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ABSTRACT

Aim It is difficult to mitigate threats to marine vertebrates until their habitat

use is understood. We report on a decade of satellite tracking loggerhead turtles

(Caretta caretta) from an important nesting site to determine priority habitats

for their protection in a region where they are known to be heavily impacted

by fisheries.

Location Cyprus, Eastern Mediterranean.

Method We tracked 27 adult female loggerheads between 2001 and 2012 from

North Cyprus nesting beaches. To eliminate potential biases, we included

females nesting on all coasts of our study area, at different periods of the nest-

ing season and from a range of size classes.

Results Foraging sites were distributed over the continental shelf of Cyprus,

the Levant and North Africa, up to a maximum distance of 2100 km from

nesting sites. Foraging sites were clustered in (1) near-shore waters of Cyprus

and Syria, (2) offshore waters of Egypt and (3) offshore and near-shore regions

of Libya and Tunisia. The North Cyprus and west Egypt/east Libyan coasts are

important areas for loggerhead turtles during migration. Movement patterns

within foraging sites strongly suggest benthic feeding in discrete areas. Early

nesters visited other rookeries in Turkey, Syria and Israel where they likely laid

further clutches. Tracking suggests minimum annual mortality of 11%, compa-

rable to other fishery-impacted loggerhead populations.

Main conclusions This work further highlights the importance of neritic habi-

tats of Libya and Tunisia as areas likely used by loggerhead turtles from many

of the Mediterranean rookeries and where the threat of fisheries bycatch is

high. Our tracking data also suggest that anthropogenic mortalities may have

occurred in North Cyprus, Syria and Egypt; all within near-shore marine areas

where small-scale fisheries operate. Protection of this species across many

geopolitical units is a major challenge and documenting their distribution is an

important first step.

Keywords

bycatch, Caretta, conservation, distribution, fisher, foraging, migration,

mortality, telemetry, threat.

INTRODUCTION

Many marine vertebrate species have evolved to be long-

lived, a strategy which can render their populations particu-

larly sensitive to anthropogenic mortality (Lewison et al.,

2004). Sea turtles, sharks, seabirds and marine mammals

have been particularly impacted by man, mostly attributable

to direct harvesting and/or fisheries bycatch, radically reduc-

ing many populations (Spotila et al., 2000; Clarke et al.,

2013; Maxwell et al., 2013; Paleczny et al., 2015). If these

anthropogenic threats are to be mitigated, the distribution of

vulnerable populations must be understood. Aerial and ship-

based surveys can be used to infer the relative abundance of

species in specific areas of interest (Lauriano et al., 2011;

DOI: 10.1111/ddi.12440
ª 2016 John Wiley & Sons Ltd http://wileyonlinelibrary.com/journal/ddi 1

Diversity and Distributions, (Diversity Distrib.) (2016) 1–11
A

 J
ou

rn
al

 o
f 

Co
ns

er
va

ti
on

 B
io

ge
og

ra
ph

y
D

iv
er

si
ty

 a
nd

 D
is

tr
ib

ut
io

ns



Hammond et al., 2013; Hodgson et al., 2013). Large marine

vertebrates, however, are usually highly mobile, exploiting

habitats across wide, diverse and remote areas (Bowen et al.,

1995; Robinson et al., 2009). For such taxa, studies using

animal-borne tracking devices can yield ground-breaking

insights into the wider ecology of the study species (Rod-

house et al., 1996; Croxall et al., 2005; James et al., 2006).

Sea turtles have been the subject of significant satellite

tracking effort (Godley et al., 2008). A common finding is

that, even among individuals of the same population, pat-

terns of habitat use are heterogenous (Hawkes et al., 2006;

Rees et al., 2010a). Sample sizes should ideally be large

enough to capture such variation but are often constrained

by the high cost of devices and satellite services. The results

of investment in programmes of satellite telemetry over peri-

ods of many years, where cumulative costs are met in stages,

are increasingly yielding dividends (Tucker, 2010; Griffin

et al., 2013; Pikesley et al., 2013; Schofield et al., 2013).

The Mediterranean loggerhead turtle population can be

regarded as functionally independent from other Atlantic

populations (Laurent et al., 1998; Carreras et al., 2011) and

has experienced declines in response to historical harvesting,

fisheries interactions and coastal development (Casale &

Margaritoulis, 2010). As such, Mediterranean loggerhead tur-

tles have been described as a Regional Management Unit that

is at low risk but under high threat (Wallace et al., 2011).

The IUCN (International Union for Conservation of Nature)

recently classified the Mediterranean loggerhead subpopula-

tion as ‘Least Concern’ on the basis of an overall increasing

estimated population, a relatively large distribution and a rel-

atively large estimated population. This status, however, is

entirely conservation dependant, as the increasing estimated

population trend is the product of decades of intensive con-

servation efforts at nest sites and could be reversed should

these efforts cease (Casale, 2015).

Fisheries bycatch is the greatest threat to loggerhead turtles

globally, and bycatch rates in the Mediterranean are among

the highest in the world (Wallace et al., 2010, 2011; Casale,

2011). Genetic analyses in the west and central Mediter-

ranean show that pelagic Mediterranean habitats are shared

with loggerheads from populations nesting in the western

Atlantic (Laurent et al., 1998; Carreras et al., 2006). How-

ever, bycatch samples from neritic fisheries throughout the

basin rarely include western Atlantic haplotypes, suggesting

that loggerheads from these distant stocks leave the Mediter-

ranean, prior to a developmental shift to neritic habitats

(Revelles et al., 2007; Carreras et al., 2011; Garofalo et al.,

2013). Bycatch in neritic areas of the Mediterranean there-

fore predominantly impacts Mediterranean stocks; specifi-

cally, larger post-pelagic animals that are of higher

reproductive value than pelagic juveniles (Wallace et al.,

2008; Casale, 2011; Snape et al., 2013). Management of this

bycatch is therefore a priority, and an understanding of the

distribution of turtles is a clear prerequisite.

Studies published to date to investigate the habitat use of

female post-breeding Mediterranean loggerheads have

focused on two of the main rookeries in Greece and Cyprus,

whose coastlines support approximately 48% and 9% of

nesting for this population, respectively (Casale & Margari-

toulis, 2010). Key findings of these studies are that (1) turtles

show fidelity both to foraging sites and to migratory routes

between breeding and foraging sites, (2) nearly all forage in

neritic waters, aggregating in areas with wide availability of

continental shelf, and (3) most turtles reside at the same for-

aging site for long periods (Godley et al., 2003; Broderick

et al., 2007; Zbinden et al., 2011; Schofield et al., 2013).

Here, we aimed to provide a more holistic assessment of

migratory corridors and key foraging areas, by extending our

North Cyprus study (Godley et al., 2003; Broderick et al.,

2007), incorporating a much larger sample size and deploy-

ing from a range of sites over the entire duration of the

nesting season.

METHODS

Twenty-seven adult female loggerhead turtles were tracked

after nesting in North Cyprus (coastline of approximately

325 km) between 2001 and 2012 (Table 1). The results of 10

of these deployments have previously been described by

Godley et al. (2003) and Broderick et al. (2007).

As biases within and among seasons and across size classes

are capable of producing dramatically misleading results

(Hawkes et al., 2006; Rees et al., 2010a; Witt et al., 2011),

our deployments were made over several years, were spread

across nearly every week of the nesting season and across

most size classes (Fig. 1). To reduce potential bias associated

with nesting sites, turtles were tracked from nesting sites on

every coast (Fig. 2a insert). PTTs were attached according to

the protocol outlined by Godley et al. (2002). A variety of

PTT models were used during the 11-year deployment per-

iod (Table 1). Prior to device attachment, minimum curved

carapace length (CCLmin; Bolten, 1999) was recorded

(Table 1).

Location data were handled using Satellite Tracking Analy-

sis Tool (STAT; Coyne & Godley, 2005). To eliminate erro-

neous data, location classes 0 (error >1.5 km) and Z (failed

Argos plausibility tests) and those inferring speeds of

>5 km h�1 (greater than expected swimming speeds for mar-

ine turtles; Witt et al., 2010) were removed. We visually

inferred broad behavioural patterns, with all turtles under-

taking clear post-nesting migrations to neritic foraging sites

where they took up residency in discrete areas; a common

strategy for loggerhead turtles, particularly in the Mediter-

ranean (Luschi & Casale, 2014; minimum, this study:

27 days). Where turtles shuttled between more than one dis-

crete area (centroids >10 km distant), data were split and

analysed separately.

To visualize the shape and approximate magnitude of core

areas of habitat use, the ‘Kernel Density Estimator’ command

of Geospatial Modelling Environment (GME) was used to

produce kernels for filtered foraging site data. As size of

kernels can be influenced by many factors other than the
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horizontal habitat use of the study animal (Witt et al., 2010),

we did not seek to over-interpret and generate precise home

range magnitude. We trialled a range of bandwidth levels

and chose 0.0003, which we felt best described the shape of

our data plots. The GME ‘Isopleth’ command was used to

map isopleths within kernels of 20% and 50% of the total

data distribution to represent the shape of core foraging

areas. Where turtles occupied multiple subsites, the number

of days spent within and the total number of visits to each

site were compiled (Table 1).

To contextualize the threat of fisheries bycatch to study

turtles, we used available fisheries bycatch information (a

comprehensive review by Casale, 2011) for the countries

hosting foraging of >1 study turtle.

Device terminations were attributed to the mortality of a

study turtle when preceded directly by: (1) a sudden increase

in the rate of messages received from devices, indicating that

the device was no longer submerged, and (2) movement

away from foraging sites, indicating a deviation from

expected spatial habitat use (see Hays et al., 2003; Snoddy &

Southwood Williard, 2010). An approximate annual mortal-

ity rate was calculated after Hays et al. (2003).

RESULTS

Body size of turtles tracked to foraging sites ranged from 64

to 85 cm CCLmin (mean � SD: 72.1 � 4.84 cm; Table 1,

Fig. 1). This is reflective of the size range previously reported

by Broderick & Godley (1996) for this rookery of mean:

73.4 cm (range: 65–86.5 cm). Of the 27 study turtles, 24

individuals reached foraging sites where they remained for

27 days or more (Table 1, Fig. 2).

Internesting movements and post-nesting migrations

On leaving Cyprus, turtles took 6–86 days to reach foraging

sites (mean � SE: 32 � 5 days). Twenty-one of the 24 tur-

tles tracked to foraging sites followed relatively direct trajec-

tories during their post-nesting migrations (Fig. 2a). Three

turtles (12.5%; turtles B, J and P; Fig. 2b–d) visited the

coastlines of other countries during the nesting season. Tur-

tle J was equipped with a transmitter model which logged

wet and dry periods through a salt-water switch. This device

recorded and transmitted data for haul-outs periods on the

Turkish coast (Fig. 2b). These periods were suggestive of

nesting with internesting intervals of 17 and 12 days, consis-

tent with internesting interval ranges recorded for logger-

heads in Cyprus (Broderick et al., 2002). For the other two

turtles of this group, we plotted likely nesting events accord-

ing to clustering of location data coinciding temporally with

expected nesting (Broderick & Godley, 1996) and spatially

with known nesting sites (Casale & Margaritoulis, 2010;

Fig. 2c–d).
During open sea crossings, routes of individual turtles

were relatively dispersed, but important coastal migration

routes were determined along the coasts of Cyprus (includ-

ing the British Overseas Territory Sovereign Base Area (SBA)

Dhekelia) and along the coast of western Egypt and Libya

(Fig. 2e).

Foraging sites

Once at foraging sites, the depth of water and patterns of

movement were suggestive of benthic feeding (Hawkes et al.,

2006), with some (7 of 24) turtles shuttling between two or

three subsites greater than 10 km apart (Fig. 3, See Figure S1

in Supporting Information). In total, 32 foraging sites were

mapped for durations ranging from 27 to 1405 days

(Table 1). The median depth at locations for filtered Argos

data at foraging sites ranged between 2 and 121 m (Table 1).

Eighty-three percentage of turtles foraged in three main

regions: (1) close to deployment sites in Cyprus (including

British SBA Akrotiri) and Syria (n = 9; 38%; Fig. 3a), (2) at

medium distance from deployment sites off Egypt (n = 5;

Figure 1 Percentage frequency histograms for (a) size

(minimum curved carapace length) and (b) temporal

distribution of nesting, of adult female loggerhead turtles on

Alagadi study beach, North Cyprus. Numbers above bars

represent the number individual nesting females of each bin that

were tracked to foraging sites during this study.

4 Diversity and Distributions, 1–11, ª 2016 John Wiley & Sons Ltd
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21%; Fig. 3b), and (3) far from deployment sites along the

western Libyan and the eastern Tunisian shelf areas (n = 6;

25%; Fig. 3c). The remaining 17% were distributed diffusely

across Libya (n = 3) and one individual foraged in Lebanon

(see Fig. S1).

Mortalities

Argos data from turtles F and K suggest that these individu-

als were caught at their foraging sites in depths of the order

of 5 and 2 metres, respectively (Fig. 4, Table 1). The carcass

of turtle AA was returned to us in North Cyprus 35 days

post-deployment. These three deaths suggest an annual mor-

tality rate of 0.11 (annual survival probability of 0.89) for

our 9741 tracking days (Hays et al., 2003).

DISCUSSION

We present insights that collectively represent a significant step

towards a holistic understanding of the habitat requirements

of adult Mediterranean loggerhead turtles. These data will be

of great value in targeting marine turtle–fisheries interaction
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studies that are required in order to develop strategies to

reduce the threat of fisheries. Our work also provides the evi-

dence of significant international movement of females among

nesting sites of this population, which will have ramifications

for the study of genetic structure, design of monitoring strate-

gies and generation of population estimates.

Life history

As is the case for all Mediterranean nesting females tracked to

date (Luschi & Casale, 2014), turtles all appeared to be neritic

foragers, making relatively direct migrations to continental

shelf sites after nesting. This is despite the fact that we specifi-

cally included small individuals that have been shown to exhi-

bit pelagic foraging in other populations (Hatase et al., 2002;

Hawkes et al., 2006). None made marked seasonal migrations

between foraging sites to avoid winter temperature extremes,

which contrasts with conspecifics using the Adriatic region of

the Mediterranean (Schofield et al., 2013).

Migration corridors and foraging sites

Adult loggerhead turtle densities will be elevated in the

migration corridors we describe here off Cyprus, western

Egypt and eastern Libya during the post-nesting migration

period in July and August. These overlap significantly with

those of green turtles (Chelonia mydas) in the region (Stokes

et al., 2015). Previously unreported foraging sites for this

rookery were revealed on the Tunisian/Libyan shelf area,

scattered along the Libyan coast, at Lake Bardawil, Egypt, off

Lebanon and British Sovereign Base Area Akrotiri on Cyprus.

The larger sample size here also emphasizes the importance

of foraging areas previously published by Broderick et al.

(2007).
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The most important foraging areas for Mediterranean log-

gerheads are now understood to be in neritic waters of the

Adriatic, on the Tunisian/Libyan shelf, off the Nile Delta in

Egypt, in Cyprus and in Syria. This broad and diffuse distri-

bution poses a challenge to managing their conservation.

Densities appear to be higher closer to nest sites in Cyprus,

but one must consider that loggerheads from other rookeries

will also be occupying the North African Coast and the

Levant. More than a quarter of turtles tracked in this study

used the Tunisian/Libyan shelf shared by a large proportion

of turtles tracked from the Greek rookeries (Schofield et al.,

2013; Zbinden et al., 2011). Nesting females subject to flip-

per tagging in Greece have been recovered in eastern Libya

(1), Egypt (1), Israel (3) and Cyprus (2); Margaritoulis,

1988; Margaritoulis & Rees, 2011; D. Margaritoulis pers.

comm).

The observed distribution of foraging sites may well be a

product of a trade-off between the availability of suitable

shelf habitat and the energetic costs of migrations. A pattern

observed in our study in common with other loggerhead

studies (Rees et al., 2010a; Schofield et al., 2010; Hawkes

et al., 2011) was that foraging sites were generally larger in

turtles residing offshore (considered here to be where the

20% isopleth of the foraging site lies >10 km from land) and

in deeper water than those on the coast. Habitat utilization

in harbours and embayments was more discrete, clearly being

restricted by physical boundaries. The fifty percentage core

utility areas appear to be of a similar magnitude as those

proposed for Mediterranean loggerheads by Schofield et al.

(2010) of tens to hundreds of square kilometres.

Multiple-country nesting

Loggerhead females laying a single clutch in Cyprus have

previously been shown to have low nest site fidelity (Broder-

ick et al., 2002). We confirm that these single clutch females

were indeed likely to be subsequently nesting elsewhere. Log-

gerheads are known to exhibit relatively low nest site fidelity

in comparison with other species (Hays et al., 1991; Tucker,

2010), and the use of multiple breeding sites by male logger-

heads in the Mediterranean has also been suggested (Casale

et al., 2013). However, this is the first time that nesting

events hundreds of kilometres apart and among multiple

geopolitical units have been documented for Mediterranean

loggerheads. Our estimate of 12.5% multiple-country nesting

could be considered conservative, as all turtles which exhib-

ited this behaviour were tracked from early in the season,

suggesting that some of those turtles tracked later may have

previously nested elsewhere. These findings challenge the

accuracy of published loggerhead clutch frequencies that are

based on tag returns at monitored nesting sites, and in turn,

current population estimates based on reproductive outputs

extrapolated to basin-wide nest counts (Broderick et al.,

2002; Pfaller et al., 2013). These results should also be con-

sidered when planning the temporal spread of genetic sam-

pling for haplotype analyses and further tracking studies of

nesting females.

Fisheries threats

Of the main countries which host foraging adult logger-

heads (current study and reviewed by Luschi & Casale

(2014)), Tunisia stands out as being associated with the

greatest number of turtle deaths in fisheries, with at least

5600 deaths per year occurring predominantly in set nets

and bottom trawls (see Fig. S2 in Supporting Information;

Casale, 2011). The fisheries of Cyprus, Egypt and Libya

are each responsible for at least 2700 deaths each, predom-

inantly in set nets, with the exception of Libya where

most deaths occur in pelagic longlines and bottom trawls

(Casale, 2011; see Table S1 in Supporting Information, see

Fig. S2).
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The mortalities described in the current study occurred in

shallow (Table 1), near-shore waters in populated areas with

small-scale/semi-industrial fishing fleets (Latakia Harbour,

Syria: Rees et al., 2010b; Lake Bardawil, Egypt: Nada et al.,

2013; Kyrenia Harbour, North Cyprus: Snape et al., 2013).

Such shallow waters are not likely to be used by larger vessels

using more industrial methods such as bottom trawls, and in

all of these countries, the greatest proportion of fisheries

deaths occur in set nets (see Fig. S2).

Although the method that we employed to estimate mor-

tality in the current study has been subject to some debate

(Chaloupka et al., 2004; Hays et al., 2004; Bradshaw, 2005),

the estimate should be treated conservatively, as the

observed death of Turtle AA was not detectable from

telemetry and so further deaths may have gone unreported.

The survival probability for adults of this rookery may

therefore be of a similar magnitude to estimates from other

adult loggerhead populations subject to high fishing

pressures of 0.81 (Frazer, 1983) and 0.88 (Chaloupka &

Limpus, 2002).

Prioritizing research

Bycatch mitigation measures are more likely to be supported

in small-scale fisheries if their impact on fisher livelihoods is

minimized. Meanwhile, such measures should provide pro-

tection for large numbers of the most valuable demographic

groups, to adequately reduce the impact of tolls. Appropriate

spatial and temporal limits to any mitigation measure must

be set according to detailed information on bycatch rates by

specific fishery metiers. The available information both on

Mediterranean loggerhead turtle habitat use and on fisheries

characteristics is, however, currently insufficient, and a three

pronged approach is required to address this.

Firstly, loggerhead turtle tracking studies from sites in

eastern Greece, Turkey, Libya and the Levant are required to

fill remaining gaps in the literature on post-nesting beha-

viour of the Mediterranean population. It is important that

satellite telemetry studies in these rookeries, as well as in

Cyprus, should aim to include male turtles. In a warming

world where male numbers may decline because of the tem-

perature-dependant sex determination of marine turtle off-

spring, an understanding of male movements and mortality

rates is critical (Hays et al., 2014). Secondly, the value of

tracking studies could be amplified using predictive habitat

models that incorporate remotely sensed environmental data

(Jonsen et al., 2007; Pikesley et al., 2013; Hacohen-Domen�e

et al., 2015). In addition, localized empirical studies using

aerial surveys (Cardona et al., 2005), monitoring coastlines

for stranded turtles (Scherer et al., 2014) and surveys in fish-

eries (Carman et al., 2011) could further delimit important

foraging habitats and their demographics. Thirdly, more

detailed small-scale fisheries characterization studies are

required to break down marine turtle bycatch not only by

gear type, but also with descriptions of individual deployment

characteristics, summarizing temporal and spatial variability in

deployments of specific gear–target catch combinations. Such

studies have been undertaken in Cyprus (Snape et al., 2013)

and are urgently needed for trawls and set nets in Tunisia,

trawls and demersal longlines in Libya and set nets in Egypt,

where annual mortalities of marine turtles are thought to be

of many thousands (see Table S1, see Fig. S2; Casale, 2011).

However, many of the countries which host loggerhead

turtle foraging grounds described here are currently facing

political and economic instability which will hinder local

research and conservation efforts for the near future. Despite

this, by remotely assessing broad habitat use, tracking studies

such as ours are a critical first step towards directing such

efforts.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the

online version of this article:

Figure S1. 20% (dark grey) and 50% (light grey) data distri-

bution isopleths produced from kernelled filtered satellite

telemetry data for turtles foraging in (a) Lebanon, (b) East

Libya (c) Central Libya and (d) Central-West Libya.

Figure S2. Stacked bar plot of estimated annual marine tur-

tle mortalities by gear types (PL = Pelagic Longline,

DL = Demersal Longline, SN = Set Net, BT = Bottom

Trawl) for the main countries that host foraging loggerhead

turtles tracked after nesting in North Cyprus (Cyp = Cyprus,

Syr = Syria, Egy = Egypt, Lib = Libya, Tun = Tunisia). Cal-

culated according to numbers of turtle captures per year and

gear type-specific mortality rates compiled and estimated by

Casale (2011) and Snape et al. (2013).

Table S1. Captures, mortality rate estimates and deaths of

marine turtles caught in main fisheries of Cyprus, Syria,

Egypt, Libya and Tunisia. Sources: 1 = Casale (2011);

2 = Snape et al. (2013).
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