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Abstract:

The Optic Stowaway Tidbit is a commercially available temperature-sensitive data logger (dimensions:

2.6x2.6x0.7 cm, weight: 8.7 g). Although it was manufactured for climatological and industrial applica-
tions, it is successively used for monitoring long-term body temperatures in free-ranging and laboratory
animals. The data logger has an expected life span of 5 years because of the limited life of its non-replace-
able battery. This paper describes how Optic Stowaway Tidbits can be modified without compromising
the function of the data loggers. Weighing around 15 g after potting with wax, the data loggers can be
implanted intraperitoneally into animals larger than 300 g. Calibration data showed that the uncalibrated
data loggers can lead to errors in the recorded temperatures, confirming that Optic Stowaway Tidbits must

be calibrated prior to implantation.
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Introduction

In thermoregulatory studies, it is fundamental to ob-
tain body temperature (Tb) recordings from undis-
turbed, unstressed animals. However, itis not possible
to record body temperature reliably with convention-
al measurement techniques, which require handling,
restraining, and presence of investigator nearby the
animal, because these stress-inducing factors lead
to several physiological changes (e.g. alterations in
core and skin temperature; POOLE, STEPHENSON 1977,
BERRY et al. 1984, LoNG et al. 1990, CABANAC, BRIESE
1992, GorpoN et al. 2002). With the advance of elec-
tronic and computer technology, numerous monitor-
ing systems (e.g. biotelemetry, data logging), which
permit long-term continuous recording of body tem-
perature from freely moving animals in their home
cages or own habitat without disturbing them, have
been developed (ANDREWS 1998, KRAMER, KINTER
2003). These systems are free from stress-inducing
factors associated with conventional measurement

techniques, which confound the interpretation of
data (MALKINSON, PITTMAN 1997).

Biotelemetry is successfully used in many and
diverse areas of animal research (KrRaMER, KINTER
2003). However, telemetry technology may not be
appropriate in certain conditions. Short transmission
range of telemeters often limits their application in
free-ranging animals in several kinds of environments
(e.g. dense forests, urban settings, oceans; ANDREWS
1998). Also, short battery life of telemeters prevents
their use in studies which require long-term continu-
ous recordings of body temperature (e.g. hibernation
studies; KAMERMAN et al. 2001). In such situations, if
free-ranging animals can be easily recaptured, data
loggers may offer some advantages over telemetric
devices: (1) data is stored on the board memory for
later retrieval, requiring no receiving equipments or
persons on-site for data obtaining (KAMERMAN et al.
2001, LoveGrove 2009) and (2) they have high sam-
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pling rate, multiple sampling options, and long bat-
tery life (up to 10 years).

The recent availability of miniature tempera-
ture-sensitive data loggers (e.g. Thermochron ibut-
ton, Optic Stowaway Tidbit) has made collecting
body temperature of the animals much easier (BovyLEs
2007). For example, Optic StowAway Tidbit (Model
TBI 32, Onset Computer Corporation, Pocasset,
Mass., USA) can store large numbers of time and
date stamped data points (32520, configurable from
0.5 sec to 9 h time intervals with a resolution of
0.16 °C), have high accuracy (0.2 °C), are easy to
program and have an acceptable size for implanta-
tion into the medium-sized animals. Therefore, they
are commonly used in biological studies, which
especially require long-term and/or high-resolu-
tion temperature data (FULLER et al. 1999, PuLawa,
FLoranT 2000, KaAMERMAN et al. 2001, HuT et al.
2002, Mac LEAy et al. 2003, LEnMER, Bigains 2005,
NicoL, ANDERSEN 2006, LoNG et al. 2007, KarT GUR
et al. 2009, LEE et al. 2009, HarrLow et al. 2010,
Von Branbis et al. 2010). The logger’s expected life
span is 5 years because of the limited life of its non-
replaceable battery.

Here, to make the battery user-replaceable, I de-
scribed a simple and inexpensive method of modifi-
cation of Optic StowAway Tidbit, which I previously
used to record body temperature of free-ranging, hi-
bernating Anatolian ground squirrels, Spermophilus
xanthorpymnus (KART GUR 2008, KArRT GUR et al.
2009). I also evaluated the performance of the modi-
fied data loggers by recording the body temperature
of laboratory rats over several days under the con-
trolled laboratory conditions.

Material and Methods

Replacing the battery

The Optic StowAway Tidbit (Model TBI 32) com-
prises a printed circuit board, which integrates a ther-
mometer, real time clock, and non-volatile memory
(EEPROM) for storing temperature, time, and date
recordings, and a non-replaceable 3V lithium bat-
tery. The PCB has been soldered to the battery with
solder tabs attached (Fig. 1a). In order to remove the
old battery, two solder points on the PCB (Fig. 1b)
should be de-soldered using a fine tip soldering iron.
The battery polarity should be noted down before at-
tempting to remove the old battery. The new battery
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(Model CR 2450 N) should not be soldered directly
to the PCB. This procedure may damage both the
PCB and new battery. Thus, I recommend the use of
new batteries with solder tabs attached, which are
available upon request from most major battery sup-
pliers. Two pieces of electrically identical wires (e.g.
CAT 5 cables) need to be used to provide a contact
between the PCB and new battery. One end of each
wire should be soldered to the new battery and the
other end to the corresponding point on the PCB to
which the old battery was soldered (Fig. 1c). As a
final step, the new battery should be wrapped around
with a piece of electrical tape to prevent shorting
out. After replacing the old battery, it is important
to check the new battery voltage with a voltmeter. It
should be 3 volts.

Waxing

After confirming that the communication of the
modified Optic StowAway Tidbits with Optic Base
Station is working, each has been programmed to log
Tb every minute during the experiment. Before wax-
ing, the data loggers were wrapped around with a
piece of cling wrap and parafilm (Fig. 2). This proce-
dure prevents wax from sticking to the PCB and also
makes the data loggers suitable for uniform waxing.
To improve water resistance and prevent tissue re-
action in the animal, the data loggers were coated
in paraffin-elvax compound (Minimitter Company,
Oregon, USA, http: //www.minimitter.com) and
then were cold-sterilized in glutaraldehyde solution
for 24 h before being implanted into the peritoneal
cavity of laboratory rats.

Calibration

Before and after the experiment, the wax coated
modified Optic StowAway Tidbits were calibrated in
an insulated water bath (MGW Lauda C6, Westbury,
NY) at water bath temperatures of from 33 to 41 °C
using a calibrated and certified mercury thermom-
eter (with a range of : -1 to 50 °C and a resolution of
0.1 °C, Allafrance, UMS, Ankara, Turkey). The data
loggers were maintained at five calibration steps for
30 min each. The temperature of the water bath was
kept constant for 30 min before each calibration step.
Only stable (plateau) temperature measurements
were included in the analyses. For each data logger,
linear regression model was fitted to the calibration
data and therefore slope, intercept, and r*> were cal-
culated.
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Fig. 1. (a) An intact Optic StowAway Tidbit. (b) The cir-
cuit board detached from the battery. (c) The modified
Optic StowAway Tidbit ready for being wrapping and
waxing.

Animals

To evaluate the function of the modified Optic
StowAway Tidbits, five male Wistar albino rats (from
a breeding colony at Department of Pharmacology
and Clinical Pharmacology, Ankara University)
were used. Body weights ranged from 305-350 g.
The animals were housed individually in macrolon
cages lined with wood shavings and were maintained
at environmental temperature (Ta) of 21 £ 1 °C and
humidity of 40% under a 12L:12D cycle with lights
on from 07:00-19:00. Rat pellets (Bilyem, Ankara)
and tap water were available ad libitum. All animal
care and use protocols were consistent with interna-
tional guidelines for care and use of laboratory ani-
mals (ILAR 1996).

Implantation

The wax coated, modified Optic StowAway Tidbits
were surgically implanted into the peritoneal cavity
of male Wistar albino rats under general anesthesia
and sterile conditions. The animals were anesthetized
with intraperitoneal injection of ketamine (80 mg/kg,
Ketasol® 10%, Richter Pharma AG, Wels, Austria)
and xylazine (10 mg/kg, Alfazyne® 2%, Alfasan
International B. V. Woerden, Netherlands). The
lower part of the abdomen was shaved and scrubbed
with povidone-iodine solution (Isosol, 10%, Merkez
Lab., Istanbul). A 1.5-2 cm midline incision was
made in the skin and /inea alba in the ventrum be-
ginning approximately 2 cm above the genital. The
data logger was then inserted into the peritoneal cav-
ity of the animals. The abdominal muscles and skin
were closed separately with absorbable (chromic
catgut, 3/0) and non-absorbable (silk, 4/0) sutures in
a simple interrupted pattern, respectively. The data
loggers were recovered two weeks after implanta-
tion. Any macroscopic sign of injury or inflamma-
tion caused by the data loggers was checked at the
time of retrieval.

Body temperature recording

Tb of male Wistar albino rats was recorded continu-
ously at 1-min intervals throughout 15 days of the ex-
periment by the modified Optic StowAway Tidbits.
The measurement range of the data loggers was -5 to
+44 °C, which is not standard, but custom made. The
data loggers were launched and downloaded (BoxCar
Pro 4.3, Onset Computer Corporation, USA) using
infrared communication between the data logger and
a base station (Optic Base Station, Onset Computer
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Fig. 2. Preparation of an Optic StowAway Tidbit before being implanted into an animal.

Corporation, USA), which was linked to the compu-
ter via USB or serial port.

Results and Discussion

The methods of modifying Optic StowAway Tidbits
described here showed that the battery of the data
loggers is easily, conveniently, and inexpensively us-
er-replaceable. The overall cost of supplies necessary
for the modification (e.g. battery, elvax, electrical ca-
ble) is low, approximately 2 USD per animal. This
cost constitutes only 1.3% of the cost of a new, intact
Optic StowAway Tidbit (159 American dollars at the
time of writing of this paper; www.onset.com).

The weight of the unmodified Optic StowAway
Tidbit was 8.7 g as supplied. The modification in-
creased the weight of the data logger to 104+ 0.9 g
(mean £ SD, range = 10.2-10.4, n = 5), which con-
stitutes 120% of the weight of the unmodified data
logger. The weight of the wax coated, modified data
logger was 14.65 = 0.94 g (range = 13.85-14.81, n
= 5). Although the final weight of the data loggers
corresponded to 3-5% of the total body weight guide-
line recommended by MacDoNALD, AMLANER (1980),
they appear to be large for implantation into the peri-
toneal cavity of the laboratory rats. Some investiga-
tors reported that large implants may cause severe
surgical complications (e.g. seroma formation, skin
lesions in rats; MoraN et al. 1998). In this study, no
macroscopic sign of injury or inflammation associat-
ed with the data logger was observed in the peritoneal
cavity of the animals at the time of retrieval surger-
ies. Therefore, the sizes of the modified data loggers
seemed suitable for laboratory rats of the body sizes
represented in this study (305-350 g).
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The uncalibrated data from the modified Optic
StowAway Tidbits indicated a spread of about
0.85 °C and a parallel response to rapid fluctuations
in water bath temperature (Fig. 3a). The r? of the
calibration curves of the data loggers calibrated both
before and after the experiment was 0.999, suggest-
ing that about 100% of the variation in the tempera-
tures recorded by the thermometer was explained by
the data loggers. The slope of the calibration curves
of the data loggers before and after the experiment
was 0.999 + 0.015 °C (Mean + SD, range = 0.973-
1.020 °C, n = 5) and 1.002 + 0.019 °C (range =
0.974-1.016 °C, n = 5), respectively, and the inter-
cept 0.276 = 0.473 °C (range = -0.454-0.866 °C, n =
5) and 0.086 £ 0.636 °C (range = -0.686-0.839 °C,
n = 5), respectively. There appeared to be little cali-
bration drift throughout the experiment. A typical
calibration curve obtained both before and after the
experiment was shown in Fig. 3b.

The calibration data confirmed that Optic
StowAway Tidbits should be calibrated prior to im-
plantation. That data loggers were not calibrated can
lead to errors as much as about 1.0 °C in the recorded
temperatures. Thus, calibration is very essential es-
pecially for studies where Tb must be recorded very
accurately (e.g. studies on fever or temperature-de-
pendent age determination). To assure that data log-
gers have not drifted from the initial calibration, they
should also be calibrated, at least, both before and
after the experiment.

All of the modified Optic StowAway Tidbits
provided high quality recordings of the body tem-
perature of laboratory rats throughout the experi-
ment (Fig. 4), suggesting that the modified data log-
gers retained the functionality of the original ones
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Fig. 3. (a) The uncalibrated data from the modified Optic StowAway Tidbits at water bath temperatures of from 33 to
41°C. (b) The calibration equation of a modified Optic StowAway Tidbit before (solid squares: y =-0.454 + 1.016x, 12
=1.000; Sy,x = 0.005°C) and after (open squares: y = -0.686 + 1.020x, 1> = 0.999; Sy,x = 0.014 °C) the experiment.

throughout the experiment. However, it should be
remember that being inside an animal for a long
period of time may cause some problems to the
integrity and/or functionality of the modified data
loggers.

The body temperature patterns of the animals
were similar to those of other nocturnal rodents, in-
cluding laboratory rats, with low values during the
light phase of the light-dark cycle and high values
during the dark phase (Fig. 4, REFINETTI, MENAKER

1992, Axkarsu, Mamuk 2007). The animals also
exhibited a slight rise in body temperature in the
morning (around 10:00 a.m., Fig. 5). It was likely
due to that the animals were disturbed while the
laboratory was cleaned each day at around 10:00
a.m. (E. S. AkARrsu, personal communication 2010).
It is well known that some procedures (e.g. noise,
handling, weighing, blood sampling) causes a rapid
rise in body temperature, often called ‘stress in-
duced hyperthermia’ in rats (LoNG ef al. 1990).
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Fig. 4. Six day section of the records of body temperature of a male Wistar albino rat maintained under a 12:12h light-
dark cycle. Lights were on daily from 07:00 to 19:00 h. Data were collected and plotted in 1 min interval.
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Fig. 5. A pattern of daily oscillation of body temperature in the Wistar albino rat (mean = SE of 5 animals, each aver-
aged over 6 consecutive days). Data set of each animal were smoothed by a 30 min moving-averages filter to eliminate
high-frequency oscillations and the average of 5 animals then computed. Data resolution is 1 min, although SE’s are
shown at hourly intervals to facilitate visual inspection. Lights were on daily from 7:00 to 19:00 hr.

Acknowledgments: The author would like to thank E. S. Akar-
su for his helpful suggestions and providing research animals
and various laboratory equipments and S. Mamuk for his helps
in the laboratory and assistance with maintaining the research

References

Axarsu E. S., S. Mamuk 2007. Escherichia coli lipopolysac-
charides produce serotype-specific hypothermic response
in biotelemetered rats. — American Journal of Physiology
292 (5): R1846-1850.

ANDREWS R. D. 1998. Instrumentation for the remote monitoring
of physiological and behavioral variables. — Journal of
Applied Physiology, 85 (5): 1974-1981.

156

animals. The author warmly thanks E. Kart for his excellent
technical assistance and H. GUR for valuable comments. The au-
thor also likes to thank the two anonymous reviewers for their
suggestions.

Berry J. J., L. D. MoNnTGOMERY and B. A. WiLLiamMs 1984. Ther-
moregulatory responses of rats to varying environmental
temperature. — Aviation Space and Enviromental Medicine,
55: 546-549.

BovLes J. G. 2007. Describing roosts used by forest bats: the
importance of microclimate. — Acta Chiropterologica, 9:
297-303



Modification of Optic Stowaway Tidbits Used for Long Term Measurement of Body...

CaBaNAc A., E. Briese 1992. Handling elevates the colonic tem-
perature of mice. — Physiology and Behavior, 51: 95-98.

ILAR (Institute for Laboratory Animal Research) 1996. Guide for
the care and use of laboratory animals. 1-79. Commision
on Life Sciences, National Research Council, Washington,
DC, 125 p.

FuLLer A., D. G. Moss, J. D. SKINNER, P. T. JESSEN, G. MITCHELL
and D. MiTcHELL 1999. Brain, abdominal and arterial blood
temperatures of free-ranging eland in their natural habitat. —
European Journal of Physiology, 438: 671-680.

GorpoN C. J., E. Puckert and B. Pabnos 2002. Rat tail skin
temperature monitored noninvasively by radiotelemetry:
Characterization by examination of vasomotor responses
to thermomodulatory agents. — Journal of Pharmacology
and Toxicology, 47: 107-114.

Harcow H. J., D. PurwanDaNA, T. S. Jessop and J. A. PHILLIPS
2010. Body temperature and thermoregulation of Komodo
dragons in the field. — Journal of Thermal Biology, 35 (7):
338-347.

HusBarr J., T. Link, C. CampBELL and D. CoBos 2005. Evalua-
tion of a low-cost temperature measurement system for
environmental applications. — Hydrological Processes,
19: 1517-1523.

Hur R. A., B. M. BArNEs and S. Daan 2002. Body temperature
patterns before, during, and semi-natural hibernation in
the European ground squirrel. — Journal of Comparative
Physiology B, 172: 47-58.

KamerMAN P. R., L. C. D1 Zio and A. FuLLEr 2001. Miniature
data loggers for remote measurement of body temperature
in medium-sized rodents. — Journal of Thermal Biology,
26: 159-163.

Kart GUr M., 2008. Hibernation pattern of Anatolian ground
squirrel (Spermophilus xanthoprymnus), PhD thesis,
Deparment of Zoology, Hacettepe University, Ankara,
Turkey, 99 p.

Kart GUr M., R. REFINETTI and H. Gur 2009. Daily rhythmicity
and hibernation in the Anatolian ground squirrel under
natural and laboratory conditions. — Journal of Compara-
tive Physiology, 179 (2): 155-164.

Kramer K., L. B. KinTeEr 2003. Evaluation and applications of
radiotelemetry in small laboratory animals. — Physiological
Genomics, 13: 197-205.

Lee T. N., B. M. Barnes and C. L. Buck 2009. Body temperature
patterns during hibernation in a free-living Alaska marmot
(Marmota broweri). — Ethology Ecology and Evolution,
21:403-413.

Lenmer E. M., D. E. Bicgins 2005. Variation in torpor patterns of
free-ranging black-tailed and Utah prairie dogs across gradi-
ents of elevation. — Journal of Mammalogy, 86 (1): 15-21.

LonG R. A., R. A. Hur and B. M. Barnes 2007. Simultaneous
collection of body temperature and activity data in bur-
rowing mammals: a new technique. — Journal of Wildlife
Management, 71: 1375-1379.

LonGg N. C.,A.J. Vanper and M. J. KLuGER 1990. Stress-induced
rise of body temperature in rats is the same in warm and cool
environments. — Physiology and Behavior, 47: 773-775.

Lovecrove B. G. 2009. Modification and miniaturization of
Thermochron ibuttons for surgical implantation into small
animals. — Journal of Comparative Physiology, 179: 451-
458.

Macieay J. A., E. LEaMER, R. M. Enns, C. MALLINCKRODT, H.
U. BryanT and A. S. Turner 2003. Central and peripheral
temperature changes in sheep following ovariectomy. —
Maturitas, 6 (3): 231-238.

MALKINSON J., Q. J. PirtMaN 1997. Temperature treck. The next
generation in data analysis. — In: Brarteis, C. M. (Ed.):
Thermoregulation: Tenth International Symposium on the
Pharmacology of Thermoregulation, Annals of the New
York Academy of Science, New York, 230-232.

MacDonaLb D.W., C. J. AMLANER 1980. A practical guide to radio
tracking. — In: AMLANER C. J., D. W. MacDonaLp (Eds.):
A handbook on biotelemetry and radiotracking, Pergamon
Press, Oxford, 149-159.

MoraN M. M., Roy R. R., WaDE C. E. CorBIN B. J. GRINDELAND
R. E. 1998. Size constraints of telemeters in rats. — Journal
of Applied Physiology, 85: 1564-1571.

Nicor S. C., N. A. ANDERSEN 2006. Cooling rates and body
temperature regulation of hibernating echidnas (7achy-
glossus aculeatus). — Journal of Experimental Biology,
210: 586-592.

PootLE S., J. D. StepHENSON 1977. Core temperature: some short-
comings of rectal temperature measurements. — Physiology
and Behavior, 18: 203-205.

Purawa L. K., G. L. FLorANT 2000. The effects of caloric restric-
tion on the body composition and hibernation of the golden-
mantled ground squirrel (Spermophilus lateralis). — Physi-
ological and Biochemical Zoology, 13 (5): 538-546.

REFINETTI R., M. MENAKER 1992. The circadian rhythm of body
temperature. — Physiology and Behavior, 51: 613-617.

Von Branbis R. G., J. A. MorTIMER, B. K. REILLY 2010. In-water
observations of the diving behaviour of immature hawksbill
turtles, Eretmochelys imbricata, on a coral reef at D’ Arros
Island, Republic of Seychelles. — Chelonian Conservation
and Biology, 9 (1): 26-32.

Received: 01.11.2011
Accepted: 18.04.2012

157






