Zoological Studies 57: 53 (2018)
doi:10.6620/2S.2018.57-53

Zoological
Studies

Sixteen Year (2002-2017) Record of Sea Turtle Strandings on Samandag
Beach, the Eastern Mediterranean Coast of Turkey

Bektas S6nmez

Cumbhuriyet University, Sugehri Timur Karabal Vocational Training School, 58600, Susehri, SIVAS, Turkey

(Received 10 April 2018; Accepted 2 October 2018; Published 19 November 2018; Communicated by Benny K.K. Chan)

Citation: Sénmez B. 2018. Sixteen year (2002-2017) record of sea turtle strandings on Samandag Beach, the eastern Mediterranean

coast of Turkey. Zool Stud 57:53. doi:10.6620/ZS.2018.57-53.

Bektas Sonmez (2018) Data on stranded sea turtles allow us to obtain information about age classes, temporal
and spatial distributions, and mortality rates in turtles. This study aims to investigate life stages, temporal
variation in the number of stranded, body size trend, causes of stranding, and scute deviation of stranded
sea turtles on Samandag Beach, the eastern Mediterranean coast of Turkey during 2002-2017. A total of 302
stranded dead turtles were found. Among these, 167 (55.4%) of them were Chelonia mydas, 127 (42%) Caretta
caretta, 2 (0.6%) Trionyx triunguis, and 6 individuals (2%) were unidentified. The mean annual stranding values
over the years were 10.5 (ranging from 6 to 22) and 7.9 individuals (ranging from 4 to 21) for C. mydas and
C. caretta, respectively. Although the adult green turtles were less stranded, sub-adult and adult stages of the
loggerhead turtles were intensively stranded. As the body size of the stranded green turtle has slightly increased,
the number of stranded green turtles has decreased over the years. Stranding of loggerhead turtles showed no
trend in frequency or body size. The causes of death showed significant differences between the two species as
well as among the years. Fishing activities and marine pollution is the main cause of strandings on Samandag
Beach. Oceanic and sub-adult stage individuals were stranded in especially high numbers due to plastic
materials. Adult stages in both sea turtle have less carapacial scute deviation. The present study contributes to
the stranded data for both sea turtle species in the Mediterranean. Natal origins of the stranded sea turtles on
Samandag Beach should be investigated and a stranding network system should be urgently established.
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BACKGROUND

Three species of sea turtles are commonly
found in the Mediterranean Sea (Tirkozan and
Kaska 2010): the loggerhead sea turtle (Caretta
caretta), green sea turtle (Chelonia mydas), and
leatherback sea turtle (Dermochelys coriacea),
which is considered as a visitor species from the
Atlantic Ocean (Candan and Canbolat 2018). The
most abundant species in the Mediterranean is the
loggerhead and its main nesting areas are Greece,
Turkey, Cyprus, and Libya (Canbolat 2004; Casale
and Margaritoulis 2010) and main feeding grounds

are North Africa and the Adriatic coast (Casale and
Margaritoulis 2010; Stokes et al. 2015). The main
nesting areas of the green sea turtle are Turkey,
Cyprus, and Syria (Canbolat 2004; Casale and
Margaritoulis 2010) and the main feeding areas are
mainly in the eastern Mediterranean and coast of
Libya (Casale and Margaritoulis 2010; Stokes et
al. 2015). The total number of the loggerhead and
green sea turtle nests on Mediterranean coasts
is estimated be approximately 7200 and 1500,
respectively (Casale and Margaritoulis 2010).
Approximately 30% and 83% of these nests are
recorded on coasts of Turkey for the loggerhead
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and the green turtle, respectively (Turkozan et al.
2013). According to the International Union for
Conservation of Nature (IUCN) Red List criteria,
the Mediterranean subpopulations of the green sea
turtle and the loggerhead sea turtle are categorized
as under Endangered (EN) and Least Concern (LC)
categories, respectively (Seminoff 2004; Casale
2015).

Identification of habitats for endangered
species is crucial in maintaining habitat sustai-
nability. Protecting nesting beaches has been a
priority because successful nests increase the
population, but identifying feeding, mating and
wintering habitats in terms of the number of sub-
adult and adult populations (within biologically safe
boundaries) is also important to protecting these
species (Bjorndal 1997). Our knowledge about sea
turtles in Turkey is mostly limited to nesting female
populations and reproductive outputs. There is little
research on biology, habitat use, and threatening
factors in marine habitats. Fishery bycatch is one
of the most important factors affecting the sea
turtle life history, and bycatch rate is very high
in the Mediterranean (Casale 2011). Snape et
al. (2013) estimated that 1000 sea turtles were
caught by fisheries in the eastern Mediterranean,
and they reported that about 60% of them died.
A high sea turtle bycatch rate by bottom trawlers
was reported from the eastern Mediterranean of
Turkey (Orug 2001). In total, 466 green turtles and
142 loggerhead turtles were bycatch by trawling
nets between Mersin and Iskenderun (Turkey)
during trawling season between 1995 and 1997
(Orug 2001). Sub-adults made up 81% of these
and total lengths were 30-60 cm (Orug¢ 2001). A
similar result was also detected on Samandag
Beach, where 22 green turtles and 3 loggerhead
turtles were stranded in the 2002 nesting season
and curved carapace length (CCL) values ranged
between 23.5 and 80 cm (mean 40.6 cm) (Yalgin-
Ozdilek and Aureggi 2006).

Data on stranded sea turtles were also
reported for nesting beaches of the eastern
Mediterranean coast of Turkey. It was reported
that 128 green turtles and 142 loggerhead turtles
stranded on 10 nesting beaches between 2002
and 2009 (Turkozan et al. 2013). There were
139 stranded sea turtles (102 loggerhead and
37 green turtles) between 2000 and 2016 on
Fethiye Gocek Specially Protected Area in west
Mediterranean coast of Turkey (Baskale et al.
2018). Most of the stranded loggerheads were
assumed to be adults, whereas most of the
stranded green turtles were assumed to be sub-
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adults (Baskale et al. 2018). Key information
about the life stages, seasonal distributions, and
geographical ranges of sea turtles can be obtained
in stranded sea turtles on beaches (Chaloupka
et al. 2008; Casale et al. 2010). Moreover, the
natal origin of sea turtles can be estimated with
information obtained from stranded sea turtles
(Turkozan et al. 2018). Strandings can also
provide preliminary information for conservation
planning, management, and marine habitats of sea
turtles and where should be regarded for future
management plans. Previous studies on stranding
sea turtles on Samandag Beach was performed by
Yalgin Ozdilek and Aureggi (2006) and Tirkozan
et al. (2013). However, these studies reported only
some descriptive information about stranding sea
turtles. Therefore, this study aimed to examine
5 different topics: (1) life stages of stranded sea
turtles, (2) temporal frequency variation trend
of stranded sea turtles over the years, (3) body
size trend of stranded sea turtles over the years,
(4) cause of stranding and (5) scute deviation
in different life stages of stranded sea turtles on
Samandag Beach in Turkey.

MATERIALS AND METHODS
Study area

Stranding data were collected on Samandag
Beach (36°07'N, 35°55'E) located on the eastern
Mediterranean coast of Turkey during the 2002-
2017 nesting seasons (Fig. 1). The nesting season
begins in the middle of May and ends in the middle
of October on Samandag Beach. Samandag
Beach is approximately 14 km long; extending from
the Cevlik Port in the north to Sabca Promontory
in the south. Samandag has a fishing port with
numerous boats, are mainly for fishing, near the
north and south end of the beach. Primary fishing
methods are bottom trawl, purse seiner, and using
small fishing boats (< 12 meters).

Data collection

Stranding data were collected with a roughly
equal effort (3-5 people for each year) during
monitoring and conservation projects of the sea
turtles through direct observations in each year,
for a total of 16 years (from 2002-2017). The
data collection time in each year was equal and
completed between April and October (215 days).
An information recording form was created and
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filled out by a research team for each individual.
Life stage was assessed in 3 stages -
oceanic, sub-adult, and adult - based on curved
carapace length (CCL) measurements. The
loggerhead turtles with CCL < 30 cm were
assumed to be in the oceanic stage and less
than 4 years old (Casale et al. 2010). Moreover,
individuals with CCL = 70 cm were considered
adults (Casale et al. 2005; Turkozan et al. 2013).
The sub-adult stage was assumed to be between
30 and 70 cm. The hatchling green turtles have
an oceanic existence and begin to exhibit benthic
foraging at the age of 3-5 years (Reich et al.
2007), and CCL values < 31.5 cm represented

28
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an oceanic stage (Tlrkozan et al. 2013). The
individuals with CCL = 85 cm were considered as
adults stage (Turkozan et al. 2013). The sub-adult
stage was assumed to be between 31.5 and 85
cm. In addition, stranded non-sea turtles were also
recorded.

Straight carapace length (SCL) and width
(SCW), curved carapace length (CCL) and
width (CCW) of each sea turtle were measured
and recorded. A caliper was used for linear
measurements in SCL and SCW. CCL and CCW
values were detected using a tape measure. Data
on species, sex, cause of death, the stranded
area, life stages, and scute patterns (if possible)
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Fig. 1. Map of the study area (highlight shows survey area).
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were recorded. Sex of the stranded sea turtles
was determined by the tail length and the number
of nails on the front flippers. Carapace scute
patterns were determined, if possible, before
necropsy for both species of stranded sea turtles.
The most common (normal) scute pattern arises
from 5 vertebrals, 4 pairs of costals and 11 pairs of
marginals for green turtles and 5 vertebrals, 5 pairs
of costals, and 12 pairs of marginals for loggerhead
turtles (Suganuma et al. 1994; Tirkozan et al.
2001; Ozdemir and Tirkozan 2006; Ergene et al.
2011; Sénmez et al. 2011). This scute pattern is the
same for each sea turtle species in all individuals
from hatchlings to adults, but individual variations
in scutation can be observed (Mast and Carr 1989)
in all life stages (Suganuma et al. 1994; Ergene
et al. 2011). Scute deviation was determined by
observing each individual's normal scute patterns.
Depending on the presence or absence of scute
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deviation, the trait was classified as either 1 or
0, respectively. Also, the presence or absence of
scute deviation was classified according to their
life stages for both stranded sea turtles, in order to
the test any differences among the life stages.
Causes of death in sea turtles were
determined through a necropsy. When the
necropsy was not available or not required,
the cause of death was determined by a direct
observation. Hooks and other materials were
carefully removed from the mouth, esophagus,
and intestines. The causes of death in sea turtles
were categorized as follows: (1) fishing activities
(e.g., hook in jaws, mouth, esophagus, stomach or
intestinal, gillnet fishing gear in cloaca or mouth)
(Fig. 2a); (2) marine pollution (e.g., entanglement
in rope and net, cloth sack or nylon bag and
presence of these substances in the digestive
system) (Fig. 2b); (3) intentional killing (killed by

Fig. 2. Representative photos of different case of deaths (a: gillnet fishing gear in mouth, b: entanglement in nylon bag and presence
of plastic in the digestive system, c: intentional killing (head trauma), d: hit by marine vehicle, e: jackal predation).
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heavy objects, specifically by hits on head) (Fig.
2c); (4) hit by marine vehicle (fishing boat, cargo
ship, and speedboat) (Fig. 2d); (5) predation
(jackal or dog predation on the beach) (Fig. 2e).
Although fishing nets, net fragments, and ropes
could be used for fishing activities, such debris
was considered as marine pollution in the present
study. Moreover, entanglement and ingestion of
them were also considered as marine pollution
(Plotkin and Amos 1990). However, hooks in the
jaw, mouth, esophagus, stomach or intestinal
system were regarded as a fishing activity.
Representative photos of the different cases of
deaths described above is shown in figure 2.

Statistical analyses

The stranding data were not normally
distributed (Levene’s test and Kolmogorov-Smirnov
test, all p < 0.05). Therefore, non-parametric
tests were used. Size frequency distributions and
causes of death in both sea turtle species were
compared using Mann-Whitney U test. Differences
in life stages in each sea turtle were tested with
Kruskal-Wallis test. The differences in the causes
of death in each sea turtle species among the
years were tested using the same test. Differences
in the frequency distribution of scute deviations
were analyzed by Chi-square Fisher’s Exact test
because the expected count was less than 5.

The percentage of each dataset was
calculated by dividing the ratios by overall
data, and charts were generated to give these
percentages. The percentage of stranding
numbers in each year for each sea turtle species
was calculated using the following formula, and a
chart was generated based on these values. The
sum of percentage for each stranded sea turtle
species is 100% for all years in the chart.

100* (number of stranding in each year/
number of total strandings in overall years)

The percentage of strandings in each life
stage for each sea turtle species was computed
using the following formula, and a chart was
generated based on these values. The sum of
percentage for each stranded sea turtle species is
100% for all life stages in the chart.

100* (number of stranding in each life stage /
number of total strandings in overall years)

A percentage distribution chart indicating the
causes of death according to years was generated
by combining 2 years because there were low
numbers of stranded sea turtles in some years. In
order to examine temporal variations in the cause
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of deaths in each category every two years, the
percentage of causes of death in each of 2 years
was computed using the following formula, and a
chart was generated based on these values. The
sum of percentage for each stranded sea turtle
species is 100% for each two-year category on the
chart.

100* (number of each cause of death in two
years / number of total causes of death in each of
two years)

Total percentage of each cause of death
according to years was computed using the
following formula, and a chart was generated
based on these values. The sum of percentage for
each stranded sea turtle species is 100% for all
years on the chart.

100* (number of each cause of death in
all years / number of total causes of death in all
years)

The percentage of scute deviation in each
scute pattern for each sea turtle species was
calculated with the following formula, and a table
was generated based on these values.

100* (number of stranding with scute
deviation in each scute pattern / number of total
strandings with each scute pattern)

When it was determined that there is at
least one scute deviation in each life stage, it
was accepted that life stage showed non-normal
scute pattern. The percentage of scute deviation
in each life stage for each sea turtle species was
computed using the following formula, and a chart
was generated based on these values. However,
chart represents only scute deviant rates in each
life stage.

100* (number of stranding with non-normal
scute pattern in each life stage/ number of total
strandings with scute pattern in all life stages)

Tests for trends in the CCL and the number of
stranded sea turtles over the years were performed
by means of nonparametric, non-seasonal Mann-
Kendall Trend test (Hipel and McLeod 1994).
The Mann-Kendall trend test has been used in
the long term examination of sea turtles (da Silva
et al. 2007; Marcovaldi et al. 2007). In the trend
analyses, the Theil-Sen regression and 95%
confidence intervals were used to predict the
regression constants based on Mann-Kendall
Trend test and Kendall correlation coefficient
(Sen 1968). Moreover, Theil-Sen trend lines were
generated to visualize if there is any trend in the
data. The Mann-Kendall tests are based on the
calculation of Kendall's tau measure of association
between two samples, which is based on the
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ranks within samples. The computations assume
that the observations are independent and data
are randomly ordered. However, the existence
of positive autocorrelation in the data increases
the probability of detecting trends when actually
no trends exist or vice versa. Autocorrelation is
the similarity of a time series over successive
time intervals. It can lead to underestimation of
the standard error and predictors can appear as
significant when they are not. The null hypothesis
of the test is that it does not autocorrelate among
the residuals. The null hypothesis is accepted
when the computed p-value is greater than the
significance level of alpha = 0.05.

Hamed and Rao (1998) proposed a modified
non-parametric trend test that is suitable for
autocorrelated data. They stated that the accuracy
of the modified test in terms of its empirical
significance level was superior to that of the
original Mann-Kendall trend test without any
loss of power. The presence of autocorrelation
in the residuals of the regression models was
tested using the Durbin-Watson statistic. When
autocorrelation occurs in the data, the Hamed and
Rao method was used for the Mann-Kendall Trend
test. The trend test was carried out using XLSTAT
2018 statistical software (Addinsoft, NY, USA).
XLSTAT statistical software allows adding and/or
removing the effect of autocorrelations with Hamed
and Rao method. Other analyses were conducted
using SPSS v. 17.0 (SPSS Inc., Chicago, USA)
and all means were presented with standard
deviation (SD) and min-max values.
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RESULTS

A total of 302 stranded turtles were found
on Samandag Beach, the eastern Mediterranean
coast of Turkey from 2002 to 2017. There were
167 (55.4%) green turtle, 127 (42%) loggerhead
turtle, 2 (0.6%) Trionyx triunguis. Six individuals
(2%) were unidentified. The mean annual
stranding were 10.5 individuals for the green turtle,
7.9 individuals for the loggerhead, and 18.75 for
both sea turtles on Samandag Beach. Percentage
distributions of stranded sea turtles among the
years are shown in figure 3.

Descriptive statistics of carapace measure-
ments of stranded sea turtles are presented in
table 1. One of the most of common measurement
in sea turtles is CCL, and it was used as a standard
length measurement in this research because there
was not enough data for other measurements.
The size of CCL showed significant differences
between both species (Mann-Whitney U = 4095, Z
=-8.139, p = 0.0001). In the green turtle, 11 (6.6%)
individuals were adults, 102 (61.5%) were sub-
adults, and 53 (31.9%) individuals were in oceanic
stage (Fig. 4). All individuals of the green turtles
that reached adulthood were females. There
were significant differences among life stages
of stranded green turtles (> = 121.432, df = 2, p
= 0.0001). Individuals in sub-adult and oceanic
stages were intensively stranded on Samandag
Beach between 2002 and 2017.

In the loggerhead turtle, 29 (25.2%)
individuals were adults, 81 (70.5%) individuals

B Chelonia mydas 0 Caretta carefia

Ll

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Years

Fig. 3. Yearly percentage of stranded Caretta caretta and Chelonia mydas individuals on Samandag Beach between 2002 and 2017 (for
each species, the percentage of strandings from all years is 100%).
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were sub-adults, and 5 (4.3%) individuals were
in the oceanic stage (Fig. 4). Two loggerhead
turtles that reached adulthood were males. The
loggerhead turtles showed significant differences
according to the life stage between 2002 and 2017
on Samandag Beach (x> = 67.782, df = 2, p =
0.0001). Unlike with the green turtles, the sub-adult
and adult stages of the loggerhead turtles were
intensively stranded on Samandag Beach between
2002 and 2017.

Frequency variations in stranded sea
turtles were assessed temporally according to
the species. The Durbin Watson test showed no
autocorrelation for frequency in the green turtle
over the years (U = 1.350, p = 0.091, n = 16). The
Mann-Kendall Trend test showed that the number
of stranded green turtles tended to decrease over
the years (Kendall’'s tau = -0.468, Sen’s slope =
-0.775, n = 16, p = 0.014) (Fig. 5a). However, CCL
values in stranded green turtle tended to become
slightly larger from 2002 to 2017 (Kendall’'s tau
= 0.181, Sen’s slope = 0.080, n = 16, p = 0.001)
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(Fig. 5a). CCL values in stranded green turtle over
the years did not show an autocorrelation (U =
1.833, p = 0.142, observation = 166). The Durbin
Watson test showed autocorrelation for frequency
in the loggerhead turtle over the years (U = 0.634,
p = 0.001, observation = 16). Therefore, the trend
of frequency over the years was tested with the
Hamed and Rao method in the Mann-Kendall
trend test which indicated no tendency over the
years in the number of stranded loggerhead turtles
(Kendall’'s tau = 0.366, Sen’s slope = 0.50, n =
16, p = 0.191) (Fig. 5b). The Durbin Watson test
showed no autocorrelation for CCL in the stranded
loggerhead turtle over the years (U = 1.862, p =
0.229, observation = 115). Also, the CCL did not
showed significantly larger or smaller tendencies
from 2002 to 2017 (Kendall’s tau = 0.049, Sen’s
slope = 0.019, n = 16, p = 0.443) (Fig. 5b).
Causes of deaths in 130 sea turtles were
determined on Samandag Beach, all of them after
2009 because there was no information about
it before then. Among these, 50 (38.5%) were

u Chelonia mydas Caretta carefia

Sub-adult Crceanic Stage
Life Stage

Fig. 4. The percentage of different life stages of stranded Chelonia mydas and Caretta caretta (for each species, the percentage of

strandings from all life stages is 100%).

Table 1. The descriptive statistics of stranding values recorded on Samandag Beach

Chelonia mydas

Caretta caretta

n Mean + SD Range n Mean + SD Range
Curved Carapace Length 166 4421 +19.15 14-106 115 61.45 £ 12.40 13.5-85
Curved Carapace Width 166 39.97 £17.23 13-96 115 56 + 11.64 12.5-80
Straight Carapace Length 55 49.62 + 20.77 18.5-95 73 57.36 + 10.69 26-78
Straight Carapace Width 54 40.57 + 15.69 16.5-73 73 46.94 + 8.56 21-64
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green turtles and 80 (61.5%) were loggerhead
turtles. The main cause of death was due to fishing
activities (46.9%), followed by marine pollution
(27.7%), intentional killing (16.7%), hit by marine
vehicles (5.4%), and predation (3.8%). The
causes of death showed significant differences
between the loggerhead and green turtles (Mann-
Whitney U = 1243.5 Z = -3.868, p = 0.0001). The
percentage distribution of the causes of death
across the years for green turtle is shown in figure
6a. There were significant differences among the
years (y> = 14.089, df = 7, p = 0.050). The most
frequent cause of death was marine pollution with
28 individuals (56%), followed by intentional killing
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with 7 individuals (14%), fishing activities with 7
individuals (14%), predation with 5 individuals
(10%), and hit by marine vehicles with 3 individuals
(6%). The percentage distribution of the causes
of death across the years for loggerhead turtle
is shown in figure 6b. There were significant
differences among the years (x> = 14.529, df =
7, p = 0.043). The most frequent cause of death
was fishing activities with 53 individuals (66.25%),
followed by intentional killing with 15 individuals
(18.75%) (mainly due to the head trauma), marine
pollution with 8 individuals (10%), and hit by
marine vehicles with 4 individuals (5%).

Totally, 84 stranded green and loggerhead
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Fig. 5. The temporal change in the number of stranded and CCL values for Chelonia mydas (a) and Caretta caretta (b) over the years.
(Grey dots represent number of stranding, black dots represent curved carapace length (CCL). Black and grey lines are Theil-Sen trend

line, see Materials and Methods for details).

© 2018 Academia Sinica, Taiwan



Zoological Studies 57: 53 (2018)

turtles were examined for carapacial scute
patterns. In the green turtle, the most common
carapace scute patterns were 5 vertebral scutes
(91.4%), and 4 left and right costal scutes (82.9%
and 85.7%, respectively), and 11 right and left
marginal scutes (for both 88.6%). In the loggerhead
turtle, the most common carapace scute patterns
were 5 vertebral scutes (87.8%), 5 left and right
costal scutes (91.8% and 98%, respectively), and
12 right and left marginal scutes (95.9% and 100%,
respectively). Carapacial scute deviation rates in
both sea turtle species are presented in table 2.
Carapacial scute deviation rates according to the
life stages in both species are shown in figure 7.
There were statistically significant differences in
scute deviation rates among different life stages
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in the stranded sea turtle. For example, the Chi-
Square Fisher’s Exact test revealed significant
differences among life stages for right costal
scutes in the stranded green turtles (Fisher’s
Exact = 10.856, p = 0.016). Sub-adult and oceanic
stages had more right costal deviations than their
adult stage. In stranded loggerhead turtles, both
right (Fisher’s Exact = 12.273, p = 0.012) and
left (Fisher’s Exact = 22.712, p = 0.001) costal
scutes expressed significant differences among
life stages. Moreover, the same result was found
in right (Fisher’'s Exact = 12.093, p = 0.048) and
left (Fisher’'s Exact = 13.520, p = 0.033) marginal
scutes. Sub-adult and oceanic stages had more
costal and marginal scutes deviations than their
adult stage.

2010-2011 2012-2013
100

(b)
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Percentage (%)
o o Lh =) =1
o (=] (=1 o (=1

3
=3

—
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2014-2015 2016-2017 Total
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n marine pollution n fishing activities

2014-2015 2016-2017 Total
Years

0 intentional killing 7 predation ® hit by marine vehicles

Fig. 6. Percentage distribution of the causes of death for Chelonia mydas (a) and Caretta caretta (b) across the years (for each
species, the percentage of each two years and total years are 100%, and each factor was combined for 2 years due to the low number

of stranded in some years).
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DISCUSSION

Data on the number of stranded individuals
suggests that both sea turtle species were
common on Samandag Beach, Turkey. It turns
out that the sample collection season (between
April and October) was an appropriate period to
determine the stranded value and cause of death.
Similarly, Casale et al. (2010) stated that stranded
loggerhead turtle recordings were the highest
between April and September on the ltalian coasts
of the Mediterranean from 1980-2008. Moreover,
Baskale et al. (2018) stated that both stranded
sea turtles recordings peaked between June and
August in Fethiye-Gocek Specially Protected Area,
Turkey. The result of the present study agrees with
results of previous studies.
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The mean CCL value in the stranded green
turtle was similar to those of previous studies
(Baran and Kasparek 1989; Yalgin Ozdilek and
Aureggi 2006; Turkozan et al. 2013). Although
Samandag Beach is the main nesting area for
the green turtles in the Mediterranean Sea, those
in the sub-adult and oceanic stages were more
intensively stranded than those in the adult stage.
A similar result was reported by Tirkozan et al.
(2013) on the same beach. This result can be
explained by the fact that the oceanic and sub-adult
green turtles are commonly found in shallow-water
neritic habitats (Meylan and Meylan 1999) and
they are more exposed to anthropogenic threats.
A study on the impact of marine debris ingestion
in the stranded green turtles found a negative
correlation between the presence of marine debris

B Chelonia niydus Curelfa careiiu

Sub-adult Oceanic stages

Life Stage

Fig. 7. The percentage of carapacial scute deviation in different life stages of stranded Chelonia mydas and Caretta caretta (for each

species, the ratio represents only scute deviant rate in each life stage).

Table 2. The descriptive statistics of the carapacial scute deviations of stranded sea turtle species (0 = no

deviations; 1 = scute deviations)

Scute Pattern Deviation Chelonia mydas (n = 35) Caretta caretta (n = 49)
Vertebral 0 (%) 914 87.8
1 (%) 8.6 12.2
Costal (Left) 0 (%) 82.9 91.8
1 (%) 171 8.2
Costal (Right) 0 (%) 85.7 98
1 (%) 14.3 2
Marginal (Left) 0 (%) 88.6 95.9
1 (%) 11.4 4.1
Marginal (Right) 0 (%) 88.6 100
1 (%) 11.4 0
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and green turtle’s size in the Uruguayan waters
between 2005 and 2013 (Velez-Rubio et al. 2018).
Moreover, Snape et al. (2013) stated that juvenile
green turtles are more sensitive to fishing activities
than adults regarding the differences in habitat
use patterns. Another possible explanation is
that juvenile green turtle individuals are foraging
on Samandag Beach; this is supported by CCL
values (mean 40.6 cm) (Yalgin-Ozdilek and
Aureggi 2006). Juvenile developmental habitat in
the eastern Mediterranean might include areas
near Samandag Beach. Based on this information,
Samandag Beach might be a part of the eastern
Mediterranean feeding area for the green sea
turtles. However, it was also reported that western
coasts of the Turkish Mediterranean might be a
foraging area for sub-adult green turtles (Tlrkozan
and Durmus 2000). A recent study found that
Fethiye-Gocek Specially Protected Area is covered
by seagrass beds that are the main food source for
the green turtles (Bagkale et al. 2018). According
to satellite telemetry studies, the most intensive
foraging area for post-nesting green sea turtles
was coastal waters of North Africa (especially
Libya, Gulf of Bomba, and Gulf of Sirte) (Godley et
al. 2002; Stokes et al. 2015). Stranding records on
Samandag Beach may be caused by sea surface
currents from south to north in the Mediterranean
Sea (Hecht et al. 1988; Tirkozan et al. 2013).
These sea currents may drift dead turtles in the
foraging area (coastal waters of North Africa),
and accumulate at Samandag beach. Because
Samandag Beach located in the Mediterranean
shoreline that is on the main path of sea currents
(Millot and Taupier-Letage 2005).

Although Samandagd Beach has a low
loggerhead nesting abundance, the number of
stranded adult and sub-adult individuals is very
high. A similar result was reported by Tirkozan
et al. (2013) on the eastern Mediterranean coast
of Turkey. Moreover, Snape et al. (2013) stated
that the mean CCL of stranding loggerhead turtle
was 65 cm on the North Cyprus beaches, and
most of them were adult and sub-adult. Fishery
activities are a global major threat to loggerhead
turtles, and it is mostly large turtles that are caught
in fishing areas in the eastern Mediterranean
(Casale 2011). Adult and sub-adult loggerhead
turtles, which use the eastern Mediterranean as
a feeding ground (Orug 2001), may be adversely
affected by fishing activities. Similarly, the present
study found that the most common cause of
stranding loggerhead turtles was fishing activities.
However, it was claimed that individuals using
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this foraging area may originally come from
distant nesting areas (Turkozan et al. 2018).
Moreover, Casale and Mariani (2014) stated that
the neighboring Levantine zone is a nursery area
for the Mediterranean Sea turtles and individuals
that hatched on Turkey’s nesting beaches and
dispersed to Levantine zones. However, stranded
individuals might have a different natal origin
(Tirkozan et al. 2013). According to a study on the
natal origin of stranded loggerhead turtles in the
eastern Mediterranean, individuals from eastern
feeding grounds came mostly from the western
nesting populations of Turkey; based on mixed
stock analyses (Turkozan et al. 2018). Samandag
Beach might be one of the eastern feeding areas
in the Mediterranean Sea for those hatched on
western beaches of Turkey. Therefore, studies
on the natal origins of stranded individuals on
Samandag Beach will provide vital information for
the survival of both turtle species.

Although the number of stranded green
turtles has decreased over the years, the body
size (CCL) of the stranded green turtles has
shown a weak increase. However, stranding of
loggerhead turtles showed no trend in frequency or
CCL. Turkozan et al. (2013) reported an increased
number of loggerhead strandings, whereas the
number of green turtle strandings decreased on
ten nesting beaches in the eastern Mediterranean
coast. Corsini-Foka et al. (2013) recorded
stranded sea turtles from 1984-2011 in Rhodes
Island in Greece (140 of the total strandings were
dead specimens) and found an increasing trend
for both species. The number of green turtle
strandings highly increased after 2000 in particular
(Corsini-Foka et al. 2013). Similarly, the number of
strandings increased for both species during 2000-
2016 but the increase was notable only in the last
four years (Baskale et al. 2018). A reason for a
low stranding numbers in the early years of their
study may be due to low awareness. As peoples’
awareness increases, accessing stranded turtle
information via denunciation might be easier. A
decreasing tendency on Samandag Beach may
be related to the increase in local peoples’ (e.g.,
fishers and touristic business owners) awareness
regarding sea turtles. Sea turtle conservation
efforts on Samandag Beach began in 2001 and
since then peoples’ awareness about sea turtles
may have increased. Number of stranded green
turtles have decreased, but their CCL values have
weakly increased over the years. For example,
there was an increase in stranded green turtle
CCL in Rhodes Island, especially after 2000
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(Corsini-Foka et al. 2013). Adults are important for
the reproductive output of sea turtle populations
(Lewison and Crowder 2007) and the number of
nests and eggs in the future may be affected by
the variation in adult number. The increase in CCL
values on Samandag Beach over the years may
be due to 5 adult individuals predated by jackals
or dogs during their egg-laying period, especially
after 2012.

The most common causes of strandings
on Samandag Beach are fishing activities and
marine pollution. Although the cause of death
due to fishing activities shows fluctuations across
the years, fishing activities are the most common
cause of strandings in the loggerhead turtle on the
Samandag Beach. Sea turtles are mostly captured
as a bycatch in trawling, seine fishing, and
longline net fishing (Chan et al. 1988; Poiner et
al. 1990; Robins 1995). In a review of the last few
decades in the Mediterranean Sea, Casale (2011)
estimated that annually over 132,000 sea turtles
were accidentally captured and one-third of them
died. Similarly, high rates of accidentally caught
sea turtles by bottom trawlers were reported on
the eastern Mediterranean coast of Turkey (Orug
2001). Fishing activities are the main cause of
strandings in Fethiye, specifically in protected
areas in the western Mediterranean (Bagkale et
al. 2018). Fishing gear is also cause stranding in
both sea turtle species in Rhodes Island (Corsini-
Foka et al. 2013). The fact that fishermen do
not have sufficient knowledge or equipment to
save accidentally caught turtles may lead to the
drowning and death of sea turtles. Fishermen
should use a turtle excluder device (TED) to
prevent this problem.

Although death from marine pollution has
been declining over the years, marine pollution
was the main cause of the stranded green turtles
on the Samandag Beach. Rope entanglement is
the main problem in the oceanic stage. Nylon bags
in the digestive system of oceanic and sub-adult
stage stranded green turtles were detected after
necroscopy. However, debris were not classified in
terms of color, size, and type. Bugoni et al. (2001)
found that most of the 38 sub-adult stranded green
turtles sampled died due to marine debris such as
plastic bags, plastic rope, cloth, and styrofoam.
Similar results were found for Mediterranean
loggerhead turtles (Lazar and Gracan 2011).
Even small quantities of marine debris can cause
death in animals due to gut obstruction (Bjorndal
et al. 1994). For example, 1.4-3.2 g marine
debris could block the digestive tract (Bugoni et
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al. 2001). Plastics are the most common marine
litter in the eastern Mediterranean and there is a
large number of plastics and packaging debris in
commercial fishing areas (Eryasar et al. 2014).
Cozar et al. (2015) reported that plastic pollution
in the Mediterranean Sea was 1934 item/km2. In
a recent study, micro and mesoplastic presence
were determined to be 0.376 items/m? on average
in the eastern Mediterranean Sea (Glindogdu and
Cevik 2017). The density of plastic material in the
eastern Mediterranean will adversely affect lives of
sea turtles that use the region as a development
area. The effect of marine pollution on the marine
organisms is an important threat and, therefore,
more studies are needed examining the effect of
marine plastic debris on the sea turtle populations
in the Mediterranean Sea.

Carapical scute deviation has mostly been
investigated in sea turtle hatchlings (Mast and
Carr 1989; Tlrkozan et al. 2001; Ozdemir and
Tarkozan 2006; Sénmez et al. 2011), but there are
only a limited number of studies about carapace
scute deviations in adult sea turtles (Suganuma et
al. 1994; Tirkozan et al. 2001; Ergene et al. 2011)
and there is no study for oceanic and sub-adult
stages. Carapacial scute deviation rate in oceanic
and sub-adult stages showed more deviations
than their adults in both sea turtle species. Adult
turtles tended to have fewer scute deviations than
hatchlings (Suganuma et al. 1994; Tirkozan et
al. 2001). Suganuma et al. (1994) recorded that
5% of adult females and 3.3% of males showed
scute variation in green turtles. There were
variations only in marginal scutes of loggerhead
adult female turtles (Tirkozan et al. 2001). Similar
results were reported by Ergene et al. (2011) for
adult green turtles. Ozdemir and Tirkozan (2006)
suggested that the lack of adults with abnormal
scute numbers could be explained in two ways:
“hatchlings with deviant counts die before they
mature, or the plates change to the normal
number with growth”. Most of the oceanic and sub-
adult stages that have scute deviation probably
die before they become an adult due to marine
pollution or fishing activities.

In conclusion, all life stages in both sea turtle
species were represented in the Samandag Beach
strandings. Although sub-adult and oceanic stages
were the most found among stranded green
turtles, most loggerheads found were in the sub-
adult and adult stages. Samandagd Beach may
be a development and/or feeding area for sub-
adult individuals for both turtle species. Stranded
green turtle numbers have decreased over the
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years but their CCL values have weakly increased.
This increase may have a negative effect on the
reproductive output of the green turtle in future.
Marine pollution and fishing activities are the most
important causes of stranding for both species.
Plastic materials are particularly risky for the
oceanic and sub-adult stages. Stranded adult
sea turtles on Samandag Beach showed lower
carapace scute deviation rates than their oceanic
and sub-adult stages. Oceanic and sub-adult
stages that showing high rate scute deviation are
probably more sensitive to negative conditions
in the marine habitat, and they die before they
become an adult. Natal origin of stranded sea
turtles on Samandag Beach should be investigated
for an effective management action plan in the
Mediterranean Sea. Moreover, an effective
stranding network system should be urgently
established in the Mediterranean Sea. The present
study provides long-term data about stranded
sea turtles in the eastern Mediterranean coast of
Turkey.
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