
On the relation of body and shell
temperatures in a freshwater turtle

Being ectothermic animals, freshwater
turtles depend on environmental tempera-
tures for thermoregulation (HuEy 1982).
Thus, temperature plays a key role in deter-
mining turtle behavior, from microhabitat
selection for feeding or breeding (BROW &
BROOkS 1991; NiEuWOlT 1996) to the for-
mation of population structures and geo-
graphical distribution patterns (liTZguS et
al. 1999; EWERT et al. 2005).  in fact, the tur-
tle body temperature (Tb) is a result of inter-
action between abiotic factors (e.g., envi-
ronmental temperature, solar radiation) and
the ability to use behavioral and physiolog-
ical pro cesses to control temperature fluctu-
ations (BulTé & BlOuiN-DEMERS 2010).

The common behavior that freshwater
turtles use to control Tb is temporary bask-
ing in selected, comfortable sites (lACHER
et al. 1986; MEEk & AvERy 1988; gRAySON
& DORCAS 2004).  However, little is known
about the importance of thermoregulation
activity in turtle behavior (DAll’ANTONiA et
al. 2001) and available data on Tb for free-
ranging species are primarily anecdotal.

SOuZA & MARTiNS (2006) found ther-
moconformity in Hydromedusa maximiliani
(MikAN, 1820), by recording its body tem-
perature using a cloacal thermometer.  A
clearly more efficient method to measure Tb
internally in free-ranging turtles is the use of
implanted temperature loggers which was
successfully applied in the studies by e.g.,
EDWARDS & BlOuiN-DEMERS (2007) with
Chrysemys picta (SCHNEiDER, 1783) and
BulTé & BlOuiN-DEMERS (2010) with
Graptemys geographica (lE SuEuR, 1817).
However, there are important implications
associated with this method:  The use of
implanted temperature loggers involves (i) a
surgical procedure and (ii) application of a
radio transmitter to locate the turtle.  in con-
trast, implanted temperature-sensitive radio
transmitters as described e.g., by OROMi et
al. (2010) would offer transmission of both
Tb and localization by a single device.

To avoid surgical procedures, a non-
invasive alternative could be the application
of external radio transmitters to monitor the
shell surface temperature.  This is why the
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authors studied the relation between internal
body temperature (Tb) and shell surface
temperature (Ts) in a controlled laboratory
experiment with Trachemys scripta elegans
(WiED, 1838). 

Three individuals (body mass 272.2,
476.5 and 448.2 g, turtle 1, turtle 2 and tur-
tle 3, respectively) obtained from the
Catalonian Reptile and Amphibian Reha -
bilitation Center (CRARC) in Barcelona
were subject to the experiment.  The turtles
were fed two hours before the beginning of
the experiment in May 29, 2012.  The labo-

ratory experiment was made within two
days during which the turtles were not fed.
For temperature test, the turtles were simul-
taneously placed in a test container (24 cm x
30 cm x 36 cm, water depth 20 cm) where
the gradually increased water temperature
was kept constant for 15 minutes at every 1
°C step within the temperature range of 4.1
– 35.3 °C.  The turtles were submerged in
the water most of the time and could move
freely.

The values of Tb and Ts were recorded
at the end of each 15 minutes interval of
temperature constancy.  Body core tempera-
ture (Tb) was measured using internal tem-
perature-sensitive radio transmitters (SOPT-
2070; Wildlife Materials, inc., Murphys -
boro, illinois, uSA) implanted into the peri-
toneal cavity, through inguinal access next
to the left hind leg, using sterile surgical
techniques.  Previously, the turtles were lo -
cally anesthetized with Propofol (Propovet
10 mg/ml; Esteve laborarories, Barcelona,
Spain) at a dose of 10 mg/kg intravenously
in the dorsal coccygeal vein.  in SOPT-2070
transmitters, an internal thermistor modu-
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Fig. 1:  Body and shell temperature relationship in the three tested individuals 
of Trachemys scripta elegans (WiED, 1838).  See Table 1 for details. 

Table 1:  Regression model (Tb = a*Ts
b) between

body (Tb) and shell surface temperatures (Ts) recorded
from the three individuals of Trachemys scripta ele-
gans (WiED, 1838). 

Body 
a b P-value R2 mass 

Turtles 1-3 1.93 0.84 <0.0001 0.985
Turtle 1 1.86 0.84 <0.0001 0.991 272.2 g
Turtle 2 2.13 0.82 <0.0001 0.986 476.5 g
Turtle 3 1.81 0.86 <0.0001 0.987 448.2 g
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lates the interval between signals transmit-
ted depending on the ambient temperature.
Therefore, prior to the implantation, each
transmitter was calibrated in a water bath
(range 1.3 – 35.8 °C) to obtain the empirical
relationship between signal interval and
temperature.  The transmitter signal (fre-
quency range: 150.025 – 150.430 MHz) was
detected using a hand-held scanner Albrecht
AE65H (AlAN Electronics gmbH, lütjen -
see, germany).  A device (self-manufac-
tured at the electronic lab of the university
of koblenz, germany) connected to the
scanner measured the interval between two
signals (to the nearest 1 millisecond) as the
surrogate of transmitter temperature (= Tb).
intervals were converted to temperature
using the regression models obtained
before.  A digital thermometer (HD 9215,
Delta OHM, Caselle di Selvazzano, italy;
precision 0.1 °C) was used to measure shell
surface temperature (Ts).  The relationship
between Tb and Ts was described by fitting
27 regression models provided by the pro-
gram package Statgraphics 5.1 (Statpoint
technologies, inc., Warrenton, virginia,
uSA).  The model providing the maximum
R2 was selected.

The results demonstrated a positive
correlation between Tb and Ts.  The multi-
plicative regression model (Tb = a*Ts

b)
showed the best fit between Tb and Ts of the
temperatures recorded from the three turtles
(Table 1, Fig. 1).  Separately, turtles 1, 2 and
3 exhibited similar results.  At any time, Tb
was higher than Ts and exceeded the shell =
water temperature by at least 2.1 °C.

The clear relationship observed
between shell and body temperatures in this
freshwater turtle suggests that similar corre-
lations apply to most species of freshwater
turtle and provides an easy and useful
method to study Tb variation using external
transmitters without the health risks of a
surgical procedure. 

These preliminary results achieved
under laboratory conditions encouraged the
authors to apply the technique in a future
study to wild turtles at natural conditions.
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