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Abstract. We studied nest site and nest content variables affecting invertebrate infestation in green turtle (Chelonia mydas; n = 180) and 
loggerhead turtle (Caretta caretta; n = 80) nests on Alata Beach, Mersin, Türkiye. Invertebrates were found in 46 (25.6 %) of the green 
turtle nests and 23 (28.8 %) of the loggerhead nests during three nesting seasons (2003, 2005, and 2007). The following variables were 
measured: distance between the nest and the nearest vegetation (DNV) or the water's edge (DWE), the number of unfertilized eggs 
(NUE), the number of empty eggshells (NEE), the duration of the incubation period (IP), and the hatching success rate (HSR). Both 
the related (NEE, HSR) and different variables (DWE and IP for green turtles; DNV and NUE for loggerheads) affected the severity 
of nest infestation in each species. According to the logistic regression analysis results, invertebrate presence is positively correlated 
to NUE, while a smaller DNV value can result in more invertebrate species inside and/or around loggerhead turtle nests. Invertebrate 
presence is also positively related to the nests’ DWE, which decreases the HSR in green turtle nests. Green turtle nests on the Alata 
beach were deeper, closer to the vegetation, and further from the sea than the loggerhead turtle nests. Therefore, we believe that nest 
site and nest content variables affecting the presence of invertebrates differ between these two turtle species. 
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Introduction 
 
The loggerhead turtle Caretta caretta (Linnaeus 1758), with an 
average of 7200 nests, and the green turtle Chelonia mydas 
(Linnaeus 1758), with an average of 1500 nests, are the only 
two sea turtle species that are regularly observed on the 
Mediterranean beaches (Casale & Margaritoulis 2010). The 
Mediterranean populations of the loggerhead and the green 
turtles are categorized as Least Concern (LC) and Endangered 
(EN), respectively, on the IUCN Red List of Threatened 
Species (Casale 2015, Seminoff 2004). The loggerhead turtle is 
the most common species, widely distributed in the 
Mediterranean Sea, but nesting is almost entirely confined to 
the beaches of the eastern basin, with main nesting sites of 
loggerheads concentrated in Greece, Türkiye, Libya, and 
Cyprus (Alessandro & Antonello 2010, Ben Hassine & 
Escoriza 2013, Casale et al. 2018). Lower levels of nesting 
occur along the Mediterranean coasts of Egypt, Israel, Italy, 
Lebanon, Syria, and Tunisia, with minor and infrequent 
nesting occurring along the western basin coastlines of Spain, 
France, Italy, and their offshore islands (Casale et al. 2018). 
The major green turtle rookeries are in Türkiye, Cyprus, and 
Syria, with minor nesting aggregations occurring in Egypt, 
Lebanon, and Israel. Besides, the westernmost green turtle 
nesting site record in the Mediterranean was reported in 
Rethymno, Crete (Greece) (Casale et al. 2018). 

Invertebrate larvae have been reported in green and 
loggerhead turtles` nests from various parts of the world. 
Dipteran larvae from the Phoridae family have been found in 
green turtle nests in Costa Rica (Fowler 1979). Additionally, 
larvae of two Platystomatidae species have been found in 
loggerhead and green turtle nests in Australia (Hall & 
Parmenter 2006). Larvae of species from the Sarcophagidae 
family have been found in the nests of green turtles on the 
Pacific coast of Mexico (Lopes 1982) and in Queensland, 
Australia (Phillott 2005). Hall (2005) also reported larvae from 

both Platystomatidae and Sarcophagidae infesting failed 
green turtles and loggerhead nests in Central Queensland, 
Australia. In Northern Cyprus, different types of insect 
groups (Diptera: Sarcophagidae and Phoridae; Hymenoptera: 
Chalcididae) infesting marine turtle eggs were recorded by 
Broderick & Hancock (1997), and 11 dipteran species 
(Sarcophagidae and Phoridae) were reported by McGowan et 
al. (2001a), and in Laganas Bay (Zakynthos, Greece), some 
invertebrate groups were observed in infested nests by 
Andrews et al. (2016). In addition, a number of studies have 
reported invertebrate infestation in loggerhead turtle nests on 
several beaches on the Mediterranean coast of Türkiye (Figure 
1): Fethiye (Türkozan & Baran 1996, Türkozan 2000, Baran et 
al. 2001, Özdemir et al. 2006), Kızılot (Türkozan 2000), 
Dalaman (Katılmış et al. 2006), Dalyan İztuzu (Urhan et al. 
2010), Alata (Aymak et al. 2017). Aymak et al. (2017, 2020) 
reported infestations in green turtle nests on Kazanlı beach.  

Nest parameters that might affect insect infestation in 
loggerhead turtle nests have been studied in several localities: 
Fethiye (Özdemir et al. 2004, Özdemir et al. 2006) and 
Dalaman (Katılmış & Urhan 2007) beaches in Türkiye, 
Northern Cyprus (McGowan et al. 2001b), and Laganas Bay 
(Zakynthos, Greece) (Andrews et al. 2016). On the green 
turtles from Türkiye, there is only limited information, see 
Aymak et al. (2020), who report descriptive data about the 
invertebrate infestation in green turtle nests on Kazanlı Beach 
in Mersin province. Aymak et al. (2017) provide data on the 
infestation frequency in green and loggerhead turtle nests on 
the adjacent Alata beach without assessment of nest 
parameters. Our study presents the first descriptive 
information  about  the  invertebrate  infestation  in  both 
green  and  loggerhead  turtle  nests  for  Alata Beach in 
Mersin, and we aimed to identify the factors that predispose 
turtle nests to insect infestation. We discuss our results in 
relation to publications reporting the situation on other 
beaches. 
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Materials and methods 
 
Study site 
Alata Beach, 30 km from the center of Mersin province in Türkiye, is 
located within the borders of the Alata Horticultural Research 
Institute (“the Institute”). It extends across 3 km from the marine 
resort on the eastern side of the Institute (36°37′930′′ N, 34°21′187′′ E) 
to the Topraksu camping site, also belonging to the Institute 
(36°36′868′′ N, 34°19′711′′ E) on the western end of the beach (Aymak 
et al. 2017) (Figure 1). Sea turtle nesting on Alata Beach was 
discovered in 2002, and in 2005 it was registered as a nesting beach in 
Türkiye. Our research team has been monitoring this beach and 
conducting conservation studies on green and loggerhead turtles 
since 2002 (Aymak 2004, Aymak et al. 2005, Ergene et al. 2006, 2009a,b, 
2012, 2016). Beaches with a maximum of over 100 green turtle nests 
per season are regarded as nesting areas of major importance in the 
Mediterranean (Kasparek et al. 2001). According to this definition, 
Alata Beach was found to be one of the important nesting sites for 
green turtles. It also has a small number of loggerhead turtle nests laid 
annually. 
 
 

 
 

Figure 1. The location of studied Alata Beach on the south-eastern 
coast of Türkiye (Map drawn from maptool at www.seaturtle.org). 

 
 

Alata Beach has natural sand dunes and is designated as a first-
degree protected natural site area; it is also sheltered, as it is within 
the boundaries of the Institute. Furthermore, in 2021, as a result of the 
re-evaluation of the protection status of the Alata Beach Natural Site, 
the 83.883 m2 area within this natural protected area was declared a 
“sensitive area to be strictly protected” by Presidential Decree (No. 
3360, dated 05/01/2021) and published in the Official Gazette of 
Türkiye (No. 31356, dated 06/01/2021). As in previous studies 
(Aymak 2004, Aymak et al. 2005, Ergene et al. 2006, 2009a, b, 2012, 
2016), the beach was divided into four sub-sections according to their 
ecological characteristics, such as natural structure and sand 
properties as well as human effects. 

 
Data collection and invertebrate identification 
In this study, we evaluated green and loggerhead turtle nest 
parameters (nest site and content variables) regarding the presence of 
invertebrate species in the nests for three non-consecutive nesting 
seasons. We used data from 2003 (Aymak 2004, Aymak et al. 2005), 
2005 (Ergene et al. 2009a, b), and 2007 (Ergene et al. 2009b), as well as 
other data on invertebrate infestation in sea turtle nests during the 

2005 and 2007 nesting seasons. We also included relevant data for the 
2003 nesting season from Aymak et al. (2017). Only intact natural nests 
were examined for the three nesting seasons in the current study; 
nests predated by dogs or ghost crabs or lost in any other way and 
nests taken away by coastal erosion were excluded. 

In the field surveys, depending on the number of volunteers 
available, nightly and daily morning patrols were conducted on the 
beach. Nest locations (including the spatial distribution of sea turtle 
nests in different sub-sections) confirmed with probes were marked 
and recorded with GPS. The distance between the nests and the water 
edge (DWE) and between the nests and the nearest vegetation (DNV) 
was recorded using tape measures with an accuracy of 1 cm. We 
observed that the emergence of the hatchlings was not completed in a 
single day – there was intense hatching at the first emergence, which 
decreased in the following days. Sometimes hatching even stopped 
for a short period and then continued again. To ensure that the 
hatching was fully completed before the excavation, we excavated the 
nests one or two days after the last emergence was observed, 
corresponding to 5-10 days after the emergence of the first hatchling. 
The nests were excavated to examine their contents and checked for 
the number of remaining hatchlings, empty eggshells, undeveloped 
eggs, and dead-in-egg embryos. Undeveloped eggs and dead 
embryos were identified following Kaska & Downie (1999). 

After the nest excavations, the depth of moist sand in the nest 
(DMS), the depth of dry sand in the nest (DDS), and the total depth of 
the nest (TDN) were measured using a tapeline with an accuracy of 1 
mm. Hatching success was the percentage of eggs that produced 
hatchlings. This was determined by counting hatched eggshells 
(fragmented eggshells were pieced together to represent one egg). The 
total number of eggs (TNE) in the clutch was calculated from the 
number of empty eggshells (NEE), the number of unfertilized eggs 
(NUE), and the number of fertilized eggs (NFE). The hatching success 
rate (HSR) was calculated using the following equation: 

 

HSR = [NEE/(NEE+NUE+NFE)]×100 
 

The incubation period (IP) was calculated from the time (in days) 
between oviposition and the first hatchling emergence. We also 
recorded the elapsed days between the first hatchling emergence and 
the excavation date (DHED).  

Invertebrate samples from infested nests were collected in the 
2005 and 2007 nesting seasons, as well as in the present study. We also 
used the samples collected in 2003 by Aymak et al. (2017). The 
invertebrate specimens found in the infested nests were placed 
immediately after capture in plastic tubes with a 70 % alcohol 
solution. While labeling the samples in the laboratory, the alcohol 
content was changed to 96 %. Specimens were identified to the genus, 
family, or order level according to the relevant literature (Krantz 1978, 
Anonymous 1987, Booth et al. 1990, Karg 1993, Lodos 1995, Elzinga 
2000). However, due to decomposition, specimens from two green 
turtles and four loggerhead nests could not be identified. The 
diversity of invertebrates and the co-existence of invertebrate groups 
found in sea turtle nests in the 2005 and 2007 nesting seasons on Alata 
Beach are presented in Table 1.  
 
Statistical analysis 
The data were normally distributed (Kolmogorov-Smirnov D test, all 
p > 0.05), thus allowing comparisons using parametric tests. The data 
on the nest site and content variables between the nesting seasons did 
not show any statistically significant differences for infested 
and non-infested nests in either species (Student’s t-test: t = 0.716, 
df = 77, p > 0.05 for loggerhead turtle nests and t = 0.532, df = 176, 
p > 0.05 for green turtle nests), so all data from across the three nesting 
seasons were pooled. We performed a one-way ANOVA test to 
determine whether there was a difference in the distribution of 
infested nests among the sub-sections of the beach. To determine the 
statistical differences in nest site and nest content variables between 
infested and non-infested nests, we used the Student’s t-test. Potential 
correlations among variables were tested using Pearson’s correlation 
coefficient, and the problem of multi-collinearity was addressed with 
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multiple regression analyses. For the correlation analysis, we defined 
pairs of variables with correlation coefficients of > 0.5 as highly 
correlated. This prevented multi-collinearity among the explanatory 
variables in the logistic regression analyses and reduced the number 
of explanatory factors. To identify factors related to the presence of 

invertebrate species, we used logistic regression analysis with 
backward selection using the Statgraphics v.5.0 software package 
from StatPoint Technologies, Inc. (Warrenton, Virginia, USA) (2010). 
Model fit was assessed by the Hosmer-Lemeshow goodness of fit test 
(Hosmer & Lemeshow 2000). 

 
 

Table 1. The diversity of invertebrates and co-existence of invertebrate groups found in sea turtle nests in the 2005 and 2007 nesting 
seasons on Alata Beach. (*: Advanced states of decomposition and decay were observed in these samples, so the samples were 
not identified. **: Nests that were partly or completely predated by dogs or ghost crabs or lost in any other way as well as nests 
that were taken away by coastal erosion during the 2005 nesting season, were excluded from the total of 26 loggerheads and 20 
green turtle nests. Besides, one green turtle nest was not excavated for examination due to its loss during the 2007 nesting season 
and was excluded from the total of 61 green turtle nests.) 

 

 Invertebrates found in nests 

In 2005 nesting season  In 2007 nesting season 

No. of nests 
 observed 

Percentage of  
invertebrates found  

in total nest (%) 

 
No. of nests 
 observed 

Percentage of  
invertebrates found  

in total nest (%) 

C
ar

et
ta

 c
ar

et
ta

  
 

Coleoptera 
Elater sp. (Elateridae) - -  1 4 

Pimelia sp. (Tenebrionidae) - -  2 8 

Cryptosigmata (Acari) 1 3.85  1 4 

Muscidae (Diptera) 1 3.85  - - 

Enchytraeidae (Oligochaeta) 2 7.69  - - 

Oniscidea (Isopoda) - -  1 4 

Unidentified invertebrates * 3 11.54  - - 

Total intact infested nests 7 26.92  5 20 

Total intact non-infested nests 16 61.54  20 80 

Other nests ** 3 11.54  - - 

TOTAL NESTS 26 100  25 100 

C
he

lo
ni

a 
m

yd
as

 
 

Coleoptera 
Elater sp. larvae (Elateridae) 1 5  4 6.56 

Pimelia sp. larvae (Tenebrionidae) 2 10  8 13.12 

Cryptostigmata (Acari) - -  1 1.64 

Muscidae (Diptera) - -  1 1.64 

Myrmeleontidae (Neuroptera) - -  1 1.64 

Elater sp. (Elateridae), Myrmeleontidae (Neuroptera) - -  1 1.64 

Pimelia sp. (Tenebrionidae), Muscidae (Diptera) - -  1 1.64 

Cryptostigmata (Acari), Myrmeleontidae (Neuroptera) - -  1 1.64 

Unidentified invertebrates * 2 10  - - 

Total intact infested nests 5 25  18 29.51 

Total intact non-infested nests 13 65  42 68.85 

Other nests ** 2 10  1 1.64 

TOTAL NESTS 20 100  61 100 

 
 
Results 
 
Distribution of invertebrate groups and infestation rates in 
turtle nests 
In the 2005 nesting season, Pimelia sp. larvae (Tenebrionidae; 
Coleoptera) and Elater sp. larvae (Elateridae; Coleoptera) 
were recorded in green turtle nests, while Muscidae (Diptera), 
Enchytraeidae (Oligochaeta), and Cryptostigmata (Acari) 
were recorded only in loggerhead nests (Table 1). 
Enchytraeidae and Pimelia sp. were the most common 
invertebrate groups in loggerhead and green turtle nests, 
respectively. In addition, the proportion of infested nests was 
26.92 % (7 nests) for loggerheads and 25 % (5 nests) for green 
turtles (see comment in Table 1). 

In the 2007 nesting season, Pimelia sp. larvae, Elater sp. 

larvae, and Cryptostigmata were recorded in both species’ 
nests. Muscidae and Myrmeleontidae (Neuroptera) were 
recorded only in green turtle nests, while Oniscidae (Isopoda) 
was found only in loggerhead turtle nests (Table 1). Pimelia 
sp. was the most common invertebrate group in loggerhead 
and green turtle nests. The proportion of infested nests was 
20 % (5 nests) and 29.51 % (18 nests) for loggerhead and green 
turtles, respectively (Table 1). 

 
Relationship between invertebrates and the nest site and nest 
content variables 
In total,  202  green turtle and 83 loggerhead turtle nests were 
recorded for three nesting seasons on Alata Beach (Aymak 
2004, Aymak et al. 2005, Ergene et al. 2009a,b). In the current 
study, this number was reduced by 22 green turtle nests and 
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three loggerhead  turtle nests  that  were partly or completely  
predated  by  dogs or ghost crabs, nests that were lost in any 
other way, as well as the nests that were taken by coastal 
erosion.  Thus,  180  natural  intact  green  turtle  nests and 80  
natural  intact  loggerhead  turtle nests were examined. 
Invertebrates were found in 46 (25.6 %) green turtle nests and 
23 (28.8 %) loggerhead turtle nests.  

The distribution of infested loggerhead and green turtle 
nests did not show any statistically significant differences 
among the sub-sections of the beach (one-way ANOVA: 
F = 2.687, df = 3, p > 0.05 for loggerhead turtle nests and 
F = 0.586, df = 3, p > 0.05 for green turtle nests). The infested 
nests were concentrated mainly between 10 m and 20 m from 
the water’s edge (Figure 2). 

The descriptive statistics and results of the Student’s t-test 
for the nest site and nest content variables as supplementary 
data are given in Appendix 1. These analyses showed 
statistically significant differences between certain nest site 

variables where invertebrate species were present or absent. 
According to the results, the DNV (t = -2.030; df = 78; 
p < 0.05), NUE (t = 4.655; df = 74; p < 0.01), NEE (t = -3.064; 
df = 78; p < 0.05), and HSR (t = -3.971; df = 78; p < 0.01) for 
loggerhead turtle nests and the DWE (t = -2.491; df = 177; 
p < 0.05), NEE (t = -2.183; df = 177; p < 0.05), IP (t = 3.021; 
df = 140; p < 0.05), and HSR (t = 2.267; df = 177; p < 0.05) for 
green turtle nests showed statistically significant differences 
between infested and non-infested nests. The logistic 
regression analysis showed the results of fitting a logistic 
regression model to describe the relationship between 
invertebrate presence and the 12 independent variables. The 
Hosmer-Lemeshow tests showed suitable goodness-of-fit for 
the models (x2 = 6.926; p = 0.545 for loggerhead turtle; 
x2 = 5.556; p = 0.697 for green turtle). According to this model, 
the most important explanatory factors affecting invertebrate 
presence in loggerhead turtle nests are NUE and DNV, while 
in green turtle nests, these are DWE and HSR (Table 2). 

 
 

 
 

Figure 2. Distribution of infested and non-infested nests of Caretta caretta and Chelonia mydas according to the distance from the water edge 
(m) for three nesting seasons on Alata beach.  

 
 

Table 2. Logistic regression analysis for nest site and nest content variables affecting the presence 
of invertebrate species. *p<0.05, ** p<0.001. 

 

Turtle species  Parameters  Estimate  SE  Odds Ratio  Chi-Square  P-Value 

Caretta caretta 
 Constant  −1.140  0.522       
 NUE  0.106  0.032  1.111  16.53  0.000** 
 DNV  −0.002  0.001  0.998  3.89  0.048* 

Chelonia mydas 
 Constant  −1.112  1.065       
 DWE  0.001  0.000  1.001  6.420  0.011* 
 HSR  −0.020  0.010  0.980  4.181  0.041* 

 
 
Discussion 
 
Comparison of the distribution of invertebrate groups in 
turtle nests among beaches 
On Alata Beach, there were differences and similarities in 
invertebrate diversity in infested sea turtle nests across the 
three seasons. Differences in the density of sea turtle nests and 
the density of invertebrates across the three seasons might 
have affected the rate of invertebrate infestation in the nests 
(Table 3). In the 2003 nesting season (see Aymak et al. 2017) 
and during the 2005 and 2007 nesting seasons, all 
invertebrates in the loggerhead turtle nests on Alata Beach 
were the same as those found on Fethiye, Kızılot, Dalaman, 
and Dalyan İztuzu beaches in Türkiye (Türkozan & Baran 

1996, Türkozan 2000, Baran et al. 2001, Özdemir et al. 2004, 
2006, Katılmış et al. 2006, Urhan et al. 2010). However, on the 
other beaches, there were also records of loggerhead nests 
infested with Nematoda, Mesostigmata (Acari), Araneidae 
(Araneae), and Sphecidae (Hymenoptera), which were not 
recorded in loggerhead or green turtle nests on Alata beach. 
For all three seasons on Alata beach, there were differences as 
well as similarities in invertebrate diversity from the infested 
sea turtle nests compared to other beaches such as Kazanlı 
(Aymak et al. 2020), the main nesting site at Alagadi and other 
beaches along the coast in Northern Cyprus (Broderick & 
Hancock 1997, McGowan et al. 2001a), East Laganas, and 
Kalamaki beaches, located in the National Marine Park of 
Zakynthos in Greece (Andrews et al. 2016) (Table 3). 
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Comparison of infestation rates in turtle nests among beaches 
Loggerhead turtle nests. The percentages of infested 

loggerhead turtle nests on Alata beach in the 2003 nesting 
season (31.25 %) (Aymak et al. 2017) and in the current study 
for the 2005 nesting season (26.92 %) were higher than those 
in the 1995 study in Northern Cyprus (23 %) (Broderick & 
Hancock 1997); in addition, the percentages from these two 
nesting seasons, as well as that of the current study for the 
2007 nesting season (20 %), were higher than those of 
Northern Cyprus in 1996 (13.4 %) and 1997 (17.4 %) 
(McGowan et al. 2001a). Aymak et al. (2017) reported that the 
percentage of infested loggerhead turtle nests on Alata Beach 
in the 2003 nesting season was lower than those on Fethiye 
and Dalaman beaches but higher than that on Dalyan İztuzu 
Beach. This was also true for the present study, with 
percentages for Alata Beach in the 2005 and 2007 nesting 
seasons being lower than those of Fethiye and Dalaman 
beaches but higher than that of Dalyan İztuzu beach. 

Green turtle nests. In Northern Cyprus, the percentage of 
infested nests in 1995 was 9 % (Broderick & Hancock 1997); 
these percentages were 3.3 % in 1996 and 20.7 % in 1997 
(McGowan et al. 2001a). In Türkiye, on Kazanlı beach in 
Mersin, the percentage of infested green turtle nests in 2006 
was 25.85 % (Aymak et al. 2020). When the percentages of 
infested green turtle nests on Alata and Kazanlı beaches and 
in Northern Cyprus were compared, the percentage for 
Kazanlı beach in 2006 (25.85%) (Aymak et al. 2020) was higher 
than the values for Northern Cyprus and for Alata beach in 
both 2003 (19.83 %; 24 out of 121 nests) (Aymak et al. 2017) 
and 2005 nesting seasons (25 %; 5 out of 20 nests) (present 
study). However, the percentage of infested green turtle nests 
on Alata Beach in 2007 (29.51 %; 18 out of 61 nests) was the 
highest across all the nesting seasons and beaches examined. 
As the overall number of nests changed considerably across 
the seasons, it is not possible to say whether infestation has 
been increasing over the years – while a total of 121 nests were 
found in 2003, the overall nest number decreased in 2005 (20 
nests) and increased in 2007 (61 nests). 

 
Relationship between invertebrates, nest site, and nest 
content  

Loggerhead turtle nests. Other researchers have also 
evaluated nest parameters regarding invertebrate species’ 
presence or absence in loggerhead turtle nests in Türkiye. The 
loggerhead nests close to vegetation had more insects than 
those further away (Katılmış et al. 2006). When all insect 
groups were combined as invertebrates, sand grain size and 
distance from low vegetation were the variables in the model 
that was most clearly negatively correlated with 
invertebrates, but smaller nest diameters attracted more 
invertebrates to the nests (Özdemir et al. 2004). Baran et al. 
(2001) stated that tenebrionid larvae were mostly recorded in 
loggerhead nests with nearby vegetation (1-15 m), a fine grain 
size (<2 mm), and abundant plant remains. Coleopteran 
(Tenebrionidae, Pimelia sp.) larvae had a significant negative 
relationship with the distance of the nest from low vegetation, 
and dipterans had a positive relationship with the total 
number of eggs but a negative relationship with nest depth 
(Özdemir et al. 2006). Katılmış & Urhan (2007) reported that 
for loggerhead turtle nests, the distance of the nests from 
vegetation was a significant factor for both Pimelia sp. and 

Muscidae. Also, for Pimelia sp., the most significant factor was 
the distance of the nest from vegetation; for Muscidae, the 
most significant factor was the depth from the ground’s 
surface to the egg chamber. In Northern Cyprus, McGowan et 
al. (2001b) investigated the depth of the egg chamber, the 
distance to the high-water mark, the number of dead 
(hatchlings and embryos) per nest, hatchling emergence 
duration, and transplanted nests, and the depth of the egg 
chamber was found to be the most significant factor for 
dipteran infestation. In loggerhead turtle nests in Zakynthos, 
Greece, there were significant negative correlations between 
distance to vegetation and nest depth and the rate of infested 
eggs. The rate of infested eggs was positively correlated with 
clutch size and number of non-viable eggs (Andrews et al. 
2016). Also, according to the logistic regression analysis, the 
NUE and DNV were the most important explanatory factors 
that affected invertebrate presence in loggerhead turtles on 
Alata Beach. 

Green turtle nests. According to our results, there were 
statistically significant differences between infested and non-
infested nests for DWE, NEE, IP, and HSR, while for Kazanlı 
beach, this was true for DMS, DDS, NEE, HSR, NUE, NFE, 
and the day intervals between DHED (Aymak et al. 2020). 
According to the logistic regression analysis, the DWE and 
HSR were the most important explanatory factors that 
affected invertebrate presence in green turtles on Alata Beach, 
while the HSR was negatively correlated to the presence of 
invertebrates on Kazanlı Beach (Aymak et al. 2020). However, 
there is some debate as to whether the lower HSR observed in 
sea turtle nests infested with invertebrates can be attributed 
to the presence of invertebrates, or if it is simply that nests 
with reduced hatching success have a greater likelihood of 
infestation because they contain more decaying matter 
(Andrews et al. 2016). Aymak et al. (2020) mention a similar 
lack of clarity on this point, and we agree that more studies 
are needed to establish this cause-and-effect relationship. 

Comparison between loggerhead and green turtle nests. In the 
current study, according to the logistic regression analysis 
results, the NUE and DNV were the most important 
explanatory factors that affected invertebrate presence for 
loggerhead turtles, while the DWE and HSR were the most 
important explanatory factors for green turtles. This means 
that invertebrate presence is positively correlated to the NUE, 
while a shorter DNV can yield more invertebrate species 
inside and/or around loggerhead turtle nests. Invertebrate 
presence is also positively related to the nests’ DWE, which 
decreases the HSR in green turtle nests. Therefore, we believe 
that nest site and nest content variables affecting the presence 
of invertebrate species are unique to each species. 

On Kazanlı beach, since most green turtle nests were 
located in areas close to vegetation, no statistically significant 
relationship was found between vegetation distance and 
insect infestation (Aymak et al. 2020). In our study on Alata 
Beach, for loggerhead turtle nests, a close vegetation distance 
was one of the most important explanatory factors that 
affected invertebrate presence, while a close vegetation 
distance was not an important explanatory factor for green 
turtle nests. This may be because green turtles lay their eggs 
deeper than loggerhead turtles, so the latter can be more 
easily reached by invertebrates. In our study, we calculated 
the average depth of the nests as 56.6 cm for loggerhead 
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turtles and 83.9 cm for green turtles, which is in accordance 
with known data on the species – loggerhead turtle nest depth 
is approximately 50-60 cm, and green turtle nests are an 
average of 90-100 cm deep (Kaska et al. 2014). On Kazanlı 
beach, the distribution of infested green turtle nests did not 
show any statistically significant differences among the sub-
sections, and the infested nests were mainly distributed at 16-
25 m DWE (Aymak et al. 2020). In our study, the distribution 
of infested green and loggerhead turtle nests did not show 
any statistically significant differences among the sub-
sections of Alata Beach, and the infested nests were mainly 
distributed between 10 and 20 m DWE. Additionally, 
increased day intervals between the DHED, which produces 
greater amounts of decaying matter in the nesting chamber, 
resulted in more invertebrate infestation of the green turtle 
nests (Aymak et al. 2020). However, contrary to Aymak et al.’s 
(2020) study, in our research, the day intervals between the 
DHED did not show any statistically significant differences 
between infested and non-infested nests in either green or 
loggerhead turtles. 

As for different beaches, Aymak et al. (2020) state that 
each beach has unique ecological characteristics, such as 
natural structure, sand properties, vegetation structure, 
human effects, the presence of natural sand dunes, and the 
presence of pebbles piled up by waves on each beach, which 
may create unique “nesting site factors”. With their varying 
combinations, these factors may predispose nests to insect 
infestation in marine turtles. These conditions can impact the 
existence, absence, or coexistence of invertebrate groups. We 
agree with Aymak et al.’s (2020) assessment that these effects 
could be related to the similarities and differences in the 
diversity and distribution of invertebrates among beaches. In 
addition, the variations and  impacts  of all these conditions 
on different beaches  can  be  suggested  as  the  reason  for  
the differences in reported infestation rates among these 
beaches.  

In conclusion, this study presents for the first time the nest 
factors that impact invertebrate infestation in both green and 
loggerhead turtle nests on Alata Beach in Mersin province on 
the northeastern Mediterranean coast of Türkiye. The green 
sea turtle nests are less affected by insect infestations than 
loggerhead turtle nests, which may be caused by the 
difference in the nesting depths of the two species. These 
factors were evaluated in detail, and the results of Alata Beach 
were compared to the results of other beaches. This study can 
provide a basis for further studies on the impacts of 
invertebrate infestation on other Eastern Mediterranean 
beaches. In addition, we have already mentioned that a 
certain area within Alata Beach is organized as a “sensitive 
area to be strictly protected”. Protecting only a part of Alata 
Beach, which has a natural structure, may cause incomplete 
protection of this area. We believe that other parts of Alata 
beach outside of this area and the areas behind this beach 
should also be taken under protection. In short, although the 
Alata sea turtles’ nesting beach has been preserved within the 
Institute, conservation should be maintained for the entire 
area within the boundaries of the Institute. 
 
 
Acknowledgments 
We thank the Mersin University Research Fund (Project No: BAB-FEF-

BB (SEG) 2005-1) for financial support during the 2005 sea turtle 
nesting season. We would also like to thank the Republic of Türkiye 
Ministry of Agriculture and Forestry, Alata Horticultural Research 
Institute, for the accommodations support and the Republic of 
Türkiye Ministry of Agriculture and Forestry, 7th Regional 
Directorate, Section of Mersin Province for the wire cages and 
warning plates used in the studies on monitoring and conservation 
during sea turtle nesting seasons. Finally, the researchers also wish to 
thank the Mersin University Department of Biology volunteer 
students for helping with the fieldwork. 
 
 
 
References 
 
Alessandro, L., Antonello, S. (2010): An overview of loggerhead sea turtle 

(Caretta caretta) by catch and technical mitigation measures in the 
Mediterranean Sea. Reviews in Fish Biology and Fisheries 20(2): 141-161. 

Andrews, A.J., Smith, A.C., Rees, A.F., Margaritoulis, D. (2016): The effect of 
invertebrate infestation and its correlation with loggerhead sea turtle (Caretta 
caretta) nest success in Laganas Bay, Zakynthos, Greece. Marine Turtle 
Newsletter 151: 9-15. 

Anonymous (1987): Manual of Nearctic Diptera, Vol. 2, Biosystematics Research 
Centre, Ottawa, Ontario, Monograph No 28. 

Aymak, C. (2004): Alata sahillerindeki deniz kaplumbağaları (Caretta caretta ve 
Chelonina mydas)'nın biyolojik özellikleri (Biological properties of marine 
turtles (Caretta caretta and Chelonia mydas) on Alata beach). MSc, Mersin 
University, Mersin, Türkiye (in Turkish). 

Aymak, C., Ergene Gözükara, S., Kaska, Y. (2005): Reproductive ecology of 
Caretta caretta and Chelonia mydas during 2002 and 2003 nesting seasons in 
Alata, Mersin, Turkey. pp. 10. In: Proceeding of the Second Mediterranean 
Conference on Marine Turtles; 4-7 May 2005. Kemer, Antalya, Turkey.  

Aymak, C., Ergene, S., Katılmış, Y., Uçar, A.H. (2017): Invertebrate infestation in 
green turtle (Chelonia mydas (Linnaeus, 1758)) and loggerhead turtle (Caretta 
caretta (Linnaeus, 1758)) nests on Alata Beach, Mersin, Turkey. Turkish 
Journal of Zoology 41(4): 753- 761.  

Aymak, C., Uçar, A.H., Katılmış, Y., Başkale, E., Ergene, S. (2020): The effect of 
invertebrate infestation on green turtle (Chelonia mydas) nests on Kazanlı 
beach, Mersin, Turkey. Russian Journal of Herpetology 27(5): 245‒256.  

Baran, İ., Özdemir, A., Ilgaz, Ç., Türkozan, O. (2001): Impact of some 
invertebrates on eggs and hatchlings of Loggerhead turtle, Caretta caretta, in 
Turkey. Zoology in the Middle East 24(1): 9‒17. 

Ben Hassine, J., Escoriza, D. (2013): Caretta caretta in Tunisia: natural history and 
report of a new regular nesting area. Herpetological Review 44(4): 557-561.  

Booth, R.G., Cox, M.L., Madge, R.B. (1990): IIE Guides to Insects of Importance 
to Man. 3. Coleoptera, The University Press, Cambridge. 

Broderick, A.C., Hancock, E.G. (1997): Insect infestation of Mediterranean marine 
turtle eggs. Herpetological Review 28(4): 190-191. 

Casale, P. (2015): Caretta caretta (Mediterranean subpopulation). The IUCN Red 
List of Threatened Species 2015: e.T83644804A83646294. 
<https://dx.doi.org/10.2305/IUCN.UK.2015-4.RLTS.T83644804A83646294. 
en. www.iucnredlist.org, accessed on 15 May 2022>. 

Casale, P., Broderick, A.C., Camiñas, J.A., Cardona, L., Carreras, C., 
Demetropoulos, A., Fuller, W.J., Godley, B.J., Hochscheid, S., Kaska, Y., Lazar, 
B., Margaritoulis, D., Panagopoulou, A., Rees, A.F., Tomás, J., Türkozan, O. 
(2018): Mediterranean sea turtles: current knowledge and priorities for 
conservation and research. Endangered Species Research 36: 229-267. 

Casale, P., Margaritoulis, D. (Eds.) (2010). Sea turtles in the Mediterranean: 
Distribution, threats and conservation priorities. Gland, Switzerland: IUCN. 

Elzinga, R.J. (2000): Fundamentals of Entomology. Prentice Hall. Inc., New 
Jersey. 

Ergene, S., Aymak, C., Kaska, Y. (2006): Alata kumsalı (Mersin)’nda deniz 
kaplumbağa (Caretta caretta ve Chelonia mydas) populasyonlarının incelenmesi 
(Survey on the sea turtle (Caretta caretta ve Chelonia mydas) populations on the 
Alata beach (Mersin)). Birinci Ulusal Deniz Kaplumbağaları Sempozyumu, 
WWF-Turkiye. 4-5 Aralık 2003. İstanbul, Türkiye, pp. 82-90. 

Ergene, S., Aymak, C., Uçar, A.H., Kaçar, Y. (2009a): 2005 Üreme Sezonunda 
Alata Kumsalı’na (Mersin) Yuva Yapan Chelonia mydas ve Caretta caretta 
Populasyonlarının Araştırılması (The research on the population of Chelonia 
mydas and Caretta caretta nesting on Alata Beach (Mersin) in 2005 nesting 
season). Ege Journal of Fisheries and Aquatic Sciences 26(3): 187-196. 

Ergene, S., Aymak, C., Uçar, A.H., Şengezer, S.N., Yaşar, Ü., Kaçar, Y., Kaya, Ş. 
(2009b): Alata Kumsalında Uzun Dönem Deniz Kaplumbağaları Çalışmaları 
2002-2009 (Long Term Sea Turtle Studies at Alata Beach 2002-2009). pp. 20. In: 
III. Ulusal Deniz Kaplumbağaları Sempozyumu Özet Kitapçığı. 03-05 Aralık 
2009. Mersin, Türkiye. 

 

http://eds.a.ebscohost.com/eds/breadbox/search?term=Marine%20Turtle%20Newsletter&sid=598f7ae1-addc-4df3-bad3-d1fb19b841d6%40sessionmgr4008&vid=1
http://eds.a.ebscohost.com/eds/breadbox/search?term=Marine%20Turtle%20Newsletter&sid=598f7ae1-addc-4df3-bad3-d1fb19b841d6%40sessionmgr4008&vid=1
http://www.iucnredlist.org/


A.H. Uçar et al. 
 

34 

Ergene, S., Uçar, A.H., Aymak, C. (2012): Mersin Bölgesi Deniz Kaplumbağaları 
Üreme Alanları (Nesting sites of marine turtles in Mersin). pp. 127-134. In: 
2012 Biological Diversity Symposium. The Republic of Türkiye Ministry of 
Forestry and Water Affairs, Directorate General for Nature Conservation and 
National Parks, Department of Biological Diversity, 22-23 May 2012. Ankara, 
Türkiye. 

Ergene, S., Uçar, A.H., Kaçar, Y., Ergene, M. (2016): Türkiye’nin doğu Akdeniz 
bölgesi deniz kaplumbağaları üreme kumsallarının 2015 üreme sezonunda 
Mersin Bölgesi potansiyeli (Potential of sea turtle nesting in Mersin region of 
the eastern Mediterranean of Turkey during 2015). pp. 1002-1014 In: Şerifoğlu, 
Y., Akış, I. (eds.), Uluslararası Türk Dünyası’nda İlmi Araştırmalar 
Sempozyumu. İktisat ve Girişimcilik Üniversitesi, 29-31 May 2016. Celalabat-
Kırgızistan. 

Fowler, L. (1979): Hatching success and nest predation in the green sea turtle, 
Chelonia mydas, Tortuguero, Costa Rica. Ecology 60: 946-955. 

Hall, S.C.B. (2005): Ecology of dipteran larvae infestations of sea turtle (Caretta 
caretta, Chelonia mydas, Natator depressus) nests in Central Queensland, 
Australia. MSc. Thesis. Central Queensland University, Rockhampton, 
Queensland, Australia. 

Hall, S.C.B., Parmenter, C.J. (2006): The larvae of two signal fly species (Diptera: 
Platystomatidae), Duomyia foliata McAlpine and Plagiostenopterina enderleini 
Hendel, are scavengers of sea turtle eggs. Australian Journal of Zoology 54(4): 
245-252. 

Hosmer, D.W., Lemeshow, S. (2000): Applied Logistic Regression. 2nd edn. Wiley. 
Karg, W. (1993): Acari (Acarina), Milben Parasitiformes (Anactinochaeta), 

Cohors Gamasina Leach, Raubmilben (2. Überarbeitete Auflage), Die Tierwelt 
Deutschlands, 59. Teil., VEB Gustav Fischer Verlag, Jena. (in German). 

Kaska, Y., Başkale, E., Katılmış, Y., Sözbilen, D., Sezgin, Ç., Candan, A.Y., Polat, 
F. (2014): Monitoring and Conservation of Sea Turtles (Caretta caretta, Chelonia 
mydas) and Soft-Shelled Nile Turtle (Trionyx triunguis) Populations within the 
Scope of Köyceğiz-Dalyan Specially Protected Area Monitoring Species and 
Habitat Project 2014. General Director of the General Directorate of the 
Protection of Natural Assets - Ministry of Environment and Urbanization, 
Ankara. 

Kaska, Y., Downie, R. (1999): Embryological development of sea turtles (Chelonia 
mydas, Caretta caretta) in the Mediterranean. Zoology in the Middle East 19(1): 
55-69. 

Kasparek, M., Godley, B.J., Broderick, A.C. (2001): Nesting of the green turtle, 
Chelonia mydas, in the Mediterranean: A review of status and conservation 
needs. Zoology in the Middle East 24: 45-74. 

Katılmış, Y., Urhan, R. (2007): Physical factors influencing Muscidae and Pimelia 

sp. (Tenebrionidae) infestation of loggerhead turtle (Caretta caretta) nests on 
Dalaman Beach, Turkey. Journal of Natural History 41: 213-218. 

Katılmış, Y., Urhan, R., Kaska, Y., Başkale, E. (2006): Invertebrate infestation on 
eggs and hatchlings of the loggerhead turtle (Caretta caretta), in Dalaman, 
Turkey. Biodiversity and Conservation 15: 3721-3730. 

Krantz, G.W. (1978): A Manual of Acarology. Oregon State Univercity, II. 
Edition, Corvallis, USA. 

Lodos, N. (1995): Türkiye Entomolojisi IV (Turkey Entomology IV). İzmir: E. Ü. 
Ziraat Fakültesi, Türkiye. 

Lopes, H.S. (1982): On Eumacronychia sternalis Allen (Diptera, Sarcophagidae) 
with larvae living on eggs and hatchlings of the east Pacific green turtle. 
Revista Brasileira de Biologia 42: 425-429. 

McGowan, A., Broderick, A.C., Deeming, J., Godley, B.J., Hancock, E.G. (2001a): 
Dipteran infestation of loggerhead (Caretta caretta) and green (Chelonia mydas) 
sea turtle nests in Northern Cyprus. Journal of Natural History 35: 573-581. 

McGowan, A., Rowe, L.V., Broderick, A.C., Godley, B.J. (2001b): Nest factors 
predisposing loggerhead sea turtle (Caretta caretta) clutches to infestation by 
dipteran larvae on Northern Cyprus. Copeia 2001(3): 808-812. 

Özdemir, A., Ilgaz, Ç., Kumlutaş, Y., Durmuş, S.H. (2006): Invertebrate 
Infestation of Caretta caretta Nests at Fethiye Beaches, Turkey. Pakistan 
Journal of Biological Sciences 9(3): 507-513. 

Özdemir, A., Türkozan, O., Ilgaz, Ç., Martin, R. (2004): Nest site factors and 
invertebrate infestation of Loggerhead Turtle nests. Israel Journal of Zoology 
50: 333-340. 

Phillott, A.D. (2005): Dipteran invasion of green sea turtle (Chelonia mydas) nests 
at Heron Island, Queensland. Herpetofauna 35: 50-53. 

Seminoff, J.A. (Southwest Fisheries Science Center, U.S.). (2004): Chelonia mydas. 
The IUCN Red List of Threatened Species 2004: e.T4615A11037468. 
<https://dx.doi.org/10.2305/IUCN.UK.2004.RLTS.T4615A11037468.en. 
www.iucnredlist.org, accessed on 15 May 2022> 

StatPoint Technologies, Inc. (2010): STATGRAPHICS® Centurion XVI User 
Manual, Printed in the United States of America. 

Türkozan, O. (2000): Reproductive ecology of the loggerhead (Caretta caretta) on 
Fethiye and Kızılot Beaches Turkey. Chelonian Conservation and Biology 
3(4): 686-692. 

Türkozan, O., Baran, İ. (1996): Research on the Loggerhead turtle, Caretta caretta, 
of Fethiye Beach. Turkish Journal of Zoology 20: 183-188. 

Urhan, R., Katılmış, Y., Yüksel, M. (2010): Invertebrate infestation in Loggerhead 
Turtle (Caretta caretta) nests, in Dalyan, Turkey. Munis Entomology & 
Zoology 5: 982-985. 

 
 
 

Appendix 1. Descriptive statistics and results of the student t-tests for the nest site and nest content variables for 
infested and non-infested sea turtle nests on Alata Beach. * p<0.05, ** p<0.001. 

 

Parameters  Non-infested nests  Infested nests  Statistics 
 N Min. Max. Mean SE  N Min. Max. Mean SE  t value Sig. 

C
ar

et
ta

 c
ar

et
ta

 
 

DNV  57 0 1990 597.60 64.817  23 0 1219 376.26 59.273  -2.030 0.046* 
DWE  57 201 2400 1229.63 60.183  23 621 1977 1273.87 79.429  0.412 0.682 
DMS  57 8 50 26.89 1.117  23 16 35 25.83 1.113  -0.563 0.575 
DDS  57 5 55 28.95 1.278  23 11 53 32.70 1.923  1.592 0.115 
TDN  57 37 94 55.84 1.288  23 46 72 58.52 1.815  1.148 0.254 
NUE  54 0 29 5.07 0.832  22 2 54 16.77 3.395  4.655 0.000** 
NFE  54 0 48 8.46 1.276  22 1 73 12.05 3.521  1.196 0.236 
NEE  57 29 115 71.07 2.585  23 5 110 54.87 5.335  -3.064 0.003** 
TNE  57 50 132 83.89 2.428  23 48 132 82.43 4.634  -0.303 0.763 
DHED  37 3 10 5.54 0.214  18 5 7 5.83 0.232  0.842 0.404 
IP  31 37 65 47.52 1.038  11 44 51 47.00 0.714  -0.286 0.776 

 HSR  57 44 100 84.65 1.719  23 4 95 67.29 5.442  -3.971 0.000** 

C
he

lo
ni

a 
m

yd
as

 
 

DNV  133 0 1485 292.72 20.349  46 0 1932 315.48 48.207  -0.509 0.611 
DWE  133 267 2460 1398.83 37.358  46 580 2294 1577.80 57.046  -2.491 0.014* 
DMS  133 11 77 39.52 0.892  46 10 62 36.65 1.508  1.632 0.104 
DDS  133 3 98 44.20 1.343  46 23 82 47.78 2.038  -1.309 0.166 
TDN  133 50 125 83.71 1.135  46 65 122 84.48 1.855  -0.345 0.731 
NUE  129 1 57 8.24 0.917  44 0 33 9.93 1.187  -0.985 0.326 
NFE  117 1 115 11.99 1.615  43 1 57 15.44 2.561  -1.119 0.265 
NEE  133 1 188 104.34 3.022  46 11 183 91.26 5.238  2.183 0.030* 
TNE  133 39 195 122.88 2.779  46 26 191 115.20 4.812  1.395 0.165 
DHED  91 1 16 6.19 0.262  28 5 9 5.89 0.208  0.602 0.548 
IP  106 39 75 50.67 0.664  36 37 56 47.00 0.718  3.021 0.003** 
HSR  133 1.3 100 84.66 1.467  46 23.6 98.9 78.01 2.631  2.267 0.025* 
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