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Marine turtles in the Mediterranean:
population status and conservation

T h m apccies of sea turtles are el~cuuntemdin the Meditermnean: the Loggerhead
C w n a menq the Grwn l'llrtle Chelon~amydm and the ~ l h e r h a c Dmmmchelys
k
coriaoea
All are circumglobal species but the Loggerhead Turtle and the Green ~ i r t l ehave
evolved distinct local populations in the Mediterranean, whereas the Leatherback is a
visitor from the Atlantic. Recent genetic studies have shown that Loggerheads colonised the Mediterranean Sea about 12,000 years ago originating from populations in
the south-eastern North America.
The main nesting aggregations of Caretta ornetfa are found in Greece. Turkey and
Cypms. Recently new nesting grounds were discovered in Libya but the actual number
of nests there, need to be verified. Very few nest in Syria. Israel, Lebanon. Egypt,
Tunisia and Italy. Nesting of Chelonia m@as occurs exclusively a t the easternmost
part of the Mediterranean basin, namely Turkey and Cyprus.
ADart from the locallv evolved oooulations. it seems t h a t a larse
of
" contineent
"
immature loggerheads, originating from western Atlantic, enter Mediterranean through
the Straits of Gibraltar. This has been concluded after the l w e number of small-sized
and confirmed bv a
animals caotured in the Ions-line fisheries amund the EIal&s
recent genetic study. These animals, following a transatlantic migration, use the
continental shelves of Azores and of the western Mediterranean as feeding grounds.
Until today, most consemation efforts have been focused on nesting beaches. However, a major problem for sea turtles stems from fisheries interaction. Recent demographic models show that adult and sub-adult animals a m much more valuable in the
population than hatchlings or juveniles. Therefore, there is a trend today for investigating the situation a t s e a Some major studies have already been done in Italy and
Spain, and pilot projects have started in Turkey and Oreece.
in the early 1 x 0 s when a sea
Human exploitation of turtle stocks reached a
turtle fishery was active in the eastern Mediterranean supplying European markets
with turtle soup and meat. Today, despite existing legislation. there is still traditional
consumption in some coastal communities, done more o r less in secret with t h e
exception of Egypt where sea turtles are openly sold in fish markets.
Consewation efforts in the Mediterranean a r e under the co-ordination of UNEP,
which h a s developed a specific Action Plan. The Bern Convention, the Bonn Convention and CITES view sea turtles a s strictly protected species. The Eumpean Union
considers Coretta metta a priority species in its Habitats Directive and has included
all major nesting beaches in Gxece in the Natura 2000 network of protected areas.
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Member of the IUCN/SSC Marine Turtle Specialist Group
'The Sea Turtle Protection Society, Solomou 35. GR-10682 ATHENS, Gnece.

Introduction
Marine turtles appeared from an ancient branch of terrestrial reptiles
and adapted for a life in the oceans. A s a consequence of their reptilian
lineage, marine turtles breath air and depend on land for laying eggs.
The earliest marine turtles appeared in the Jurassic, probably derived
from the primitive freshwater family Plesiochelyidae. By the Cretaceous,
four marine turtle families were present, two of them (Cheloniidae and
Dermochelyidae)existing today (Ritchard 1996).
Depending on whether Chelonia agassizi will be considered a separate
species or a subspecies (Chelonia mydas agawh)of Chelonia mydas, today there are eight (or seven) species of marine turtles in the world.
Three species, namely the Loggerhead Caretla cnreUa, the Green Turtle Chelonia mydas and the Leatherback Dennochelys cvriaoea, are encountered regularly in the Mediterranean. The Loggerhead and the Green
Turtle have established local populations whereas the Leatherback is a
visitor from the Atlantic and is less common.
Recent genetic studies reveal that the existing Loggerhead and Green
Turtle populations in the Mediterranean originate from the western Atlantic. This colonisation occurred about 12,000 years ago at the end of
the last glacial period (Bowen et al. 1993, Encalada et al. 1996).
The present paper presents the current situation of marine turtles in
the Mediterranean, including latest developments in research, management and consemation.

Life cyde of sea turtles
Marine turtles show more or less the following generalised life cycle
(Figure 1):
Females use specific beaches for reproduction where they deposit
their clutches during the nesting season. The individuals that
nest in a particular season usually lay more than one clutch.
During consecutive nesting they stay at the inter-nesting habitat, not far from the nesting a r e a Generally, females do not nest
in successive seasons; several years may pass until the next reproductive activity. Females are highly philopatric, i.e. they tend
to return to the same nesting a r e a They exhibit also a strong
site-fidelity, i.e. they tend to nest, within the same season, very
close to their previous nests. After the season's nesting, females
return to their foraging areas.
Eggs are spherical with flexible calcareous shells and incubate
successfully in well-ventilated and drained beach sands with low
salinity and high humidity in a temperature regime of 25-33' C
(depending on the area and the season). However, egg mortality
can be high as a result of nest predation or adverse environmental conditions (e.g. flooding).Nest temperature determines the sex
of hatchlings. Warm beaches produce predominantly female
hatchlings while cooler beaches produce mostly males.
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Figure 1. Generalised life cycle of sea turtles; individual species vary in the duration of
phases. (Adapted from Lanyon J., LimpusC.J. & Marsh H. 1989. In Biology ofseagrasses.
A.W.D. Larkum, A.J. McComb, S.A. Sheperd, (Eds.). Elsevier, New York.)
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Hatchlings emerge from nests usually at night and lind the sea by
moving towards the brightest low-elevation horizons. Recent research indicates that hatchlings of both Caretta caretfaand Chelonia mydas are imprinted to the inclination and strength of the
earth's magnetic field. As soon as hatchlings enter the sea they
start a 2-3 day period of constant swimming activity, called the
"swimming frenzy", which is believed to carry them away from
the predator-rich coastal waters. During this period they keep a
coast-avoiding course by : s u h m i qperpendicular to wave h n t s
until they reach surface currents which will carry them to convergence or drift-lines, where floating objects are gathered. This
type of habitat constitutes the pelagic habitat of post-hatchlings.
The post-hatch phase of marine turtles is poorly known in the
Mediterranean. However, it has been proved that hatchlings from
nesting beaches in the western Atlantic are transported by the
Gulf Stream through the entire ocean gyre (Figure 2). Posthatchlings are generally carnivorous a n d feed on macro
zooplankton including medusae, hydrozoans, crustaceans and
molluscs. The Sargasso Sea i s an important pelagic habitat ofthe
western Atlantic Loggerheads.

Exploiting pelagic habitats, post-hatchlings grow, until they acquire a size of about 35-65cm (depending on the species) when
they start "appearing" in benthic coastal habitats as partially grown
immature. Dmochelys mriacea is an exception to this as it remains in pelagic habitats throughout its life.
Immature turtles seem to exploit a series of benthic foraging areas, known as developmental habitats. Apparently, most individuals take up residence in areas in which they may remain several
years, before moving on to the next area. Growth rates are generally slow and have been shown to vary among species and within
species among geographic areas. Estimates for reaching sexual
maturity range from 10 to 50 years.
When sea turtles become sexually mature, they begin a life stage
characterised by periodic migrations to nesting beaches. Foraging areas and nesting beaches are often separated by long distances
requiring migrations of up to several thousand kilometres.
Mating occurs in the water with the male mounting the female.
Males have abdominal testes and a single, grooved penis that is
erected from within the cloaca, found towards the end of a long
tail. One or more males internally inseminate females. Sperm
storage occurs in the upper-paired oviducts. I t is not surely known
where mating takes place: whether at the foraging areas, the
nesting areas or during breeding migration?
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Until recently it was not known whether marine turtles, when nesting for the first time, will return to the very same areas where they have
been hatched (natal homing model). Some researchers have proposed
that new nesters might follow experienced breeders to a nesting area
and subsequently use this site for subsequent nesting (socialfacilitation
model). Today, with the use of maternally inherited genetic markers, it
was found that natal homing behaviour is prominent. This is very important in conservation because it provides evidence that nesting populations
are distinct demographic units and therefore depletion of nesting
aggregations cannot be compensated from other colonies.
Nesting populations in the Mediterranean
a)The Loggerhead Caretta caretta.
The Loggerhead has globally a subtropical and temperate distribution
and therefore it is well adapted to the Mediterranean conditions. Loggerheads eat shellfish, crabs, sea urchins and jellfish.
Their main nesting concentrations in the Mediterranean are found
in Greece, Turkey and Cyprus. Recently new nesting grounds were discovered in Libya but the actual number of nests there need to be verified
(Laurent et al. 1997). Few nest also in Egypt (Kasparek 1993), Syria
(Kasparek 1995),Tunisia (Bradai 1995),Israel (Sella 1982, Kuller 1995),
Lebanon and occasionally in Italy, along the south coast of Sicily and on
the island of Lampedusa (Di Palma 1978, Gramentz 1989). There have
been historical records of loggerhead nesting on Malta (Despott 1915)and
unconfirmed ones in Corsica (Delaugerre 1987).
In Greece, after several years of monitoring nesting areas, it has been
estimated that the total number of nests made during a nesting season
fluctuates from 2,355 to 5,287 (Margaritoulis,in press). In Turkey, seventeen important nesting areas, for both Loggerhead and Green Turtles,
have been identified from the Dalyan region to the Syrian border (Baran
& Kasparek 1989a). During 1994 a survey of these 17 nesting beaches
revealed a total of 884 Loggerehead nests (Yerli & Demirayak 1996). In
Cyprus a total of 5 19 nests were recorded during 1994 along the northern
shores (Broderick & Godley 1996)but no numbers are given for the other
known nesting beaches (Demetropoulos& Hadjichristophorou 1989).
It is worth noting that nesting areas in Greece have been rated in
three categories: "major" areas, areas of 'moderate" nesting and areas of
"diffuse" nesting. "MajoP areas are considered the ones with an average
number of nests per season of more than 100 and an average nesting
density of more than 6 nests/km/season. Areas of 'moderaten nesting
should have an average number of nests per season between 20 and 100
(Margaritoulis,in press). Rating of nesting areas facilitates conservation
priorities and protection measures.
The size of nesting loggerheads in the Mediterranean is significantly
smaller than those outside the Mediterranean (Margaritoulis 1982 and
1988a, Broderick & Godley 1996, Laurent et al. 1997).Mitochondria1 DNA

analyses have shown that although Loggerheads nesting in Greece and
Cyprus share common haplotypes with those nesting in the south-eastem United States, they seem to have diverged genetically as a result of
reduced gene flow (Bowen ef al. 1993, Laurent et al. 1993).Further genetic analysis among Loggerheads from different nesting areas in Turkey
showed fUrther Merentiation (Schmthet al. 1996).It is therefore probable
that there are distinct sub-populationswithin the Mediterranean.

b) The Green Turtle Chdom'a mydas.
Green turtles usually inhabit sea grass beds. Adults are herbivores
whereas immatures feed on jellfish, small molluscs, crustaceans and
sponges.
Nesting of Chelonia mydas occurs exclusively at the easternmost part
of the Mediterranean basin,namely inTurkey (Baran & Kasparek 1989a)
with a total of 825 nests counted during 1994 (Yerli& Demuayak 1996)
and in Cyprus with 46 1nests counted in 1994 along the northern shores
(Broderick & Godley 1996). There is also nesting in western Cyprus
(Demetropoulos& Hadjichristophorou 1989).Some occasional nests a p
pear in Israel (Sella 1982, Kuller 1995)and probably in Syria (Kasparek
1995)and Lebanon.
A recent mtDNA analysis of Green Turtles nesting in Cyprus has revealed endemic haplotypes, which render an almost isolated Green Turtle population. Moreover,this genetic diversity constitutesabout one ninth
of the mtDNA diversity encountered in the Atlantic Green Turtle
populations (Encalada1996).
c) The Leatherback Dermochelys wriacea

Leatherback turtles are the largest of the marine turtles, with shells
averaging 1.6m in length and with a total weight of up to 500kg. They
inhabit tropical and temperate waters feeding almost exclusively on jellfish. Despite the fact that some nesting emergencies have been reported in Malta, Israel and Sicily, no nesting has been adequately documented. Leatherbacks enter Mediterranean from the Atlantic in the
course of their transoceanic migrations and have a more or less regular
occurrencewith densities decreasingo
' m west to the east (Margaritoulis
1986, Lazar & Tvrtkovic 1995, Caminas 1998, Bradai 86 El Abed 1998).

Interchange between the Medite-em
and Atlantic
The relatively large number of juvenile and immature Loggerhead
turtles caught incidentally in the western Mediterranean invoked the
question as to their origin. Argano & Baldari (1983) suggested that the
turtles being caught in the western Mediterranean are coming mostly
from populations nesting in the eastern Mediterranean and, in part, from
the Atlantic.
While comparing Loggerhead sizes in the eastern USA, Azores and
Balearic Islands, Carr ( 1987)suggested that Loggerheads, originatingfrom

beaches in the western Atlantic, follow a transatlantic migration and some
of them enter Mediterranean (Figure 2). This turtle hilow is facilitated
by the strong surface current that enters the Mediterranean over the
Gibraltar sill. The immature Loggerheads found around the Balearics are
a little larger than those around the Azores (data of May01 and Castello
Mas, plotted by Carr 1987). The progressively h g e r size distribution of
turtles from post-hatchling size in the western Atlantic to juveniles in
the Azores and Balearics, to sub-adult and adult size in south-eastern
USA reflect in part a north Atlantic Loggerhead developmental migration
along major ocean currents (Carr 1987).
There are only two confirmed examples of Loggerheads that entered
Mediterranean from the Atlantic. One has been head-started in Texas
and recaptured four years later off south-east Italy (Manzella et al. 1988)
and the other was tagged in the Azores in 1986 and recaptured five years
later in Sicily (Bolten et al. 1992).
Subsequent mtDNA analysis corroborated Carr's suggestion and it was
found that 570h of the turtles caught in the western Mediterranean derive from the western Atlantic and 43% from Mediterranean nesting
populations (Laurent etal. 1993, Bowen 1996).This finding invokes compelling questions as to the management of a species with such transoceanic distribution.
Are the turtles entering the Mediterranean able to go out again swimming against the strong incoming Gibraltar current? The answer is positive as direct observations analysis (mentioned in Brongersma 1972) of
incidental captures (Caminas 1997) and the recovery of a tagged individual outside the Mediterranean (Argano ef al. 1992)provide evidence of
an outgoing movement of turtles from the Mediterranean.
Turtle movements within the Mediterranean
Little is known about marine turtles away from their nesting beaches:
research and monitoring are mostly conhned to nesting areas as a consequence of the accessibility of the nesting females. Information on the
dispersal and migratory routes of Mediterranean marine turtles is sparse
and generally inconclusive. Existing data for turtle movements in the
Mediterranean concern mainly Caretta caretta and have been accumulated mostly through long term tagging projects based in Italy and Greece.
In Italy, 1,047 animals, mostly immature and sub-adults, have been
tagged after their capture in fishing gear from 1981 until 1990. Of these,
4,8% have been recaptured in both the eastern and western Mediterranean basins (Argano et al. 1992).
The tagging project in Greece started in 1982 and more than 3,000
mature females have been tagged, while nesting, until the end of 1997.
Marked animals are subsequently reported in a rather wide area in the
Mediterranean extending west to Sardinia, east to western Turkey, north
to Adriatic and Aegean and south to Tunisia and Libya (Margaritoulis
1988b). It is interesting to note that no turtle, tagged in Greece, has ever

been caught in the long line fishery in the Balearics, a further evidence
that almost exclusivelyjuveniles and immature loggerheads exploit this
area An important finding of this tagging programme is that about 40%
of the international recoveries are reported from the Gulf of Gabes in
Tunisia, an intensively fished shallow area. Taking into account that
most recoveries were done during winter months it has been suggested
that the Gulf of GabGs represents a major foraging and wintering area at
least for the populations breeding in Greece (Margaritoulis 1988b). Another concentration area of tag returns is the Adriatic Sea. Analysis of
tag recoveries in the Adriatic has shown a possible post-nesting migration pathway along the eastern coast of the Adriatic (Lazar et al.in press).
Another technique to assess detailed information on the behavioural
ecology of marine turtles, including migration routes, is satellite telemetry. While an experimental effort to use satellite telemetry has recently
appeared in the Mediterranean, tagging will still provide the most costeffective means of gathering data about the largest number of individuals.
The occurrence of Green Turtles in the western Mediterranean is
rather rare and exceptional. Records of Green Turtles in the eastern
Mediterranean, away from the species' nesting beaches, concern mostly
immature animals. I t has not yet been coniirmed that the regular capture of immature Green Turtles in Lakonikos Bay (Greece) indicates a
possible developmental habitat (Margaritoulis et al. 1992). However, the
suggestion that Green M e s in the Mediterranean do not cover great
distances, as is the case with Loggerheads, holds true (Baran& Kasparek
1989b).
I t is worth to note some massive movements of sea turtles reported
within Mediterranean. In September 1947, numerous turtles were seen
some 350 miles west of Port Said (Egypt);the turtles covering a total distance of about 60 miles were all s w h m h g east, separated from one another by about 200 yards (Deraniyagala1951).Agroup of several hundred
Caretta caretta were recorded in February 1980 some lOOkm from the
Oran coast of Algeria; all turtles, separated from one another by about
10m, were facing east (Lanteri 1982).Furthermore, three schools of mostly
sub-adult sea turtles (probably Caretta caretta) have been observed in
Croatian waters (Lazar & Tvrtkovic 1995).
Threats on land
Marine turtles, ideally, utilise for nesting undeveloped beaches with
favourable conditions for embryonic development and survival of
hatchlings. However, ageneral degradation, caused by humans, has been
noted at almost all significant nesting sites and several areas known in
the past to host nesting activity have been actually lost to nesting turtles
(e.g. Malta, Sicily).
The Mediterranean is a major destination of millions of tourists during summer months, which coincide with the nesting season. Several

large nesting concentrations in the Mediterranean are more or less severely threatened by tourist development. Exceptions to that are possibly
those using Kyparissia Bay in Greece, some beaches along the northern
coast of Cyprus and the recently discovered nesting areas in Libya.
Large-scale tourist development impacts directly sea turtle nesting
and either inhibits females from egg-laying or increases mortality of eggs
and hatchlings. Deployment of beach furniture on nesting beaches takes
up vital space from erneturtles and disrupts natural incubation of
eggs. Vehicular tr&c, including beach-cleaning equipment, on nesting
beaches may destroy incubating clutches and hatchlings about to emerge.
Front-beach artiticial lights may disorient hatchlings, which, instead of
going to the sea, are attracted land-wards. These hatchlings are generally lost because they succumb to dehydration, exhaustion and predation.
Other issues of concern are sand mining, coastal industries and various constructions meant to protect the beach from erosion (sea walls,
groins, jetties, etc.). Sand mining seems to be the main cause of beach
degradation in Israel (SelIa 1982)and a severe threat to most beaches in
Turkey, destroying up to 50% of the viable area (Yerli& Dernirayak 19%).
The noted decline in turtle populations and reduction of favourable
nesting habitats has triggered management programmes to address the
seemingly natural loss due to nest predation and flooding of nests by the
s e a Turtle nests of both species are predated by wild canids (foxes and
jackals), dogs and to a lesser extent by the ghost crab Ocypode cursor. Nest
predation by canids affects most nesting beaches in the Mediterranean,
with the exception of Zakynthos and Crete where wild canids are absent.
Concerning Loggerheads about 48.8% of nests at Kyparissia Bay, Greece,
were disturbed by predators in 1987(Margaritoulis1988a),44.8O/oin Libya
during 1995 (Laurentet aL 1997),36.W in Cyprus during 1994 (Broderick
& Godley 1996)and 65-70?! in Dalyan, Turkey (Erk'akan 1993).Similar
predation rates have been documented for Green Turtles.

Mort*
at sea
a)Turtle expZoitation
Until the middle 1960s a specialised turtle fishery was fully functioning in the eastern Mediterranean. According to Sella (1982) it is estimated that kom the end of the first world war until the middle 1930s at
least 30,000 turtles, of both species, were caught offshore of today's Israel
coast. The fishing continued until the 1960sbut on amuch-reduced scale
due to the thinning out of catches and decreasing profit. A similar situation developed in the 1950s at Iskenderun Bay, Turkey, where a slaughterhouse was in operation. The entire production was destined for Europe. Turtles were caught inilially from the shores of Mersin and later,
after local stocks had -shed,
from the coasts of Adana. It is estimated that from 1952 until 1965 up to 15,000 specimens were taken
from the shores of Mersin alone. The fishery stopped after depletion of

the local stocks, which resulted in the near extirpation of the Turkish
Cklonia population (Sella 1982).Since 1973alaw prohibits the taking of
sea turtles in Turkey.
In Italy, Di Palma (1978)notes that a specialised fishery operated in
the Isole Eolie, north of Sicily, catching an estimated 500-600 turtles
(presumablyC a r e car&) annually. Turtles were also sold until recently
in Malta (Gramentz 1989), Spain (Mayol & Castello Mas 1983),Algeria
and Morocco (Laurent 1990b).InTunisia, despite that selling ofturtles in
fish markets has been stopped since 1990, there is still a clandestine
trade for local consumption due to tradition (Laurent et al.1996).
Today, exploitation of turtles is done openly in Egypt where seaturtles
of both species are sold for consumption in fish markets, despite existing
legislation. Laurent et al. (1996) have estimated that several thousand
individuals are probably killed each year in Egypt, with the Green Turtle
being 32% of the total. Furthermore, the proportion of large-size individuals, observed in samples slaughtered in Egypt, are high (37.5% for the
Loggerhead and 19% for the Green Turtle). It must be noted that the loss
of the large (sexuallymature) specimens has the greater impact on the
population (Crouse et al. 1987, Laurent etal. 1992).
b) Inadental cntch
There is a significant by-catch of sea turtles in the Mediterranean.
After i n t e ~ e w i n g
fishermen in 50 ports in the western Mediterranean,
Argano & Baldari (1983) estimated that a total of 5,000 turtles (mostly
Caretta caretta) are killed each vear in that area An estimated 20.000
sub-adult ~okerheads
are caught annually in the drifting long-line fishery around the Balearic Islands (Mayol & Castello Mas 1983, Caminas
1988,Aguilar et al. 1995)and 4,500-5,000 turtles are caught annually in
trawlers in the Gulf of Gabes, Tunisia (Laurent et al. 1990a).In the Gulf of
Taranto, Italy, about 250- 1,000turtles are caught annually mostly by the
albacore fishery (De Metrio et al. 1983).
Incidental captures in various fishing gear occur also in Algeria
(Laurent 1990b),Croatia (Lazar& Tvrtkovic 1995),Egypt (Laurent et al.
1996),France (Laurent 199I), Greece (Margaritouliset aL 1992, Panou et
al. 1992),M a l t a (Gramentz 1989), Morocco (Laurent 1990) and Turkey
(Oruc et al. 1996).But less detailed studies have been conductedin those
countries.
Turtle by-catch seems to be also high in "less commercial" fishing
tools, such as stationary gill nets and bottom long-lines. It is difficult to
assess the impact of these widespread fishing methods, but they claim a
heavy toll on turtles.
Mortality following incidental capture has not been fully documented.
Although turtles caught on drifting long-line hooks are usually thrown
back at sea after cutting the line, the effects of the hook left on turtle are
not actually known, despite the rather extensive literature on this subject.

While marine turtles caught in bottom trawler nets may suffocate and
die, mortality attributed to capture in trawlers appear generally low in
the Mediterranean (Margaritoulis et al. 1992, Lazar & Tvrtkovic 1995,
Laurent et al. 1996, Oruc et al. 1996).
On the contrary, mortality caused by stationary gill nets seem to be
very high. Turtles entangled in gill nets cannot reach the surface and
are drowned. Some examples of turtle mortality rates are 92.3% in Corsica (Delaugerre 1987) and 53.7% in France (Laurent 1991). I t must be
noted that even when the fisherman releases a turtle, it is still in danger
of delayed mortality if not freed by all ropes of the net, as these may cause
injuries and necrosis.
Despite the fact that relatively few turtles are caught in drifthg nets
(Di Natale 1995, Caminas 1995), De Metrio & Megalofonou (1988) estimated 16,000 seasonal captures by 29 vessels in Calabria (Ionian Sea)
with nets up to 12 km long and amortality rate of 20.30%. It is worth noting
that drift nets are gradually banned from the Mediterranean countries.
As mentioned before, in several Mediterranean nations marine turtles caught incidentally are used for local consumption. Besides that, a
number of turtles are killed by fishermen for various and rather obscure
reasons like revenge, antagonism, prejudice and ignorance. It seems
that this type of mortality occurs mostly after capture in gill nets and
bottom lines. Unpublished data from the Sea Turtle Rescue Centre at
Glyfada, Greece reveal that about 38% of turtles admitted to the Centre
bear post-capture head injuries, presumably inflicted by coastal fishermen.
c) Boat stn'ke
Sea turtles spend a proportion of their time on the surface to breathe
and rest between dives. At this time they are vulnerable to boat strikes
particularly from speedboats. The effect of speedboats is of great concern
in turtle frequented waters with dense tourist activities. Heavy losses of
nesting females have been documented at the inter-nesting habitats of
Laganas Bay (Zakynthos)and, more recently, in Rethymnon (Crete). Debilitated turtles, spending more time on the surface, are more vulnerable to boat strikes.

d ) Oil pollution and marine debris
The effectsof oil pollution are not known in detail, although small size
specimens can clearly be immobilised and exhausted by heavy contamination. 20 out of 99 Loggerheads, examined in the Maltese islands, were
found contaminated, mostly with crude oil (Gramentz 1988).
Marine debris has been identitied as harmful to marine turtles. Unattended or discarded nets, packing bands, nylon bags, and various buoyant
plastics have been of main concern (Bjomdal et al. 1994). Special attention should be given to floatingplastics and tar balls, which are frequently
mistaken by turtles for food items. This seems to be a major problem for
pelagic juveniles in convergence zones where floating debris concentrates.

Con~rrntionand management
a)Legal andfonnal aspects
The World Conservation Union (IUCN)has recognised the vulnerability of marine turtles and applied the new criteria for its Red List Categories to determine the status of marine turtles globally. Despite the fact
that the complicated marine turtle biology does not permit the easy application of the new criteria, all three species, found in the Mediterranean,
were listed globally as 'Endangered". Recently, the IUCN Marine Turtle
Specialist Group produced a Global Strategy for the Conservation of Marine Turtles that addresses research, management and conservation issues. The Global Strategy, originally printed in English, has been translated so far in French, Spanish and Arabic.
There are several international conventions containing provisions for
the protection of marine turtles in the Mediterranean region. These
are the following:
The Convention on International Trade in Endangered Species of
Wild Fauna and Flora (CITES),which prohibits international trade
of all species of marine turtles.
.The Convention on the Conservation of European Wildlife and Natural Habitats (also known as the Bern Convention) in which sea
turtles are included in Appendix 11 (strictly protected species).
.The Convention for the Protection of the Mediterranean Sea Against
Pollution (known as Barcelona Convention) and its protocol concerning Specially Rotected Areas (SPAS) in the Mediterranean
which includes marine turtles in the List of Endangered and
Threatened Species.
The Convention on the Conservation of Migratory Species of Wild
Animals (CMS),also known as the Bonn Convention, which provides valuable tools for international co-operation with respect to
conservation and management of migrato~yspecies, including
marine turtles.
The Atiican Convention on the Conservation of Nature and Natural Resources is primarily concerned with wildlife and includes
marine turtles.
These conventions have a varying degree of application in the Mediterranean countries with the exception of the Barcelona Convention to
which all riparian Mediterranean nations are signatories. The &piticance of the Barcelona Convention, as far as marine turtles are concerned, is reflected not only in the elaboration of an Action Plan for the
Conservation of Marine Turtles in 1989 and in its recent (1998)revision
but also in the establishment of a co-ordinating mechanism, known as
RAC/SPA (RegionalActivity Centre for Specially Protected Areas), based
in Tunis. The Bern Convention, an initiative of the Council of Europe,
has also taken a leading role, with an effective administrative structure,
in establishing conservation recommendations for countries hosting important habitats for marine turtles.

Although not many nations in the Mediterranean are member states
of the European Union, conservation legislation passed by the Union is
extremely signifcant. European Union has recognised CITES as well as
the Bern, Barcelona and Bonn Conventions through Recommendations,
Regulations and Decisions. A very signiticant Decision of the EU is the
Habitats Directive (No92/43). According to this directive all member states
undertake the drafting of national lists for the conservation of certain
types of habitats which will eventually comprise a coherent ecological
network of sites (known as Natura 2000 network). For every Natura 2000
site, each member state will undertake appropriate conservation measures. Caretta caretta features as a priority species in the Habitats Directive and therefore all "majof nesting areas in Greece (i.e. Zakynthos,
Kyparissia Bay, Rethymnon, Bay of Hania, Lakonikos Bay) are included
in the proposed Natura 2000 network. This implies the elaboration of
management plans, which ideally will take the fonn of legislative acts.
Besides international conventions and regional obligations,most Mediterranean countries have developed national legislationin protecting sea
turtles, at least nominally.
Furthermore, some countries have done steps in introducing site-specific protective legislation for important habitats of marine turtles. The
very important nesting areas on the island of Zakynthos are protected,
since 1984, under a Presidential Decree, which regulates building and
development behind the nesting beaches. These regulations will soon be
incorporated in new legislation establishing a National Marine Park in
the area Furthermore, the Harbour Regulation of Zakynthos contains
maritime restrictions for the Bay of Laganas, a major concentration of
breeding loggerhead turtles. In Turkey, the nesting beaches of Dalyan,
Fethiye, Patara, Belek and Goksu Delta were designated a SPA status
with Akyatan, the most important green turtle nesting area, being a Wildlife Reserve and recently has been included in a National Park. In Cyprus, the Fisheries Regulation contains provisions for protecting the nesting beaches of Lam.
Some turtle stocks benefit indirectly from protection measures aimed
at habitats of other species. For instance, some turtle nesting occurs at
the Palm lslands Reserve in Lebanon and at Kotychi lagoon, a Ramsar
protected site, in Greece.
It must be noted, however, that inadequate enforcement, lack of management plans, and ineffective administrative structures downgrade several of the above legislative acts to 'protection status on papef.

b)Prote&'on and management of habitats
DBerent types of sea turtle habitats are recognised: nesting, mating,
inter-nesting, foraging, wintering, developmental, pelagic and migration
route. Ideally, ahabitat should be free from human influences. In reality,
management measures aim in reducing disturbing factors. In the case
of nesting habitats, active management comprises of locating all nests

and mitigating abiotic, biotic and anthropogenic factors that may atrect
inversely incubation and hatching. However, mechanisms for applying
active management are generally lacking. In some nations (e.g. Cyprus
and Israel) State Departments undertake active management on turtle
beaches, in other nations (e.g. Greece and Turkey) this is mostly done by
NGOs. Universities and Research Institutes, in the course of their research and monitoring programmes, have also taken u p management
responsibilities.
In Cyprus, a nest management project, the oldest in the Mediterranean, has been running since 1978 on Lara beaches by the Fisheries
Department. In Israel, location of nests and management of some beaches
have been conducted by the Nature and National Park Protection Authority since 1979. In Turkey, a n Inter-ministerial Marine Turtle Committee has been established in 1990, comprising of representatives of various competent Ministries, University researchers and NGOs with the
aim to control all activities concerning marine turtles. The Park Division of Adana manages Akyatan National Park, which includes the most
important green turtle nesting area. The Society for the Rotection of
Nature (DHKD)plays an important role in organising projects and securing necessary funds. Hopefully, recent detailed recommendations for all
nesting areas (Yerli& Demirayak 1966)will be implemented for the benefit of sea turtles. All five "major" nesting areas in Greece are monitored
every season by the SeaTurtle Protection Society (STPS),an NGO founded
in 1983. With the help of a multinational contingent of volunteers, more
than 1,000 Loggerhead nests in Peloponnesus and Crete are fenced each
season against predation and human interference. Nests that are considered "doomed", as they are very close to the water, are relocated to
specially constructed beach hatcheries.
Management of marine habitats is at an early stage. Management for
these habitats, which needs international co-operation, should be effected
by securing appropriate bodies and mechanisms to enforce maritime regulations, fisheries restrictions and pollution-control legislation. However,
in Spain with so large marine turtle by-catch, establishment of fisheries
protection zones around the Balearics, for the sake of blue-& tuna, and
limitations on the length of surface long-lines serve, indirectly, the protection of marine turtles at sea. Also the compensation that Lebanese
authorities pay to fishermen for releasing captured turtles reduces somehow the negative results of such interactions. In Turkey, the application
of some fishing regulations mentions the need to protect marine turtles.
In Croatia anetwork for collecting data on stranded and captured turtles
has been organised with the Natural History Museum in Zagreb as the
focal point.
The relatively high degree of public sensitisation, noted in the last
years, requires the development of ~ a s t r u c t u r to
e rehabilitate injured
or sick turtles. In the Mediterranean this i s done either in existing
aquariums (e.g. Naples, Rhodes) or in especially established centres (e.g.

CRAM in Barcelona and the Sea Turtle Rescue Centre in Greece). However, hospitalising sea turtles should not be considered as a solution to
the serious problem of intentional and unintentionalmortality at sea

b) Public awareness, education, capaciiy building
At the Mediterranean level, RAC/SPA produced a Management Techniques Manual (Demetropoulos& Hadjichristophorou 1995) and a Tagging Manual (Gerosa 1996). Furthermore RAC/SPA promotes capacity
building on sea turtle conservation techniques by organising training
seminars in Cyprus, Greece and Turkey. Aposter to encourage reporting
of tagged turtles has been circulated in three languages in the Mediterranean countries. RAC/SPA finances surveys for determination of nesting areas, production of informative material, etc.
Public awareness projects on behalf of sea turtles, either aiming at
specific target groups or a t the general public, are currently conducted in
several Mediterranean countries.
It is stressed that local stakeholders should be incorporated in any
conservation plan. Management techniques should be disseminated to
local people. Involvement of local communities is a must, so that they
comprehend the value of sea turtles and collaborate for their protection.
Visitors of nesting areas should be sensitised and encouraged to participate in the conservation efforts. This can be done best through involvement of the tourist industry. The STPS public awareness programme
on Crete, in close collaboration with tourism, informs about 100,000visitors per season.
Children are another important target group. Resentations by charismatic educators, specially designed travelling kits to be deployed by teachers, and guided visits to nesting areas prepare the ground for local participation in conservation practices.
The problem of incidental catch and subsequent mortality can be partly
eased through appropriate awareness of fishermen. Awareness of fishermen is done in many countries; sometimes this is combined with assessment of incidental catch. The importance of the Italian project with
fishermen was not only the collection of valuable data but also the successful sensitisation of fishermen. A similar small-scale project gives
fiuit in Lahonikos Bay, Greece, where fishermen kill no more captured
turtles, as they were doing by tradition. In Spain, a collaboration agreement between the Ministry of Environment, the Spanish Herpetological
Society and the Institute of Oceanography in Malaga has as its main
objectives the co-ordination of existing projects and the sensitisation of
the public, including fishermen.
Management aud research pdodtks
Management of marine turtles in the Mediterranean is a complex
challenge involving several nations and many human activities, both on
land and at sea huthermore, due to the long maturation period of the

species, the population response to threats and management measures
i s very delayed and m c u l t to detect Therefore, in order to be on the safe
side, management priority focuses on mitigation of disturbing factors,
increasing hatching success and decreasing mortality. With these
thoughts the following priorities (in a random sequence) are recommended:
Develop criteria for rating nesting beaches in the Mediterranean,
similar to the ones developed in Greece. This will help to focus
better the conservation effort.
Establish long-term monitoring programmes for key marine turtle populations in order to detect population trends on a Mediterranean scale and to evaluate the effectiveness of management.
Harmonise methodologies in order to have comparable demographic parameters.
Turtles breeding in Cyprus, Greece, Libya and Turkey migrate to
feed and over-winter in other jurisdictions within Mediterranean.
Recent work has been able to identify genetically discrete stocks
in the Mediterranean. This needs to be completed in order to allow differentiation into possible management units.
Marine habitats of Mediterranean sea turtle populations and factors threatening them must be identified in order to develop a p
propriate management. This applies to pelagic and developmental habitats, foraging and wintering areas as well as migration
mutes. Population structure at these habitats must be assessed.
Establish stranding networks at a regional or national scale. Data
from stranded turtles can be very important in assessing the causes
of mortality over time (incidental catch, boat strihe, disease, intentional killings, pollution, etc.). Furthermore, appropriate infrastructure to rehabilitate injured and sick individuals must be
developed.
Structure public awareness in such way that the objectives and
target groups are very clearly defined.
Assess incidental catch and subsequent mortality, more systematically (per area, season and fishing gear). Develop appropriate
measures with priority to mortality of large size turtles as these
have greater impact on populations.
Further exploitation of marine turtles (e.g. Egypt)must be stopped,
as this seems unsustainable for existing populations.
International co-operation should be more effective. Sea turtles
know no boundaries. Conservation measures in one country might
prove useless if turtles are killed in another.
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Conclusion
Rotection and management of marine turtles must be M y based
on knowledge. Conservation programmes, in order to be accepted both
politically and practically, must recognise the economic forces behind

the disturbing fadors. These will be different in different countries and
even in different regions, so that feasible solutions can be very complicated. Therefore, international co-operation and combined actions are
urgently needed to halt the decline and change the situation.
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