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Abstract: Body size can increase or decrease the chances of survival of sea turtle hatchlings. Given the
importance of body size for hatchling survival, it would be useful method for conservationists to be able to
estimate, using indicators, hatchling size quickly without having to disturb hatchlings. Some nest characteristics
such as clutch size, distance of the nest from the sea, incubation period and nest depth were tested for
correlations with hatchling size in a population of Chelonia mydas in Turkey to determine if they can be
indicators for hatchling size. Our results showed that none of these nest characteristics were suitable. However;
incubation period showed weakly correlated with straight carapace size.When the best fitting linear model of
the effect of principal components (PCs), derived from collinear nest characteristics, on hatchling size was
constructed, the model only explained 19.75 % of the variance in hatchling size. PC2 had a significant effect
on straight carapace length (SCL) and the interaction between PC1 and PC2 had significant effects on SCL and
curved carapace length (CCL) in the univariate analysis. F-test results that suggested the models had not
significant predictive capabilities. Perhaps there may be other factors that are more suitable as indicators, or
that hatchling size is influenced by a complex interplay among several factors, such that it is not possible to
identify a few key factors to be used as indicators.
Keywords: Chelonia mydas, Hatchling Size, Hatchling Morphometrics, Nest Characteristics, Samandağ

Yeşil Deniz Kaplumbağası (Chelonia mydas) Yavrularının
Büyüklüğü için Indikatör Olarak Bazı Yuva Özelliklerinin
Kullanılmasıyla İlgili Bir Ön Çalışma
Özet: Vücut büyüklüğü, deniz kaplumbağası yavrularının hayatta kalma şansını artırabilir veya azaltabilir.
Deniz kaplumbağası yavrusunun hayatta kalabilirliği için vücut büyüklüğünün önemi göz önüne alındığında,
indikatör kullanılarak, yavru büyüklüğünün tahmin edilmesi koruma uzmanları için yararlı bir yöntem olacaktır.
Türkiye'de Chelonia mydas popülasyonunda, yavru büyüklüğü için indikatör olup olmayacaklarını belirlemek
amacıyla, yumurta sayısı, yuvanın denize olan uzaklığı, kuluçka süresi ve yuva derinliği gibi bazı yuva
özellikleri yavru büyüklüğü ile korelasyona tabi tutuldu. Bulgularımız, bu yuva özelliklerinden hiçbirinin yavru
büyüklüğünü tahmin etmek için uygun olmadığını göstermiştir. Ancak, kuluçka süresi, yavrunun düz karapas
boyu ile zayıf bir korelasyon göstermiştir. Kollinear yuva özelliklerinden türetilen ana bileşenlerin (AB), yavru
büyüklüğüne en iyi uyan doğrusal modeli oluşturulduğu zaman, model yavru büyüklüğündeki varyansın sadece
% 19.75'ini açıkladı. AB2'nin doğru karapas boyu (DKB) üzerinde anlamlı bir etkisi vardı ve AB1 ile AB2
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arasındaki etkileşim, tek değişkenli analizde DKB ve eğri karapas boyu (EKB) üzerinde belirgin etkilere sahipti.
F-test sonuçları, modellerin belirgin öngörü yeteneğinin olmadığını önermektedir. Belki de, araştırılmayan
diğer faktörler indikatör olarak daha uygun olabilir veya yavru büyüklüğü, indikatör olarak kullanılabilir ancak
tespiti yapılamayan bir kaç temel faktör gibi çeşitli faktörler arasındaki karmaşık bir etkileşimden
etkileniyordur.
Anahtar Kelimeler: Chelonia mydas, Yavru Büyüklüğü, Yavru Morfolojisi, Yuva özellikleri, Samandağ

1.

INTRODUCTION

Body size and shape have important physiological,
evolutionary and ecological implications (such as
fitness, survival and swimming) for sea turtles. The
morphology of hatchlings can increase or decrease
their chances of survival and can be affected by
both genetic and maternal characteristics, as well
as environmental factors [1, 2].
For example, it has been suggested that hatchling
size has important fitness consequences [3, 4, 5],
while hatchling mass may not differ much, the ratio
in which mass is distributed between body tissues
and the attached remnant yolk of hatchlings may
vary among different nests. In an environment
where food is abundant, hatchlings with larger
bodies and smaller yolk reserves have a higher
fitness advantage since they can process larger prey
and are less likely to be eaten by slower and gapelimited predators due to their faster swimming
ability and larger size, i.e. the ‘bigger is better’
hypothesis [3]. Conversely, in a food-scarce
environment, it is more advantageous for
hatchlings to have smaller bodies and larger yolk
reserves as they can survive for a longer period
without feeding.
Body size estimation of hatchlings can be done via
indicators without disturbing them. For the
purposes of this paper, indicators are defined as
quantifiable descriptive ‘measurements’ used to

reflect attributes of the ‘indicanda’ (i.e. the
phenomena of interest being indicated) [6]. These
measurements must be qualitatively and
quantitatively correlated with parameter values of
the indicanda, preferably in a direct causal
relationship [6]. Good indicators should obviously
describe the indicanda accurately, but they should
also be user-friendly: simple to measure, manage
and analyse and do not demand too many resources
and time [7]. Depending on the user for whom the
indicators are designed, some accuracy may have
to be sacrificed for ease of application of the
indicators.
In this study, we tested the feasibility of using
various easily measured nest characteristics, such
as clutch size (CS), distance of the nest from the
sea (DFS), incubation period (IP) and nest depth
(ND) as indicators for hatchling size according to
the correlations between them and hatchling size in
a sample population of Chelonia mydas in Turkey.
Some of these characteristics such as ND, DFS and
IP have been shown to correlate with nest
temperature and/or moisture [8-11], which affect
hatchling size [5, 12].
2.

MATERIALS AND METHODS

This study was conducted in the nesting season of
2013 at Samandağ Beach (36°07’N, 35°55’E)
which is on the south-eastern coast of Turkey
(Figure 1).
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Figure 1. The map of study area.

Based on the modal inter-nesting interval of female
C. mydas [13], all nests were selected within 10 –
13 days to make sure that all nests belonged to
different females, and totally 40 nests were
sampled. After 40 days of incubation, the area
above each nest was enclosed by a circular low
wire fence with a diameter of two metres. The
fences were closed at night, preventing hatchlings
from making their way to the sea, and opened again
in the morning so that hatchlings emerging during
the heat of the day were able to move freely. Nests

were checked every night and throughout the night.
Upon emergence of hatchlings, they were
measured for their size in four dimensions, straight
carapace length (SCL), straight carapace width
(SCW), curved carapace length (CCL) and curved
carapace width (CCW) (Figure 2). Straight
measurements were taken using manual callipers
and curved measurements were taken using a
plastic tape measure. In each nest, 17 to 20
hatchlings were measured and subsequently
released. A total of 785 hatchlings were measured.
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mvabund package for R [14], where a single linear
model with a Gaussian error distribution is fitted to
all four mean hatchling size concurrently after
1000 Bootstrap iterations. To find out which of the
mean hatchling size expressed significant effects,
mvabund was also used to compute univariate
statistics describing the significance of the
principal components for each individual mean
dimension. The univariate statistics were adjusted
to control for family-wise error rates [14]. To
ensure the reliability of the model, the normality of
residuals, homoscedasticity and lack of high
leverage points were checked.

Figure 2. Measurements of C. mydas hatchling size
dimensions (SCL: Straight Carapace Length, SCW: Straight
Carapace
Width,
CCL:Curved
Carapace
Length,
CCW:Curved Carapace Width).

DFS of each nest was measured with a flexible tape
measure when the nest was found. IP of each nest
was defined as the number of days between the
night when the nest was laid and the night when the
first group of hatchlings emerged. Eight to ten days
after the last observed emergence of hatchlings,
nests were excavated. During the excavation, CS of
each nest was determined by counting the number
of unhatched eggs and hatched eggs. Concurrently,
ND of each nest was measured with a flexible tape
measure as a straight vertical distance from the
sand surface to the deepest point of the nest.
The relationships between mean hatchling size
(SCL, SCW, CCL and CCW) of each nest and nest
characteristics (CS, DFS, IP and ND) were
analysed with the Pearson’s correlation coefficient.
This was also used to check for collinearity
between
potential
indicators
(i.e.
nest
characteristics). Collinear predictors were reduced,
using Principal Components Analysis (PCA), to
orthogonal variables, which were used in
subsequent model building. To determine if there
were any interaction effects between the potential
indicators, and to detect if there were overall effects
on the mean hatchling size that may not be apparent
by examining an individual mean dimension alone,
a multivariate analysis was carried out using the

Statistical tests were performed using the R
software (Version 2.15.1, The R Foundation for
Statistical Computing).
3. RESULTS
A total of 2427 green turtle emergences was
recorded, 1172 (48.3 %) of which resulted in nests
during the 2013 nesting season. The mean distance
from the sea of green turtle nests was 30.8 meters.
The mean nest depth of green turtle nests was 75.8
cm. The mean incubation time was calculated as
52.5 days for green turtles. The mean clutch size of
green turtles was 106 eggs. The descriptive
statistics of hatchling size (mean values for each
nest) and nest characteristics are given in Table 1.

Table 1. Descriptive statistics of hatchling size and nest
characteristics. (SCL: Straight Carapace Length, SCW:
Straight Carapace Width, CCL: Curved Carapace Length,
CCW: Curved Carapace Width, CS: Clutch Size, DFS:
Distance of the Nest From the Sea, IP: Incubation Period, ND
Nest Depth) (n = 40).

Variable
SCL (cm)
SCW (cm)
CCL (cm)
CCW (cm)
CS
DFS (m)
IP (days)
ND (cm)

Mean
4.52
3.41
4.98
4.32
96.7
39.8
49.3
73.9

SE
0.02
0.02
0.02
0.01
3.21
2.08
0.34
1.06

Min.
4.12
3.04
4.63
4.06
39
17
47
62

Max.
4.74
3.61
5.27
4.55
135
74
54
89
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All mean hatchling size were correlated with each
other (Table 2). DFS was negatively correlated
with CS and IP. None of the nest characteristics

correlated with the mean hatchling size, except IP
which mildly correlated with SCL and SCW (Table
2). CS, DFS and IP showed collinearity (Table 2).

Table 2. Pearson’s correlation matrix between straight carapace length (SCL), straight carapace width (SCW), curved carapace
length (CCL), curved carapace width (CCW), clutch size (CS), distance of the nest from the sea (DFS), incubation period (IP)
and nest depth (ND). (*, P< 0.05; **, P< 0.01; ***, P< 0.001; n = 40).

SCW
CCL
CCW
CS
DFS
IP
ND

SCL
0.79***
0.92***
0.76***
-0.02
-0.28
0.35*
0.01

SCW

CCL

CCW

CS

DFS

IP

0.66***
0.79***
-0.07
-0.21
0.32*
-0.12

0.78***
-0.04
-0.18
0.20
0.11

0.00
-0.23
0.27
-0.01

-0.48**
0.15
0.19

-0.39*
0.06

-0.07

The nest characteristics were reduced to two
orthogonal variables after PCA (Figure 3). PC1
explained 43 % of hatchling size variation and can
be understood as comprising mainly of DFS
negatively associated with CS and IP. PC2
explained 28 % of hatchling size variation and can
be understood as comprising mainly of ND.

Figure 3. Principal components analysis unrotated ordination
plot of nest characteristics. (CS: Clutch Size, DFS: Distance of
the Nest from the Sea, IP: Incubation Period, ND Nest Depth).

There is no strong evidence from the best-fitting
linear model to suggest that PCs derived from nest
characteristics have any correlations with mean
hatchling size (Table 3). In the multivariate
analysis, although the interaction between PC1 and
PC2 had a significant effect, the multivariate linear
model only explained 19.75 % of the variance in
mean hatchling size (Lawley-Hotelling trace =
6.959, p = 0.026, Hooper’s R2 = 19.75 %). Also, in
the univariate analysis, although it seemed that PC2
had a significant effect on SCL and the interaction
between PC1 and PC2 had significant effects on
SCL and CCL, none of the univariate linear model
shad overall F-test results that suggested the
models had significant predictive capabilities
(SCL: F = 3.568, p = 0.055, SCW: F = 2.679, p =
0.088, CCL: F = 3.561, p = 0.055, CCW: F = 2.112,
p = 0.097, Table 3). Multivariate analysis describes
the significance of the PCs for all four mean
hatchling size concurrently while univariate
analysis describes the significance of the PCs for
each individual mean dimension. Reducing the
predictor parameters in the univariate analysis did
not improve the results but instead, resulted in
worse performing models with overall F-test
results having higher p values (results not shown).
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Table 3. Results of the best fitting multivariate linear model of the effect of principal components (PC1 and PC2) on mean
hatchling size of each nest. ‘:’ denotes interaction. (n = 40).
Univariate Analysis

Multivariate Analysis
Variables
Intercept
PC1
PC2
PC1:PC2

4.

SCL

SCW

CCW

F

p

F

p

F

p

F

p

F

p

1.27105
8.02
5.09
12.72

<0.001

51396.77

<0.001

31534.91

<0.001

63395.91

<0.001

77051.50

<0.001

0.051
0.132
0.016

5.256
2.266
6.441

0.068
0.022
0.039

2.751
4.166
3.423

0.159
0.101
0.095

2.861
0.503
9.576

0.159
0.462
0.012

3.243
1.372
3.641

0.153
0.334
0.095

DISCUSSION

Our results show that none of the nest
characteristics we tested were suitable as indicators
of hatchling size. This mirrors observations by
Horne et al. (2014) [15] who found that hatchling
mass for loggerhead sea turtles on Alagadi beach in
northern Cyprus was not significantly influenced
by CS and ND. While one nest characteristic, i.e.
IP, correlated significantly with two mean
hatchling size, that is SCL and SCW, the small
correlation coefficients indicate that much
uncertainty still exists when using IP as a proxy for
hatchling size. Although results of the linear model
suggested that an interaction between all four nest
characteristics was correlated with mean hatchling
size, the small R2 value of the linear model, similar
to the case of small correlation coefficients,
indicate much uncertainty when using PC1:PC2 as
a proxy for hatchling size. Another disadvantage of
PC1:PC2 is that it is not a parameter that is
intuitively easy to understand.
We speculate the following reasons to explain our
failure to find suitable indicators in this study:
1.

CCL

There may perhaps be other factors (may or
may not be related to nest characteristics, e.g.
sand grain size) that correlate better with
hatchling size. For example, hatchling size is
known to be mainly affected by nest
temperature and water availability [5, 12].
However, there exists temporal variation in
nest temperature [16, 17] and water
availability [18, 19], which necessitates
multiple sampling over a period of time.
Therefore, taking snapshot measurements at

2.

one moment during the nesting season may be
insufficient. Instead, short of measuring
hatchlings directly, continuous monitoring of
how indicator measurements change during a
nesting season may be necessary for more
accurate estimation of hatchling size. Such an
approach has been used to investigate how
temperature variation influences hatchling
mass [15].
Considering that hatchling morphology can be
influenced by both genetic and environmental
factors [1, 2], it is not unreasonable to infer
that only some hatchling size have variations
that are more environmentally influenced,
thus rendering themselves to be more easily
reflected using nest characteristics. It was
shown that SCL, but not SCW, of loggerhead
sea turtles varied with differing moisture
levels of the incubating sand [20]. This was
somewhat inconclusively hinted at from our
results of the univariate analysis of our bestfitting linear model, where predictor
parameters had significant effects on SCL and
CCL only. Perhaps more focus should be
given to carapace length when identifying
environmental indicators of hatchling size. On
the other hand, maternal characteristics
reflecting genetic influences (such as female
size) can be another source of indicators worth
investigating.

Hatchling size in C. mydas is influenced by a
complex interplay among several factors; therefore
it is not possible to identify a few factors that play
a key role in influencing hatchling size, to be used
as indicators. More research should be conducted
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to address the above-mentioned speculations.
Ultimately, it is hoped that a comprehensive
management toolkit for conservationists can be
developed for easy application in the field.
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