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KURZFASSUNG 

 

Die Unechte Karettschildkröte (Caretta caretta) nistet im Mittelmeer unter anderem an der Küste 

der Türkei in Fethiye. Nachts schwimmen die Weibchen an den Strand, wandern diesen hoch und 

graben an einem für sie geeignet vorkommenden Platz eine Eikammer. Diese füllt es mit seinen 

Eiern, verschließt das Nest und kriecht zurück ins Meer. 

 

2010 wurden 5 Tiny Tags im Rahmen des Schildkrötenprojektpraktikums der Universität Wien zur 

Messung von Nesttemperaturen eingesetzt, je eines pro Nest. Sie wurden in Yaniklar und Akgöl, 

zwei Stränden in Fethiye, Türkei in Nester eingegraben und blieben dort, bis die Nester nach dem 

Verlassen der Juvenilen geöffnet wurden. Tiny Tags sind batteriebetriebene Computerchips, die 

unter anderem zur Temperaturmessungen genutzt werden können. Diese Sensoren wurden so 

programmiert, dass sie  in einem Intervall von 1 Stunde und 12 Minuten die Temperaturen im Nest 

aufgenommen. 

 

Als Vergleich, und um die Pufferwirkung des Sandes aufzuzeigen, wurden die Lufttemperaturen 

von Yaniklar und Çalis per Thermometer gemessen und notiert, 3mal täglich, jeweils um 6:00, 

12:00 und 22:00. Der Sand, bzw. auch der Schotter, der das jeweilige Nest umgibt, puffert die außen 

herrschenden Temperaturen ab. Trotzdem zeigen sich deutliche Korrelationen zwischen 

Nesttemperaturen und Außentemperatur. 

 

Die Inkubation wird von mindestens 3 Faktoren beeinflusst: der Charakteristik des umgebenden 

Substrats, Wassercharakteristik des Neststandortes und der Dimensionen der Eikammer. 

 

Die hier aufgeführten Daten zeigen die Zusammenhänge zwischen verschiedenen Faktoren auf. 

Die niedrigste Außentemperatur in Yaniklar wurde am 4. September mit 17,1°C bestimmt, das 

Maximum wurde am 22. Juli mit 50,4°C erreicht. Die Fluktuation der Nesttemperaturen, die mit 

den Tiny Tags gemessen wurden, variierte zwischen 0,5°C-1°C. Der Temperaturmedian der 

verschiedenen Nester liegt zwischen 30,5°C-33,7°C und die Inkubationszeit zwischen 47-52 Tage.  
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ABSTRACT 

 

Loggerhead sea turtles (Caretta caretta) use beaches of the Mediterranean Sea for their nests, for 

example the beaches of the Turkish coast in Fethiye. The female turtles arrive at the beach, emerge 

from the water, climb up and start digging the egg chamber at a place they find suitable for laying 

eggs. After the chamber is filled with the eggs, the sea turtle closes the nest with sand and returns to 

the sea. 

 

This year, 5 Tiny Tags, which are small computer-chips that can be used for temperature 

measurements, were deployed within the “Sea turtle Project” of the University of Vienna to 

determine the temperatures inside the turtle nests. 

They were buried in 5 different nests at Yaniklar and Akgöl, two beaches in Fethiye, Turkey. In 

order to acquire the needed data, the sensors were programmed to measure the temperature every 1 

hour and 12 minutes. 

At Yaniklar and Çalis the air temperature was measured daily at 6 am, 12 am and 22 pm and 

compared with the temperatures in the nests. The surrounding substrate, i.e. sand or gravel, buffers 

the air temperature, but there is still a clear correlation between the temperatures outside and inside 

the nest.  

 

The incubation environment is determined by a combination of at least three factors (Carthy et al. 

2003): the characteristics of the sand substrate, water characteristics of the nesting site, and the 

dimensions of the nesting cavity.  

 

These correlations between different factors are shown by the data in this report. 

The minimum air-temperature at Yaniklar was recorded on 4 September (17.1°C). The maximum 

was reached on 22 July (50.4°C). The nest temperature, recorded with the Tiny Tags, fluctuated by 

between 0.5°C and 1°C. The median temperature of the different nests ranged between 30.5°C and 

33.7°C and the incubation time from 47-52 days. 
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INTRODUCTION 

 

Loggerhead sea turtles (Caretta caretta) are, like all other sea turtles, reptiles: their eggs are 

incubated by the surrounding temperature after the female has buried them in sand or gravel. 

Temperature-dependent sex determination (TSD, also called environmental sex determination) 

among sea turtles produces females at warm temperatures and males at cooler temperatures. 

The sensitive period for sex determination occurs around the middle third of incubation. 

(Ackerman, 1997). 

The constant pivotal temperature (the constant incubation temperature that produces equal numbers 

of male and female hatchling sea turtles ) of 28.6 °C – 29.7 °C leads to a 50% male to female ratio 

of hatchlings (Kaska et al., 1998). Even a change of 1 to 2 °C can make a considerable difference to 

the sex ratio of the hatchlings. (Mrosovsky et al., 1980).  

 

The substrate surrounding the nest, regardless whether it is sand or gravel, dampens the air 

temperature and thus protects the hatchlings from strong diurnal temperature changes, ensuring 

their development. 

If the buffering does not function properly, the hatchlings may suffer from malformation of their 

limbs and bodies or die before they even have a chance to leave the nest. 

 

Not only the outside conditions have an impact on the temperature inside the nests, but there is also 

a variation of temperature inside, caused by so-called metabolic heat. Eggs at the top of the nest 

experience generally warmer (up to 1.4 °C) conditions than eggs at the bottom of the same nest. 

This caused variation in sex ratio within nests (Kaska et al., 1998). 

 

Incubation time for loggerhead turtle nests ranges from 50 to 61 days, for green turtle nests from 54 

to 63 days (Kaska et al., 1998), although shorter periods are possible. 

 

The influence of temperature on sea turtles is a key research topic, one that will only gain in 

importance as climate change becomes an issue.  
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MATERIAL AND METHODS 

 

Air temperature 

The air temperature at Yaniklar was recorded daily from 26 June until 11 September at 6 am, 12 am 

and 10 pm. The thermometer was placed on a wooden sun-bed at the beach, where it was exposed 

to the sun, at least at the noon measurements. 

 

At the camp in Çalis, the temperature was measured in the shade from 4 July until 14 July; from this 

date on the measurements were taken in the sun, until 11 September, also at around 6:00, 12:00 and 

22:00.  

At both camps, data on wind conditions and the moon (e.g. visible or not) were noted. 

  

Nest temperature 

This research took place at the beach of Yaniklar and the beach of Akgöl in Fethiye. 

Five different Tiny Tags were used in order to acquire the information about the temperature. 

 

Tiny Tags are small battery-operated electronic devices, used to measure environmental parameters 

in given time intervals. They were programmed in Vienna by Christine Fellhofer to collect data 

every 72 minutes and to stop after 1800 measurements. 

The sensor chips were placed into film capsules to protectethem against damage through hatchling 

movements and sand humidity. Small desiccant bags were placed inside of the capsules to protect 

the sensitive Tiny Tags against condensation (Fig. 1). 

Figure 1: Tiny Tag (V), capsule opened 

Abbildung 1: Tiny Tag (V), Filmkapsel geöffnet (photo: M. Bauer) 
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Data collection  

 

Before the Tiny Tags were buried, they were briefly put into the refrigerator. This step was taken to 

clearly show when the measurements started. 

 

The temperature sensor chips were buried during the morning shift, almost always into a newly laid 

clutch, to obtain a full dataset. In two cases, though, it wasn't possible to bury the Tiny Tag into a 

freshly dug nest. These two nests were: Y7 and A9.  

Nest Y7 was laid by the green sea turtle Chelonia mydas on 08-07-2010, and the Tiny Tag was put 

in on 12-07-2010. The long time between nest laying and burying the Tiny Tag was caused by  

difficulties finding the clutch. The body pit was enormous and the eggs laid deeper than usual for 

Caretta caretta. When it was finally discovered, the Tiny Tag was buried. 

 

The second nest, A9, was chosen because for two days no other nests had been laid. This prompted 

the decision to use an “old” nest. 

 

All nest were then opened (Fig. 2), some eggs were briefly removed (Fig. 3) and the marked Tiny 

Tag (with number and date), was placed on top of the eggs (Fig. 4). The removed eggs were put into 

the nest again (Fig. 6).  The depth of the Tiny Tag was recorded (Fig. 5). This helped to determine 

whether there are depth-specific temperature differences between the nests.  
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Figure 2: Opening the Chelonia mydas nest (Y7) to place the Tiny Tag 

Abbildung 2: Öffnen des Chelonia mydas-Nestes (Y7) um den Tiny Tag zu platzieren (E. Rameder) 

 

 

Figure 3: Removing some eggs from the nest Y7 

Abbildung 3: Entnahme einiger Eier des Nests Y7 (E. Rameder) 
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Figure 4: Positioning of the Tiny Tag in the nest Y7 

Abbildung 4: Positionierung des Tiny Tags im Nest Y7 (E. Rameder) 

 

 

 

Figure 5: Measuring the depth of the position of the Tiny Tag 

Abbildung 5: Abmessen der Tiefe, in der sich der Tiny Tag befindet (L. Sommer)  
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Figure 6: Removed eggs are placed in the nest again 

Abbildung 6: Die herausgenommenen Eier werden zurück ins Nest gelegt (M. Bauer) 

 

 

 

Figure 7: Closing the nest 

Abbildung 7: Das Nest wird wieder verschlossen (L. Sommer) 
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The Tiny Tags were taken out after about 4 days after the last hatchling had left the nest. 

Table 1 shows the Tiny Tag specific information, indicating when the different Tiny Tags were 

buried in which nest, with nesting and hatching date. 

 

Table 1: Overview of Tiny Tag information and nest data 

Tabelle 1: Überblick über Tiny Tag spezifische Informationen und Nestdaten 

Logger 

  Tiny Tag I Tiny Tag II Tiny Tag IV Tiny Tag V Tiny Tag VI 

type Orion Tinytalk 1 
TinytalkII -40/75 

(125)°C TK-4014 TK-4014 TK-4014 
property temperature temperature temperature temperature temperature 

serial number 30915 45920 382882 382879 382968 
capacity 1800 1600 1800 1800 1800 

title 2010TT1 2010TT2 2010TT4 2010TT5 2010TT6 
interval 1 hour 12 min 1 hour 12 min 1 hour 12 min 1 hour 12 min 1 hour 12 min 

total measurements 
in nest 

1003 1201 1141 1099 978 

first measurement 30.06.10 30.06.10 07.07.10 12.07.10 17.07.10 
last measurement 19.08.10 29.08.10 24.08.10 05.09.10 24.09.10 

temperature in nest [°C] 
minimum 29,2 27,7 28,6 29,5 28,7 
maximum 35,2 33,7 32,6 32,7 32,9 
average 33,7 30,9 30,5 31,5 31,2 
range 6,0 6,0 4,0 3,2 4,2 

            
nest information 

nest number A 4 Y 10 Y 5 Y 7 A 9 
nest date 29.06.10 29.06.10 06.07.10 08.07.10 15.07.10 
hatch date 12.08.10 17.08.10 24.08.10 25.08.10 31.08.10 

incubation time 45 days 49 days 48 days 48 days 47 days 
depth of top eggs 0.32 m 0.39 m 0.32 m 0.55 m 0.26 m 

total depth 0.49 m 0.58 m 0.53 m 0.66 m 0.42 m 

diameter of chamber 0.19 m 0.23 m 0.22 m 0.28 m 0.20 m 

distance to the sea 36.3 m 14.5 m 14.7 m 21.5 m 13.2 m 

            
hatchling information 

total number of eggs 71 90 63 98 72 

unfertilized / 3 8 * 47 * 7 
early embryo 1 3 * 5 3 + 8* / 
mid embryo / / 1 3 / 
late embryo 18 / / 1 2 

predated eggs / / / / / 
empty egg shells 52 84 49 36 63 
dead hatchlings 30 / / 3 3 

hatchlings reaching 
the sea 

22 84 49 33 60 

* insect eggs and worms 
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Data evaluation 

 

Air temperature 

The data on air temperature was collected by team members, and noted on form sheets. In Vienna, 

the information was transferred into Excel tables. 

 

Nest temperature - Tiny Tags 

In Vienna, the data were uploaded from the Tiny Tags with Tiny Tag Explorer 4.6; the information 

from Tiny Tag 1 was uploaded with OTLM. Afterwards, the OTLM data were imported to 

Microsoft Excel, and the chart was created by Excel too. 

 

 

RESULTS 

 

Nest Temperature 

 

Each chart (Fig. 8 – Fig. 12) shows the temperature profile measured by the respective Tiny Tag. 

Every chart shows a diurnal temperature change, but the temperatures are buffered by the sand, so   

the fluctuation between night and day never increased above 1°C. Overall, the temperature kept 

rising slowly, until the hatchlings leave the nest.  

The minimum temperatures in the beginning of the temperature profiles are caused by putting the 

Tiny Tags into the refrigerator to mark the start of the measurement. 
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Fig. 8 : Temperature profile measured by Tiny Tag I in nest A4 

Abb. 8 : Temperaturverlauf gemessen von Tiny Tag I in Nest A4 

  

Figure 8 shows the temperature course of nest A4 / Tiny Tag I. 

The Tiny Tag was in the nest from 30 June until 19 August. The temperature fluctuated between 

night and day by about 0.5°C - 1°C. 

The minimum of temperature was reached on 30 June with 29.2°C at 12.34 pm., and the maximum  

(35.2°C) was reached in the morning on 5 , 7 and 11 August. 

 

Figure 9: Temperature profile measured by Tiny Tag II in nest Y 10 

Abbildung 9: Temperaturverlauf gemessen von Tiny Tag II im Nest Y 10 
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Figure 9 shows the temperature profile, measured by Tiny Tag II in nest Y10. The Tiny Tag was in 

the nest between 30 June and 29 August. The night and day fluctuation never exceeded 1°C. 

The minimum temperature (27.7 °C) was reached on 1 June and 2 June, and the maximum (33.7°C) 

was reached on 14, 15 August, and on 5 September. 

 

The figure shows a remarkable drop in the temperature profile between 17 and 18 August. 

 

  

Figure 10: Temperature profile measured by Tiny Tag IV in nest Y5 

Abbildung 10: Temperaturverlauf gemessen von Tiny Tag IV im Nest Y5  

 

Figure 10 shows the temperature profile of nest Y 5 / Tiny Tag IV. This Tiny Tag was in the nest 

from 7 July until 2 September. The fluctuation between night and day was about 1°C. 

The minimum was 28.6°C on 11 July at 3.46 pm, the maximum was reached, with 32.6°C, on 22 

August at 3:46 am.  

 

This temperature profile shows a remarkable bend between 24 and 25 August. 
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Figure 11: Temperature profile measured by Tiny Tag V in nest Y 7 [Chelonia mydas] 

Abbildung 11: Temperaturverlauf gemessen von Tiny Tag V  im Nest Y 7 [Chelonia mydas]  

 

The temperature curve in Figure 11 was measured by Tiny Tag V in nest number Y 7. This Tiny Tag 

was in the nest from 12 July until 5 September.  

The minimum was measured on the first day of measuring, at 3:48 pm. with 29.5°C. The maximum 

(32.7°C) was reached on 17 August at 6:12 am. The fluctuation between night and day was about 

0.5°C. The fluctuation is dampened by the nest depth of 0.55 m. 

 

This temperature profile shows a drop between 25 and 26 August. 
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Figure 12 : Temperature profile measured by Tiny Tag VI in nest A9 

Abbildung 12: Temperaturverlauf gemessen von Tiny Tag VI im Nest A9  

 

Figure 12 shows the temperature course of Tiny Tag VI in nest A9. The nest temperature was 

measured between 17 July and 4 September. The night and day fluctuation was never more than 

1°C.  

The minimum was 28.7°C on 3 September at 1:33 pm, the maximum (32.9°C) on 23 August at 5:09 

am. 

 

Air Temperature 

 

The temperature was measured in °C. 

The wind was recorded in the categories “calm”, “light”, “heavy” and “stormy”. 

Regarding the moon, the differentiation was between whether it was visible or not visible. If visible, 

a distinction was made between ¼, ½ , ¾, full or new moon. 

 

Table 2 and Fig. 13 show the air temperature data of Yaniklar, Table 3 and Fig. 14 the air 

temperature data of Çalis. 
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Table 2: Air temperature of Yaniklar (n.d.: not determined) 

Tabelle 2: Lufttemperatur von Yaniklar 

Date Time Temp. [°C] Wind Moon 

28.06.10 06:00 18,1 heavy   

28.06.10 12:00 n.d. n.d.   

28.06.10 22:00 23,3 heavy full 

          

29.06.10 06:00 19,7 heavy   

29.06.10 12:00 44,2 heavy   

29.06.10 22:00 22,8 heavy full 

          

30.06.10 06:00 19,1 heavy   

30.06.10 12:00 38,7 light   

30.06.10 22:00 22,7 light ¾ 

          

01.07.10 06:00 18,5 calm   

01.07.10 12:00 40,0 light   

01.07.10 22:00 24,5 light not visible 

          

02.07.10 06:00 20,9 calm   

02.07.10 12:00 44,1 light   

02.07.10 22:00 27,1 calm not visible 

          

03.07.10 06:00 20,1 calm   

03.07.10 12:00 43,0 light   

03.07.10 22:00 26,6 calm not visible 

          

04.07.10 06:00 23,0 light   

04.07.10 12:00 45,8 light   

04.07.10 22:00 25,5 calm not visible 

          

05.07.10 06:00 22,3 calm   

05.07.10 12:00 47,0 light   

05.07.10 22:00 26,3 calm not visible 

          

06.07.10 06:00 21,2 light   

06.07.10 12:00 n.d. n.d.   

06.07.10 22:00 26,3 calm not visible 

          

07.07.10 06:00 22,3 calm   

07.07.10 12:00 43,6 light   

07.07.10 22:00 25,2 calm not visible 

          

08.07.10 06:00 20,9 calm   

08.07.10 12:00 43,2 heavy   

08.07.10 22:00 24,3 calm not visible 

          

09.07.10 06:00 20,1 calm   

09.07.10 12:00 38,6 light   

09.07.10 22:00 23,6 calm not visible 

          

10.07.10 06:00 20,8 calm   

10.07.10 12:00 44,0 calm   

10.07.10 22:00 25,3 calm not visible 
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Table 2: Air temperature of Yaniklar (n.d.: not determined) 

Tabelle 2: Lufttemperatur von Yaniklar 

Date Time Temp. [°C] Wind Moon 

24.07.10 06:00 20,4 calm   

24.07.10 12:00 49,3 light   

24.07.10 22:00 28,4 light full 

          

25.07.10 06:00 21,1 n.d.   

25.07.10 12:00 48,8 n.d.   

25.07.10 22:00 25,0 n.d. not visible 

          

26.07.10 06:00 n.d. n.d.   

26.07.10 12:00 39,5 stormy   

26.07.10 22:00 n.d. n.d. not visible 

          

27.07.10 06:00 21,4 heavy   

27.07.10 12:00 n.d. n.d.   

27.07.10 22:00 27,5 light full 

          

28.07.10 06:00 21,9 light   

28.07.10 12:00 45,5 n.d.   

28.07.10 22:00 n.d. n.d. n.d. 

          

29.07.10 06:00 21,2 calm   

29.07.10 12:00 45,5 n.d.   

29.07.10 22:00 n.d. n.d. n.d. 

          

30.07.10 06:00 23,0 calm   

30.07.10 12:00 45,2 light   

30.07.10 22:00 25,6 calm n.d. 

          

31.07.10 06:00 23,6 light   

31.07.10 12:00 n.d. n.d.   

31.07.10 22:00 25,4 calm not visible 

          

01.08.10 06:00 20,7 calm   

01.08.10 12:00 49,5 light   

01.08.10 22:00 26,5 light not visible 

          

02.08.10 06:00 20,9 light   

02.08.10 12:00 n.d. n.d.   

02.08.10 22:00 26,6 calm n.d. 

          

03.08.10 06:00 22,1 calm   

03.08.10 12:00 47,4 light   

03.08.10 22:00 25,9 n.d. n.d. 

          

04.08.10 06:00 n.d. n.d.   

04.08.10 12:00 47,6 light   

04.08.10 22:00 26,0 calm not visible 

          

05.08.10 06:00 23,2 light   

05.08.10 12:00 42,6 light   

05.08.10 22:00 26,5 calm n.d. 
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Table 2: Air temperature of Yaniklar (n.d.: not determined) 

Tabelle 2: Lufttemperatur von Yaniklar 

Date Time Temp. [°C] Wind Moon 

19.08.10 06:00 23,0 calm   

19.08.10 12:00 43,7 light   

19.08.10 22:00 26,2 calm ¾ 

          

20.08.10 06:00 21,7 calm   

20.08.10 12:00 43,9 light   

20.08.10 22:00 n.d. n.d. n.d. 

          

21.08.10 06:00 23,6 calm   

21.08.10 12:00 45,1 light   

21.08.10 22:00 27,4 calm ¾ 

          

22.08.10 06:00 22,6 calm   

22.08.10 12:00 45,4 light   

22.08.10 22:00 26,6 calm full 

          

23.08.10 06:00 21,2 calm   

23.08.10 12:00 45,9 light   

23.08.10 22:00 27,1 calm full 

          

24.08.10 06:00 21,8 calm   

24.08.10 12:00 42,3 heavy   

24.08.10 22:00 25,2 calm full 

          

25.08.10 06:00 21,4 calm   

25.08.10 12:00 47,1 light   

25.08.10 22:00 26,9 light full 

          

26.08.10 06:00 19,6 calm   

26.08.10 12:00 48,8 light   

26.08.10 22:00 25,1 calm full 

          

27.08.10 06:00 18,2 calm   

27.08.10 12:00 48,1 light   

27.08.10 22:00 n.d. calm full 

          

28.08.10 06:00 18,6 calm   

28.08.10 12:00 41,1 light   

28.08.10 22:00 24,8 calm ¾ 

          

29.08.10 06:00 18,4 calm   

29.08.10 12:00 38,4 light   

29.08.10 22:00 23,5 calm ¾ 

          

30.08.10 06:00 18,4 calm   

30.08.10 12:00 43,6 light   

30.08.10 22:00 24,3 calm ¾ 

          

31.08.10 06:00 19,6 calm   

31.08.10 12:00 45,4 light   

31.08.10 22:00 23,1 calm not visible 
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Figure 13: Air temperature at Yaniklar 

Abbildung 13: Lufttemperatur von Yaniklar 

 

 

 

 
Figure 14: Air temperature at Çalis 

Abbildung 14: Lufttemperatur von Çalis 
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Table 3: Air temperature at Çalis (n.d.: not determined) 

Tabelle 3: Lufttemperatur von Çalis 

Date Time Temp. [°C] Wind Moon 

Shadow Measurements 

04.07.10 06:10 25 – 27 n.d.   

04.07.10 12:00 n.d. n.d.   

04.07.10 22:00 n.d. n.d. n.d. 

          

05.07.10 06:00 n.d. n.d.   

05.07.10 12:00 n.d. n.d.   

05.07.10 22:09 27,0 n.d. not visible 

          

06.07.10 06:19 25,0 n.d.   

06.07.10 12:00 n.d. n.d.   

06.07.10 22:00 n.d. n.d. n.d. 

          

07.07.10 06:15 26,4 calm   

07.07.10 12:30 35,5 slightly windy   

07.07.10 22:00 32,2 soft breeze not visible 

          

08.07.10 06:12 25,8 calm   

08.07.10 12:00 32,2 WINDY   

08.07.10 22:13 28,8 calm  not visible 

          

09.07.10 06:16 25,8 soft breeze   

09.07.10 12:00 n.d. n.d.   

09.07.10 22:11 29,7 calm  not visible 

          

10.07.10 06:02 24,7 calm   

10.07.10 12:40 34,2 soft breeze   

10.07.10 22:10 29,6 calm not visible 

          

11.07.10 06:15 25,2 calm   

11.07.10 12:00 n.d. n.d.   

11.07.10 22:10 27,5 calm  not visible 

          

12.07.10 06:08 26,8 calm   

12.07.10 12:00 33,3 light   

12.07.10 22:15 27,8 light not visible 

          

13.07.10 06:10 27,0 calm   

13.07.10 12:05 35,9 calm   

13.07.10 22:12 28,7 light not visible 

          

14.07.10 06:09 26,6 calm   

14.07.10 12:00 35,4 light   

14.07.10 22:15 30,0 calm not visible 

          

Sun Measurements 

15.07.10 06:15 26,7 light   

15.07.10 12:10 46,8 light   

15.07.10 21:55 29,0 calm < ¼ 

          

16.07.10 06:00 27,7 calm   
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Table 3: Air temperature at Çalis (n.d.: not determined) 

Tabelle 3: Lufttemperatur von Çalis 

 Date Time Temp. [°C] Wind Moon 

29.07.10 06:14 25,4 calm    

29.07.10 12:00 35,3 n.d.   

29.07.10 22:10 28,9 calm ¾ 

          

30.07.10 06:07 25,5 calm    

30.07.10 12:00 n.d. n.d.   

30.07.10 22:12 29,9 calm  not visible 

          

31.07.10 06:10 24,4 calm   

31.07.10 12:23 43,6 light   

31.07.10 22:10 30,0 calm  not visible 

          

01.08.10 06:25 25,8 calm   

01.08.10 12:10 41,7 light   

01.08.10 22:10 30,8 calm not visible 

          

02.08.10 06:13 24,3 calm   

02.08.10 12:15 37,9 light   

02.08.10 22:31 28,8 calm  not visible 

          

03.08.10 06:15 25,4 calm   

03.08.10 12:30 37,7 light   

03.08.10 22:10 29,7 calm  not visible 

          

04.08.10 06:10 26,1 calm   

04.08.10 12:02 39,0 light   

04.08.10 22:10 31,0 calm not visible 

          

05.08.10 06:28 27,4 calm   

05.08.10 12:35 43,4 light   

05.08.10 22:40 30,8 calm  not visible 

          

06.08.10 06:25 28,3 light   

06.08.10 12:30 21,4 light   

06.08.10 22:10 29,6 calm not visible 

          

07.08.10 06:14 26,8 calm   

07.08.10 12:48 45,0 light   

07.08.10 22:10 30,7 calm  not visible 

          

08.08.10 06:40 26,7 calm   

08.08.10 11:30 43,0 light   

08.08.10 22:17 29,6 calm  not visible 

          

09.08.10 06:13 25,7 calm   

09.08.10 12:00 37,7 light   

09.08.10 22:11 29,8 calm  not visible 

          

10.08.10 06:25 24,7 calm   

10.08.10 13:00 38,7 light   

10.08.10 22:15 28,9 calm  not visible 
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Table 3: Air temperature at Çalis (n.d.: not determined) 

Tabelle 3: Lufttemperatur von Çalis 

Date Time Temp. [°C] Wind Moon 

24.08.10 06:30 26,5 calm   

24.08.10 13:00 41,5 light   

24.08.10 23:30 29,9 calm  full 

          

25.08.10 07:35 24,2 calm   

25.08.10 12:40 44,0 light – heavy   

25.08.10 23:00 28,5 calm  full 

          

26.08.10 06:25 26,7 calm   

26.08.10 excursion 

26.08.10 22:00 29,3 calm  ~full 

          

27.08.10 06:24 23,4 calm   

27.08.10 12:15 45,6 calm   

27.08.10 22:31 27,2 calm  full - ¾ 

          

28.08.10 06:15 23,4 calm  ¾ 

28.08.10 12:00 n.d. n.d.   

28.08.10 22:30 27,1 calm ¾ 

          

29.08.10 06:19 21,7 calm    

29.08.10 12:17 42,6 light   

29.08.10 22:45 27,0 calm  not visible 

          

30.08.10 06:21 21,1 calm   

30.08.10 12:30 40,7 calm   

30.08.10 21:34 28,3 calm  not visible 

          

31.08.10 06:25 22,2 calm   

31.08.10 12:15 43,6 calm – light   

31.08.10 22:00 27,6 calm   

          

01.09.10 06:22 24,3 calm   

01.09.10 12:16 42,7 light – heavy visible 

01.09.10 22:00 25,1 calm  not visible 

          

02.09.10 06:30 21,1 calm   

02.09.10 13:30 39,2 calm   

02.09.10 22:41 25,4 calm not visible 

          

03.09.10 06:24 20,0 calm   

03.09.10 13:00 38,7 light   

03.09.10 22:00 n.d. n.d. n.d. 
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DISCUSSION    

 

Nest temperature 

 

Sea turtle nests have their own micro-climate. Although the air temperature changes considerably 

over the course of the day, the temperature inside the nest stays almost the same. 

Temperature differences within and between nests can be explained by nest depth, the amount of 

sand between the surface and the nest, the distance to the sea (because of the water and its cooling 

effect) the number of eggs in the nest (metabolic heat) and the substrate type. 

Rainfall did not play an important role in the data of this year because it only drizzled twice. 

Tiny Tags 2, 4 and 5 recorded clear drops in the temperature curve (Tiny Tag 2/Y10- 17.-18.8, Tiny 

Tag 4/Y5- 24.-25.8., Tiny Tag 5/Y7- 25.-26.8.).  These changes result from the hatchlings that left 

the nest and disturbed its micro-climate. The hatch dates correlate with the dates of the drops. 

 

Even if outside the nest the air temperature changed by up to 20°C, inside the nest the temperature 

changed over the whole incubation time by about only 3 degrees. 

In the nests, the maximum is reached in the morning and the evening,  

Figure 15 shows the comparison between air temperature in Yaniklar and nest temperatures. 

 

 
Figure 15: Comparison between Yaniklar air temperature and nest temperatures 

Abbildung 15: Vergleich der Yaniklar Lufttemperaturen und der Nesttemperaturen 
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No clear correlation between the incubation time and the incubation temperature is visible in Fig. 

15. The depth of the egg chamber and the substrate have an impact on the incubation time.  

 

Typically, incubation period (I, days) decreases as incubation temperatures (T, °C) increases. 

(Ackerman, 1997). As shown in Fig. 16 below, this also held true for the data collected this year. 

Table 4 shows the data related to the chart. 

                                                                                             
 
 
 
                                                                                              Table 4: Incubation days and temperature median 

                                                                                 Tabelle 4: Inkubationstage und Temperaturmedian 

  

       

Figure 16: Incubation temperature influence on incubation time 
Abbildung 16: Inkubationstemperatur – Einfluss auf Inkubationsdauer  
 

Air temperature 

 

The data from Çalis are problematic because the data collection was not standardized. 

 

The first problem was that there was no standardized place where the measurements were taken. It 

was unclear whether the thermometer was to be placed in the sun or in the shade. 

The second problem was that the surface on which the thermometer was placed differed from 

measurement to measurement, ranging from grass, sand, to asphalt. 

The sensor of the thermometer was positioned on one side of the thermometer. The third problem 

therefore was that the direction in which the temperature sensor pointed wasn't standardized and the 

temperature changed when the direction was changed. 

 

logger temp. median [°C]  days 
TT1 33,7 45 
TT5 31,5 48 
TT6 31,2 47 
TT2 30,9 49 
TT4 30,5 48 
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Nest Nest depth

I A 4 52 days 71 52 22 35,30 m 0,32 m sand
II Y 10 49 days 90 84 84 18,10 m 0,39 m gravel
IV Y 5 48 days 63 49 49 17,40 m 0,4 m gravel
V Y 7 48 days 98 36 33 23,20 m 0,6 m sand
VI A 9 47 days 72 63 60 15,50 m 0,45 m sand

TinyTag
Incubation 

time 

Total 
number of 

eggs

Empty 
shells

Hatchlings 
reaching the sea

Distance to 
sea

sediment 
type

Comparing the data of Çalis and Yaniklar (Fig. 17) revealed that the temperatures between sites 

differ per day by about 5°C. The maximum temperature difference of 16.5°C between Yaniklar and 

Çalis was reached on 6 August (Yaniklar 37.9°C; Çalis 21.4°C) 

Figure 17: Air temperature comparison Yaniklar -Çalis 

Abbildung 17: Lufttemperatur - Vergleich Yaniklar-Çalis 

 

The data show that the air temperature at Çalis fluctuated less than in Yaniklar. Çalis is warmer in 

the morning and the evening than Yaniklar, and changes less during the day time (about 10-20°C); 

Yaniklar is considerably hotter (by about 20-30°C) at midday than at 6 am and 10 pm. 

 

Impact of Tiny Tags on breeding success 

Table 5 shows the incubation time, the different egg numbers, empty egg shells and the hatchlings 

reaching the sea. It also shows the depth of the nest and the distance to the sea. 

Many factors determine the breeding success of each nest, but there are no recognisable differences 

between the nests with or without Tiny Tag. This leads to the conclusion that the use of Tiny Tags in 

sea turtle nests do not endanger the hatchlings. 

 

Table 5: Nest information  

Tabelle 5: Nest Informationen 
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Chelonia mydas 

 

According to the collected data, the temperature in the Chelonia mydas nest, Y 7, was the most 

stable measured in the year 2010. The reasons for this might be the depth of the nest. At 0.60 m it 

was the deepest of the “Tiny Tag nests”. It was 0.15 m deeper than the deepest Caretta caretta nest. 

As shown in the chapter “Results”, the temperature difference during the incubation was always 

around 0.5°C, whereas the nest temperature in the Caretta caretta nests varied by about 1°C. 

The breeding success was not very high: only 33 hatchlings reached the sea (from a total of 98 eggs 

layed in this nest).  

 

These data are recorded to better understand the different factors influencing the eggs and the 

hatching success of Caretta caretta. The results here show that the temperature has a direct effect on 

the breeding success. The depth of the nests also plays an important role. 
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