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Abstract.—Adult female Loggerhead Turtles (Caretta caretta) migrate from foraging to breeding areas to lay multiple 
clutches over 1–2 mo.  As sea turtles may travel long distances between nests, efforts are needed to determine their 
at-sea movements and habitat preferences within breeding areas.  In turn, the predictable presence of turtles in 
these habitats can facilitate the use of straightforward management measures.  We used satellite telemetry, novel 
GSM telemetry, and drone surveys to determine the distribution of turtles at-sea during the breeding period at 
the largest nesting site for Loggerhead Turtles in the Mediterranean - Kyparissia Bay, Greece.  We found that 
turtles largely remain within the 50 m isobath and close to where they nest, although specific sites (i.e., protected 
waters of a nearby harbor) farther away from the nesting beach were also used.  We also combined our satellite 
telemetry data with previous data to update the estimated mean clutch frequency (the number of clutches laid by 
turtles during a single breeding period) for this population.  The new estimated mean clutch frequency ranged from 
3.3–3.5, which were slightly lower than the previous estimate (3.8) for the same breeding population even though 
they remain higher than values published for other locations in the Mediterranean.  Our findings confirm that 
conservation measures can be adequately defined within spatially local and temporally restricted boundaries and 
that population sizes based on clutch frequencies lower than 3.3 are likely to be overestimated in Kyparissia Bay.
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IntrodUctIon

Upon reaching sexual maturity, Loggerhead Turtles 
(Caretta caretta) return to breed at natal areas at predictable 
times of the year.  In the Mediterranean, the Loggerhead 
Turtle breeding season runs from late May or early June 
to August and most nesting occurs in the eastern basin 
(Casale et al. 2018).  Individuals deposit 1–5 clutches 
on sandy beaches at approximately two-week intervals 
(Omeyer et al. 2019; Rees et al. 2020), meaning a single 
female may remain in breeding habitats for up to about 2 
mo.  Internesting period of turtles is defined as the time 
between laying the first and last clutches of the season.  
The predictable presence of turtles in an area for 2 mo 
suggests relatively simple management and conservation 
measures can be implemented in internesting habitats to 
protect large numbers of the biologically valuable adult 
turtles.  Immediately after laying the final clutch of the 
season, turtles depart the area (Dujon et al. 2017) for 
over-wintering/foraging areas that may be hundreds of 
kilometers away (Margaritoulis et al. 2003; Zbinden et 
al. 2008; Schofield et al. 2013; Patel et al. 2015; Snape 
et al. 2016). 

The use of satellite telemetry and GPS loggers 
means that internesting habitats are well established for 
the important Greek Loggerhead Turtle nesting area at 

Laganas Bay on Zakynthos Island, Greece (Zbinden et 
al. 2007; Schofield et al. 2007, 2010).  In addition, drones 
have been used over large-scale areas to determine the 
whereabouts of turtles during the summer breeding 
period in western Greece, which includes Zakynthos 
(Dickson et al. 2021). Kyparissia Bay (starting from 
about 30 km southeast of Zakynthos) includes a 44 km 
sandy beach, extending from the Alfios River in the 
north to the Arcadikos River, just past Kalo Nero village 
in the south (Fig. 1).  In recent years, it has hosted the 
largest aggregation of nesting Loggerhead Turtles in the 
Mediterranean (Casale et al. 2018), with most nesting 
occurring in the southern core area of 9.5 km, from 
the river Neda, next to the village of Elaia, southwards 
(Margaritoulis and Rees 2001). 

The conservation program in the area, carried out 
by ARCHELON (www.archelon.gr), focuses on land-
based activities of nest protection and public awareness.  
The core nesting habitat and surrounding area, 
including the beach to the north, are designated Natura 
2000 protected sites (GR2550005 and GR2330005, 
respectively; Fig. 1).  The nearshore marine habitats of 
Kyparissia Bay, stretching to the 25 m isobath, are also 
designated as a Natura 2000 site (GR2330008; Fig. 
1).  A Presidential Decree (PD; Government Gazettes 
D 391/03-10-2018, D 414/12-10-2018) stipulated 
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the protection of the integrity of the designated area, 
including protected species occurring there, like the 
Loggerhead Turtle.  The PD provides some protective 
measures for nesting sea turtles, including speed limits 
for sea craft within one nautical mile (1.852 km) of the 
coast and prohibition of nighttime sport fishing.  Both 
regulations are in place during the summer breeding 
period; however, additional measures at sea may be 
implemented through a Management Plan, which is 
legally required for the area.

Potential conservation and management plans 
should be based on scientific data to be most effective, 
least obtrusive, and sufficiently robust to counter any 
lobbying against the proposed measures.  Intrinsic to 

the protection of turtles in their internesting habitat is 
the requirement to know where the turtles are, if they 
are evenly distributed throughout the region, and how 
far from shore they venture.  Recently, drone research 
has provided some indications of the whereabouts 
and movements of turtles in the nearshore habitats of 
southern Kyparissia Bay during the summer (Dickson 
et al. 2022).

To build on the previous work, we used drones to 
determine the locations of turtles during the breeding 
season (June and July) along the entire nesting habitat 
and not only the core area covered by Dickson et 
al (2022).  Additionally, we used telemetry, which 
facilitated obtaining turtle locations farther offshore, 

fIgUre 1.  Locations, routes, and hotspots during the internesting period for Loggerhead Turtles (Caretta caretta) in Kyparissia Bay, Greece.  
(A) Kyparissia Bay showing the Natura 2000 sites relating to sea turtles in blue hatching. GR2330008: Thalassia Periochi Kolpou Kyparissias 
(Marine Area Kyparissia Bay), GR2330005: Thines Kai Paraliako Dasos Zacharos, Limni Kaiafa, Strofylia, Kakovatos, and GR2550005: 
Thines Kyparissias (Neochori - Kyparissia).  Inset map depicts the map extent for panel B.  (B) Filtered locations for 30 nesting turtles 
tracked with Argos satellite transmitters from southern Kyparissia Bay between 2005 and 2022, showing movement out of the Bay for three 
individuals.  (C) Location Heatmap for the same turtles in panel B.  (D) Location heatmap for 14 nesting turtles tracked with novel GSM-
GPS transmitters from southern Kyparissia Bay between 2019 and 2021.  (E) Location heatmap for 505 turtle observations during nearshore 
drone surveys of Kyparissia Bay, undertaken in June and July 2020.  These surveys covered the area offshore of the nesting beach and not 
Kyparissia harbor.  Heatmaps present distribution density with darker reds representing higher kernel densities.  Isobaths are derived from 
global GEBCO bathymetry dataset (www.gebco.net/).  Country abbreviations are GR = Greece, IT = Italy, TR = Türkiye.
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despite this being potentially biased due to sampling site 
selection and the nest site fidelity of turtles (repeatedly 
returning to the same area of beach to nest).  We also 
used breeding period residency data from a subset of the 
current telemetry study, together with data published in 
Rees et al. (2020), to re-examine the average number 
of clutches laid by Loggerhead Turtles during a single 
breeding period.

MaterIals and MetHods

We located turtles for the telemetry studies along the 
9.5 km core nesting area at the south of Kyparissia Bay 
(37.3399°N, 21.6952°E) and undertook drone surveys 
that covered the entirety of the Kyparissia nesting area 
(Fig. 1).  For the telemetry study, we patrolled between 
2300 and 0300 to locate nesting turtles.  We selected 
turtles for study upon completion of a nesting emergence, 
confirmed by observation of oviposition.  We attached 
satellite transmitters (2005: Model A-1010; Telonics 
Inc. Mesa, Arizona, USA, and 2018-2022: Model SPOT-
375; Wildlife Computers, Redmond, Washington, USA) 
and GSM transmitters (Global Systems for Mobile 
communications; novel GPS location transmitters 
designed and built under the EU funded LIFEeuroturtles 
project; www.euroturtles.eu) to a subset of flipper-
tagged Loggerheads to track them using the Argos 
system (www.argos-system.org) and the GSM cellular 
phone network, respectively.  We deployed 30 satellite 
transmitters and 20 GSM transmitters at different 
points along the nesting beach.  We moved turtles into 
large plastic boxes to retain them on the beach during 
transmitter deployment (about 2 h).  We attached the 
transmitter to the carapace of the turtle, centered over 
the second vertebral scute, using the Wildlife Computers 
attachment kit (or equivalent) and their recommended 
methods (www.wildlifecomputers.com).

For the drone study, we used a DJI Phantom 4 Pro 
quadcopter (www.dji.com) that recorded 4k video (4096 
× 2160 pixels) with GPS location (updated at 1 sec 
intervals) embedded in the video.  We used the Litchi 
application (www.flylitchi.com) to design a flight plan 
of three 2-km parallel transects, which could be flown 
using a single battery.  The transects were positioned at 
about 150, 300, and 450 m from the shore (Fig. 2).  We 
flew at 40 m altitude with the camera at nadir, which 
gave a visual strip width of approximately 100 m and 
ensured any turtles were large enough to be conspicuous 
within all video frames (Fig. 2).  Surveys were flown 
at 35 km/h.  We replicated this flight plan 20 times to 
cover the entire length of the Kyparissia Bay nesting 
habitat.  We conducted drone surveys, covering all 20 
flight plans, twice; once per month in June and July 
2020.  We additionally flew the drone manually over 
Kyparissia harbor in June 2021 to verify the indications 
from telemetry that the area was occupied by breeding 
turtles.  When flying over the harbor, we recorded turtle 
presence using 4K video in a non-systematic manner, 
flying the drone at different heights and following 
varying trajectories.

Data processing.—For the satellite tags, we used the 
Wildlife Computers data portal (www.wildlifecomputers.
com) to retrieve and archive Argos location data.  We 
used the first best location per day from Argos Location 
Classes 3, 2, 1 (Class 3 assumed better than Class 2, 
better than Class 1; www.argos-system.org) to register 
turtle positions and movement, with expected accuracy 
of no better than 250 m.  We retained inland locations 
to avoid skewing average position data offshore.  For 
the GSM transmitters with expected accuracy < 100 m, 
we subsampled location data to retain the first location 
per transmitter per day, hence providing data at intervals 
comparable to the satellite tags. 

fIgUre 2.  Use of drones to collect presence data of Loggerhead Turtles (Caretta caretta) in Kyparissia Bay, Greece.  (A) Example survey 
route flown by drone, comprising three parallel 2-km transects at about 150 m, 300 m, and 450 m from shore.  Twenty of these routes 
were distributed to cover the entire length of the nesting beach.  (B) Example frame from the 4K drone footage with Loggerhead Turtles 
highlighted.
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For the whole-bay drone surveys, we combined 
turtle sightings from both surveys to create a single 
dataset of turtle presence.  No attempt to determine 
detection probably was undertaken, so we considered 
all turtle counts observed minimums.  We processed 
extracts from the video recorded over Kyparissia 
harbor using the Image Composite Editor v2 software 
(www.microsoft.com) and stitched together extracts 
into a composite image covering the majority of the 
harbor.  We counted the number of turtles present in this 
composite image and calculated the minimum density of 
animals present using the area of the harbor (0.105808 
km2) derived from a polygon drawn in Google Earth 
Pro (Google LLC, Mountain View, California, 
USA).  We mapped data in QGIS (v3.28; www.qgis.
org).  We determined turtle high-use areas by using 
the integrated Heatmap (Kernel Density Estimation) 
symbology function (https://docs.qgis.org/3.28/en/
docs/user_manual/processing_algs/qgis/interpolation.
html#heatmap-kernel-density-estimation) with 1,000 m 
at scale entered as the radius and automatic selected for 
Maximum Value.  Kernel Density Estimates (KDE) are 
affected by unequal numbers of locations from different 
individuals; nevertheless, the use of only one location 
per turtle per day and a narrow range in the number of 
locations suggest the KDEs were not unduly affected. 

Determination of clutch frequency.—We estimated 
clutch frequency using data from turtles tracked from 
the same area in 2019 (n = 12; published in Rees et al. 

2020) and from 2022 (n = 8; this study), which were 
assumed to be tracked from their first nest of the season, 
as they received transmitters within the first two weeks 
of the nesting season.  We determined the total number 
of days the turtles were present in the internesting habitat 
(internesting period), assuming time of deployment as 
day 0 and that turtles depart the nesting area the day 
after they deposit their last clutch (Dujon et al. 2017).  
We divided this total by potential internesting intervals 
(from clutch deposition to next clutch deposition) 
restricted to a minimum 13 d and maximum 20 d 
(Margaritoulis 1983) to generate a likely minimum and 
maximum number of clutches per turtle.  We assessed 
interannual differences for estimated minimum and 
maximum clutch frequencies using the Mann-Whitney-
Wilcoxon Test with significance at α = 0.05.

resUlts

Satellite telemetry.—We deployed the first satellite 
transmitter on 6 June 2005.  We deployed a further nine 
between 13 and 19 June 2018, which was sufficiently late 
in the nesting season for the turtles to have previously 
nested and we did not use these in determination of 
average clutch frequency (see Rees et al. 2020 for 
discussion).  We deployed 12 more transmitters between 
7 and 12 June 2019 and eight between 8 and 13 June 
2022 (Table 1), which was the start of the respective 
nesting seasons, when we assumed turtles have not 
previously nested within that year.

Turtle Tag Deployment Turtle Departure Internesting Period (days) Min #Clutches Max #Clutches
2019-1* 7 June 2019 15 July 2019 38 3 (19.0) 3 (19.0)
2019-2* 8 June 2019 7 July 2019 29 3 (14.5) 3 (14.5)
2019-3* 8 June 2019 29 July 2019 51 4 (17.0) 4 (17.0)
2019-4* 9 June 2019 16 July 2019 37 3 (18.5) 3 (18.5)
2019-5* 9 June 2019 20 July 2019 41 4 (13.7) 4 (13.7)
2019-6* 9 June 2019 19 July 2019 40 3 (20.0) 4 (13.3)
2019-7* 10 June 2019 11 July 2019 31 3 (15.5) 3 (15.5)
2019-8* 11 June 2019 11 July 2019 30 3 (15.0) 3 (15.0)
2019-9* 12 June 2019 21 July 2019 39 3 (19.5) 4 (13.0)
2019-10* 10 June 2019 28 July 2019 48 4 (16.0) 4 (16.0)
2019-11* 11 June 2019 10 July 2019 29 3 (14.5) 3 (14.5)
2019-12* 12 June 2019 12 August 2019 61 5 (15.3) 5 (15.3)
2022-1 8 June 2022 6 July 2022 28 3 (14.0) 3 (14.0)
2022-2 8 June 2022 9 July 2022 31 3 (15.5) 3 (15.5)
2022-3 8 June 2022 16 July 2022 38 3 (19.0) 3 (19.0)
2022-4 10 June 2022 28 July 2022 48 4 (16.0) 4 (16.0)
2022-5 11 June 2022 9 July 2022 28 3 (14.0) 3 (14.0)
2022-6 12 June 2022 15 July 2022 33 3 (16.5) 3 (16.5)
2022-7 12 June 2022 12 July 2022 30 3 (15.0) 3 (15.0)
2022-8 13 June 2022 22 July 2022 39 3 (19.5) 4 (13.0)

table 1.  Minimum (Min) and maximum (Max) number of clutches and internesting interval, nest to nest, between 13 and 20 d (in 
parentheses) deposited by Loggerhead Turtles (Caretta caretta) tracked in Kyparissia Bay, Greece, from the start of the nesting season 
derived from duration of the internesting period of turtles.  An asterisk (*) indicates turtle data from Rees et al. (2020).  Turtle Departure 
is the date the turtle commenced seasonal migration away from the nesting area.
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of location data from 14 of the 20 GSM devices (mean 
retained locations = 12.4 ± 9.8 loc; range from 1–27 loc).  
The other six devices failed and provided no location 
data.  All locations were in the Kyparissia Bay area 
(Fig. 1).  Highest densities of locations were in similar 
areas to those from satellite tracking, i.e., nearshore 
between Kalo Nero and Elaia, and a distinct hotspot of 
locations centered around Kyparissia harbor resulting 
from the presence of four turtles (29% of total).  Again, 
all location hotspots occurred within the marine Natura 
2000 site designated in Kyparissia Bay.

Drone surveys.—We recorded 505 turtle sightings 
from drone surveys along the entire nesting beach in 
Kyparissia Bay (Fig. 1); 320 were recorded in June and 
185 in July.  Similar to the results from the telemetry 
study, the highest density of turtles was at the southern 
part of the main nesting area, from Kalo Nero in the 
south and extending north past the limit of the previously 
defined core nesting area of Elaia.  We recorded at least 
100 turtles within the harbor from a single observation 
in late June 2021, which extrapolates to an observed 
minimum density of about 1,000 turtles/km2 (Fig. 3).  
We did not try to determine the sex of turtles from the 

After data filtering, we retained 905 daily locations.  
Excluding data from the 2005 turtle that provided only 
intermittent locations (n = 5 d with locations), we 
retained an average of 31.0 locations (loc) per turtle (± 
11.9 [standard deviation] loc, range from 10–59 loc, 
n = 29).  Three turtles carried out looping movements 
that took them out of Kyparissia Bay even though they 
returned to the bay to nest; two turtles moved north, and 
one moved south (Fig. 1).  The other 26 turtles remained 
within Kyparissia Bay, nearshore in shallow water 
generally < 50 m deep (Fig. 1).  The main cluster of 
locations ranged over a distance of about 10 km from 
Kalo Nero in the south to just past Elaia in the north.  
A distinct hotspot of locations, representing seven 
turtles (23% of total, including the turtle from 2005), 
was present south of the nesting beach, centered on 
Kyparissia harbor (Fig. 1).  We explored this specific 
location using a drone (see Drone Surveys).  All location 
hotspots occurred within the marine Natura 2000 site 
designated in Kyparissia Bay.

GSM telemetry.—We deployed seven transmitters 
in 2019, three in 2020, and 10 in 2021 at different 
times within the nesting seasons.  We obtained 174 d 

fIgUre 3.  Drone survey imagery from Kyparissia harbor, Greece, in June 2021.  (A) Single video frame showing 45 Loggerhead Turtles 
(Caretta caretta) present in one section of the harbor.  (B) Composite image showing the high number and density of adult turtles 
congregating in the harbor (about 1,000 turtles/km2).  Yellow circles indicate the position of a turtle.
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drone videos in the harbor; however, we expected male 
turtles to have departed the breeding area prior to the 
survey and we assumed that all observed turtles were 
adult females.

Revised clutch frequency.—Only three turtles, 
with internesting periods of either 39 or 40 d, provided 
potentially different maximum and minimum clutch 
frequencies within the 13–20 d internesting interval 
time constraint (Table 1) as they could represent 3 or 
4 clutches.  All other internesting periods produced 
a single possible clutch frequency when constrained 
within the 13–20 d internesting interval range.  The 
estimated maximum clutch frequency did not differ 
significantly between years (W = 61.0, P = 0.263; Table 
2) giving a pooled, average clutch frequency value for 
20 turtles of 3.5 ± 0.6 nests (range from 3–5 nests).  
Likewise, the estimated minimum clutch frequency 
did not differ significantly between years (W = 58.5, 
P = 0.307; Table 2) giving a pooled minimum clutch 
frequency for 20 turtles of 3.3 ± 0.6 nests (range from 
3–5 nests) per turtle.

dIscUssIon

Distribution: in-water vs nesting.—The greater 
distribution of turtles towards the south of the bay 
from unbiased, but limited to 450 m from shore, drone 
surveys is in line with other drone surveys results from 
the area (Dickson et al. 2021) and reflects nesting 
density on adjacent beaches with most turtles present in 
the south (Margaritoulis and Rees 2001).  This suggests 
that most turtles remain in waters nearby and somewhat 
perpendicular offshore from where they nest, but 
with some variation likely driven by prevailing winds 
(Dickson et al. 2022).  It is therefore not surprising that 
turtles tracked after nesting on the southern section of 
beach showed residency to hotspots nearby.  Similarly, 
Loggerhead Turtles tracked from Cyprus (Snape et al. 
2018) and Zakynthos (Schofield et al. 2007) were shown 
to predominantly remain within a few kilometers of their 
nesting location suggesting this is a common trait for 
Loggerhead Turtles in the Mediterranean.  Nevertheless, 
we also observed a key exception as the highest density 
of turtles was identified within Kyparissia harbor.  This 
suggests that conditions within the harbor (shallow, 
calm, warm waters) were sufficiently better, supporting 

beneficial behaviors and egg maturation (see below), 
than offshore of the nesting area.

In-water distribution: resident or itinerant.—
Tracking data showed that Loggerhead Turtles nesting 
in Kyparissia Bay were found mainly occupying shallow 
nearshore habitats during their interesting period.  
This is similar to nesting turtles at other locations in 
Greece such as Laganas Bay, Zakynthos (Zbinden et 
al. 2007; Schofield et al. 2007, 2010) and Rethymno, 
Crete (Panagopoulou 2015), and elsewhere in the 
Mediterranean including southwest Turkey (Cerritelli et 
al. 2022) and Alagadi, Cyprus (Snape et al. 2018).  This 
contrasts with Loggerheads from the northwest (NW) 
Indian Ocean, however, where four of 10 tracked turtles 
performed large-scale oceanic loops, up to 300 km away 
from the nesting area (Rees et al. 2010).  Remaining 
nearshore in shallow waters likely enables turtles to 
conserve energy during their breeding season when they 
are generally considered not to be feeding (Bonnet et 
al. 2016).  The shallow waters are warmed more than 
deeper offshore waters, meaning that egg maturation 
between clutches, which is temperature dependent (Sato 
et al. 1998; Hays et al. 2002), can proceed more quickly 
during the limited Mediterranean breeding period.  The 
larger-scale movements out of Kyparissia Bay, made by 
three of the turtles during their breeding period, may 
reflect reduced breeding site fidelity.  In these instances, 
the turtles all returned to Kyparissia Bay within an 11-d 
period, precluding the possibility of nesting elsewhere, 
so the precise purpose and drivers of these movements 
requires further study.

Tracking corroborated the drone surveys by showing 
that Kyparissia harbor was heavily used (20–30% 
of tracked individuals), however the precise number 
of turtles in the Kyparissia  harbor hotspot cannot be 
determined, as some of the turtles were moving during 
the video recording process, and they may be represented 
more than once in the resulting composite image.  
Nevertheless, using data showing that nest numbers at 
Kyparissia Bay are close to 1,400, with an estimated 
clutch frequency of 3.3 to 3.5 per turtle per season, it 
appears that one roughly a quarter of all nesting turtles 
were present in the harbor during the survey.  How the 
turtles learned about the location, by individual chance 
encounter, social facilitation (where naïve turtles follow 
more experienced individuals), or environmental cues, 

Maximum Minimum

Year Mean Standard Deviation Range n Mean Standard Deviation Range n

2019 3.6 0.7 3–5 12 3.4 0.7 3–5 12

2022 3.3 0.5 3–4 8 3.1 0.4 3–4 8

table 2.  Mean, standard deviation, range (minimum and maximum values), and sample size (n) of clutch frequency estimates per year 
restricted to internesting intervals, nest to nest, between 13 and 20 d of Loggerhead Turtle (Caretta caretta) from Kyparissia Bay, Greece.
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remains unknown and a fundamental knowledge gap in 
our understanding of marine turtle behavioral ecology.  
Fortunately, Kyparissia harbor features relatively low 
amounts of boat traffic and is used by only few artisanal 
fishers and no speedboats.  Consequently, there is 
currently relatively little anthropogenic disturbance 
relative to what might exist at a commercial fishing 
harbor, which is an important consideration for 
conservation as boat strikes are a well-reported threat to 
turtles in Greece (Casale et al. 2018).

Revised clutch frequency and implications for 
population size.—Our conservative, revised estimated 
average clutch frequency of 3.3 to 3.5 clutches per turtle 
is similar to but lower than previously reported (3.8 
clutches; Rees et al. 2020).  These values could have 
been affected if we had started tracking turtles after 
their second or later nest of the season (as we assumed 
was the case for the turtles tracked in 2018) and would 
mean that the clutch frequencies we determined would 
be underestimations.  Based on start dates of the nesting 
seasons obtained through intensive monitoring of the 
core nesting area (ARCHELON, unpubl. data), however, 
we are confident that this would be highly improbable 
for our included datasets.  Nevertheless, the clutch 
frequency value in the current study remains above the 
values for Loggerhead Turtles from Cyprus, which at a 
population level is about two clutches per turtle but is 
shown to be about 1.5 clutches for first time nesters and 
nearer to three clutches for re-migrant turtles (Omeyer et 
al. 2021).  The sample of turtles in Greece is likely to be 
a combination of first time and re-migrant turtles, but of 
unknown proportions, and hence we cannot determine 
how that might affect our clutch frequency results.  
Furthermore, our estimated clutch frequency is based on 
turtles nesting at the start of the breeding period, and 
intra-seasonal variation may lead to changes if later 
turtles lay more or fewer clutches.  Despite relatively 
small yearly sample sizes, our results suggest that clutch 
frequency remains stable between seasons, with small 
levels of interannual variation for early-start nesters.  We 
conclude that for Loggerhead Turtles nesting in Greece, 
estimates of the annual number of nesting turtles, based 
on the number of nests, should be calculated using a 
value of at least 3.3 clutches/female.

Conservation implications.—Our results show that 
the marine Natura 2000 site in Kyparissia Bay covers 
a large portion of the key summer habitat used by 
internesting turtles.   Extending the seaward boundary to 
the 50 m isobath (ca. 1 km), however, would incorporate 
the majority of internesting turtle locations and the 
protection measures established therein would further 
benefit turtles.  Given such a well-defined coastal zone 
of high occupancy during the breeding period, it will be 

relatively simple to design more structured conservation 
actions and mandates in future considerations of area 
zonation. 

Kyparissia harbor has been revealed as a potentially 
important summer habitat for internesting turtles and boat 
collisions are only a potential problem to turtles because 
the harbor is currently lightly used and there have been 
no reports of boat strikes (ARCHELON, unpubl. data).  
The situation, however, requires ongoing monitoring to 
confirm continued use of the harbor by large numbers of 
turtles during the summer and any potential changes to 
the type and quantity of boat traffic using the harbor.  If 
boat traffic increases, more defined measures specific to 
the harbor area can be introduced to reduce the potential 
impacts.  Turtle nesting in Kyparissia Bay seems secure, 
with species and habitats currently protected by law, but 
improvements can be made in terms of more concrete 
conservation management plans and improved marine 
habitat delimitation based on our current extensive 
dataset.
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