long-

lines, which remained in the mouth.

Hook shape. The shape greatly affects the

hook position in the mouth and the capacity

of a turtle to disengage from the hook. As

it concerns the Mediterranean, one of the

most important mitigation measures tested

is the change in hook shape from tradi-

tional “J” shape to a “circular” one.

The efficacy of circle hooks in reduc-

ing turtle bycatch and throat hooking is

clearly demonstrated only in certain fishing

grounds. Some authors found that circle

hooks tend to be located mostly externally

in the jaw or mouth as opposed to deeper

hooking.[33] found that circle hooks can

effectively reduce the number of immature

loggerhead sea turtles accidentally cap-

tured by up to 70% without affecting the

capture rate of target species (swordfish).

They also found that all hooked turtles

were released alive, irrespective of the type

of hook. This seems to confirm the very

low direct mortality rate due to shallow-set

longline gear activities. They also showed

that 81% of the hooking occurred in the

mouth, while 19% were swallowed, all of

which were on J hooks.

On the contrary the results obtained in

a project carried out in the Atlantic and

Mediterranean areas [34] do not support

the promotion of shifting from J hooks to

circle hooks, as these hooks did not con-

sistently reduce turtle catch rates and had

negative impacts on swordfish catches.

In Spanish [35] compared circle and J

shape hooks but they did not find any sig-

nificant difference in turtle bycatch and in

tuna catches. [36] noticed that circular

hooks seemed to shift the bycatch problem

from turtles to cetaceans and sharks.

Bait types. In non Mediterranean exper-

iments (U.S. and Pacific data) mackerel

bait reduced turtle bycatch compared to

squid bait (82%) and increased the catch

of swordfish compared to squid bait. This

was probably due to the fact that fish bait

(mackerel) tends to come free of the hook

while the turtle takes small bites from it.

On the contrary squid remains more firmly

attached, requiring the turtle to take larger

bites in order to swallow the bait increas-

ing the chances of becoming hooked. In

captivity studies [37] found that mackerel

(Scomber spp.) bait smell was an impor-

tant component for the detection of bait by
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turtles. Some authors [35] showed that tur-

tle bycatch was lower with mackerel baits,

whereas the target species (swordfish) had

no important difference. Results obtained

in the EU project UE-FISH/2005/28-A

[34] showed that the combination of hook

and bait type that resulted in the lowest by-

catch of turtles and the highest catches of

swordfish was J hooks with mackerel bait.

Depth setting. In the Balearic Islands tests

were carried out positioning longlines at a

different depth [37]. They found a reduc-

tion in turtle bycatch in the deeper long-

line but, on the other hand, they also found

a reduction in the catch target species. In

the same area [38] observed that probabil-

ity of catching at least one loggerhead was

related not only to the setting depth but also

to the distance of the fishing-ground to the

coast.

In the Ionian Sea preliminary results of

project Life Nature 2003 – NAT/IT/000163

seem to indicate that most sea turtle by-

catch happened when hooks are set be-

tween 10 and 15 m deep. Other studies [39]

showed that the maximum depth at which

the marine turtles were caught was 60 m

for swordfish longline and 20 m for alba-

core longline.

Sensory stimuli. One approach to reduce

sea turtle interactions with longline fish-

eries can also take into account the be-

haviour of sea turtles and the factors that

lead them to interact with fishing gear. An

overview of sound, chemical, and light de-

tection in sea turtles is provided by [40].

Fishermen have often suggested that hooks

set closer to the floats have a higher proba-

bility of catching turtles accidentally.

Experiments carried out in Italy aimed at

evaluating turtle behaviour with respect to

lit as well as unlit white floats [41]. The

results seemed to indicate that the distri-

bution of the turtles in the tanks was not

affected by the presence of floats either

lit or unlit. Moreover, the effect of bait

colours and bait odour was tested: colour

attractiveness demonstrated to be partially

age dependent. Young specimens never at-

tacked a red-coloured sheath, whereas sub-

adults apparently prefer this colour. Some

other studies [42] showed that blue bait was

not effective in reducing sea turtle capture

rate than untreated bait.

Swimmer and Brill [42] highlighted the im-

portance of olfactory and acoustic stimulus

in turtle reaction. Chemical cues can play

a key role in the sea turtle bite/no bite de-

cision once a food item has been visually

located.

[43] demonstrated that loggerheads had an

ability to distinguish between fishing lures

based on odour.

Recent behavioural experiments indicate

that lightsticks used in many longline fish-

eries attract sea turtles. The participants to

the Working Group on bycatch/incidental

catches (Rome, Italy, 15-16 September

2008) recommended to seriously consider-

ing the opportunity of banning lightsticks

and any light source in pelagic longline

fishery.

Considering the acoustic stimulus exper-

iments carried out in the Cattolica “Del-

phynursery” the most frequent turtle be-

haviour at all frequencies was “no re-

sponse” and this results, even if based on

a small sample, together with the increased

level of acoustic pollution in the Mediter-

ranean did not encourage continuation of

this type of experiments.

4.2 Bottom trawl

In order to reduce the time of submer-

gence and than the turtle mortality, a spe-

cific technical modification was proposed

in the early 1980s: the Turtle Excluder De-
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vice (TED). TED is a sort of grid, which

diverts large objects or animals like tur-

tles towards a special exit positioned be-

fore the codend. TEDs have demonstrated

to be very effective mainly in prawn trawl

fisheries; for this reason several countries

adopted TEDs as mandatory management

measure.

Some authors believed that TEDs available

at present are probably not a realistic solu-

tion for Mediterranean mixed bottom trawl

fisheries. Conversely in two recent exper-

iments, carried out in the Mediterranean

trawl fisheries by [44] and [45], the authors

found that TEDs can be properly proposed

as management tool for the conservation

of marine turtle population in the Mediter-

ranean Sea, at least in certain periods and

areas. They obtained very good results be-

cause sea turtles were excluded by the Su-

pershooter TED, and unwanted incidental

catches were also excluded. The Super-

shooter TED also reduced the debris and

improved fish quality in the catch. This

might imply a reduction of additional sort-

ing operations on board, increasing time

and costs. Authors, in agreement with the

doubts expressed by [23], stressed the fact

that additional tests should be conducted in

order to evaluate the loss of large fish.

5 Discussion

The review allows to conclude that sur-
face longlines, bottom trawls and illegal
driftnets are the major threats to the sur-
vival of this species, even if the impact
of fixed nets (gillnets and trammel nets),
due to their high direct mortality, should
be carefully considered. Nevertheless, tur-
tle bycatch assessment reported in several
papers seem to be unreal. This is mainly
due to the methods applied for the data
standardization. Authors often assumed

that CPUE was homogeneous by area, sea-
son and boat, which is not exactly so. We
believe it is incorrect to extrapolate to all
boats and all year the results of a fraction
of one season and fleet. Thus, a method for
homogenising the data collection through
the calibration of the procedures for the
bycatch estimation would be very useful in
the Mediterranean Sea, in order to provide
fishing managers with reliable data.
Bottom trawls mainly impact turtle popu-
lation during winter time while longlines
and fixed nets have their main influence
from spring to autumn with most captures
occurring in the summer. Finally the as-
sessment of turtle bycatch in some non-EU
countries, mainly in those countries where
nesting beaches are observed, would be es-
sential for the conservation of the sea turtle
population.
The following recommendations and re-
marks can be summarized for the Mediter-
ranean.
Regarding the longline, the efficacy of cir-
cle hooks in reducing the turtle bycatch
is widely investigated but contrasting re-
sults have been obtained. Further inves-
tigation of post-hooking mortality in log-
gerhead sea turtles would be very useful
to determine the real effects of J and cir-
cle hooks. Fishermen stated that it is more
difficult to release turtles from circle hooks
than J hooks, which could also affect turtle
survival and requires further investigation.
Thus, it is possible to conclude that circle
hooks have the potential to reduce the tur-
tle mortality only in certain fisheries and
areas, but rigorous field tests should be
conducted before requiring circle hooks as
a mandatory measure.
In combination with hooks the branchlines
appear to be the major source of sea tur-
tle mortality. A relatively short piece of
branchline left in the mouth of a released
turtle can easily cause death if ingested
and further research on branchline charac-
teristics (material, length, thickness etc.)
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should be carried out in order to reduce
turtle mortality.
Changing the bait from squid to mackerel
has been demonstrated to be effective in
reducing incidental capture of loggerhead
without affecting target species catch. We
believe that a very simple, relatively cheap
and effective method to reducing inciden-
tal catches would be using mackerel bait at
least during those periods when turtles are
most abundant.
Moreover, we strongly suggest taking into
consideration the possibility of banning the
lightsticks and any light source in pelagic
longline fishery which can strongly attract
loggerhead sea turtles.
As it concerns dyeing baits, the importance
of physical factors (i.e. light penetration
and colour absorbance with the depth, cur-
rents, oceanographic factors, temperature
etc.) makes very difficult to adopt differ-
ent bait colours as a mitigation measure.
Moreover, the reaction to different colours
strongly depends on individual age as well
as other factors, such as smell. Another
important factor is the isolation of a single
turtle in a captive environment. In the light
of these problems we believe that tank tests
should be considered with caution.
Experiments with acoustic deterrent
demonstrate that habituation to acoustic
signals is an important issue with respect to
the feasibility and long-term effectiveness
of an acoustic deterrent. Results showed
that there is a low possibility that an acous-
tic signal could selectively deter sea turtles
from interacting with longline gear with-
out affecting commercial species. This
does not encourage continuing these types
of experiments.
Some discrepancies concerning fishing
practices and scientific strategies were ob-
served in several experiments carried out
in various countries and fleets. The lack of
standardization might explain the discrep-
ancies. We believe that technical parame-
ters affecting turtle bycatch and mortality

should only be studied one at a time (hook
size, hook shape, set depth, distance from
the coast etc.) to avoid inconclusive re-
sults.
For bottom and mid-water trawl we think
TEDs could probably represent a suitable
solution in these fisheries but only when
properly matched to fishing conditions (i.e.
TED angle, construction materials, floata-
tion, position and size of the exit hole, web-
bing flap etc.). The introduction of TEDs
may reduce turtle mortality by avoiding the
multiple submergences of a turtle. Addi-
tionally, TEDs could reduce the amount of
discard in the codend catch leading to an
improvement of fish quality and to a re-
duction of the sorting time. However, there
might be a risk in increasing the losses of
large commercial flat species. In the light
of bycatch estimates we recommend to as-
sess the impact of pelagic trawl on turtle
population more in depth; moreover, we
suggest trying TEDs in particular fishing
areas and fisheries such as the prawn fish-
eries in Sicilian, Turkish and Tunisian wa-
ters. Towing time would probably need to
be to 10 min or less in order to achieve the
negligible mortality of <1%. Obviously in
our opinion this is not a practical solution.
Direct mortality associated with passive
nets seems to be very high in comparison
with other fishing gears but no practical
solutions other than changing mesh size or
twine thickness are available at this time in
the Mediterranean Sea for set nets. Never-
theless, we consider the use of high hang-
ing ratio, which makes the nets tighter, and
the use of gillnets instead of trammel nets,
could reduce turtle entanglements. Further
studies to develop excluder devices in set
nets would be necessary. However, mea-
sures other than technical solutions should
be considered to reduce interactions with
this gear, such as spatial and temporal mea-
sures. Finally, we strongly support the
banning of driftnets in all countries of the
Mediterranean due to the very high bycatch
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rate of these nets. As a general result the
direct mortality observed at gear retrieval
is often very low for most fishing practices
except for fixed nets. However the post-
release mortality is suspected to be very
high. We believe that further studies with
video-camera, satellite tags etc. focused on
the delayed mortality would be very useful
in order to understand the efficacy of the
mitigation measures.
Furthermore, some simple modification to
common fishing practices would be use-
ful. The increase of setting depth for long-
lines has been found to decrease the over-
all catch rates of turtles but it has led to
increase mortality but also to a reduction in
the catches of target species. The distance
from the coast is a parameter that fisheries
managers should take into account for the
conservation of sea turtle population.
Loss of hooks, bait, branch lines and other
components of the gear and loss of time
(to repair or replace the gear) are eco-
nomic concerns needing to be solved. In
any case fishermen cooperation is essential
for the survival of sea turtles after catch.
Comatose specimens can survive or die,
depending on the circumstances; turtles
caught are generally hauled on board in a
very weak or comatose state and should

not be released immediately because they
cannot swim to the surface to breathe and
in these cases the probability of drowning
is very high. Therefore, awareness cam-
paigns (handling practices) and tools (de-
hooking devices) given to fishermen so that
they can cut branchlines and remove hooks
whenever possible are valuable as mitigat-
ing measures. Thus this problem can be
substantially reduced by simply keeping
the turtles onboard and allowing them to
recover. Fishermen acts at this time can
greatly affect the probability of surviving
[33].
In summary, reducing loggerhead by-
catch in the Mediterranean Sea will only
be successful through a multidisciplinary
approach of taking into consideration
changes to fishing gear and practices, man-
agement policies, turtle reaction behaviour
to different stimuli and the continual edu-
cation and updating for fishermen.

Current paper is taken from: “Lucchetti

Alessandro, Sala Antonello. An overview

of loggerhead sea turtle (Caretta caretta) by-

catch and technical mitigation measures in the

Mediterranean Sea. Rev Fish Biol Fisheries

DOI 10.1007/s11160-009-9126-1”.
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Table 1: Assessment of turtle bycatch and direct mortality in Mediterranean by gear type.
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Table 2: Principal bycatch mitigation measures tested in the Mediterranean sea. SWO-

LL: Swordfish longline. ALB-LL: Albacore longline. BLL: Bottom longline.
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el Mediterráneo Occidental en la pesquerı́a de palangre de superfı́cie de pez espada

(Xiphias gladius L.). ICCAT Collective Volume of Scientific Papers XLVI, 4:446–

455, 1997.

[6] J. Tomas, F.J. Aznar, and J.A. Raga. Feeding ecology of the loggerhead sea turtle

Caretta caretta in the western Mediterranean. Journal of Zoology, 255:525–532,

2001.

[7] A.C. Broderick, M.S. Coyne, W.J. Fuller WJ, F.G. Glen, and B.J. Godley. Fidelity

and over-wintering of sea turtles. Proc Biol Sci, 274(1617):1533–1539, 2007.

[8] G. Gerosa and P. Casale. Interaction of Marine Turtles with Fisheries in the Mediter-

ranean. Mediterranean Action Plan – UNEP Regional Activity Centre For Specially

Protected Areas., page 59, 1999.

[9] F. Bentivegna. Intra-Mediterranean migrations of loggerhead sea turtles (Caretta

caretta) monitored by satellite telemetry. Mar Biol, 141:795–800, 2002.
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Western Atlantic Symposium II, Mayagüez, Puerto Rico, September 1987. Unpub-

lished, page 27, 1987.

[29] GFCM-SAC. Report of the Transversal Working group on bycatch/incidental

catches. Rome, Italy. page 24, 2008.

[30] K.A. Bjorndal, A.B. Bolten, and C.J. Lagueux. Ingestion of marine debris by juve-

nile sea turtles in coastal Florida habitats. 28(3):154–158, 1994.

[31] E. Gilman, D. Kobayashi, T. Swenarton, P. Dalzell, I. Kinan, and N. Brothers. Ef-

ficacy and Commercial Viability of Regulations Designed to Reduce Sea Turtle

Interactions in the Hawaii-Based Longline Swordfish Fishery. Western Pacific Re-

gional Fishery Management Council. Honolulu, HI, USA, 2006.

[32] J. Alós, M. Palmer, A.M. Grau, and S. Deudero. Effects of hook size and barbless

hooks on hooking injury, catch per unit effort, and fish size in a mixed-species

recreational fishery in the western Mediterranean Sea. ICES J Mar Sci:, 65(6):899–

905, 2008.

[33] S. Piovano, Y. Swimmer, and C. Giacoma. Are circle hooks effective in reducing

incidental captures of loggerhead sea turtles in a Mediterranean longline fishery?

Aquatic Conservation: Marine and Freshwater Ecosystems. Published online in

Wiley InterScience (www.interscience.wiley.com). DOI: 10.1002/aqc.1021., 2009.

[34] UE-FISH/2005/28-A. Field study to assess some mitigation measures to reduce

bycatch of marine turtles in surface longline fisheries. EU project, Ref. No.

FISH/2005/28A - Service Contract SI2.439703, page 217, 2005.

[35] L. Rueda and R. Sagarminaga. Reducing bycatch of loggerhead sea turtles in the

southwest Mediterranean via collaborative research with fishermen. Poster 28th

International Sea Turtle Symposium Loreto, Baja California Sur, Mexico, 2008.

[36] J.A. Camiñas and J. Valeiras. Marine turtles, mammals and sea birds captured

incidentally by the Spanish surface longline fisheries in the Mediterranean Sea.

Rapp Comm Int Mer Medit, 36(248), 2001.

1854

http://www.seaturtle.org/ists/PDF/final/2548.pdf


Marine research at CNR

[37] S. Piovano, A. Celona, A. Basciano, S. Di Marco, and C. Giacoma. At-sea evalu-

ation of artificial bait impact on longline target and bycatch species. Proceedings

of the Second Mediterranean Conference on Marine Turtles. 4-7 May 2005 Kemer,

Antalya, Turkey, page 48, 2005.
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