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ABSTRACT
Sand temperature at 50 cm depth was measured in three profiles 
along El Sijú nesting beach, Cayos de San Felipe National Park, 
Pinar del Río, Cuba during the 2012-2013 nesting season. Sand and 
incubation temperatures inside and close to nests of Hawksbill (Eret-
mochelys imbricata), Loggerhead (Caretta caretta) and Green turtle 
(Chelonia mydas) were also measured. We compared sand temper-
atures among locations with different environmental conditions as 
well as incubation and sand temperatures during the thermo-sen-
sitive period. Using regression analysis, we modelled expected nest 
temperature from sand temperature for assessing the feasibility 
of using the latter as a proxy for estimating nesting temperature. 
Temperature at 50 cm depth of all locations during summer were 
significantly higher than pivotal while in winter it was significantly 
lower even in sunny areas. Average sand temperature during the 
peaks of the nesting seasons of the three species were significantly 
different (F (2,1214) = 942.39, p <0.01), with Green turtle season being 
the hottest and above pivotal temperature. Mean incubation tem-
peratures in nests of C. mydas and C. caretta were higher than those 
of E. imbricata. Nests incubated during winter (all of E. imbrica-
ta) generally became cooler as the winter advanced (F(5,105) = 47.07,  
p < 0.001), while those incubated during the period of July to Octo-
ber (summer) had mean temperatures above 30.5°C irrespective of 
the species. We found significant positive differences in the thermo-
sensitive period between nest and pivotal temperatures in four (the 
three species) and negative in two (E. imbricata) out of eight nests. 
Furthermore, sand temperature during nesting was significantly 
higher than 29.2°C in four out of the six nests sampled. These re-
sults point out a possible skew in hatchlings sex proportion towards 
females mainly during summer time, when the peak of C. mydas’ 
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nesting season occurs. The difference between 
daily average of nest and sand temperatures 
increased as the incubation progressed. When 
modelling expected differences and estimat-
ing nest temperatures accordingly, we found 
strong, significant linear relation (r = 0.91, p 
<0.05) and no significant differences between 
observed and estimated temperatures (t = 
0.96, p = 0.34). Moreover, we were able to es-
timate nest temperature with good accuracy 
(R2=0.83, average error=± 0.35ºC), which indi-
cates that sand temperature could be a good 
proxy for determining average nest tempera-
ture during the middle third of the incubation 
period, which can provide clues about the oc-
currence of sex biases. 

KEY wORDS: Incubation temperature, sea tur-
tles, climate change

RESUMEN
Se midió la temperatura de la arena a 50 cm 
de profundidad (profundidad de anidación 
promedio) a lo largo de tres perfiles de la playa 
de anidación de tortugas marinas El Sijú, par-
que nacional Cayos de San Felipe, Pinar del 
Río, Cuba durante la temporada de anidación 
2012-2013. Además, se midió la temperatura 
en la arena y de incubación en nidos de carey 
(Eretmochelys imbricata), caguama (Caretta 
caretta) y tortuga verde (Chelonia mydas). Se 
comparó la temperatura de la arena en dife-
rentes posiciones con respecto a las condicio-
nes ambientales así como la diferencia entre 
la temperatura de incubación y la dela arenas 
durante el período termo-sensible. Usando un 
análisis de regresión, se modeló la temperatu-
ra esperada del nido estimada a partir de la 
temperatura de la arena para determinar la 
factibilidad de usar esta última como proxy 
para futuras estimaciones de la temperatura 
en el nido.  La temperatura en los perfiles en 
todos los puntos medidos durante el verano fue 
superior a la pivote, mientras que en invierno 
fue significativamente menor, incluso en las 
áreas soleadas. La temperatura de la arena 
promedio durante el pico reproductivo de las 
tres especies fue significativamente diferente 
(F (2,1214) = 942.39, p <0.01), ya que la tem-
porada de tortuga verde tuvo los valores más 
altos muy por encima de la temperatura pivote. 

La temperatura de incubación en nidos de C. 
mydas y C. caretta fueron mayores que en los 
de E. imbricata. Los nidos incubados duran-
te el invierno (todos de E. imbricata) general-
mente redujeron gradualmente la temperatura 
con el avance del invierno (F(5,105) = 47.07, p 
< 0.001), los incubaos en el período de julio a 
octubre, en cambio, tuvieron temperaturas de 
incubación por encima de los 30.5°C con inde-
pendencia de la especie. Se encontraron dife-
rencias significativas y positivas entre la tem-
peratura del nido y la pivote durante el período 
termo-sensible en cuatro nidos (de las tres es-
pecies) y negativas en dos nidos (E. imbricata) 
de los ocho analizados. Más aún, la tempera-
tura de la arena durante también fue superior 
a 29.2°C en cuatro de los seis nidos evaluados. 
Estos resultados apuntan a un posible sesgo 
en la proporción sexual en las crías con mayor 
número de hembras durante el verano, cuando 
ocurre el pico de C. mydas. La diferencia entre 
la temperatura diaria del nido y de la arena 
se incrementó con el desarrollo embrionario. 
Cuando se modeló la diferencia esperadas y se 
estimó la temperatura tomando esto en consi-
deración, se encontró una relación lineal fuerte 
y significativa (r = 0.91, p <0.05) y la ausencia 
de diferencias significativas entre los valores 
observados y los estimados (t = 0.96, p = 0.34). 
Más aún, se pudo estimar la temperatura con 
una buena exactitud (R2=0.83, error medio=± 
0.35ºC), lo que indica que la temperatura de la 
arena puede ser un buen proxy para determi-
nar la temperatura del nido durante el segun-
do tercio del período de incubación, para utili-
zarla en la estimación de la proporción sexual 
esperada en estos nidos. 

PALAbRAS CLAVE: Temperatura de incubación, 
tortugas marinas, cambio climático 

INTRODUCTION
As in most of reptiles, temperature heavily 
influences different aspects of sea turtle bi-
ology. For example, embryonic development 
proceeds successfully only between 25°C 
and 35°C and it is known that temperature 
is the factor determining sex of offspring 
of all species (Yntema & Mrosovsky 1980, 
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Dalrymple et al. 1985, Shaver et al. 1988, 
Broderick et al. 2001, Tapilatu et al. 2013). 

The so called thermo-sensitive phase, 
which occurs during the middle third of the 
incubation period (Yntema & Mrosovsky 
1980), is the time when offspring‘s sex 
determination occurs depending on the 
relationship between nest and pivotal 
temperatures (temperature at which a 
50:50 hatchling sex ratio is most likely). 
Eggs incubated at temperatures higher 
than pivotal result in the production of fe-
males; those incubated at cooler tempera-
tures produce males (Esteban et al. 2016). 
Although variations in conditions among 
beaches determine variations in sex ratio 
for the same species (Glen and Mrosovsky 
2004), pivotal temperature is relatively con-
stant (Mrosovsky & Pieau 1991). Different 
authors have found that this parameter is   
close to 29°C for the hawksbill (Eretmochelys 
imbricata), loggerhead (Caretta caretta) 
(Mrosovsky 1994; Wibbels 2003) and green 
turtle (Chelonia mydas) (Kaska et al 1998; 
Godley et al 2002).

There is a growing evidence that the 
planet’s average temperature is gradually 
rising (McCarthy et al., 2001, Pachauri & 
Reisinger 2007). Subsequently, taking into 
account sea turtles’ temperature-dependent 
mechanism for sex determination, it is rec-
ognized that global warming may lead to a 
significant bias towards the production of 
females in wild populations and might re-
sult in the emergence of other malfunctions 
in the reproductive biology of these species. 
Climate change will constitute a serious 
threat to sea turtle survival if they can-
not find ways to adapt (Hawkes et al. 2009, 
Hamann et al. 2013, Booth 2017).

Several models and scenarios have been 
developed to project future climate change 
at global and regional scales (McCarthy 

et al., 2001, Pachauri & Reisinger 2007). 
Likewise, there are models for linking at-
mospheric variables with soil temperature 
(Hasfurther et al. 1972, Dwyer et al. 1990 
Vose & Swank 1991, Zheng et al. 1993 
Möllerström 2004). Nevertheless, few mod-
els have been specifically developed to link 
air, sand and nest temperatures for the par-
ticular case of sea turtle nesting beaches 
(Fuentes et al. 2009, Godley & Mrosovsky 
2004). One obstacle achieving this is the 
lack of systematic monitoring of sand and 
incubation temperatures in nesting beach-
es (Hays et al. 2001, 2017). Therefore, find-
ing and understanding patterns in sand 
and incubation temperature at nesting 
beaches is of paramount importance when 
designing strategies for climate adapta-
tion and long-term conservation, suitable 
for this group of species (Poloczanska et al. 
2009, Hamann et al. 2013).

Some sea turtle nesting sites in Cuba 
are among the most important in the insu-
lar Caribbean, particularly for C. caretta 
and C. mydas (Dow et al. 2008). Although 
systematic sea turtle nesting monitoring 
has been carried out for over 15 years at 
various beaches in Cuba, measurements 
of sand and nest temperatures only began 
a few years ago (Azanza et al. in prepara-
tion) and only for C. mydas. Cayos de San 
Felipe National Park is a key area for com-
parative studies on the incubation temper-
ature among species. This protected area 
has significant levels of nesting of C. my-
das and C. caretta and it harbors the beach 
with the highest recorded density of nests 
of E. imbricata in Cuba, which makes the 
park a very important site for conservation 
of these species (Moncada et al. 2014). In 
our study, we compare the incubation tem-
perature in nests of these three species of 
sea turtle and describe the relationship 
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between sand and nest temperature dur-
ing the thermo-sensitive phase of incuba-
tion in San Felipe nesting beaches.

MATERIALS AND METHODS 
The study was conducted between March 
2012 and April 2013 at El Sijú beach, 
Cayos de San Felipe National Park, located 
at 83° 30' W and 21° 56' N. It is a narrow 
beach, about 3 km long, which is formed by 
fine grained, white-gray sand. The beach 
also has visible signs of intense erosion, 
as according to observations of the au-
thors, coastline advanced 6 meters inland 
in a profile measured between June and 
December 2012. Between 17 and 25 nests 
of E. imbricata have been recorded annual-
ly during the last five years in this beach, 
which makes it one of the beaches with the 
highest nesting density for this species in 
Cuba (Moncada et al. 2014). 

Following the recommendations of 
WWF’s guidelines for temperature monitoring 

on nesting beaches (Baker-Gallegos et al., 
2009), three sand temperature profiles were 
set in sectors with different geomorphologi-
cal features (Fig. 1). We placed eight sensors 
in the sand at 50 cm depth in 4 different 
environments: sunny bare sand (3), sand in 
sunny areas covered by tall grass (2) and 
shaded sand (3) (Fig. 2). Sand temperature 
was continuously and synchronously mea-
sured at 2 hours intervals, between March 
26th 2012 and April 12th 2013.

In addition, we installed sensors in nine 
nests: two of green turtles (C. mydas), one 
of loggerhead (C. caretta) and six of hawks-
bill (E. imbricata). HOBO® Onset Pendant 
sensors were used for all measurements. 
Freshly laid nests were chosen (the night 
before), which were excavated, a number of 
eggs equivalent to one third of the expect-
ed size of the nest were extracted, and the 
sensor was placed and secured by a thin 
cord. Then eggs previously extracted were 
placed back in the incubation chamber, 

Fig. 1: Location of profiles in El Sijú Beach, Cayos de San Felipe National Park.



104Sand and incubation temperatureS of a turtleS’ neSting beach at San felipe  

Gerhartz-Muro • Azanza • Moncada • Gerhartz-Abraham • Espinosa • Forneiro • Chacón  

REVISTA DE INVESTIGACIONES MARINAS
 RNPS: 2096 • ISSN: 1991-6086• VOL. 38 • No. 2 • JULIO-DICIEMBRE • 2018 • pp. 100-116

the nets refilled with the same sand and 
the surface leveled to be left in conditions 
similar to those it had before digging the 
nest. The cord firmly attached to a PVC 
stake driven deep secured the sensors. 
The stakes were secured by a rope to a 
tree or shrub out of reach of storm surges. 
Additional sensors were also used to mea-
sure sand temperature in sites at one me-
ter off the nests, at the same depth and in 
similar environmental conditions to the 
corresponding nest. All these sensors were 
set to measure temperature synchronous-
ly at intervals of two hours. We used the 
HOBOware® Onset® Computer Corp soft-
ware to download the data collected, while 
Excel spreadsheets were used to create 
temperature databases for each sensor.

After the hatching of each nest occurred 
we gathered the following information: 

distance to high tide line 
(meters), nest depth, total 
number of eggs, number 
hatched eggs, eggs with 
no embryo, eggs with em-
bryo and dead hatchlings. 
With this information 
we calculated three indi-
cators:  incubation rate 
(number of eggs with em-
bryos hatched or not over 
the number of eggs mul-
tiplied by 100), incuba-
tion success (number of 
hatched eggs over the to-
tal of eggs multiplied by 
100) and the emergen-
cy success (number of 
hatched eggs minus dead 
hatchlings over the total 
of eggs multiplied by 100). 

We compared annual 
and peak season means 

of sand temperatures in profiles through 
ANOVA, and applied one-sample t test of 
means against reference value to explore 
differences with pivotal temperature under 
different environmental conditions both for 
annual and seasonal means. The average 
temperature of the sand during the peaks 
of the nesting seasons of the three species 
(May-June for C. caretta, July-August for 
C. mydas and November-December for E. 
imbricata) was also compared to pivotal 
temperature. In addition, one-sample t test 
of means against reference value (pivotal 
temperature for E. imbricata) were per-
formed for each nest and for each sensor in 
the sand next to the nests. 

We used as reference for pivotal tem-
perature the value estimated for Antigua 
(29.2°C), another locality in the Caribbean 
(Glen & Mrosovsky 2004).  This comparison 

Fig. 2: Temperature profiles.
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was also considered appropriate for C. 
caretta and C. mydas nests, since the me-
dians of pivotal temperatures reported for 
these species are slightly below 29.2°C 
(Hawkes et al., 2009).

Synchronous temperature records in 
nests and sand were used to determine an 
equation that could help estimate nesting 
temperature during the thermo-sensitive 
period using sand temperature recorded at 
average nesting depth. To this aim we used 
regression analysis to obtain the relation-
ship among the average of the daily differ-
ences between nest and sand temperatures, 
and the number of days elapsed since the 
beginning of the thermo-sensitive phase 
(progress of the days of incubation), repre-
sented by an exponential curve. We then 
used this regression model to calculate the 
expected increase in temperature for each 
day of the middle third of incubation.

We calculated the expected average of dai-
ly temperature by adding the temperature 

increases estimated for each incubation day 
to the average of the temperature measured 
in the sand close to those nests. Using a lin-
ear regression, we compared the observed 
and expected average daily nest tempera-
tures, and evaluated the significance of the 
relationship by means of T test of difference 
between means, the coefficient of determi-
nation and the standard error. 

RESULTS
Thermal condiTions

Sand and air temperature measured at 
the three profiles showed similar patterns 
through time. In general, sand temperature 
followed a similar daily variation pattern in 
all measured points, which were much less 
pronounced than observed thermal fluctua-
tions for air temperature. As is typical for 
Cuba, the highest daily variations in air 
temperature were found in winter (Fig. 3). 

The three profiles differed significant-
ly in terms of mean annual temperature 

Fig. 3: Daily variation in temperature in four different environments of a nesting beach at San Felipe National Park: air 
temperature and sand temperature in bare sand, sand covered with grass and under the shadow of shrubs.
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(F (2, 2505) = 50.85, p <0.001): Profile 1 was 
the hottest, while profile 3 was the cool-
est. Among different zones 
of the beach, the average 
annual temperature were 
significantly below pivotal 
temperature with an aver-
age of 28.31°C in bare sand 
(t= -11.85, p <0.01),  28.50 in 
sand covered by tall grass 
(t= -15.46, p <0.01), 28.25 in 
shadow (t= -16.94, p <0.01) 
and 27.11 the air tempera-
ture (t= -17.79, p <0.01). 

The average temperature 
of all locations during sum-
mer (Fig. 4a) were signifi-
cantly higher than pivotal 
temperature (sand:  =30.30; 
t= 25.91, p <0.01, grass:

 =29.53; t= 8.19, p <0.01 
and shadow:  =29.65; t= 
7.63, p <0.01). Average daily 

temperature in winter (Fig. 
4b) was significantly low-
er than pivotal even in sun-
ny areas (sand:  =26.98, 
t= -84.04, p <0.01; grass:  
=28.12, t= -20.30, p <0.01 
and shadow:  =27.52, t= 
-44.98, p <0.01). 

The average sand tem-
perature during the peaks 
of the nesting seasons of the 
three species (May-June for 
C. caretta, July-August for 
C. mydas and November-
December for E. imbricata) 
showed significant differ-
ences (F (2,1214) = 942.39, p 
<0.01) (Fig. 5). During the 
nesting peak of C. mydas 
sand temperature reached 

the highest levels (over 30 oC) over pivot-
al temperature. Temperatures were below 

Fig. 4: Mean sand temperature at 50 cm depth in different environments (bare 
sand, sand covered by tall grass and sand in shady areas), in a) summer and 
b) winter at El Sijú beach, Cayos de San Felipe National Park, Pinar del Río, 
Cuba.

Fig. 5: Mean sand temperature at 50 cm depth during the months when the 
reproductive peaks of loggerhead (Caretta caretta), green turtle (Chelonia my-
das) and hawksbill (Eretmochelys imbricata) occur at El Sijú beach, Cayos de 
San Felipe National Park, Pinar del Río, Cuba.
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pivotal temperature in May and June when 
the nesting peak of C. caretta occurs, as 
well as in winter, during the nesting peak 
of E. imbricata. 

nesTing TemperaTure

The data recorded in of some of the nests 
was not useful for analysis, which limit-
ed the scope of our study. Data from nests 
# 86 (C. mydas) and # 131 (E. imbricata) 
were lost due to malfunc-
tioning sensors; nest # 132 
(E. imbricata) had almost 
no embryonic development, 
so nest and sand tempera-
tures were practically the 
same, which limited its 
use in comparisons. In the 
case of nest # 143 (E.   imbri-
cata) there was no sensor 
available at the time of in-
cubation to record the tem-
perature of the sand, so no 
comparison was possible in 
this case. A summary of 
the characteristics of nests, 
as well as its hatching and 
emergence success is pre-
sented in Table 1.

Mean incubation temperatures in C. 
mydas and C. caretta nests were high-
er than those of E. imbricata (Fig. 6). 
However, nests incubated during winter 
(all of E. imbricata) became cooler as the 
winter advanced (F(5,105) = 47.07, p < 0.001), 
while those incubated during the period of 
June to October (summer) had mean tem-
peratures above 30.5°C irrespective of the 
species. 

# Nest Sp
DHT  
(m)

NE NH
Not hatched eggs

DH
IR 

(%)
IS

 (%)
ES

 (%)
ND 

(cm)ENE EE
81 Cm 5,00 154 106 30 18 9 80,52 68,83 62,99 56
87 Cc 2,10 126 101 14 11 0 88,89 80,16 80,16 47
128 Ei 14,20 120 72 41 7 0 65,83 60,00 60,00 45
131 Ei 16,10 72 1 60 11 0 16,67 1,39 1,39 39
132 Ei 6,30 224 23 200 1 0 10,71 10,27 10,27 ¿?
133 Ei 5,80 131 45 23 63 0 82,44 34,35 34,35 ¿?
142 Ei 13,00 159 52 77 30 7 51,57 32,70 28,30 41
143 Ei 13,00 181 114 50 17 1 72,38 62,98 62,43 39

Table 1: Nest characteristics. Sp species (Cm Chelonia mydas, Cc Caretta caretta, Ei Eretmochelys imbricata), DHT distance to high 
tide line (meters), NE total number of eggs, NH number hatched eggs, ENE eggs with no embryo, EE eggs with embryo, DH dead 
hatchlings, IR incubation rate, IS incubation success, ES emergency success, ND nest depth

Fig. 6: Mean incubation temperature in nests of Chelonia mydas (Cm), Caretta 
caretta (Cc) and Eretmochelys imbricata (Ei) at El Sijú beach, Cayos de San 
Felipe National Park, Pinar del Río, Cuba.
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We observed a significant increase in 
nest temperature with respect to sand 
temperature as incubation progressed, al-
though in general the nest temperature 
pattern was similar to that of the sand at 
the same depth. We found that nest tem-
perature during the thermo-sensitive peri-
od was significantly higher than the sand 
temperature at the same depth (F (1,174) = 
72.54, p <0.01). The nests were on average 
1.4°C warmer than the sand. 

Table 2 shows mean incubation tempera-
tures in nests and two characteristics that in-
fluence this variable (nest depth and number 
of eggs). Temperature in the thermo-sensi-
tive period showed no significant differences 
with pivotal (t = -0.36, p = 0.72; t = 1.32, p = 

0.20) in only two (nests # 132 and # 142) out 
of six nests in which the middle third of in-
cubation occurred before November 10th. One 
(# 143) of the two nests incubated in winter 
had an average temperature significantly 
lower than pivotal (t = -4.94, p <0.05).

Similarly, we found that sand tempera-
ture during nesting was significantly high-
er than 29.2 °C in four out of the six nests 
sampled, which coincided with those where 
the temperatures were the highest and sig-
nificantly higher than pivotal. We did not 
find differences with pivotal temperature in 
one of the nests, and the sand close to one of 
the nest we monitored in winter had mean 
temperatures significantly lower than piv-
otal (see Table 3).

Table 2: Nests characteristics and mean incubation temperature for sampled nests of Eretmochelys imbricata (Ei), 
Caretta caretta (Cc) and Chelonia mydas (Cm).

Nest Species
Date of middle third of  
incubation

Mean nest temperature during 
2nd third of  incubation (ºC)

Sensor depth 
(cm)

Number of eggs 
incubated

81 Cm Jul 30 to  Aug 15 30.83 50 124

87 Cc Aug 1 to Aug 15 31.08 40 112

128 Ei Sep 25 to Oct 11 30.99 37 79

131 Ei Sep 17 to Nov 5 29.9 34 12

132 Ei Oct 18 to Nov 3 29.11  30 24

133 Ei Oct 18 to Nov 3 31.58 38 108

142 Ei Nov 27 to Dec 18 29.53 30 82

143 Ei Nov 28 to Dec 20 28.11 35 131

Table 3: Mean sand temperature measured at one meter of distance from six marine turtles’ nests and significance of 
difference with pivotal temperature (29.2°C).

Nest Period measured Sensor depth (cm)
Mean sand temperatu-

re at nest depth (ºC)
Significantly different from pivotal

81 Jul 30 to  Aug 15 50 30.10 Yes
87 Aug 1 to Aug 15 40 30.21 Yes
128 Sep 25 to Oct 11 37 29.45 No
132 Oct 18 to Nov 3 30 29.58 Yes
133 Oct 18 to Nov 3 38 30.35 Yes
142 Nov 27 to Dec 18 30 27.60 Yes
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We found a weak but significant linear 
relationship (p <0.05, N = 105; Fig. 7) when 
relating daily average nest temperature 
during the middle third of the incubation 
period with sand temperature at the same 
depth. In turn, nest temperature increased 
not linearly with respect to the sand tem-
perature as the incubation 
progresses (Fig. 8), and it 
was suitably represented 
by an exponential curve.

The exponential regres-
sion model allowed calculat-
ing the expected increases 
in temperature for each in-
cubation day, which was 
used as a correction factor 
for estimating expected in-
cubation temperatures.

We found a significant 
lineal relation between the 
expected and the observed 
temperatures. Incubation 
temperatures were esti-
mated  with a coefficient 
of determination R2 = 0.83 

and average error of ± 0.35ºC. 
Furthermore, no significant dif-
ferences between the two vari-
ables (t = 0.96, p = 0.34) were 
found. These results suggest 
that the fitted line (Fig. 9) ac-
counts for most of the variabil-
ity observed in the data, result 
that supports the viability of 
this approach to obtain a proxy 
for average incubation temper-
ature from sand temperature. 

DISCUSSION
Sand temperature at beach-

es is a function of several fac-
tors like its geographical 

position, sea surface temperature, physical 
and geomorphological characteristics, veg-
etation coverage, season and time of the 
day (Godfrey et al., 1996, Naro-Maciel et 
al. 1999, Hays et al. 2001, Matsuzawa et 
al. 2002 Reece et al. 2002, Houghton et al. 
2007, Fuentes et al. 2009). In our case, the 

Fig. 7: Relation between mean daily temperature of nests and mean daily 
sand temperature during the middle third of the incubation period, showing 
significant but not strong linearity.

Fig. 8: Nest temperature increases exponentially during the middle third of the 
incubation period in relation to sand temperature at the same depth. Expected 
increments for each day are calculated using the regression model in order to 
estimate nest temperature from sand temperature.
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homogeneous geographical and geomor-
phological characteristics of the sector we 
studied at El Sijú beach in the Cayos de San 
Felipe National Park, explain the similar-
ity in the variation of temperatures in the 
3 profiles throughout the year.  Therefore, 
the differences found in sand temperature 
at average nesting depth were more condi-
tioned by the vegetation cover and season 
of the year, than by differences in geomor-
phology or physical properties of the sand.

The fact that during the summer (June, 
July and August) the temperature of the 
sand at all points measured in sunny ar-
eas was significantly higher than pivotal, 
indicates the risk of nests of being biased 
toward the production of females, at least 
during the studied period. If we consider 
that the studied year was not hotter than 
historical mean (INSMET 2014, Resumen 
Mensual, Año 2012); sand temperatures 
hotter than pivotal may be frequent at 
the beach, especially for C. mydas and C. 
caretta, since their peak season occurs 
precisely during the hottest period of the 
year in Cuba.  High female production has 

been predicted for logger-
head nesting in the west-
ernmost area of the Cuban 
archipelago (Azanza et al. 
2017) and verified for both 
species (Calderón 2015). 

On the other hand, sand 
temperatures were on av-
erage significantly cool-
er than pivotal in winter 
(November, December and 
January), even in sunny 
areas, which is consistent 
with the decline in so-
lar radiation, air and sea 
temperatures during this 
season. The highest tem-

peratures were recorded in grassy areas 
while the coolest in shady areas, although 
the difference between the extreme values 
was limited to 1.22°C. During this peri-
od E. imbricata is the only nesting species 
in the area. Together with the fact that 
they usually lay the eggs in shady areas, 
the species could balance the production of 
hatchlings of both sex. 

However, although the average temper-
ature during the middle third of the incu-
bation period can be a guide to estimate 
sex ratios, it cannot be considered an ac-
curate indicator (Glen & Mrosovsky 2004). 
Moreover, although the abiotic factors ex-
ert a major influence on the incubation tem-
perature of the eggs, the metabolic heat 
can produce temperature increases in the 
range of one to several degrees (Bustard 
& Greenham 1968, Mrosovsky & Yntema 
1980, Godfrey et al. 1997 Hays et al., 2001) 
during the middle third of the incubation 
period, when the sex determination oc-
curs. Metabolic heat produced a signifi-
cant increase in temperature of the nests 
monitored in our study, a result consistent 

Fig. 9: Linear relation between estimated and observed nest temperatures.
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with the findings of other authors (Bustard 
& Greenham 1968, Mrosovsky & Yntema 
1980, Godfrey et al. 1997, Hays et al. 2001). 
This increase reached almost 2°C on aver-
age (1.91 ± 0.58) during the middle third 
of the incubation period, a value somewhat 
higher than those found in a study on the is-
land of Antigua (Glen & Mrosovsky 2004). 

The sex ratio of sea turtles resulting 
from a specific nest or from an entire nest-
ing beach depends on other factors be-
sides those already discussed here.  For 
instance, the incubation temperature 
shows significant variations (one or more 
degrees) between the bottom and top of 
the nest (Kaska et al. 1998 2001 Hays & 
Houghton, Ricardo et al. 2013), depending 
on the size of the fertile clutch and the po-
sition of the eggs in the nest. These means 
that measurements in a single position in-
side the nest those not represent the uni-
verse of conditions inside of it, hence, real 
sex determination for each embryo.

Despite no assessment was carried out 
about temperature variations in different 
parts of the nests, the fact that sand tem-
perature in summer was hotter than piv-
otal, together with the increases due to 
metabolic heat, makes likely the risk of bi-
as towards the production of females in the 
case of C. mydas and C. caretta, at El Sijú 
beach. 

Davenport (1997) acknowledged that 
the incubation temperature varies not only 
between different beaches, but also on the 
same beach throughout the year, across 
the profile, and at different nest depth. 
However, in our case the relatively limit-
ed variations in nest depths (ranging from 
39 cm to 56 cm), along with the compara-
tively homogeneous geomorphological con-
ditions along the beach could explain that 
we found significant differences in the 

incubation temperature only between nests 
laid on different seasons (summer and win-
ter) but not amongst those incubated in ei-
ther of the seasons. The only exception was 
nest # 132, an extreme case that having on-
ly 24 eggs incubated, remained much cold-
er than the others laid in the same season.

For all the above we can conclude that on 
this beach, except in the case of extreme dif-
ferences in the number of eggs hatched, the 
nest temperature during the middle third of 
the incubation period seems to depend more 
on the depth of the nest, shadow received, 
time of year and local weather than on spe-
cies. This could also explains potential dif-
ferences in incubation temperature between 
species, which should be mainly due to sea-
sonal differences in sand temperature, be-
cause nesting peaks for Chelonia mydas/
Caretta caretta and E. imbricata occur in 
summer and winter respectively, and there-
fore do not necessarily correspond to biologi-
cal differences between species. 

The weak but significant linear relation-
ship between sand and nest temperatures 
is explained by the fact that the latter in-
crements gradually and not linearly as the 
incubation progresses due to increases in 
metabolic heat. By applying a correction to 
the average difference found for each day of 
incubation, the linear relation is greatly im-
proved, which should be taken into account 
in developing models for estimating nest-
ing temperature from sand temperature. 
As a result, an exponential model, rather 
than a linear one, accurately predicts ex-
pected differences between sand and nest 
temperatures as the second third of the in-
cubation progresses. Using the expected 
temperature increases as a correction fac-
tor allows the estimation of the mean in-
cubation temperatures using data obtained 
from monitoring of sand temperature at 
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nesting depth. The strong, significant rela-
tion and high coefficient of determination 
found between observed and estimated 
daily mean temperature of nets supports 
the previous assertion. 

Since the differences between nest and 
sand temperatures vary with nest depth, 
time of the year and the size of the fertile 
clutch, a greater and more comprehensive 
replication of the type of experiment we 
carried out is needed. Collecting data for 
different depths, seasons, clutch sizes and 
species, will allow the production of sets of 
curves to predict more accurately the ex-
pected differences in temperature, and to 
gain in accuracy when estimating the aver-
age temperature of incubation. To this end, 
attention should also be paid to the physi-
cal and climatic differences of the beaches, 
so similar studies need to be replicated in 
beaches with significantly different physi-
cal-geographical conditions.

Estimation of nest temperature from 
sand temperature is especially useful 
when monitoring is to be carried out post-
nesting, cases in which a significant per-
turbation of incubation may occur if the 
nests are dug and some eggs taken out of 
the nest in order to place the sensors.

Taking into account the limitations not-
ed by Glen & Mrosovsky (2004) on the use 
of nest temperature to estimate the sex ra-
tio, we consider that it is necessary to con-
tinue and expand these investigations to 
use monitoring of sand temperature for 
early warning on potential impacts of cli-
mate change on the conservation of this 
group of species, while actual sex ratio de-
termination is done by other means.
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the   park ś field staff who made possible 
the collection of nesting data and assisted 
our field work.  

REFERENCES
AckermAn, r. (1997). The nest environ-

ment and the embryonic development of 
sea turtles. In P. L Lutz and J.A. Musick 
(Eds.) The Biology of sea turtles (pp. 83-
106), Vol 1. CRC Press, Boca Ratón, FL.

ASHRAE. (1991). Handbook of Funda-
mentals, Atlanta.

AzAnzA-ricArdo, J. J., ibArrA-mArtín, m.e., 
González-SAnSón, G., HArriSon, e., me-
dinA-cruz, Y. and bretoS, F. (2017). Pos-
sible effect of global climate change on 
Caretta caretta (Testudines, Cheloni-
idae) nesting ecology at Guanahacabibes 
Peninsula, Cuba. Chel. Conserv. Biol., 
16 (1): 12-19.

bAker-GAlleGoS J., FiSH, m.r. and drewS, 
c. (2009). Temperature monitoring man-
ual. Guidelines for Monitoring Sand 
and Incubation Temperatures on Sea 
Turtle Nesting Beaches. WWF report. 
San José, Costa Rica.

billeS, A. and FreteY, J. (2001). Nest Mor-
phology in the Leatherback Turtle. Mar. 
Tur. News. 92:7-9

bootH, d. t. (2017). The influence of incu-
bation temperature on sea turtle hatch-
ling quality. Integr. Zool., 12(5): 352-360.

broderick, A. c., GodleY, b. J. and HAYS, 
G. c. (2001). Metabolic heating and the 
prediction of sex ratios for green turtles 
(Chelonia  mydas). Physiol. Bioch. Zool. 
74, 161-170.



113Sand and incubation temperatureS of a turtleS’ neSting beach at San felipe 

Gerhartz-Muro • Azanza • Moncada • Gerhartz-Abraham • Espinosa • Forneiro • Chacón  

REVISTA DE INVESTIGACIONES MARINAS
 RNPS: 2096 • ISSN: 1991-6086• VOL. 38 • No. 2 • JULIO-DICIEMBRE • 2018 • pp. 100-116

bruno, S. (1978). Le tartarughe nei mari 
italiani e nel Mediterraneo. Natura e 
montagna, 3, 5-17

buStArd, r. (1972). Sea Turtles. Natu-
ral History and Conservation. Collins 
London-Sydney.

buStArd, r. and GreenHAm, P. (1968). 
Physical and Chemical Factors Affect-
ing Hatching in the Green Sea Tur-
tle, Chelonia mydas (L.). Ecology, 49, 
269-276

cAlderón, r. (2015). Temperatura y pro-
porción por sexo en nidos de Chelonia 
mydas y Caretta caretta (Testudines, 
Cheloniidae) en la Península de Guana-
hacabibes, Cuba. (Tesis de licenciatura). 
Facultad de Biología. Universidad de La 
Habana.

cArtHY, r., FoleY, A. and mAtSuzAwA, Y. 
(2003). Incubation environment of log-
gerhead turtle nests: effects on hatching 
success and hatching characteristics. In 
A. Bolten and B. Whitherington (Eds.), 
Loggerhead sea turtles (pp. 144-153). 
Smithsonian Books. Washington DC. 

dAlrYmPle, J., HAmPP, J. and wellinS, 
d. (1985). Male-biased sex ratio in a 
cold nest of a hawksbill sea turtle Eret-
mochelys imbricata. J. Herpetol., 19, 
158-159.

dAvenPort, J. (1989). Sea turtles and the 
greenhouse effect. British Herpetol. Soc. 
Bull., 29, 11-15

dAvenPort, J. (1997). Temperature and the 
life-history strategies of sea turtles. J. 
Therm. Biol. 22, 479-488. 

dow, w., eckert, k., PAlmer, m. and 
krAmer, P. (2007). An atlas of sea turtle 
nesting habitat for the wider Caribbean 
region. WIDECAST Technical Report 
No. 6. The Wider Caribbean Sea Turtle 
Conservation Network and The Nature 
Conservancy, Beaufort, North Carolina.

dwYer, l., HAYHoe, H. and culleY, J. 
(1990). Prediction of soil temperature 
from air temperature for estimating 
corn emergence. Can. J. Plant Sci.70: 
619-628.

eStebAn, n., lAloe, J.o. , mortimer, J.A., 
GuzmAn, A.n. and HAYS, G.c. (2016). 
Male hatchling production in sea turtles 
from one of the world’s largest marine 
protected areas, the Chagos Archipelago. 
Scientific Reports, 6

FlorideS, G. and kAloGirou, S. (2005). An-
nual ground temperature measurements 
at various depths. Higher Technical In-
stitute, Nicosia, Cyprus.

FreteY, J. (1975). Guide des Reptiles et Ba-
traciens de France. Lib. Hatier.

FreteY, J. (1981). Tortues marines de Guy-
ane. Eds Léopard d'Or.

FuenteS, m., mAYnArd, J., GuineA, m., 
bell, i., werdell, P., and HAmAnn, m. 
(2009). Proxy indicators of sand tem-
perature help project impacts of glob-
al warming on sea turtles in northern 
Australia. Endan. Sp. Res., 9, 33-40.

Glen, F. and mroSovSkY, n. (2004). An-
tigua revisited: the impact of climate 
change on sand and nest temperatures 
at a hawksbill turtle (Eretmochelys im-
bricata) nesting beach. Glob. Chan. Bi-
ol., 10, 2036-2045.

GodFreY, m., bArreto, r. and mroSovSkY, 
n. (1996). Estimating past and present 
sex ratios of sea turtles in Suriname. 
Can. J. Zool., 74, 267-277.

GodFreY, m., bArreto, r. and mroSovSkY, 
n. (1997). Metabolically-generated heat 
in sea turtles nests and its potential 
effect on the sex ratio of hatchlings. J. 
Herpet., 31, 616-619.

GodFreY, m., d’AmAto, A., mArcovAldi, m. 
and mroSovSkY, n. (1999). Pivotal tem-
peratures and predicted sex ratios of 



114Sand and incubation temperatureS of a turtleS’ neSting beach at San felipe  

Gerhartz-Muro • Azanza • Moncada • Gerhartz-Abraham • Espinosa • Forneiro • Chacón  

REVISTA DE INVESTIGACIONES MARINAS
 RNPS: 2096 • ISSN: 1991-6086• VOL. 38 • No. 2 • JULIO-DICIEMBRE • 2018 • pp. 100-116

hatchling hawksbill turtles from Brazil. 
Can. J. Zool., 77, 1465-1473.

GodFreY, m. and mroSovSkY, n. (2006). 
Pivotal temperature for green sea tur-
tles, Chelonia mydas, nesting in Surina-
me. Herpetol. J., 16, 55-61.

HAmAnn, m., FuenteS, m.m.P.b., bAn, 
n.c. and mocellin, v.J.l. (2013). Cli-
mate Change and Marine Turtles. In 
P.L Lutz, J.A. Musick and J. Wyneken 
(Eds.) The Biology of Sea Turtles III (pp. 
353-378). Taylor & Francis Group, New 
York, United States.

HASFurtHer, r., burmAn, r. and nunn, 
J. (1972). A model for predicting Soil 
Temperature from air Temperature. 
(Technical Report N. 178). Agricultural 
Engineering Division. University of Wy-
oming. Laramie.

HAwkeS, l., broderick, A., GodFreY, m. 
and GodleY, b. (2009). Climate change 
and marine turtles. Endan. Sp. Res. 7, 
137-154.

HAYS, G., ASHwortH, J., bArnSleY, m., … 
broderick, A. (2001). The importance of 
sand albedo for the thermal conditions 
on sea turtle nesting beaches. Oikos, 93, 
87-94

HAYS, G. c., mAzAriS, A.d., ScHoField, G. 
and lAloe, J.o. (2017). Population vi-
ability at extreme sex-ratio skews pro-
duced by temperature- dependent sex 
determination. (Proceedings of the Roy-
al Society of London B), 284, 20162576.

HouGHton, J.d.r., mYerS, A.e., lloYd, c., 
kinG, r.S., iSAAcS, c. and HAYS, G.c. 
(2007). Protracted rainfall decreases 
temperature within leatherback tur-
tle (Dermochelys coriacea) clutches in 
Grenada, West Indies: Ecological impli-
cations for a species displaying temper-
ature dependant sex determination. J. 
Exp. Mar. Biol. Ecol., 345, 71-77.

HouGHton, J. and HAYS, G. (2001). Asyn-
chronous emergence by loggerhead turtle 
(Caretta caretta) hatchlings. Naturwis-
senschaften, 88,133-136. 

kASkA, Y., downie, r., tiPPet, r., and Fur-
neSS, r. (1998). Natural temperature re-
gimes for loggerhead and green turtle 
nests in eastern Mediterranean. Can. J. 
Zool., 76, 723-729. 

kASudA, t., and ArcHenbAcH, P. (1965). 
Earth Temperature and Thermal Diffu-
sivity at Selected Stations in the United 
States, ASHRAE Transactions. Vol. 71, 
Part 1.

márquez, m.r. (1990). FAO Species Cata-
logue: Sea Turtles of the World. An An-
notated and Illustrated Catalogue of 
Sea Turtle Species Known to Date, vol. 
11. FAO Species Synopsis No. 125. 

mAtSuzAwA, Y., SAto, k., SAkAmoto, w. and 
bJorndAl, k. (2002). Seasonal fluctua-
tions in sand temperature: effects on the 
incubation period and mortality of log-
gerhead sea turtle (Caretta caretta) pre-
emergent hatchlings in Minabe, Japan. 
Mar. Biol., 140, 639-646

mccArtHY, J., cAnziAni, o., leArY, n., 
dokken, d. and wHite, k. (Eds.) (2001). 
Climate Change 2001: Impacts, Adap-
tation, and Vulnerability. Third As-
sessment Report. IPCC. Cambridge 
University Press.

miller, J. d. And limPuS, c. J. (1981). In-
cubation period and sexual differentia-
tion in the green turtle, Chelonia mydas 
L. In C. Banks y A. Martin (Eds.) Pro-
ceedings of the Melbourne Herpetologi-
cal Symposium (pp. 66-73). Parkville 
Zoological Board of Victoria.

möllerStröm, l. (2004). Modelling soil 
temperature & soil water availabili-
ty in semi-arid Sudan: Validation and 
testing. (Degree Thesis in Physical 



115Sand and incubation temperatureS of a turtleS’ neSting beach at San felipe 

Gerhartz-Muro • Azanza • Moncada • Gerhartz-Abraham • Espinosa • Forneiro • Chacón  

REVISTA DE INVESTIGACIONES MARINAS
 RNPS: 2096 • ISSN: 1991-6086• VOL. 38 • No. 2 • JULIO-DICIEMBRE • 2018 • pp. 100-116

Geography & Ecosystems Analysis). 
Department of Physical Geography & 
Ecosystems Analysis. Lund University. 
Seminar series nr. 101.

moncAdA-GAvilán, F., AzAnzA-ricArdo, J., 
Forneiro mArtín-viAñA, Y., GerHArtz-
muro, J.l., nodArSe-Andreu, G. and 
medinA-cruz, Y. (2014). Programa  de  
Monitoreo  de  Tortugas  Marinas. In 
Hernández-Ávila (Ed.), Estado actual 
de la biodiversidad  marino-costera, en 
la región de los Archipiélagos del Sur 
de Cuba (pp. 130-141). Centro Nacional 
de Áreas Protegidas. La Habana. Cuba. 
Impresos Dominicanos s.r.l.

mroSovSkY, n. and YntemA, c. (1980). 
Temperature dependence of sexual dif-
ferentiation in sea turtles: Implications 
for conservation practices. Biol. Cons., 
18, 271-280.

mroSovSkY, n. (1984). Editorial. Mar. Tur. 
News, 28, 1-2

mroSovSkY, n. (1988). Pivotal tempera-
tures for loggerhead turtles from north-
ern and southern nesting beaches. Can. 
J. Zool., 66, 661-669.

mroSovSkY, n. (1994). Sex ratios of sea tur-
tles.  J. Exper. Zool., 270, 16-27.

mroSovSkY, n. And PieAu, c. (1991). Tran-
sitional range of temperature, pivot-
al temperatures and thermosensitive 
stages for sex determination in reptiles. 
Amphib.-Reptilia. 12, 169-179.

mroSovSkY, n., bASS, A., corliSS, l., ricH-
ArdSon, J. and ricHArdSon, t. (1992). 
Pivotal  and  beach  temperatures  for  
hawksbill  turtles  nesting  in  Antigua. 
Can. J. Zool., 70, 1920-1925

mroSovSkY, n., kAmel, S., reeS, A. and 
mArGAritouliS, d. (2002). Pivotal tem-
perature for loggerhead turtles (Caretta 
caretta) from Kyparissia. Can. J. Zool., 
80, 2118-2124.

nAro-mAciel, e., mroSovSkY, n. and 
mArcovAldi, m. (1999). Thermal profiles 
of sea turtle hatcheries and nesting ar-
eas at Praia do Forte, Brazil. Chel. Con-
serv. Biol., 3, 407-413

PAcHAuri, r.k. and reiSinGer, A. (Eds.) 
(2007). Climate Change 2007: Synthesis 
Report. Contribution of Working Groups 
I, II, and III to the Fourth Assessment 
Report of the Intergovernmental Panel 
on Climate Change. Intergovernmen-
tal Panel on Climate Change, Geneva, 
Switzerland.

PoloczAnSkA, e.S., limPuS, c.J. and HAYS, 
G.c. (2009). Vulnerability of marine 
turtles to climate change. Adv. Mar. Bi-
ol., 56, 151-211.

reece, S., broderick, A., GodleY, b. and 
weSt, S. (2002). The effects of incuba-
tion environment, sex and pedigree on 
the hatchling phenotype in a natural 
population of loggerhead turtles. Evol. 
Ecol. Res., 4, 737-748.

ricArdo, J. A., muro, J.l.G., bretoS tre-
lleS, F. and AbrAHAm, A. G. (2013). 
Temporal variation of incubation tem-
perature of Green turtle nest in the 
southwestern Cuban archipelago. In 
A. Tucker, L. Belskis, A. Panagopou-
lou, A. Rees, M. Frick, K. Williams, R. 
LeRoux and K. Stewart (Eds.), Proce-
eding of the 33rd Annual Symposium 
on sea turtle biology and conserva-
tion. Sea Turtle Biology and Conser-
vation (p. 194). NOAA Tech. Mem 
NMFS-SEFSC-645.

SHAver, d., owenS, d., cHAneY, A., cAi-
llouet, c., burcHField Jr., P. and már-
quez, r. (1988). Styrofoam box and 
beach temperatures in relation to incu-
bation and sex ratios of Kemp’s ridley sea 
turtles. In B. A. Schroeder (Ed.), Proce-
edings of the Eighth Annual Workshop 



116Sand and incubation temperatureS of a turtleS’ neSting beach at San felipe  

Gerhartz-Muro • Azanza • Moncada • Gerhartz-Abraham • Espinosa • Forneiro • Chacón  

REVISTA DE INVESTIGACIONES MARINAS
 RNPS: 2096 • ISSN: 1991-6086• VOL. 38 • No. 2 • JULIO-DICIEMBRE • 2018 • pp. 100-116

on Sea Turtle Conservation and Biology 
(pp.103-108). NOAA Technical Memo-
randum NMFS-SEFC-214.

tAPilAtu, r., tAneS, w. and mAnJulA, t. 
(2013). Beach and nest temperature, 
and estimates of leatherback hatchling 
sex ratios. In A. Tucker, L. Belskis, A. 
Panagopoulou, A. Rees, M. Frick, K. 
Williams, R. LeRoux and K. Stewart. 
Proceeding of the 33rd Annual Sym-
posium on sea turtle biology and con-
servation (p. 203). Sea Turtle Biology 
and Conservation.  NOAA Tech. Mem 
NMFS-SEFSC-645.

voSe, J. and SwAnk, w. (1991). A soil tem-
perature model for closed canopied fo-
rest stands. Research Paper SE-281. US 

Forest Service. Southeastern Forest Ex-
periment Station, Ashville, NC.

williAmS, G. and Gold, l. (1976). Cana-
dian Building Digest. National Re-
search Council of Canada. Institute for 
Research in Construction. http://irc.nrc-
cnrc.gc.ca/cbd/cbd180e.html, N. 180.

YntemA, c. l. and mroSovSkY, n. (1980). 
Sexual differentiation in hatchling 
loggerhead (Caretta caretta) incubated 
at different controlled temperatures. 
Herpetologica, 36, 33-36

zHenG, d., rAYmond Hunt Jr, e. and run-
ninG, S. w. (1993). A daily soil tempe-
rature model based on air temperature 
and precipitation for continental appli-
cations. Clim. Res., 2, 183-191.

Gerhartz, J.L.,  Azanza, J., Moncada, F., Gerhartz, A., Espinosa, L., Forneiro, Y. y 
Chacón, D. (2018). Sand and incubation temperatures in a sea turtle nesting beach at the 
Cayos de San Felipe National Park, Pinar del Río, Cuba, during the 2012-2013 season. 
Rev. Invest. Mar., 38(1), 100-116. 

como ciTar esTe arTículo


