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Reptilian Behaviora Thermoregulation
Studied by Telemetry

INTRODUCTION

Most vertebrates are incapable of maintaining body temperaturesmuch above that of
their surroundings. We speak of these animals as poikilothermic, (variable-temperature) or
ectothermic. The mammalsand birdsdo maintain body temperaturesabove that of the ambient
air and these are referred to as homeothermic (constant-temperature) or endothermic.
Endothermicanimals metabolically generatethe heat required to maintain elevated body
temperatureswhile ectothermic ones must depend on external heat sourcesto warm themselvesto
higher-than-ambienttemperatures. Basking in the morning sun and lying on warm asphalt
roadways at night aretwoof the means employed by different species of reptiles in
achieving behavioral thermoregulation. This exercise will provide you with the opportunity to
investigate the degree to which ectothermicvertebrates (lizards and/or snakes) are able to
maintain aconstant body temperature by moving toward or away from a heat source.

Reptiles are found throughout the tropical and temperateportions of the world with the
greatest concentrations in thewarmer latitudes. Most speciesare restricted to habitats with
characteristic patternsof temperature variation. Desert formsare exposed to surface
temperaturesas high as 70° Cin thedaytime while the night temperaturesmay be near 0°C (even
insummer). Those in wetter environments seldom experience temperatures above 40° C.
Thepreferred body temperatures of reptilesreflect the thermal conditionsof their natural habitat,
and hencecan provideclues to thekind of environmentin which they are likely to befound. In
thislaboratory exercise you will determinethe preferred body temperatureof several different
speciesof lizards, and then you should be able to make some predictions about the natural habitat
of each species.

METHODSAND MATERIALS

The lizardswill be housedin sand-floored boxes equipped with alight bulb at one end (Fig.
1) providing a photothermal gradient in which the animalswill befree to move about, thereby
allowing adjustment of their body temperatures. The body temperature of the lizards is
monitored with a miniature temperature-sensitiveradio transmitter (the Mini-Mitter®) that is
fed to the animalsat thestart of the experiment. Beforefeeding the Mini-Mitter to the lizard, it
must be calibrated so that it can be used as aradio thermometer.

Transmitter Calibration

The Mini-Mitter producesalow-strength radio signal that can be picked up on any standard
(AM) radio. Theeffectiverangevaries from receiver toreceiver and particularly with the
orientation of thereceivingantenna. To tunein the signal, turn on theradio and hold it withina
foot or two of the Mini-Mitter. Adjust the tuning dial to a position between stationsand listenfor a
clicking sound (theantenna of the radio is quitedirectional so a stronger signal will be
heard for someorientations of thereceiver than for others.) The Mini-Mitter signal isatrain of
clickswith therate of clicking determined by atemperature-sensitiveelement initscircuit. Since
each Mini-Mitter hasitsown click rate vs. temperaturecurve, it must be calibrated before
proceeding with the experiment.
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Figure 1. The photothermal gradient box. 1" deep sand on floor.

Place the Mini-Mitter and a thermometerin a 1000mi beaker of water (about 3/4 full) at about
room temperature. Allow the transmitter to equilibrate with the water for at least two minutes
before takingareading. Make surethat the water iswell stirred during this period so that the
temperature of thetransmitter and that of the thermometer bulb are the same. Otherwise, you
will get afaulty calibration and the entireexperiment will not work. After the Mini-Mitter has
had time to equilibrate, count the number of clicksin a 60 second interval and record thiscount on
thechart below. Repeat this procedureat about 5-6° C intervalsover the temperature range of
interest (this will vary depending on the particular animals beinginvestigated). After you
have made at least five counts, plot the points on the graph and connect them with a smooth
curve. Connecting adjacent pointswith straight lineswill not reduce accuracy noticeably if they
arewithin5 degrees of each other. Remember, however, that your datacan be no better than
your calibration curve so make surethat it is as accurate aspossible. For very precise
calibration of the transmitter, pointsshould be plotted at 3° C intervalsover thedesired range of
temperatures. Accuracy may also beimproved by timing 100 clicks with astopwatch rather than
using awristwatch or wall clock. In that case, datacan be convertedto clicks/min. or plotted
directly as sec./100clicks. Either method gives good results. By measuring the click rate and
using your calibrationcurve you can now determinethe temperatureof the transmitter (and
hence the deep body temperature of the animal in which you will placeit). At thispoint you are
ready to proceed with the experiment.

Animals
Thelizardsyou will be using have been selected to representa wide rangeof preferred body
temperatures. Your instructor will provide you with a specimen and informationon itscare and

feeding, but not itsidentify or normal habitat. You will then gently slip thecalibrated transmitter
downitsthroat and intoits stomach. Afterinflicting thisindignity on your lizard, alow itto

82



escapeinto its runway whereit will spend the next few days. Do not record any datafrom the
specimen until severa hours after ingestion of thetransmitter. Theremainder of the exercise will
be done at your convenienceduring the next several days.
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Between now and the next lab period set aside one day to monitor the body temperature of
your lizard. Check itstemperatureonce or twice per hour for the entire day (8 am.to 6 p.m.).
At each reading also record the maximum and minimum gradient temperatures as an indication
of the range of temperatures available to thelizard. Thesedata are to berecorded in the table
Brovided. After completing your readings, plot the results on the graph below. The area

etween the maximum and minimum environmental temperaturescan be shaded toaidin
visibility.
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—_
-
235 -
g : T
- i +|
E— - =
<
T Et
g
w25 -1 -
| {
20 1
8 am 10 an 12 noon 2 pm 4 pm 6 pm
TIME

CALCULATIONS

After completing your observationsof body temperature of alizard, you should preparethe
resultsfor presentation to therest of theclass. Thisis best done by computing the mean body
temperatureand the standard deviation of your observations. The standard deviation table above
isdesignedtoassist in makingthese computations. A desk calculator that accumul atessums of
squares makes the job even easier, but it is not a necessity.

Thelizard's mean body temperature is simply theaverage of your observations. It is a
measure of the preferred body temperature of your particularlizard. When computed for all
available lizards of that species, the mean body temperature estimatesthe true preferred body
temperatureof the species. A singleindividual may havea preferred body temperature somewhat
different from that of the maority of animals of the samespecies, but if observations from
several individualsare averaged ,the resultant mean will be agood estimate of the true population
mean.

Standard Deviation (SD.) isastatisticthat reflects thedegree of variability in a set of
observationsof a particular characteristic or physiological parameter. Standard deviation
providesa measure of thedegree of confidencethat onecan havein hisestimateof the true
populationmean. Inall collectionsof data, it isawaystrue that two thirdsof the distribution
lieslessthan 1 standard deviation from the mean (x) and 95% of the distributionlies within 2
standard deviationsof the mean. The sizeof the standard deviation of a group of observationsis
influenced by the number of observations, with larger samplesizesyieldingcorrespondingly
smaller standard deviationsfor a given character. In the present experiment, standard deviations
can be used to determineif two speciesof lizardshave significantly different preferred body
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temperatures. For example, if species A isfound to have apreferred body temperature of 35.4° C
with astandard deviationof 1.2° C and species B has apreferred temperaturedf 40.6° C
with agtandard deviation of 0.7° C, the two speciesdiffer dgnificantly (in the statistical sense) in
body temperature. The intervalsenclosed by +2 SD. around their respective mean preferred
body temperatures do not overlap [35.4 + (2x 1.2) = 37.8; and 40.6- (2x 0.7) = 388L

Cdculations of this type are frequently representedgraphicaly asin thefigure below. The
mean of the observationsis represented as ashort horizontd line with therangedf the
observations indicated by avertica lineintersecting it. A hollow box is superimposed over
theselines to indicate theinterva + 2 dandard deviations. A separatesuch diagram is
congructed for each speciesor population, and the reader can see & a glance which
populations overlap and which are statisticdly different from each other.
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At the next |aboratory period we will combineour data with those of other studentsworking
with the same lizard species to compute a mean preferred body temperature for the species
sudied. Compare this mean with those observedfor the other speciesaof lizards and make
predictions about which species might be desert inhabitantsand which would be morelikely to be
foundin wetter (and hence lessthermdly variable) habitats.
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TECHNICAL INFORMATION SHEET

Photothermal gradient boxes: Dimensionsnot critical. Our design utilized plywood and masonite
aready available.

Materids
1-48"x 8" x /2" plywood or board (bottom)
2- 15-3/8"x 8" x 1/2" plywood or board (ends)
2 - 15-7/8" x 48" x 1/8" masonite (sides) assemble with smooth sidein.

/2" x 1" wood strips (2 - 8-1/2" long, 2 - 49-1/4" long) to form frame for top.
1- 9" x 50" aluminum window screen (stapled totop frame)

Miscellaneousnailsand staplesto assemble

Lights: We use gooseneck laboratory lamps with 60 watt bulbs, but any arrangement that
providessand surface temperatures near 50° C immediately under the bulbsis
satisfactory.

Photoperiod

For best results aregular photoperiodof between 12 and 15 hoursof daylight (=heat) should
be maintained for severa days prior to and throughout the experiment.

Room temperature

If possible the runways should be set upin aroom that will be used for no other purpose.
The temperature should be below 22° C to allow the establishment of an adequate thermal
gradient in the boxes.

Food and water

Water should always be availablein the center of the runways. The animalsshould befedon a
regular schedulethat of necessity will vary from speciesto species. Consult your animal
supplier for specific feeding instructions.

Animals

Reptilesare sold by a number of suppliersin Floridaand the Southwestern states. When
planning a laboratory that requires reptiles, adealer should be consulted well in advance of
anticipated needs. Most dealersstock relatively few desert forms in the winter months so
orders should be placed in theearly fall or the experiment postponed until spring. Lizardsare
more readily accepted by students, but snakeswill work equally well as subjectsfor this
experiment. Greater care must be taken to prevent snakesfrom escaping, but they are able to
swallow the transmitters more easily, making them more desirable in this respect.
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Recommended lizard genera are Gerrhonotus, Iguana, Tupinambis, Crotaphytus,
Basiliscus, and Sauromalus; Pituophisand Natrix are good snake genera. In generdl, the
larger theindividua, theeasier it will takethe tranamitter.

Recov: thetr itt

Thiscan occur spontaneously assome animals will regurgitateit or pass it on through the
digestive tract. Others can beforced to regurgitate it by pressng gently on the abdomen
and forcing the transmitter upinto the esophagus. Surgical recovery must be used in many
cases. Mod reptilestake ether anesthesavery wdl and arequite tolerant of surgical
procedures. Werecommend that the transmitters not be dlowed toremainin theanimas more
than two weekswithout supplementary coatingstoseal out moisture. Polyethylene isnot a
perfect moisturebarrier and transmittersintended to be left in animalsfor extended periods
should be dipped in successivelayersof Paraffin/elvax. Thiswill providea good enough sedl
to alow thetransmitter to functionfor the 2-3 month life of the battery.

Copyright © 1971 Mini-Mitter Company
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The Study of Animal Temperature
Regulation by Telemetry

INTRODUCTION

Animadsare generdly described as being cold-blooded or warm-blooded. The cold-blooded
animasinclude dl theinvertebrates, thefishes, theamphibians, and thereptiles. Only the birds
and mammasarewarm-blooded. More correctly, cold-blooded animas should be called
poikilothermic(Greek paikilos, various) and warm-blooded ones homeothermic (Latin homeo,
same). Poikilothermicmeans that the animd isprimarily dependent upon environmental
temperature to determineits own body temperaiure. Although these animas do produce metabolic
heet, they are largely unableto vary heat production or to control heet loss by physiologica
adjustments. Homeothermson the other hand areable to regulate their body temperature and can
maintain aconstant or nearly congtant body temperaturedespitevariation in the environmenta
temperature. In thisexerciseyou will observe that some poikilothermic animasgain or lose heat
faster than other poikilotherms. You may aso see that homeothermsdo not maintain aconstant
body temperature under dl conditions. Try to determine the physica factorsthet affect therate of
heat lossor gain.

EQUIPMENT

Each group will be provided with a temperature-senditiveradio transmitter (the
Mini-Mitter®) and an AM radio. (Usingthe sweep second-hand on aclock or wristwatch to
determineaccuratetimeintervals, you will be able to ascertain the temperatured the tranamitter
and hence that of theanima in which itisplaced.) The tranamitter emitsaradio sgnd thet congsts
of aseriesof clicks. Therae of clickingis proportiona to the temperature of athermistor in the
circuit. Sinceeach Mini-Mitter hasitsown dick rate vs temperaturecurve, the first sep in the
experiment isthe cdibration of the tranamitter.
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The temperature signal from the transmitter can be picked up anywhereon the AM radio
broadcast band. However, you will find that certain frequencieswill give aclearer signal than will
others. After you havelocated afrequency with nointerference, you areready to begin the
caibration. Thisisdone by placing the transmitterin awater bath and counting the number of
clicks per minute at severa temperaturesat leest 10°C gpart. Thecalibrationcurvesare nearly
linear and can be plotted as straight lines between any two adjacent points; but to insure accuracy
you should plot a |least four points, preferably near 10°C, 20°C, 30° C, and 40° C. The
Mini-Mittershave atime constant (timeto reach 99%af a new vaue) of approximately 2 minutes
so they should beleft in the water bathsfor at least thislong before making areading. Be sureto
stir the water bath adequately so that the temperatureis uniform throughout! Plot the pointsfor
your transmitter on the graph. Make sure that your calibration is correct; otherwise the data from
thefollowing experimentswill not bevaid.

INSTRUMENTINGTHE ANIMAL

Introductionaf the Mini-Mitter into the animal depends upon the kind of animal involved. Rats
must be anesthetized with ether after which the Mini-Mitter isimplanted surgically in the body
cavity. Ratsrecover quickly from thistypeadf operation, and only minimal precautionsagainst
infection are necessary. After the transmitter has been implanted, the anima should bedlowed a
couple of daysto recover from the anesthetic and surgery. Reptilesand amEhi bianscan beforced
to swallow the transmitters without anesthesia. The alligator'sjawscan be held open by coaxing it
to biteon a soft stick and then the transmitter can beinserted back in the throat with aforceps.
Finger ﬁreswrefrom theoutside will cause the Mini-Mitter to dlide down the esophagusinto the
stomach.

GENERAL DIRECTIONSFOR TEMPERATUREEXPERIMENTS

After allowing your animal to remain undisturbed for 15 minutes at room temperature, make a
test count to determineits body temperature. Record ambient (immediate surroundings)
temperature with alaboratory thermometer every time you read body temperature. Be surethe
thermometer bulb isdry when making air temperature measurements.

After measuring body and ambient temperatures at normal room conditions, change to different
temperatureconditionsand determine how fast body temperaturedf the anima changes. Asan
example, if theanimal isa 25° C, placeit in a 15° C environment, and follow the body temperature
changes a 2 minuteintervals. That is, you should makerecordsat 0,2,4,6 minute (etc.) time
periods. If therateis sow, change to measurementsat greater intervals (i.e, 0,5, 10 minutes).

Each student should do the experiment with one poikilotherm and one homeotherm. Be sure
that you understand the results of experimentsinvolving the other animals used in the experiments.

TemperatureRegulation inthe Frog

Determine the changein body temperature when afrog isremoved from a room-temperature
water bath and placed in acold water bath. The experiment should continue until equilibrium is
reached. Again, placethefrog in the room-temperaturebath. Istherateof warming the sameas
therate of cooling? Next, place thefrog in a40° C (no hotter) water bath. Determinethe rate of
change. Graph thechangesasafunctionaf time.
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Temperature Requlationin the Alligator* (or lizard)

Thisexperiment can be donein either air or water. If donein air, make sure the animd isdry
before making any measurements. (Why?)

1 Water: Follow the same procedure asgiven for thefrog. Remember that the alligator, unlike
thefrog, isexclusively an air-breather. Don't drown the beast!

2 Air: Dry thedligator and dlow the animal to equilibrate with the room temperature. Then
place him inacold, dry environment to determine therate of temperaturechange. A
refrigerator, normally ranging from 3-5°C, is satisfactory. (Don't keep the refrigerator door
open any longer than necessary since the cooling system is not overly efficient and may take
sometime to return toits normal temperature.) The air temperaturein therefrigerator should
berecorded. After reachingequilibrium at thecold temperature, return the aligator to room
temperature and determine therate of increase in body temperature. |s theincreaselinear?
Assumi r(ljg that thedligator and frog were the same s.ze, would their ratesof change be the
same under similar conditions? Why? What factorsareinvolved here?

* South American Caiman

Temperature Regulationin the Snake
Determinethe ambient and body temperature.

1. Placethe snakein acold, dry environment to determinethe rate of temperature change.
Follow the same procedure asoutlined in B-2 above.

2. Placethe snakein an incubator or under an infracred light (in acloth bag, if necessary) to
determine therate of increasein body temperature above room temperature. With infra-red
light, only the body surfaceis warmed - the air temperature does not increase. (Infra-red
sourcescan generatevery high temJ)eratureﬁ don't broil theanimd.) What factorsare
important in determining how rapidly the body temperaturedf a snake will change? Why
would an inanimate object of the same shape not change at the same rate as does the snake?
Explain the physicd principlesinvolved.
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Temperature Regulationin Mammals

Here we are measuring the core (deep body) temperature. Will it be the same at room
temperatureasat low temperature? At high temperature? The transmitter has been previously
implanted so you need only to make the measurements.

Sincetheradiosigna will not passthrough sheet metal, provisionsmust be made to pick up the
signal from inside therefrigerator or incubator for the corresponding cold or warm environment
experiments. One satisfactory method for doing thisis to place a portableradioinside the
refrigerator near the transmitter and use the earphoneor a small accessory speaker to carry the
signal to theoutside. In an alternatemethod you can loop an antenna (madefrom any typeof wire)
around the animal cage and run thisoutside the refrigerator to the antennarod of the radio (see
Mini-Mitter Technical Data Sheet for further information).

Place the animal in thefreezer compartment of therefrigerator. Do NOT put it on acold, hard
surface (frost-bite). Line the container with acloth or paper. Follow the temperaturechange.
How doestherateof changecomparewith that of the poikil othermic(non-regulating) animals?
Whichisfaster? Whichisgreater? What behaviora changesdo you notice in the mammal at low
temperature? Do not leave the animal in the freezer for more than 15 minutes. Graph the body
temperaturesas afunctionof time.

Placethe mammal in an incubatorat 45°C. Determinethe rate a which the body temperature
changes. Observethe animal closaly to make sureit isnot in pain. If it beginsto behave
peculiarly, removeit from the high temperatureimmediately. Do not leavetheanimal in the
Incubator for more than 15 minutes. Does the body temperature increase? Why? What
mechanismsdo homeothermic (regulating) animals have to control their body temperaturesat both
high and low ambient temperatures?
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APPENDIX 1
EQUIPMENTLIST FOR TELEMETRY LABORATORIES

1. Copiesof labexercises

2. Mini-Mitterswith batteries

3 Thermometers

4.1 or 2 liter beskers

5. 8-12in. piecesaf solid copper wire18-26 ga (for holding transmittersin beakers)

6. Magneticstirrersor stirring motors

7. Stopwatches

8. Portable AM radios (may be supplied by students)

9. Animals, asneeded. Frogsare generdly availablefrom standard sources. Among reptiles,
snakesare best choicesand they arereadily availablelocaly in mogt areas. You may haveto
plan ahead to(?et themfor awinter lab. Local kidsknow where and will usualy catch al you
can usefor adollar or two apiece. Rats, hamsters, gerbils, mice are al good subjects, with a
largeand asmall speciesallowing comparison of surface/volumeconsiderations.

ANIMAL SUPPLIERS

Mammals Reptiles & Amphibians
Ancare Corp. Bored Labs, Ltd.
47 Manhasst Ave. 1820 MattawaAve.
P.O. Box 354 Mississisauga, ON L4X 1K6
Manhasset, NY 11030 Canada
(516) 627-9292 (800) 387-9379
in US (800) 828-7777
Buckshire Corp.
2025 Ridge Rd. Kons Sci. Co., Inc.
Perkasie, PA 18944 P.O. Box 3
(215) 257-011 Germantown, WI 53022-0003
(414) 242-3636
CharlesRiver Labs,, Inc.
251 BdlardvaeST. Wm A. Lemberger Co., Inc.
Wilmington, MA 01887 P.O. Box 2482
(617) 658-6000 2500 Wausau Ave.
Oshkosh, WI 54903
Taconic Farms, Inc. (414) 231-8410

33 Hover Ave.
Germantown, NY 12526
(518) 537-620
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