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a b s t r a c t

Long-term monitoring studies on sea turtles give reliable data on population size and nest density
estimates. In this context, this study provides reliable data about nesting and hatching activities of the
loggerhead turtle on Çıralı Beach based on an eight year (2013–2020) monitoring period. Moreover, the
study evaluates long-term nesting trends over the years 2001–2020. A total of 852 nests with a mean
of 107 nests per season was recorded during 2013–2020 on the Çıralı Beach. A total of 68,443 eggs
were deposited and 41,080 (60%) of them were hatched, and 37,830 of the hatchlings (92%) were able
to reach the sea. The mean clutch size and hatching success were 81.9 eggs and 60%, respectively,
and show interannual variation. The mean incubation duration was 47.4 days, and show similarity
across years. The loggerhead turtle nest tended towards an upward trend over the 20 consecutive
years. Moreover, the current nesting population size of Çıralı loggerhead turtles are estimated as 96
females based on the clutch frequency calculation. This upward trend may raise from the nesting shift
from the Tekirova beach. Çıralı sea turtle conservation activity has an exemplary practice in terms of
supporting the local community with conservation activities during nesting seasons.

© 2021 Elsevier B.V. All rights reserved.
1. Introduction

Biological diversity, generally referred to as species diversity,
s one of the main topics of ecology. The degree and scale of
he risk of extinction in the marine area facing the biodiversity
roblem are poorly characterized (McClenachan et al., 2012).
herefore, conducting species conservation studies are impor-
ant for the conservation of biodiversity in a region. Charismatic
pecies especially present the best scenario regarding the sta-
us of marine biological diversity, and are likely to receive the
reatest support for conservation efforts (McClenachan et al.,
012). The loggerhead turtle (Caretta caretta), one such charis-
atic species, is categorized as ‘‘Vulnerable’’ (VU) globally (Casale
nd Tucker, 2015), while the Mediterranean subpopulation is
ategorized as the ‘‘Least Concern’’ (LC) (Casale, 2015) according
o the International Union for Conservation of Nature (IUCN).

The detailed sea turtle conservation efforts along the Mediter-
anean coast of Turkey began with the determination of the
resence of nesting beaches in 1988. In this report, 17 nesting
eaches were identified for both C. caretta and Chelonia mydas
Baran and Kasparek, 1989). Çıralı Beach was not included among
he 17 nesting beaches due to very low nesting activity (only
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4 emergences were reported). Taking the Tekirova beach, which
is adjacent to the Çıralı Beach, into tourism investments within
the framework of the South Antalya Tourism project, caused the
shifting of the protection and monitoring activities on this beach
to the Çıralı Beach (Oruç et al., 2007). After this, the priority was
given to Çıralı Beach instead of Tekirova, and was reported to
be an important nesting beach in 1994 (Yerli and Demirayak,
1996). From that year to the present, monitoring and protection
activities are carried out regularly every year. However, the last
report was published in 2010, and in this report, data just on 2010
monitoring and protection activities are presented (Durmuş and
Oruç, 2010).

Turkey, as well as Greece, Libya and Cyprus, are the coun-
tries with the densest loggerhead turtle nesting activity in the
Mediterranean, and Turkey has the second most important stock
based on nest numbers (Margaritoulis et al., 2003). It was esti-
mated that the average annual number of loggerhead nest is 1366
nest/season (Margaritoulis et al., 2003). Similarly, Türkozan et al.
(2003) estimated 1267 loggerhead nests (ranging 663–1991) per
season on the Mediterranean coast of Turkey. Another estimation
of loggerhead nests on the Mediterranean coast of Turkey is 2000
nests/season for loggerhead turtle (Canbolat, 2004). Kaska et al.
(2005) estimated 1360–2710 loggerhead turtle nests on Turkish
beaches. It was estimated that loggerhead turtle nest numbers
ranged from 769 to 3521 nests throughout the Mediterranean
coast of Turkey (Türkozan and Kaska, 2010). In the recent review,
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http://www.elsevier.com/locate/rsma
http://www.elsevier.com/locate/rsma
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rsma.2021.101758&domain=pdf
mailto:bektass@gmail.com
mailto:bsonmez@cumhuriyet.edu.tr
https://doi.org/10.1016/j.rsma.2021.101758


B. Sönmez, E. Elginöz, M. Ilgaz et al. Regional Studies in Marine Science 44 (2021) 101758

i
y
5
c
o
d
r
s
(
2

p
p
I
n
l
w
(
p
v
T
p
l
r
e
a
t
w
w
i
b
w
r
p

2

2

t
p
(
(
N
2
e
B
a
l

2

t
d
c
s
t
t
r
b
l
b
r
a

t is stated that an average of 8179 loggerhead turtle nests per
ear are recorded in the entire Mediterranean in the most recent
-year period, and 2822 of them were reported to be on the
oast of Turkey (Casale et al., 2018). Also, besides the number
f nests, the sea turtle conservation studies in Turkey have been
iversified. For instance, the important studies that play a key
ole in the conservation of sea turtles have been carried out on
ex ratio, genetics, predation, nest conservation and morphology
Türkozan and Yılmaz, 2008; Yılmaz et al., 2011; Kılıç and Candan,
014; Sönmez, 2018a, 2019).
The continuous long-term annual monitoring activity is pro-

osed to produce reliable and realistic solutions against special
roblems in all sea turtle nesting beaches (Yalçın Özdilek, 2007).
n addition, population size and nest density estimates that are
ot based on long-term annual monitoring studies may give mis-
eading results (Gerosa et al., 1998), because annual variations in
eather conditions can cause fluctuations in the number of nests
Broderick et al., 2001), which causes a biased calculation of the
opulation. Thus, a long-term and comprehensive study will pro-
ide important contributions to the loggerhead population on the
urkish coast of the Mediterranean. Therefore, this study aimed to
rovide reliable data about nesting and hatching activities of the
oggerhead turtle, including temporal distribution, incubation du-
ation, hatching and nesting success on Çıralı Beach based over an
ight year (2013–2020) monitoring period. Furthermore, it was
imed to evaluate long-term nesting trends and abundance be-
ween the years of 2001–2020. The answers to questions such as
hat percentage of the Mediterranean population it represents,
hether there are any differences in abundance, in nesting time,

n clutch size, in incubation duration and in hatching success will
e provided. Accordingly, the results of the last eight seasons
ill be compared with previous studies and a discussion on their
elative importance and to evaluate their current state will be
rovided.

. Materials and method

.1. Study site

The study site is the Çıralı Beach, which is located within
he borders of the Kemer district of Antalya province. It is ap-
roximately 3.2 km long and its width is between 50–100 m
Fig. 1). Çıralı is also located within the boundaries of Beydağları
Olympos) the Coastal National Park, as well as being a 1st Degree
ature Reserve (Durmuş and Oruç, 2010; Türkozan and Kaska,
010). There is a rock formation in the southern and northern
dges of the beach that borders the beach in both directions. Çıralı
each consists of a low and horizontally stretched low coastal
rea and a sandy high coastal area, gradually rising towards the
and.

.2. Data collection

Data was collected on the nesting ecology of loggerhead tur-
les on Çıralı Beach over eight nesting seasons (2013–2020). The
ata includes number of nests, temporal nesting distribution, in-
ubation duration (ID), hatching success, hatching and hatchling
urvival, and clutch size (CS). The study was conducted from
he end of April to end of September, and the beach was moni-
ored by three people every morning. The nesting emergence was
ecorded, and nest locations were determined from the egg cham-
er using a metal stick. Each nest was excavated 3 or 5 days after
ast hatchling emerged, and the remains examined. The num-
ers of dead hatchlings, dead embryos and unhatched eggs were
ecorded. The dead hatchling free of the eggshell was considered
s hatched and recorded as a dead hatchling. Dead hatchlings
2

Fig. 1. The location of the Çıralı Beach on the Turkish coast (highlighted area
with the circle shows the survey location).

that had pipped but had not emerged from the eggshell were
considered as dead embryos (Matsuzawa et al., 2002). The CS was
determined by counting the number of unhatched eggs (including
dead embryos) and hatched eggs. The success of reaching the sea
of the hatchlings were counted daily with the tracks emanating
from nests, and the numbers of hatchlings reaching the sea were
determined. The hatching success was calculated as a percentage
of the hatched egg number to clutch size. Nest density was
calculated as the ratio of the total number of nests to the beach
length. The ID of nests was calculated as the time between the
day the egg was laid and the day the first hatchlings emerged.
Moreover, the number of nests from 2001 to 2020 was compiled
to evaluate relative changes in nesting numbers over the years,
derived from previously collected and/or published data.

The number of nesting females based on clutch frequency
(CF) was calculated with the three different studies previously
published in the Mediterranean, because no published data on the
clutch frequency of the loggerheads nesting in Çıralı Beach are
available. Firstly, the number of females were estimated based
on the observed clutch frequency (OCF) proposed by Baran and
Türkozan (1996) for the Fethiye nesting beach in Turkey (OCF-1).
They estimated that mean CF is 1.4 nests per female, and ranging
from 1 to 3. Secondly, the number of females were estimated
with the OCF proposed by the Broderick et al. (2002) for the
Alagadi beach in Cyprus (OCF-2). They estimated that the mean
CF is 1.8 nests per female, and ranging between 1.5 and 2.1.
Lastly, the number of females were estimated with the estimated
clutch frequency (ECF) proposed by the Rees et al. (2020) for
Kyparissia Bay in Greece. They estimated that the mean CF is
3.8 nests per female, and ranging from 2 to 5. Further to the
mentioned above CF values, the remigration interval (RI) was
considered as 2 years for the populations in the Mediterranean
region (Broderick et al., 2002). Thus, the total nesting female
numbers (FN) were calculated with the following formula:

FN = Total Nest Number/CF ∗ (Total Years/RI)

The current female numbers (CFN) in the last two nesting
seasons (2019 and 2020) were calculated following formula;

CFN = (Mean Nest Number/CF ) ∗ RI
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Fig. 2. The temporal distributions of loggerhead turtle nests and emergence of hatchlings on Çıralı Beach during the 2013–2020 nesting seasons.
o
d
a

Decimal fractions have been rounded up one number for both
calculations.

2.3. Statistical analysis

The nesting data were not normally distributed in accordance
ith Levene’s and Kolmogorov–Smirnov tests (p < 0.05). There-

ore, non-parametric tests were used. The mean CS, hatching suc-
ess and ID across years were compared with the Kruskal–Wallis
test in the IBM SPSS Statistics 20 software program.
The trend analysis for the nest numbers across the years were

erformed by means of nonparametric, and the non-seasonal
ann–Kendall Trend test (Hipel and McLeod, 1994). The Mann–
endall trend test has been used in the long-term examination
f sea turtles (da Silva et al., 2007; Marcovaldi et al., 2007;
önmez, 2018b, 2019). In addition, the Theil–Sen regression and
5% confidence intervals were used to predict the regression
onstants based on the Mann–Kendall Trend test and Kendall cor-
elation coefficient (Sen, 1968). The Mann–Kendall test is based
n the calculation of Kendall’s tau measure of association be-
ween two samples, which is based on the ranks within samples.
he computations assume that the observations are indepen-
ent and data are randomly ordered. However, the existence of
ositive autocorrelation in the data increases the probability of
etecting trends when actually no trends exist or vice versa.
utocorrelation is the similarity of a time series over successive
ime intervals. It can lead to underestimation of the standard
rror and predictors can appear as significant when they are not.
he presence of autocorrelation in the residuals of the regression
odels was tested using the Durbin–Watson statistic. The trend

est was carried out using the XLSTAT 2018 statistical software
Addinsoft, NY, USA). All means are presented with ± SD and
in–max.

. Results

.1. Nesting activity

In total, 1750 loggerhead turtle emergences were recorded,
ith 852 (48.7%) resulting in nesting during the 2013–2020 nest-
ng seasons. The mean number of nestings were 107, ranged from

3

75 to 151 nests, and the mean nest density was 33.3 nests km−1

and ranged from 23.4 to 47.2 nests km−1. The temporal distri-
bution of the loggerhead turtle nests during 8 nesting seasons is
shown in Fig. 2. The peak of nesting occurs from the last half of
June (15–30 June) to the first half of July (1–15 July), and covered
54% of the total nestings. The first nest recorded was on April
29, 2018, and the last nest was recorded on 13 August 2017. The
mean duration of the nesting period from first to last nesting was
83 days ranging from 76 days to 102 days. The temporal distri-
bution of emergence of hatchlings during the 8 nesting seasons
is shown in Fig. 2. The peak of hatchling emergences occurred in
August and covered 61% of the total. The first hatchlings emerged
on 26 June in the 2018 nesting season, and the last hatchlings
occurred on 26 September in the 2017 nesting season. The mean
hatching period was 67 days ranging from 56 days to 83 days.

A total of 68,443 eggs were deposited in 836 excavated logger-
head turtle nests, with a mean clutch size of 82 ±19.8 eggs. The
maximum clutch size was 153 eggs in 2017, and the minimum
clutch size was 10 eggs in 2014. Of these, 13,037 (19.1%) were
found as dead embryos and 14,326 (20.2%) as unhatched eggs. Of
the total eggs, 41,080 (a hatching success of 60%) were produced
hatchlings, 37,830 of which (92%) were able to reach the sea.
In addition, the total number of hatchlings reaching the sea as
a percentage of the total egg numbers was 55.3%. Interannual
variations of the CS, hatching success and survival are shown
in Table 1. The mean clutch size showed differences among the
years (Chi-Square = 35.615, df = 7, p = 0.001), and the years
f 2017 and 2018 have a higher mean clutch size (see Table 1 for
etails). In addition, the hatching success rate showed differences
mong the years (Chi-Square = 85.577, df = 7, p = 0.001). This

difference is due to the years 2016, 2018, 2019 and 2020 having
lower hatching success rates (see Table 1 for details).

The ID of 706 nests was calculated in total, except for the 2013
nesting season. The overall mean ID was 47.4 (±4.24) days. The
maximum ID was 74 days in 2018, and the minimum ID was
41 days in 2014, 2015 and 2020 nesting seasons. The mean ID
showed similarity across the years (P > 0.005), and interannual
variation of ID with a 95% confidence interval is shown in Fig. 3.
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able 1
nterannual variations of hatching success and hatchling survival of loggerhead turtle on Çıralı Beach between 2013–2020 nesting seasons.
Nesting
seasons

n Total egg
number

Mean clutch
size

Dead
Embryo

Unhatched
eggs

Hatched
eggs

Dead
hatchlings

Hatchlings
reach to the sea

Hatching
success (%)

2013 102 7911 77.5 839 1261 5811 356 5455 73.5
2014 87 6609 76 969 1107 4533 227 4306 68.5
2015 104 8451 81.2 1260 1294 5897 266 5631 89.8
2016 136 11195 82.3 2770 3013 5412 378 5034 48.3
2017 75 6855 91.4 1228 1044 4583 322 4261 67
2018 151 12696 85.7 2630 2505 7561 899 6662 59.6
2019 84 7005 83.3 1511 1840 3654 350 3304 52.2
2020 100 7721 77.2 1830 2262 3629 452 3177 47

Total 836 68443 82 13037 14326 41080 3250 37830 60
Fig. 3. Interannual variation of loggerhead turtle incubation duration on Çıralı
each during a 7 year period (95% confidence interval in error-bar plot).

.2. Nesting trend and abundance

A total of 1811 loggerhead turtle nests were recorded dur-
ng 20 consecutive years, with a mean of 90.5 nests per year
n the Çıralı Beach. Interannual variations in the nest numbers
re shown in Table 2. The number of nests showed an annual
luctuation, which ranged from a minimum of 27 nests in 2002, to
maximum of 151 nests in 2018, with a difference of 459.2%. The
urbin–Watson test showed no autocorrelation for nest numbers
n the residuals (U = 3.3078, P = 0.999). The nest numbers in 20
onsecutive years showed an upward trend (Fig. 4) (Kendall’s tau
0.3704, n = 20, p = 0.025), and was also supported by Sen’s

slope (Sen’s slope = 2.0263, 95% confidence intervals −15.5 to
8.7).
The estimated numbers of females according to nesting sea-

ons are shown in Table 2. The highest number of females in
verall years was estimated by OCF-1 at 1344, followed by OCF-2
ith 1045 females and ECF with 495 females. Thus, the average
umber of females nesting in Çıralı Beach is estimated to be
35 females by OCF-1, 105 females by OCF-2 and 50 females by
CF, with the overall mean being 97 females. The current female
umber on Çıralı Beach was estimated by OCF-1 with 133 females
being the highest), followed by OCF-2 with 104 females and ECF
ith 49 females, and with a mean of 96 females. The estimated
opulation size of nesting female in the current year (2019–2020)
nd overall years (2001–2020) are similar. The temporal variation
f the estimated number of nesting females based on three CF
alues is given in Fig. 5. Although the CF values were for the
esting loggerhead turtle in the Mediterranean, they estimated
ifferent numbers of females. OCF-1 estimated the maximum
umber of nesting female across the years, and ECF estimated the

inimum amount of nesting females.

4

Fig. 4. The temporal trend in the number of loggerhead turtle nests over 20
consecutive years on the Çıralı Beach (Dashed line is Theil–Sen trend line).

Fig. 5. The temporal change in the estimated number of nesting female log-
gerhead turtles based on three clutch frequency estimations over the years on
Çıralı Beach.

4. Discussion

Previous studies indicated that the mean number of the nest
for Çıralı Beach is 51 with a nesting density of the 16 nests
km−1 between 1994–2006 (Oruç et al., 2007; Türkozan and Kaska,
2010). In addition, in the most recent 5 year period (2006–2010),
the mean nest numbers is 86 with a nesting density of the 26
nests km−1 (Oruç et al., 2007; Türkozan and Kaska, 2010). As a
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he number of nests recorded over the years and the estimated number of females based on different clutch frequency studies in the Mediterranean region (the
lutch frequency methods are given in material and methods, OCF = observed clutch frequency, ECF = estimated clutch frequency).
Years Nest numberReference The estimated number of nesting females based on clutch frequency in different studies

OCF-1 Max–Min OCF-2 Max–Min ECF Max–
Min

2001 61a 43.6 61.0–20.3 33.9 40.7–29.0 16.1 30.5–12.2
2002 27a 19.3 27.0–9.0 15.0 18.0–12.9 7.1 13.5–5.4
2003 89a 63.6 89.0–29.7 49.4 59.3–42.4 23.4 44.5–17.8
2004 86a 61.4 86.0–28.7 47.8 57.3–41.0 22.6 43.0–17.2
2005 58a 41.4 58.0–19.3 32.2 38.7–27.6 15.3 29.0-11.6
2006 96a 68.6 96.0–32.0 53.3 64.0–45.7 25.3 48.0–19.2
2007 105a 75.0 105.0–35.0 58.3 70.0–50.0 27.6 52.5–21.0
2008 79b 56.4 79.0–26.3 43.9 52.7–37.6 20.8 39.5–15.8
2009 102b 72.9 102.0–34.0 56.7 68.0–48.6 26.8 51.0–20.4
2010 76b 54.3 76.0–25.3 42.2 50.7–36.2 20.0 38.0–15.2
2011 98c 70.0 98.0–32.7 54.4 65.3–46.7 25.8 49.0-19.6
2012 82c 58.6 82.0–27.3 45.6 54.7–39.0 21.6 41.0–16.4
2013 102* 72.9 102.0–34.0 56.7 68.0–48.6 26.8 51.0–20.4
2014 91* 65.0 91.0–30.3 50.6 60.7–43.3 23.9 45.5–18.2
2015 106* 75.7 106.0–35.3 58.9 70.7–50.5 27.9 53.0–21.2
2016 141* 100.7 141.0–47.0 78.3 94.0–67.1 37.1 70.5–28.2
2017 75* 53.6 75.0–25.0 41.7 50.0–35.7 19.7 37.5-15.0
2018 151* 107.9 151.0–50.3 83.9 100.7–71.9 39.7 75.5–30.2
2019 86* 61.4 86.0–28.7 47.8 57.3–41.0 22.6 43.0-17.2
2020 100* 71.4 100.0–33.3 55.6 66.7–47.6 26.3 50.0–20.0

aOruç et al. (2007).
bDurmuş and Oruç (2010).
cUnpublished report that prepared by the Ulupınar Environmental Protection, Development and Administration Cooperative
*This study.
result of these nest densities and nest numbers, Çıralı Beach has
been classified as a moderately dense beach (Casale et al., 2018).
The fact that the average number of nests in the last eight nesting
seasons (2013–2020) in the present study is 107 nests indicates
that the Çıralı Beach should be classified as having high nesting
activity. This is because Casale et al. (2018) classified nesting
beaches based on the number of nests, and stated that a beach
with an average number of nests between 100–300 nests year−1

hould be classified as having high nesting activity.
The mean number of nests for loggerhead turtles ranged be-

ween 5031 and 8179 nests/season for the whole of the Mediter-
anean, and 1267 and 2822 nests/season for Turkish coasts (see
ntroduction for details) (Margaritoulis et al., 2003; Türkozan
t al., 2003; Canbolat, 2004; Casale et al., 2018). The 8 years mean
umber of nests in Çıralı Beach represent the total loggerhead
urtle nests in the Mediterranean at rates ranging from 1.3% to
.1% with a mean of 1.7%, whereas this value ranges between 3.8%
nd 8.5% with a mean of 6.4% for Turkey’s coasts. Canbolat (2004)
ndicated that the Çıralı Beach has 1.7% relative importance of sea
urtle nesting beaches in Turkey according to percentage nesting
alues. The current nest numbers and the apparent long-term
pward trend of the Çıralı population increases the claim that this
s an important loggerhead turtle nesting beach.

Reported average nest numbers shows variation among stud-
es, both in the Mediterranean and in the Turkey. Casale et al.
2018) stated that the average number of nests they reported
hould be considered as a minimum because nesting also occurs
n other non-monitored nesting sites, and these are non-reported
ests. In this way, the monitoring of nesting beaches and reports
f nests are important. It is inevitable that these actual results will
ontribute to priorities of site specific protection, management
uch as relocating and/or hatchery localities, reproductive output,
redation and beach management programs; because a nesting
each has its own problems that threaten sea turtles. For exam-
le, while the exposure of flooding of nests on Samandag beach is
he main problem (Sönmez and Yalçın-Özdilek, 2013), mammal
redation causes less problems (Sönmez, 2018a). In contrast,
ammal predation is the main problem while flooding is not
5

with Dalyan nesting beach in Turkey’s western Mediterranean
(Türkozan and Yılmaz, 2008).

The temporal distribution of nests is compatible with the
previous studies in Turkey and Cyprus (Broderick and Godley,
1996; Türkozan and Yılmaz, 2008). Broderick and Godley (1996)
reported that the first nest was recorded on 24 May 1995, and the
last nest on 19 August 1995 in Cyprus. Furthermore, Margaritoulis
(2005) reported the earliest and the latest nest records as 19
May 2001 and 14 September 1984, respectively for Zakynthos
Island, Greece. Türkozan and Yılmaz (2008) gives the earliest
nest as 5 May 2004, and the last nest on 15 August 2005 for
Dalyan, Turkey. These results show that nesting in Turkey starts
and finishes earlier than in Cyprus and Greece. The mean nesting
period in Çıralı Beach has a longer period from Cyprus with 79
days (Broderick and Godley, 1996), but shorter than Greece with
87 days (Margaritoulis, 2005) and Fethiye with 95 days (Türkozan
and Yılmaz, 2008). The fact that Çıralı Beach is the earliest nesting
beach may have been a response to climate change over time,
and thus they may have started nesting earlier. Mazaris et al.
(2009) stated that the warmer the sea surface temperature (SST)
on the foraging grounds in the Mediterranean triggered an earlier
start of nesting in loggerhead turtles. Considering that the nearest
possible foraging ground to Çıralı Beach is Fethiye Göcek Special
Protection Area (approximately 200 km westward) (Baskale et al.,
2018), this may be possible. Moreover, it was reported that the
projected rise in air and ocean temperature could cause the
nesting season of the loggerhead turtle to shift to an earlier date
by as much as 50 to 74 days in the Mediterranean by the year
2100 (Patel et al., 2016).

The CS ranges between 70 and 129.1 eggs for the loggerhead
turtle in the Mediterranean, including Turkish, Greek, Cypriot
and Lebanese nesting populations (Baran and Türkozan, 1996;
Broderick and Godley, 1996; Newbury et al., 2002; Margaritoulis
et al., 2003; Margaritoulis, 2005; Türkozan and Yılmaz, 2008). The
Çıralı Beach has smaller CS than the Greek populations, i.e. 116.5
eggs for Laganas Bay (Margaritoulis, 2005) and 129.1 eggs for
Lakonikos Bay (Margaritoulis et al., 2003). It is seen that the Çıralı
nesting population has a middle range CS for the Mediterranean.
This may be related to differing migration and foraging areas of
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he nesting females. Also, considering that the CS and nesting
emale body size is positively related with each other for Mediter-
anean loggerhead turtles (Hays and Speakman, 1992), it is seen
hat the nesting female body size of Çıralı Beach has a medium
ody size.
The mean hatching success was reported as 71.5% in La-

anas Bay, Greece (Margaritoulis, 2005), 79.1% in Northern Cyprus
Broderick and Godley, 1996), 61.7% in Dalyan, Turkey (Türkozan
nd Yılmaz, 2008), and 68.4% in Fethiye, Turkey (Baran and
ürkozan, 1996). The hatching success rate of Çıralı Beach is lower
han these beaches mentioned above. The sea turtle embryo
an be effected from the micro-environmental condition of the
est during incubation. For instance, saltwater and freshwater
xposure of the nest for more than 6 hours can lead to embryonic
ortality (Limpus et al., 2020), which means higher mortality

esulting as the nest moisture content increases (McGehee, 1990).
urthermore, incubation temperature can affect the mortality
ates of the embryos. The higher dead embryos rate was related
o maximum incubation temperatures (Kobayashi et al., 2017).
here is no available information on the micro-environmental
onditions and nest temperatures of nests for Çıralı Beach, neither
n this present study nor in previous studies.

The ID showed a variation over the nesting beaches on the
editerranean, where all of them have a higher ID than Çıralı
esting beach. It was reported that the mean ID for Cyprus is 48
ays (Broderick and Godley, 1996) and 55.2 days for Laganas Bay
Margaritoulis, 2005), 52.1 days for Lakonikos Bay (Margaritoulis
t al., 2003), 52.3 days for Dalyan (Türkozan and Yılmaz, 2008),
5 days for Fethiye (Baran and Türkozan, 1996) and 50.8 days for
öksu Delta (Candan, 2018). Different temperature profiles and
and features of each nesting beach may have caused variations
n ID. Considering that ID and nest temperature are negatively
orrelated (Mrosovsky and Yntema, 1980), and ID can be used as
n index in the sex ratio of hatchlings (Marcovaldi et al., 1997),
t can be said that Çıralı Beach produces a higher rate of female
atchlings. Furthermore, the mean ID of Çıralı Beach is well below
he pivotal incubation duration of 59.2 days for loggerhead turtles
n the Mediterranean (Godley et al., 2001).

Contrary to the upward trend in the number of nests on Çıralı
each, a downward trend was reported for Fethiye nesting beach,
urkey (Ilgaz et al., 2007), and also for Florida, USA (Witherington
t al., 2009). On the other hand, in another study, the numbers
f nests over a 19-year period showed neither an upward nor a
ownward trend for Dalyan nesting beach in Turkey (Türkozan
nd Yılmaz, 2008). Moreover, Margaritoulis (2005) reported no
inear trend over the 19 years in Laganas Bay, Greece. The recent
UCN Red List assessment of the Mediterranean subpopulation
eported an increasing trend for the loggerhead turtle (Casale,
015). This may be a result of long-term conservation activities.
s a result of these activities, the 459% fluctuation over 20 years
n Çıralı Beach is the highest observed in the region. For instance,
401% fluctuation over 19 years for Dalyan nesting beach was

eported (Türkozan and Yılmaz, 2008), a 229% fluctuation over
3 years for Fethiye beach (Ilgaz et al., 2007), and a 224% fluc-
uation over 17 years in Kyparissia Bay (Margaritoulis and Rees,
001). Casale et al. (2018) stated that, compared to before and
fter 2000, the highest change in the mean number of loggerhead
urtle nests in the Mediterranean was in Belek beach with 392%.
n the same study, mean nest number change was given as 95% for
he Çıralı Beach. However, this rate of change may not reflect the
eal value because the conservation studies on the Çıralı Beach
efore 2000 were generally carried out to determine the number
f nests in June. After the year 2001, the conservation studies that
ontinue until today are conducted with a same period and by the
ame team.
The overall nesting female numbers (2001–2020) and current

esting female numbers (2019–2020) are similar; this similarity
6

may indicate that the number of turtles nesting on Çıralı Beach
has remained stable over the years or the natality and mortality
rate are close to the each other. There might be several expla-
nation on how nest numbers are showing an increasing trend
when numbers of nesting female remaining. Firstly, it can be
that the CF per female in the Çıralı population may have tended
to increase over time or the inter-nesting interval shortened.
This can be supported with the earliest nestings occurring on
Çıralı Beach. This situation can be attributed to SST due to global
climate change. It was stated that higher SST may have induced
earlier onset of vitellogenesis (Mazaris et al., 2008), and trig-
gered an earlier start of nesting in loggerhead turtles (Mazaris
et al., 2009). Secondly, the increase in CF may be linked to the
decrease in CS. The clutches may become smaller but they may
have become more numerous, because the Çıralı population has
a smaller CS compared to most other nesting beaches in the
Mediterranean. The final explantation could be a nesting shift
over time between the Tekirova and Çıralı Beaches, which are
close to each other. Following the implementation of the South
Antalya Tourism project at Tekirova, the nesting activity may
have shifted to the Çıralı Beach over time. Similarly, the possible
nesting shift was reported by the Türkozan and Yılmaz (2008)
for the loggerhead turtle between Dalyan and Fethiye nesting
beaches, which are also close to each other

4.1. Implications for conservation and management

It was found that the nesting and hatching periods on Çıralı
Beach are earlier than many other nesting beaches. This situation
could be a response to global climate change. In the near future, it
is strongly recommended to investigate the relationship between
the loggerhead turtle nesting phenology and climate change on
Çıralı Beach. Although the number of nests in Çıralı Beach has
increased, hatching success is lower than many other beaches.
In this context, protection measures such as relocation of nests
at risky areas where there is low hatching success should be
taken to increase the hatchling production of nests. Therefore, it
is recommended to carry out spatial analysis of hatching success
rates throughout the nesting beach, relocation of the nests, or
establishing of a hatchery in areas with the higher hatchling
production.

The fact that the nesting population of Çıralı has a mid-range
clutch size may be related to body size of nesting females. It
is recommend that the relationship between morphology, i.e
carapace size and reproductive output of Çıralı nesting population
should be investigated in the near future. The shorter ID in
Çıralı beach may both increase embryonic mortality and affect
the sex ratio and locomotor performance of the hatchlings (Kılıç
and Candan, 2014; Reboul et al., 2021). Moreover, considering
that shorter ID is associated with higher nest temperature, it
is inevitable that it will threaten loggerhead turtle populations.
Reboul et al. (2021) reported the positive effect of artificial and
natural shading on green turtle hatchlings against rising atmo-
spheric temperatures on the island of Regand, Malaysia. It is
recommended to firstly investigate the temperature profiles of
the nests, and according to the result, to discuss whether protec-
tion measures such as natural or artificial shading are necessary.
The increasing trend in the number of nests may bring with it
density-related problems such as nest infection (Fish et al., 2008)
and destruction of nests by co-specifics (Limpus et al., 2003) in
the future. Perhaps new studies can be designed to determine the
carrying capacity of Çıralı Beach.

Çıralı Beach is an important touristic area, and therefore,
brings some problems such as uncontrolled tourist activities.
Thus, effective conservation and management of nesting beaches
are not easy, mainly because of the complex relationship between
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he biology of sea turtles, socio-economic factors and political
nterests. It is also possible to encounter some problems such
s light pollution, sunbeds and umbrellas, and evening boat
ours (especially at full moon time) that threaten sea turtles of
ıralı. Thus, raising awareness and training activities for local and
oreign tourists should be provided during the nesting season. In
articular, long term and sustainability is the most important fac-
or. Thus, it is recommended that conservation studies continue
nd are supported within this framework.

onclusion

The Çıralı Beach has high nesting activity, and contributes to
he nesting populations of the Mediterranean by 1.7%, and by
.4% to the Turkish nesting population. In addition, nesting period
arlier on Çıralı Beach, as well as hatchling emergence time.
There is lower hatchings success, hence higher unhatched

ggs, and a shorter ID on Çıralı Beach. This could have an impact
n sex ratios as well as a negative impact on embryonic mortality.
esides this, the nest number on the Çıralı Beach showed an
pward trend between 2001 and 2020. The last, but important
onclusion is that Çıralı have an successfully implemented log-
erhead turtle conservation activities within the triangle of NGOs,
ocal community and Government. This latest report for Çıralı
each will not only contribute to the Mediterranean popula-
ion, but also contribute to the future management plans and
onservation strategies of Çıralı Beach.
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