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Abstract

Hatchling sex ratio, body weight and nest parameters for Chelonia mydas nesting on Sugbzii beaches (Turkey).—
We investigated the relationship between nest parameters, hatchling body mass, and sex ratio of green turtle,
Chelonia mydas, embryos and hatchlings at the temperate nesting rookery of Sug6zii Beach (Adana—Turkey).
Mean nest temperature and distance from the sea were correlated, while mean nest temperature and incubation
period were inversely related. There was no apparent relationship between incubation period and hatchling
mass. Hatchling and embryo sex ratios, determined by histological examination, showed a 70.5% and 93.5%
female bias, respectively. There was no correlation between sex and body weight of hatchlings, but mean
hatchling bodyweight of females (16.8 g) was slightly higher than that of males (16.2 g).
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Resumen

La proporcién de sexos y el peso corporal de las crias y los parametros del nido en la poblacién de Chelonia
mydas que anida en las playas de Sugézii (Turquia).— Estudiamos la relacion entre los parametros del nido
y el peso corporal y la proporcion de sexos de los embriones y las crias de tortuga verde, Chelonia mydas, en
la colonia de cria templada de la playa de Sugdzi (Adana, Turquia). Se observo que la temperatura media del
nido y la distancia al mar estaban correlacionadas, mientras que la temperatura media del nido y el periodo de
incubacién estaban inversamente relacionados. No hubo relacion aparente entre el periodo de incubacion y el
peso de las crias. La proporcién de sexos en las crias y los embriones, que se determind mediante examen
histolégico, mostré una desviacion en favor del sexo femenino del 70,5 y el 93,5%, respectivamente. No hubo
correlacion entre el sexo y el peso corporal de las crias, pero el promedio del peso corporal de las hembras
(16,8 g) fue ligeramente superior al de los machos (16,2 g).
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Introduction

The sex of a sea turtle depends on incubation tempe-
rature (Bull, 1980). The temperature at which hatchling
sex ratios are 1:1 is known as the pivotal temperature;
when incubation temperature is higher than the pivotal
temperature, hatchlings become female, and when it
is lower than the incubation temperature, hatchlings
become male (Yntema & Mrosovsky, 1980).

Valenzuela et al. (2004), using landmark—based
geometric morphometric methods, found that morpho-
logical methods, while producing high accuracy when
compared with 'true sex' in Chrysemys picta (98%) and
Podocnemis expansa (90%), had a discriminant function
analysis cross—validation rate of only 85% when used
to determine sex in hatchling turtles. Besides carapace
length and width, weights of hatchlings, temperature
profiles, nest parameters, and histological examination
(Glen et al., 2003; Ischer et al., 2009; Sénmez et al.,
2011) have been considered to determine the sex of
hatchling turtles in the wild. A non—invasive, accurate
methodology relating duration of incubation to hatchling
sex ratio has also been developed for artificially incu-
bated eggs (Mrosovsky et al., 2002; Zbinden et al.,
2007; Katselidis et al., 2012). Although various methods
may be used to determine hatchling sex ratios, their
accuracy is variable (Ceriani & Wyneken, 2008) and
only histological examination ensures accurate sex
determination (Mrosovsky & Benabib, 1990; Mrosovsky
& Godfrey, 1995).

We studied the relationship between nest parame-
ters of Chelonia mydas L., 1758 on Sug6zl beaches
during the 2012 nesting season. Temperatures in eight
Chelonia mydas nests were determined using data
loggers, sex of hatchlings was determined by histolo-
gical examination, and the relationship between nest
temperatures, nest parameters, hatchling weights, and
sexes was evaluated statistically.

Material and methods
Study site

Chelonia mydas were studied at the nesting site on
Sugbdzu beaches (36° 48.677' N—35° 51.068' E,
36° 52.795' N — 35° 56.017' E), located in the Adana
province within the borders of Yumurtalik and Ceyhan
counties. The site consists of four subsections (from
west to east): Akkum (1.4 km), Sug6zii (1.0 km), Botas
(0.6 km), and Hollanda (0.4 km), and consists of a total
of 3.4 km suitable beach habitat. In 2012, the nesting
season was between June and September (fig. 1).

Nest parameters

Gemini Data Loggers (Tinyalk Temperature Range H-
30°C/+50°C Part No: TK-0040, UK) used to determine
nest temperatures were placed in the middle of nests
during nesting and programmed to provide hourly
readings. Daily nest temperatures were determined by
averaging 24 hourly measurements each day. Middle
third and whole incubation temperatures were calculated.

Five parameters, incubation duration (time bet-
ween date of egg laying and first day of hatchling
emergence), clutch size (total number of eggs in the
nest), hatching success (ratio of empty eggshells to
total number of eggs [%]), nest depth (distance [cm]
from surface of the sand to the bottom of the nest),
and nest distance (distance [m] from high tide line to
nest) from the sea, were used.

Weighing hatchlings

Dead hatchlings (n = 88) were collected in sterile
plastic bags, and washed, dried, and weighed using
a Densa JW precision scale (600 g + 0.01 g).

Histological determination of sex

After removing the genitourinary complex from hatchlings
(n = 88) and late embryos (n = 62), the complex was
preserved in 4% buffered paraformaldehyde. Samples to
undergo histological examination were then embedded
in paraffin blocks, further prepared at a thickness of
5 ym with a Thermo—Shandon microtome and stained
with Haematoxylon and Eosin (H&E), and sealed with
Entellan. Histological examination was carried out with a
Nikon E 100 light microscope using both 10X and 40X
objectives following the Yntema & Mrosovsky (1980)
criteria for distinguishing ovaries and testicles.

Data analyses

The Pearson product—-moment correlation coefficient (r)
and simple linear regression coefficient of determina-
tion (r?) were calculated and used to assess statistical
significance among variables. The relationship between
middle third temperature and sex ratio was evaluated by
the Mann—Whitney (U) test. All statistical analyses were
executed using an SPSS packaged program (SPSS
Inc., Released 2006, Version 15.0. Chicago, USA).

Results

Nest temperatures and parameters

Table 1 presents nest temperatures and other param-
eters. It shows temperatures for the whole period and
middle third were similar. There was no relationship
between nest temperature and nest depth (n = 8,
r?=0.38, P > 0.05) and nest temperature with clutch
size (n = 8, = 0.11, P > 0.05). The relationship
between nest temperature and distance from the sea
(n =8, ”=0.85, Pearson’s r = 0.927, P = 0.001) was
positive and the relationship between nest temperature
and incubation duration was negative (n = 8, 7= 0.71,
Pearson’s r=-0.846, P< 0.01). We found a statistically
significant difference between middle third temperature
and hatchling sex ratio (U = 12.500, P < 0.01).

Hatchling weights and nest parameters

Weights and nest parameters were recorded for 88
hatchlings gathered from 31 nests throughout the nesting
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Mediterranean Sea

36° 48.677' N — 35° 51.068' E
36° 49.036' N — 35° 51.868' E

36° 50.228' N — 35° 53.187' E
36° 50.352' N — 35° 53.802' E

<

4. Hollanda
36° 52.737' N — 35° 55.778' E
36° 52.795' N — 35° 56.017"' E

3. Botas
36° 52.589' N — 35° 55.366' E
36° 52.704' N - 35° 55.711' E

Fig. 1. Study site.

Fig. 1. Lugar del estudio.

season. No relationship was found between hatchling
weight and duration of incubation (n = 31, 2= 0.01,
P > 0.05), nest depth (n = 31, »= 0.01, P > 0.05),
distance from the sea (n = 31, »=0.02, P> 0.05), and
hatching success (n = 31, = 0.02, P > 0.05). When
relationships within nest parameters were assessed, only
clutch size and nest depth appeared related (n = 31,
rP=0.24, P < 0.01).

Determination of sex ratios

Histological examination of 29 gonad samples
taken from nests for which temperature data were
available showed that female hatchling development
occurred in 86% (table 1). When all gonad samples
(150) were examined, 120 (80%) were determined
to be female. When embryos and hatchlings were

Table 1. Nest temperatures and nest parameters (n = 8).

Tabla 1. Temperaturas y parametros del nido (n = 8).

Mean nest temperature

Whole Middle Incubation Clutch Nest Distance
Nest period third duration size depth from sea
number (°C) (°C) (day) (number) (cm) (m)
1 30.5 30.4 54 103 75 31.4
2 32.6 32.5 48 134 86 E5I5
3 32.1 32 45 103 84 40.4
4 31.1 31.3 49 73 82 36.5
5 31.4 31.3 44 46 62 36
6 28.1 27.9 61 146 102 12.9
7 29.6 29.7 57 142 90 19.8
8 29.3 29.2 51 88 99 24.9

Mean 30.6 30.5 51 104 85 29.7
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Fig. 2. Female and male hatchling weights.

Fig. 2. Pesos de las crias macho y hembra.

considered separately, 93.5% (58 of 62) of embryos
were female, and 70.5% (62 of 88) of hatchlings
were female.

Sex and hatchling weights

There was no significant difference in weight between
male (mean = 16.2 g) and female (mean = 16.8 g)
hatchlings (fig. 2).

Discussion

Most sex ratio studies performed on hatchling sea
turtles (Oz et al., 2004; Candan 2006; Kaska et al.,
2006; Katselidis et al., 2012; Ugar et al. 2012) along
the Mediterranean coastline of Turkey concern nest
and sand temperatures (Baran & Kasparek, 1989;
Canbolat, 1991; Ergene et al., 2009), marine predation
(Tarkecan & Yerli, 2007), and morphometric diversifi-
cation (Tlrkecan et al., 2008).Studies about sex ratio,
body weight, and nest parameters among hatchlings
are scarce (S6nmez et al., 2011).

The duration of incubation is reduced by increasing
nest temperatures (Yntema & Mrosovsky, 1980; Godley
et al., 2001; Wood et al., 2014). Our findings also sup-
port an inverse relationship between temperature and
incubation duration. We found a positive relationship
between nest temperature and nest distance from the
sea. Candan (2006) found a similar positive relation-
ship on the same beach. The greater the distance a
nest is from the sea, the higher the nest temperature
(Ugar et al., 2012).

Incubation duration and hatchling weight were not
directly affected by nest temperature, supporting find-
ings by Ischer et al. (2009) and Booth et al. (2013)
who reported that Chelonia mydas hatchling weights

are not directly affected by nest temperatures Average
weights of female and male hatchlings were similar,
and we found no significant relationship between
hatchling sex and weight. A similar lack of significance
was found in a study at Samandag Beach (S6nmez,
2011), and in a laboratory study of Chelonia mydas
hatchlings in Oman’s Ras Al-Hadd Reserve (Mah-
moud et al., 2005).

The sex ration of hatchlings in the Eastern Mediter-
ranean is heavily skewed in favor of females (80%)
in studies of natural temperature regimes (Kaska et
al., 1998; Broderick et al., 2000; Casale et al., 2000).
Katselidis et al. (2012) suggested that a sex ratio
heavily biased in favor of females could be obtained
from analysis of data from 1, 2 or 3 nesting seasons.
When longer time frames, such as 20 or 150 years, are
considered, results are likely to produce a 1:1 sex ratio.
In our study, middle third (30.6°C) and whole incuba-
tion (30.5°C) temperatures were (table 1) greater than
the pivotal temperature (28.9°C) defined by Kaska et
al. (1998). When all sample gonads taken from nest-
ing pre—hatchlings were examined histologically, the
hatchling sex ratio was greater than 80% female, 20%
male. Our findings are comparable to those of Kaska
et al. (1998) and Elmas (2008), in which female per-
centages were 78.8% and 82.8% respectively, but they
are lower than those of Broderick et al. (2000), at 96%
female. While our results were significantly higher than
those of Candan (2010), when considered separately,
our embryo and hatchling sex ratios were significantly
variable. This difference should be considered in other
estimates of sex ratios.

Sex ratio varies between seasons, populations, and
nesting sites (Merchant—Larios, 1999), and additional
studies on sex ratio estimation are required to unders-
tand population dynamics in marine turtles. Although
we distinguished between hatchling sex, weight, and
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nest parameters in our study, the relationship between
nest temperature and nest distance from the sea with
duration of incubation is strong. It is encouraging that
our results can be used to estimate sex ratio. Perhaps
more precise results would be obtained by performing
additional studies using additional samples over several
nesting seasons.
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