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INTRODUCTION

The literature is extensive with respect to
mammalisn physiology, but extremely sparse concerning
reptilian physiology. According to céok (1949) very
1ittle comprebensive work concerning ihe rundanontal
agpects of reptilian physiology hes been done since
Benedict's work in 1932,

Originslly the author of this thesis intended to
investigate the effect &t various temperstures of
certein hormones on the metebolle sctivity of the
reptiles. Because metabolic sctivity 1s indicsted
by pulmonary gsseous exchanges it was believad by
this author thet the bassal ro:plrttion retes ooulﬁ be
employed to great advantsage as sn indicator of the effect
of hormonés on the metebolism of reptiles at various
teaperatures. A gwvey of the litersture revealed
thet no inexpensive, wholly satisfactory apparatus
hes been designed for the measurement of the re-
spiration rete in the reptiles. Also, no complete
description of the method to De saploysd in deteraining
thess respirastion rates, was deseribed. Therefors,

this investigetion was mede for the purpose of estsblish-

obtaining the respiration rate of a representative

reptile.







Two bull snakes (Pituophis gayl) were used as repre-
sentetive reptiles,. This bull snake ig & desirsble exper-
imentsl animal from many standpoints. It is an animel
representetive of the reptiles prevalent in the south-
western pert of the United States, 1t is essy to work
with and care for in the 1abarnteiy end osn be contalned
in 8 relatively small respiration chamber seo that its
movements are restricted, thus making metsbolic conditions
more nearly basal.

The dets obtained using these two snakes ihnld indé&
cete the consistency, end, to 2 certain extent, ihl
agccuracy of the method. Of courge, the data in itself
would not be of significance for the reason that not
enough animals would heve been ﬁsod. However, it is
the belief of this suthor that if reproducible results
could be gotten using only two bull snskeas, the method
could legitimstely be used in future invesgtigationsa.

Accoréing to Vernon (1894), ipeshott reported that
the metabolle rste in some reptiles was lower between
10°C. snd 15°C. than it was at §°C. These findings were
not in keeping with a lster report by Vernon (1894)
which indiested the metabolic rate of polkilothermic

workers have since confirmed this relationship.







Baldwin (1928) wrote & paper on the oxygen eon -

suaption of certsin snakes, including the bull snske,
(Pituophis geyi) at 20°C. His apparstus was not in-
ternslly compensated for tempersture variation or
berometrie changes during the experiment.

Benedlict (1929) did some work comcerning the
effects of handling on the metabolic rsate of certain
gnakes, not inecluding the bull sneke, &t rcom temper-
sture. He reported that the metabplic rate of these
snakes was temporarily mcﬁaaa by handling.

D111 (1929) worked on the respiration and meta-
bolism of the ¢roceodile and nppit{‘ anoxia, rather
than carbon dioxide accumulation, 1; the stimulus
for pulmonary respiration in the ecrocodile. There
is a possibility that this may slso be the csse in
the snakes, but there is nothing in the literature
to confirm this.

Benediect (1932) wrote a very comprehensive book
concerning his experiments on the physiology of the
lsrge reptiles. He reported the relationship of the
metabolic pate to tempersture for snakes including
some snakes of the genus Python, some snakes of the

end some gopher snakes of the genus Drymerchon.







He 41é not, however, use any of the snekes of iLhe genus
Pituophis in his experiment. He states that most of his
dats concerning these metabolic rates were calculated
from direct volumetiric measurement of the oxygen consgumed.,
Hig apparstus was s modification of the original Haldene
(1892), but instesd of asdding dehydrsted, carbon dioxide-
free ailr by meang of an absorption inlet chain, he added
oxygen directly by msans of s spirometer. These data
indigated that the metabolic rate increased, in general,
with the tempsrsture, but that there waaz not a linesr
relationship between the two.

The effect of sggregation on the consumption of
oxygen by the brown snake, (Storeris dekayl) was reported
by Clsusen (1936). His technigue snd appsratus were
similar to those of Benedict (1932). He introduced &
constant tempersture burette, but his gas enelysis was
carried out on only 10 ¢c. samples of gas, wvhich assumed
complete homogeneity of the gas mixture.

Roth (1942) estsblished the respirstory quotient
of the bull snake (Pituophis gayi) snd others ai room
tempersture. The apparatus that he used was a modifi-
cetion of that used by Benedict (1932) equipped with

piston spirometer with respect to time. However, he
unfortunstely did not publish the sctual oxygen con-







sumption nor the carbon dloxide =nd water exhasled.

Cook, 1949 publighed a paper on the relstionship
of the oxygen consumption of certain liserds to various
temperatures. His asppsratus was similar to that eof
Baldwin (1928) but he had a constant temperature regu-
lating system for the respiration chamber.

In this investigation two apparstuses have been
designed to snalyze the raapirhtary gases snd determine
the oxygen consumption respectivsly in the dull snake
(Pituophis sayil) at verious temperatures. Each of
these apparstuses has features which have not been
applisd in similar appsratuses, bui are modirliled
forms of respirometers employed by former worksrs.

One of these is & modification of the original Hsldane
(1892), wherein the production of rospirutcrj gas wag
analyzed. However, instead of using a gravimetric
deteraination of the carbon dloxide produced, =
titration method was used for gresater scouracy in
determiningsmall amounts of gas. The other apperstus
is a modificatlion of the Sholander (1942) micro-
respirometer, wherein the respiration chamber hag been

incresged 1in size sufficlently to contain the bull snake.

dats, l.0., respiratory gas analysis snd the oxygen

consumption, respectively, becsuse of the simplicity







of operations and the introductiion of 2 minimum

possibility for error. Elther one of these sets
of data could be used as an Incicstion of the
respiration rate in e given tempersture renge for
comparstive purposes in future investigstions. The
neceselity for using the two different apparatuses
lie s in the fset that one wag used as a check on
the other and vice versa. The two procedurss were
very different and it wag belleved that if the re-
sults correlated it would indieste that no gross
source of error in elther procedure was llkely.

The snakes wers subjected only to temperature vsris-

€

tion well within thelir normsl tempersture limits.
fnerefore thelr phyeicsl condition due to use in

experiments was not subjeet to change.







© tion of potsssium bhydroxide. This concentration eof
potassium hydroxide is more than sufficlent to remove

HMATERIALS ARL METHODS

Description of the Apparatus. Two apparstuses,
I end 1I, used in studying the rnpirdhrr rete of the
bull snske, at various temperatures, sre shown on the
following pages. '

Appsratus I has a purifying inlutléhnia (see

7ig. 1) which consists of & series of 450 cc. bottles,

some of which sre filled with concentrated potassium
hydroxide solution which takes out all of the carbon
dioxide in the room-alr as it enters the air-tight

resplretion chamber, D, Other bottles in this inlet
chein contein sufficient amounts of caleium chloride to
remove all of the moisture from the incoaming alr. As |
this air passes through the colled copper tubing, 1,
which 1s twelve feet long, its tempersture is brought
to that of the wsater bath before it enters the nséirn-'
tion chewber. 4As the air in the respiration qnmbur.
gsucked through by the means of an sir-suction pump,

pesses out, it goes through the outlet snalytlcel chain
(see Fig. 1). This outlet chaln congists of a welghed,

cezlcium chloride~filleéd test tube snd & geries of 100 cc.

teat tubes containing e known volume snd concentra-
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ell of the carbon dicxide in the exhsled sir.

‘o insure that during the evacuation, and concomit -
ant refilling of the respiratory chamber, the snake ls
not subjected to & vacuum of more than one and one half
inches of mercury below atmospheric pressure, at this
altitude, & menometer, p, waas used to record the magni-
tube of the vacuum. If the vacuum became too great, a
prasauré-cmiansmg valve, m; ‘ll.l lil‘nmoﬁdlis‘ltel.y op.enold.‘
The room-alr rushing through this valve passed through
sn ascarite filter, n, and all of the carbeon dioxlide
in this incoming air was removed.

The glass inlet tube, ¢, was tgporod and bent at
an sngle to increasse the washing power of the inceoming
jet of air. The outlet tube, g, had four small holes
et different levels to extract the alr in the respiration
chember at these four levels end thus reduce the ‘
possibility of heving significent asounts of carbon
dioxide left in the respiration chamber.

The temperature of the weter in the constant teapera-
ture bath, B, was controlled by the thermo -repulator, k,
which was connected in series with the heater, j. Low
temperatures were obteined by the addition of varylng

swounts of ice to the water beth. Consected smd in. - - . - ... .

perallel with the hester was & light, ¢, which turned on




—
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automatically when the hester was im operation. The

light functioned as & safety signal to warn the operstor
if the thermo-regulstor should be oporaung with too

auch msrgin. Two thermometers; e, &nd f, were ugsed to
record the temperatures of the air in the respiration
¢hamber and the water in the water bath, rocpsav'tiv'oly,

Twe one ~fiftieth horse-power, serles wound, electric
stirrers, g, =nd h, circulsted the water in the constant
temparature bathe.

The spsed of the silr flow and, to a certain extent,
the air proisure in the system were sontrollsd by the
inlet and coutlst vslves, r and s, respectively.

‘the respiretion chasmber, A, conoiotod of a largo
glass jar with a sorew cap, @, which slloved the pasaage
of the snske. This screw-cap had & large cantrgl.holg' »
which wes filled by the rubbsr stopper, b, through whish
the inlet tubs, the outlet tﬁbe, and a control tube, d,

passeds

Description of the use of Apparstus I. The snake

was put into the respirstion chamber and the screw-cap
wag sc¢rewed into place using stopcock grease to ingure
an sir-tight sesl. The stopper, conteining the inlet,

cutlet, snd conirol tubs, was then pleced into the sorew-

chain was then connected direcily with the air guction







puap. The heater and stirrers werse then turned on and

the respiration chember and snake were brought to the
~desired tempersture. The sir In the respiration chamber
was then removed directly by means of & shunting rubber
tube thru the sir-suction pump, as rmsh; ea'rban dloxide-
free, water-bath-tempsrature-air entered thru the eoil, 1.
Since there was sufficient air in the respirstion chamber
to supply oxygen to the snake for ebout half an hour or
more without unduly decreasing the oxygen percentage in
the respiration chamber, the air wag removed therefronm
at given time intervals, thereafter thru the analytical
outlet chain. The total time thet Lhe snske gould stay
in the resplration chambsr in any given experiment wag
unlimited, except for possible cramping of the snake
over a long period of time, because the cuzlei. cmm
wag in duplicste. The refilling of an outlet chain was
only a matter of minutes once the titration of the
potagsium hydroxide for the day had been done.

dethod of g=s snalysls in Apparatus I. As the air

from the respiration chamber was drawn thru the outlet
chain the carbon dloxlde rescted with the potasslium
hydroxide to form potassium bicarbonste, water, and
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Kuco + WOH

_Howy
QO +2K0H — K, C0; ——

Since there wes sn excess of potessium hydroxide

(amount established by correlating the works of others

on snakes at tweniy degrees, and by trisl and error)

end the &ir was drawn through the outlet chelin at =

falrly slow rate, there was very little chance foér

cerbon digxlde to escspe. The last tube of the out~

let chain was checked pericdically and oich'tino it

was found devold of any apprecisble amownt of carbonates.
After each experiment the tubes in the outlet

chain were emptied qulétly, 80 that atmospheric carbon

dioxide would not resct with potessium hydroxide, snd

wasgshed out with distilled water into a 1000cec.

Volumetric flask conteining an excess of barium chloride.

The level of the solution was brought to the 1000 cc.

mark by adding carbon dioxide-free distilled water.

The flask was then plugged with sn sir-tight ground

glass, gressed stoprer. The chemical resctions in-
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H.0 +Ko(0, +BaCl,— BaCO,+ZKCL + HOH

e !

ppt-
COZ. ‘RKOH KH\S&}H N :u*rc'
4

The barium chloride reacted with the carbonate and bi-
carbonrte of potassium to form the insoluble baerium
carbonate. After the precipitate settled out, two
sliquots of {ifty ¢c. each of the supernatent solution
of potasassium hydroxide were analyzed for the remaining
hydroxyl concentration. In the formation of @ carbon-
ste lon two hydroxyl ions sre removed from the originsl

potassium hydroxide solution.

CO,+ 2KOH —> K,CO, + W,0

Before each experiment the potasssium hydroxide was
titrated against sulphuric scid of a knowm normalitye.
The same acid was used to titrate the above montioned

aliguots after the experiment. Fhenolphthslein wasg







sethods used In the calibration of Apparstus I.

4 given ampount of cerbon dioxide gas was Introduced inte

the inlet tube; by means of a gas burette, snd sllowed to
remain in the respiration chamber for a period of one hour.
At the end of this perliod the gas was removed through the
analytical outlet chein and eagch tube was individually
analyzed. The last tube in the chailn always proved deveid
of carbonates. The respiration chamber was flushed with
carbon dioxide-free-alr for six minute intervesls. ‘the
first six minute interval resulted in the removal ot'oighty~
nine per cent of the injected carbon dlioxide. FRepeating the
cheek end doubling the interval to twelve minutes removed

ninety-six per cent of the injected carbon dloxide. Running

the check for twenty-four minutes did not show any sppreciable

incresse in the pesrcentage of recovery. Thus it is assumed
that about four psr cent of 200 cc., or 8cc., of carbon |
dioxide remsined in the respirstion chamber. During sn
experimental run, eince the system is {lushed sbout ten
tines; this amount 1z relatively insignificent es compared
to the amount of carvon dioxide produced by the snake
during any experiment. the totsl time involved in an

experimental run at lower temperatures was purposely in-







The purifying effect of the inlet chain, and = good

indicstlion that the apparstus was not lesking, wag
evidenced in the lack of change in the hydroxyl ion con-
centration in the outlet c¢hain when the apparstus was run
for a period of twoe hours, at a slow iau, without the
snske being in the chamber. Another check which showed
thet the system was not leaking was msde by sucking a
vecuum of six inches of mercury om the (:yst.u» und élauj:;
ing off the inlet and outlet valve. The msnometer showed
no change in level although the spparstus was left fre-
guently for & peried of more then an hour.

The efficiency of the water vapor removing system
of the inlet chailn wes checked by welghing the tube of
caleium chloride in the outlet chaln before snd after
ellowing the system to rum for am hour or more. At a
normal rate the calc ium chloride tube in the outlet chain
dié not take on any appreciable weight. Hovever, if the
air was dreswn through st a very fast rate the moisture
was not properly removed by the inlet dehydrating bottles
of calcium chloride. Therefore, during the experiments
the rate was kept falrly slow in order that ell the water
be removed in the inlet ¢hain, =nd slso because faster

The checking of the efficiency of complete moisture
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sbsorption by the outlet tube of calcium chloride was done
by adding an additionsal drying tube in the line of sir flow,
beyond the originel drying tube. There was no increase
in weight in the second tube whatsocever even st a very
fest flow. During this last checking procedure the room
eir was passed directly inte the respiration chamber
withoui the use of the miet chain.

Desceription of fsggnratuﬂ }}_. Aps:iratnl 11 was =

grestly enlarged modification of the Sholander micro-
respirometer. A large glsss jJer, 4, wes the respirstion
chamber. Gme leg of t=tube, 9, Wes counacted by means

of rubber pressure tubing with the ménometer, d, which
was filled with "Tween 80", which hag a low specific
gravity end oconteins & wetting egent to insure sensitivity
to pressure changc‘. The other leg of the t-tube, ¢, was
connected to one leg of another t-tube, e. "I‘ha stem of
t-tubs, e, wes connected to & 30 cc. syringe, D. The
other leg of t-tube, e, was connected to 2 spirometer,
which was filled with oxygen via screw clamp, 2. The
manometer was =l1lso connecied to 2 pressure control chamber,
B, which was a large glass bottle (larger then jer, A).
This bottle had a rubber stopper, h, which sllowed for

weg attached to the manometer, ss stated above, and the

other connected, via gcrew clamp, j, with the room-a2taosphere.
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The constsnt temperature bath consisted of an eight
gallion sluminum tenk, D. The heating system for the bath
was & 200 watt silver psinted heat lamp, k, connected in
series with a thermowegulsator, 1, whieh wag sensgitive teo
plus or minus five-tenths of & degree. lLow temperstures
were obtained by adding varying smounts of ice to the
water bath and draining the excess water. The water was
kept in cohatant’ciroulation by & stirrer, m, which was
cenirally located in the bath. Two thermometers, x and
Vs were kept in the water beth st oprosite ohﬁi of tﬁd
tenk and wniform temperature was observed throughout the
water bath. .

In respiretion cheamber, a, was s wire gauze tubse
filled with sscarite to sbsorb the carbon dioxide exhaled
by the snake. To absordb water vapor and thus do away
with eny vapor pressure bulld-up, calecium chloride was
placed in the bottom of the respiration chamber. The
snawe was kept from coming in contact with the calcium
chloride by mesns of two layers of heavy wire geuze on
which the snake remsined during the experiments. The
pressure chamber, b, alse contained sufficient ascarite

to remove any carbon dioxide originally present, and

-celeium chloride to remove any water that might be G S e

sent in the alr.
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A description of the use of Appsretus II. The smake

was put into the respiration echsmber and the total system
was allowed to come to the desired temperature. The syringe
was then filled with oxygen from the spirometer eanéd the
screw clamps were then closed. The exect time, barometric
pressure, and room temperature were recorded. At given
pressure in chamber, A. Oxygen wag added by mesnsg of

the syringe untlil the manometer returned to the 1o_v01
position. The volume of the oxygen edded was recorded

and converted 10 standard conditions.

Checking Apparstus Il. Apparstus II was checked by
adding 8 glven amount of carbom dioxide ges by meens of
& gas_ burette snd observing its ebsorption i-ltc by the
sscarite. Observations were also mede §o determine
whether or nét the menometer returmed to its level posi-
tion. The cesrbon dioxide was removed in seven minutes
efter its introduction into the respiration chamber, How-
ever, the masnometer never completely returned (in s three
hour period) to the level posgition indicating that a slight
empunt of carbon dioxide was not absorbed. The total
pressure difference in chamber, A, and chamber, B, at
‘the end of sevean minutes was about three-sixteenths of

an inch of "iween 80". %hen large amomts of carbon
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dioxide were added the time of absorption did not Increase
above geven minutes nor did the finsl level difference
vary. In order to be sure that there were no leaks in
the system two hundred cc. of oxygen were added to the
respiration chamber and the column difference in th.
minometer marked. After a period of ten minutes, to
insure complete absorption of sny cerbon dioxide contsined
in the chember, the levels of the menometer fluld were
agein merked and the appsratus wes allowed to stend for
one hour. fThe totsl difference between the two fluid
levels in the menometer, originally sbout eight inches
of fluid, remained the seme. :

Laboratory Care of the Bull Snskes. The bull snakes
were kept in cages twe and one halr feet long, two and

one helf feet wide, and one foot high. The tempe rature

of the cages was sbout 2z° Centigrsde and €1é not fluctusts
more than 3° Centigrade up or down. Presh water wss
evaileble to the snakes st all times. The snakes were
fed, or offered, mice once every three weeks. However,
even though the mice were left in the cages with the
snakes, the snakes did not eat at any regular Intervals.

Frequent hendling of the snekes at times other then the

citement cduring manipulation previous to actual exper-

imentation, Eenedict (1929).







EXPERIMENTAL RESULTS
The results obtalned using these two different

epparstuses on the two bull snakes are examuples of the
results which ¢an be cobtained using these apparsiuses.

Tables I and 11 on the following pages each 4»1:-
gist of the carbon dioxide production and calculsted

. oxygen consumption of two bull snakes, Bull Enakes 1

end &, respectively, st various temperatures in Apper-
stus 1. Those experiments made whlle snakes wers
ghedding were msrked with asterisks. The pericd of
ghedding was considered to be that perled commencing
with the first physicsl signs of the early stages of
shedding, end ending with the loss of the outer skin,
Beredict (1932). The bull snake does mot eat during
ths shedding pericd, King (1941). ‘

The values shown in the tables for tho respiratory
gases, expressed} in cubic centimeters ai standerd condi-
tions per gram of bull snake per hour, were nhtained‘
from bull snakes under basal conditions during perlods
of fasting. The values for the carbon dioxide (see
Tables I snd 1I1) were caloulated from eseh of the titra-
tions msde during an experiment. During the course of
the experiment the potsssium hydroxide in lhe outlei

chain was replsced one or more times. The solution

from the respiration chamber for a time indicated by

“Hours between Titrstions" (see Tables I snd 1I)
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was titrated. Then the carbon dioxide production for
that time mﬁma was ealenlatee and converted to
eubiﬁ amtmun at :hmhvd conéltiona ns'r graa of

bull snake per hour. “In ordor to obtain the ameragc
eav‘on dioxide production 'ulac for an mﬂg&nt

the individusl values obtained for esch t:tn‘tm.
";uro multiplied by the "Hours between ::muem'-

A thoa the products were added together anad ‘divided
by sha total hours involved in the experiment. The
norngo valus of the oxyga mmiﬂ tor an ex-
;Tl;porlmt was obtained hy ealeuldim {nt Formula (1),
poge 13. shedding ‘' W/ 4

: . The respiratory qnaéieni, or LQ.. for esch
cxéﬁrlmt was obtained bj"’a.iﬁig}iig the sverage esarben
dloxide value for en experiment by the caloulated
ﬁe;aso oxygen ebn:mptién value for thet experiment.

;k The velues plotted on tlﬁo graplii, Figuns 3 and 4,
flrfa.rpantu I, on the following peges, were the
avemc of the calculated oxygen consumption valuu
ror all the experiments csrri.cd on at & given tempera-
tm for esach snake. These were calculated by totaning
the average oxygen consuaption values of each axperiuent‘
and- divldips by the nmhr at oxperlmnts ror t.hat snake
at that tempersature usiung Apparatus I‘ This was justi-
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cied because the results of each experiment represented
the actual oxygen consumption of the snake 2t the time
of esch experiment. _

in all csses the experiments run during the shedding
period were averaged separsately and appear on different

curves of the same graph.

on the following pege, were obtained by sdding the E.Q.
of each experiment and dividing by the totsl number
of experiments for that temperature. The K. Q.s ob-
teined during periods of shedding were averaged separ-
ately snd appear on different curves of the same graph.
Tables II1 snd IV shown on the following pages
consist of the oxygen consumption in cuble centimeters
at standard conditions per hour per grem of Bull Saakes
1 snd 2, respectively, at varlous temperatures, obtained
using Apparatus 1l. The averages at each umptritm
were obtained by adding the oxygen consumption vnluc'l
obtained during each separate experiment anc dividing
the total by the number of experiments. In these
tebles as in Tables I sand I1 the numsrical values
obtzined during the shedding period were aversaged

geparsate L R A T R A AR T e B el SR

Shown in Pigure 3 sre four curves. Each curve re-
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yioqcnts' the sverage oxygen consumption rate of Bull
Snske I plotted sgainst temperature im degrees Centigrade.
Thus the curve asrked "normal A," (see ?igm 3) was
drawn through the points resulting from plotting the
év-é:itgb mgu consuaption rate, at esch teapersture, of
Bull Snake 1 sgainat tempersture, during a period of
\mml fasting, using Apperstus I. %he curve marked
"normal Ap" (see Pigure 3) was produced in the same
menner &s the former, sxcept that the points were ob-
tained by the use of Apparatus 1l during a period of
normal fasting. The curves merked "shedding Ay and
A" were constructied .‘m & mampner similer to the normel
fasting curves but the velues plotted were obtained -
during e shedding period of the ssme bull snake

{Bull mg;,.i}_.— in the same two apparstuses. The

tempe rature range used for Bull Snake 1 was from 20°-35°
Centigrade. Dsta on the metabolic rate of Bull Snake 1
at other tesperatures were not obialned because the
gsnske was accidently killed.

In Pigure 4 the curves were c¢onstructed In a menner
.1&11@?"&0 those in Pigure 3 except that the values plotted
were those obtained by using Bull Snake 2, insteed of
Bull Snake 1, in the two apparatuses (see Figure 4}. Both

the normel snd shedding curves were shown for each
apparatus. FRates were obtained from §° - 385° Centigrede






in both sapparatuses, using Bull Snsle 2.

The curves shown In Figure 5 were drawn through
points produced by plotting the average respiraiory
quotients shown in Tables 1 end 2 st various tempersatures,
ageinst t.cmperatﬁru in degrees Centigrade for Bull Snakes
1 snd 2 using Apparstus 1. Apparatis II wes not adapted
for obtaining the respirsiory guotiamt.

In using A?Pl‘rst'.ua' I the mgez oonsmﬁtyim was yc‘ai—
culated by the method of Haldeme (1692). This method 1s
accepted ss a valid procedure im deleraining the respiration
rates of small snimals, Fultom (196). The mothod consists
of collecting the carbon dioxide an¢ water exhaled by
the animsl after the experiment, an( subtracting from
this sum the initisl weight of ths mimal before the
experiment in order to find the grass of oxygen congumed.
Since renal end intestinal excretiors occur not more than
once in six weeks, if that fregwently, during the fasting
period, sand it has been showm that 10 nitrogencus materisl
ig exhaled Haldsne (1892) this meihod was used to
calculate the oxygen consumptiom vaiues shown in Tables
1l snd 2.

The following formuls was wsed to determine the

..... pxygen consumption rate from the cabon dioxide and water =
production which were obtained wsin; Apparatus I, and
the change of weight of the snalke.






= :

%w\s.oz-:— (5“‘7."' o CO, + s HLO)— Sw,
g g_x?ressiw%O,_‘M e.e../%,_/h_. -\—-L&i‘},m.l._
s oS ed W 4o —S::l(ow't nqgorm.

0 “
o ;- QQ.(,STP)/ / o f(Sw._-S.....)+ Ans COvtqws B0 K22i1qooc e
% Yl . = =5 . 5 d“‘)
0. Wrs.. aa "‘Q“ X%us Moe\e wt. 0*0\_& &_..--—"_

W \r\ere S.o._—_;“-.l‘m‘\ wgg%k\ o%s‘vsu.\b- \ic&aﬂ ‘\C‘a&

et ad bween® \w T-—\S- ,,,,,,,

C\AA-A wa-:. [ivxd“ U.,q(a\.,\- o& swa e a&\ox
Tt o ppuinmtad va s

The carbon dioxide was com'verted from moles to grams
in the titration procedure (see page 14). For the tables
the moles were directly converiied to cublic centineters

at standard conditions per gram per hour, as shown.

T T T T T 1 7 P W W g

The snakes were weighed cairefilly in a glesss Jar with
a 1id. The tare weight of the jar was sscertained before
esch weighing. The respiratiom: chmbers of Apparatuses
I snd 1I were kept very clean @nd carefully observed be-
fore and after the snakes were put into them during ex-
periments. in cases where excrretim oécurred or where

there was loss of skin from the snikes, such as sometimes

occurred in the last stages of sheding, the experiment

wag congsidered invalid.
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In using Apparatus II the walws of the oxygen con-
sumption retes were converted direcily from the volume
of oxygen introduced at room temperiture to standsrd
conditions. A spring barometer calibrated with the
barometer at the University of Niew lexlico Chemigtry De-
pertment afforded accurate barometr.c readings. The
oxygen wasg introduced st room temperature which was re-
corded each iimo oxygen was #ddmd ‘t; the system. The
room temperature remained fairly corstent. PFrobably an
errvor of at least & or 6f was imtrocuced in thie operation
because of the Impossibility of makng all the readings
simultaneously and because of the great"variation of
gas volumes with small changes iin timperature and pressure.

The eurves shown in Figure 3 fur the normal variation
of Bull Snake 1 correlste with s maiimum variation of
about thirteen per cent. The awersasge dirrerencov be tveen
the two curves is sbout six per e¢eni. Considering the
fact that experiments were made at (ifferent times, be-
cauge the seme snake was involverd ir each type of exper-
iment, this difference in 1ltself’ woild not have indicated
more tham a normal experimental variation. Kowever. the
fact that the results obtained wihen using Apparatus I1

wvere consistently higher then those using Apparatus 1- - - - - =

(see Pigures £ and 4) seemed te indicate that one or mors
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of the steps in the procedure Involied in one or both
techniques employed introduced a more or less constant
error. Nevertheless, the tohl accwaecy of either apparatus,
which will be further discussed, 1is probably not more than
ninety per cent so the correlation 8 within the limits

of the accuracy of this experiment. Also the consistency
of the individual ocurves during the normal fasting periods
mekes each useful.

The curve shown in Figure 3 for the shedding snake
did not have a total vari: tion ags great ag the curve for
the normal sneke, but the correlatim between the curves
wag not consistent. This was probally due to the in-
consigtent respixtation of the snake during the shedding
period as has been reported by Benedct (1952) for other
snekes.

In Figure 4 the correlation of the normal respiration
curves for Bull Snake 2 from 209 - 5° Centigrade (see
Figure 4) is better than the correlstion of_ the two
normal respiretion curves of Bull Sreke 1. The difference
between the respiration eurves of BEill Snake 2 1ls 2lso
consistent with the results obtalinec using Bull Snake 1
in that the values for the oxygen cmsumption using
- Apparatus Il were again higher than those obtained ML Y
Apperstus I, Prom 5° - 20° Centigraie the varistion weas
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slightly greater tham from 20° - 38 Centlgrade, but still
conslstent, with Apparatus I1 showiig the greater oxygen
production. The respiration rate diring the shedding
pericd of Bull Snake 2, produced tw» rather inconsistent
curves which at & temperature of abyut 13° Centigrade
both went below the two normal respiration curves.

Tne reason rér the greater OXxyien coOnsumption ‘indicat-
ed by Apparatus 11l was not ascertaiied, but the results
indicated a consistent inaccuracey, thich will be discussed

furtner, of one or more steps im obsaining the oxygen con- |

sumption by one or both procedures. This inaccurecy, how-
ever, as wag mentioned before, wasnot as great as the
probable inherent inaccursacies of e.ther apparatus. It is

felt that the gsame procedure amd aparatus could be uged in

future investigations for obtaiming good compearstive results.

In Figure 5 the respiratory guo;ient curves were not
very consigtent, however, the gener:l increasse of the
respiratory quotient as the temperaiure increased was
consistent. The respiratory quotiert of .671 in Table 11I
at 69 Centigrade 1s below respiratery quotients of known
fats. This low resplratory quotieni, however, wasg con-
sidered valid in that RKoth (1942) amd Cook (1943) have
other reptiles. The reason for theie low respiratory

quotients nss not been estsblimhed, Roth (1942).




P ——————
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Some of the more important soures of error con-

sidered to be most significant ws.re as follows:

(1) The impossibility of obiaining absolute basal
conditions at warmer temperstures (this was
especially noticesble at 3£ Centigrade, at
which tempersture the smake moved occassion-
ally) - T

(2)The inaccuracy in measuring the exact ’ox;gqn
input into the respiration chamber in
Apparatus II , : , A 6%

(3) The varistion in the time hvolved In esch
experiment which wes necessitated because
of the schedule of the worier 2 7

{(4) ¥eighing the snake e ¢

In congidering the accuracles « the two apparatuses,

1t is impossible to ascertain the eiact megnitude of the

errors involved until more experimeital enimasls are uged .

Since the inherent errors of the aparstuses and the

technique in each step in esach procidure must of necessity

be congidered together the megnitud of error involved

for each separsately would be purely conjecture. However,

ihe use of artificilally induced gams in the two apparatuses,
explained in the Materials and Metlnds section of this

- thesis would ‘indicate that & rellatirely high degres 7 g SRR (O R
sccuracy could be obtained using bdboth apparatuses, and
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it is believed by the author that :he total error in-
volved in either technigue is mot nore than ten per

cent.







DISCUSS1ION

The purpose of this investigation was to establish
a practical methed snd spparatus for determining the
offects of temperature on the respiratery rate of a normal
bull snake. The usefulnsss of knowing more about this
relationghip lies in the possibilltles that present them~
selves once this relationship 1s better kwown. ..

Since the bull snake is & poikiiothorm, and yet 1is in e
cless of enimels rolatXVely,clése to the mammals, it
gshould in the future lend,itse1t vory‘:Q1£fto the study
of verious memmelian hormones (some of which are readily
available) at varioﬁa tempeiatniés uéing Appsratus 1 and /
or II. The effects of some mamnaldan hormones in reptiles
1¢ similer to their effects in memmels, Shaeffer (1933).
This hes also been shown to be the case in some amphibians,
Purchner (1951). The possibility of the varied activity
of certain hormones with chenges in temperature as being
the ceuge of certain seasonal varistions in some cold
blooded animalé might conceivably offer a fairly fertile
field of investigation. However, investigation of this<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>