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The wnportanes wm the anim 1 ceotnny of the lo-s of heat by rach-
stions, conduction and vaporize wne of water, Justifies a s tudy ol the
Tactors governing this lose. Nong These Tactors of no small sigriti-
vam 1< the surface. Le. skin 1V mperature, particularly - influweneed
by the nadure of the integument and Ly the presence or absenee of
protective covering, sieh aschoie Touey fonthinrs ordn the enae of civiliand
man. clothing.  Observations of the <kin temperature of Loth clothed
an'd nude humans havee heen in progre-- m the Nutrition Eaboratory
for w unmber of yoears,  With nomy of the damestie animals mumerons
At for the skinc temperntare are vecorded i the literature, but the-e
were dor the most part tnken outde of the fur covering or the attempt
was nade 1o seewre the observations at the skin well covered with
fur. 1t s obvious that skin tempemtire mearaeements obtained
under these conditions are not only unecrtam bat hkewee difhieult
of atepretation, beenose of the Jarge annss of stagnant warm
contained i the fur. For comparison with the darn obiained with
nude humans therefore, the mo- ecurate and most immedinte results
are secured only with those lower smmale that ave hairless.

To evaincetion with wseries of ol servations it the New York Zoilogival
Park, which hus conprrated wath - he Nutnition Lubotatory for a numiber
of vearsin the <tady of the metabolism of some of the Jower ammal=,
it beeame passible Gochtain skin temperntuee imensaremenGs on severnl
of the burge pachyderms, The liberal scientifie poliey of Dr. W, T,
Hornaday, the Dircetor of the Now Yark Zoologieal Park, und particu-
larly the friendly cooperation of Mr. Revmond L. Ditmars, the Assistam
Curator of Mammals and Curntor of Reptiles, enabled us to make o
inten=ive study of the <kin ten pernture of two elephant<. one rhi-
nocrres and a hippopotamus. These animmls are, for the most part,
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well used o handling by man, and while obviously in eaptivity anid
thevefore under actificinl coaditions, nevertheless have lived  under
conditions for a sdecude ar more and hence may he fairly said
adjustid themselves to then present cavivonnent,

A thermo-clectvie methied of Laking skin temperature measurements
ha- been earcfully tested in the Nutrition Laboratory and a preliminary
conunumeation has already been made with regard to certain tesults
shiwined upon a human sabject, both othed and nude, after several
hours of exposure to cold? Sinee the animal: chosen for the study
reported an this second paper were momany s tances very restless and
only v few geeonds conbd at times T tken 1o seenre the temperature
records, this thermo eleetvic methol was idealdly sulapted for our purposs:
A=t perimts extremcly rapid and scewmntemensarements. Fortunately,
repented Aest of our appartus have shown that a G-second period
of upplication of the thermo-junction suffices to give the true <kin
temperature

The apparitus consists of Lwo copper-constantan thermo-junctions,
ane of whieln s applied diveetly to the =kin, wlile the other is placed in
A thermos bottle earrving o tenth degree Contigrade thermometer.
which canberead tohundredths, The terminand wireslead toagalvanom-
eter which is of such o degres of senstivity That each millimeter seale
defleetion corresponds approxinately to 006°C The galvanometer

waeof a faiedy low resastanee long leads eomld easily be nsed, und this
e 1 possible Gy g into the fiether eovners of the severn) animal
cotmpariiments without having to carev i delieate electizenl apparatus,
with the dumger of breakage. The constant temperature junetion
(hellat alvart 30°CY was vead practieally cviry 3 or | minutes, and
approximately every hour the galvanometer “eonstant” wax verified.
In the operation of taking the temperature measurements one of us
was at the galvanomcter 1o read and make records of the defleciions
on e seate, one applicd the junction o the skin, and the thind deter-
mined with @ pen point on a scries of sketehes, outhne drawings or
pietare posteasds, the exact loeation of the measurement, this location
being given a number for subsogquent eeferenee. With aopieer of chalk
cach point of appliration was marked on the nmimal’s hide, and subse-
quent readings could be taken at the saie point for a eheck and control.

The <kin temperature of a female Indinn elephant and « male African
elephant. The first animal studied was a female Indian elephant,
Elcphas ndicus (Cur). At the time of our measurements she was

! Benedict, Miles and Johnson: Proe. Nal, Acwel. Sei., 1919, v, 218,
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25 years old, her estimated weight was 6300 pounds, and <he was 8
feet 54 inches tall, 10 feet 72 inches Jong. and 4 feet 1 ineh hroad.
This animal, while thoroughly teaciable and frequently used in summer
to carry children abowt the Park, was very nervous,  The application
of the thermo-junction scomed 1o startle her and it required some
treining to seeure sutisfactory vadings.  The inressant netivity of
the wnimal likewise mude the measurements difficult. Indedd. i s
pmobably correct to ~tate that at Lo time during our entire expiricnce,
covering several days. was either lephant motionless for two ronsecy-
tive seconds.

Whilke the temperatare of the clephant house was kepl relntively
vonstant ot about I0.5°C the wenther at the time of one bsrvalions
was extiemely cold and not infreguently apereeptibly coll diaft from

_ one of the ~kylights and pronouncd

’ ~ wind draft- from the wall could be
A felt about the chephant's body.  We
have reagon to believe that these
drafts at hmes materially affli-cted
the surface temperatures of the
animial-. Thus, for example. when
the =crie- of measuriment= was re-

j peated on the zecond day, consider-
able difterenees in skin tempernture

Fig. 1. Surface tempeenturen ol @ g annting 1o 37 or 49 wiere notices)
femmale Indian elophant (et wide), . X
Temperature of enviroument, 10.0°C, ,n [l‘"f ‘m""' spot. - Owing to the

inquisitiveness and restlessness of
the elephant, 3t was impossible te place a p-yehrometer within reach
of or anywhere near the animal. The psvehrometer was, however,
placed wound the corner in an adjvining compartiuent. under practi-
cally the swine atmospheric condition<, and the temperature of the wet
balh was found 1o be on the average 10.9°C throughout our observadions,

A topographieal survey of the skin tempernture of this female Indian
clephant s given s figure 1 In this and the following diagrams are
given only meawurement- on the unprotected -kin areas.  Fach record
reprerents i most easex the average of o nnmber of measurements,
but oreasionally n single measurement.  The deeimal point in ench
number serves to indicate the exnet location of the mensureent;
in a few instances where this method could not be udvantagreously
adhered to, an arrow points to the location of the measurement.  Figure
1 repre-ents the left side of the Indian elephant, since practically all
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of the ob-ervations were made upon this side. A few temperature
mea=urements were also obtained on the right side of the body, two
points on the exterior surface of the car giving 23.7°C. and 24.1°C.,
respectively, and two points on the right shoulder giving 26.2°C.
amd 25.0°C.

The relntively high values Tound around the lwer end of the trunk,
particularly on the inside of the trunk. may be explained by the fact
that the cxpired air was constantly being blown against these parts.
In the semi-enclosed places. such n< the groin amd axilla, high values
were nornally 1o be expeeted.

On the ear extraordinarily high temperatures were fowd, In general,
the temperture on the inside of the cur was somewhat warmer than
that on the ont-ide, but one would normally expeet that the tip end
of the ear would be relatively cold, a- 1z the case with humans, As a
matter of fact, the warmest spot on this animal’s entire surface was on
the tip end of the left car. where two records aviraging 32.5°C. were
obtained.  Although it was inpossible ¢¢ make s very close examina-
tion of the ear and the skin was w0 rough that veins or arteries could
not be seen, every effort was nunle to tak: a sufficieat number of obxer-
vations to be sure we were not dealing with the temperature taken
direetly over an arterv. The two figures obtained ot the tip end of
the left ear of 31.6°C. and 33.1°C. may therefore be considered ns
certainly chnracteristie of the temperature at this partiendar poind and
ul the prtienlnr moment. Indeed, the temperatare w this point was
%o high that, when called to the attention of the keepers, it was noted
by the hand alone,

The right car of this elephant gave at no point temperatures as high
as those found on the left car. the highest record obtained at any time
being 24.1°C. at a point approximately equivalent to where an avernge
of 32.5°C. was found on the left ear. This differenee of substantinlly 8°
we are unable 1o explain. The keepers lonked for a possible aligeess ns
nresult of the use of an elephant hook, but nothing could be found to
account for the high tempernture. With the other elephant a sunilar
obscrvation of high temperature on the tip of the ear was made,  I'ur-
thermorc. it should be stated that on the three days during which we
studied the clephants, marked differcnces in the temperature of the
two ears and, indeed, very wide and relatively rapid changes in temper-
ature on the peviphery of the car were frequently noted, thusx sug-
gesting a large blood supply even to the tip of the ear.
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In weneral, o seen from figare 1, there is o fairly naiform temperalure
distribntion over the skin of tli- Tndian elephant, the average skin
ftemperadire being close 1o 25,5 ¢

Skin tempeesture measureinents were likewise secured with o male
Alvican elephant, Ebphas orgte (Motsehis), which at the time of our
observations was 15 vears obl, 0 feet 31 inehes tall, 11 feet 4 jnches
loryg, 3 feet 7 inches Tecad, and had an estimatd weight. of G000
pounds. This suimal, though v-a consadered so pracetnl e teaeiable
as the fenude Tndian elephant, baving o1 times showa o rather unenly
dispesitien, proved 1o be extraordinarily doeile in the hands of his
keeper, Meo Wadter Thuman, aol aside from the inevitable inquisitives
ness aned resthesspes permited imeasoremends ad lilitn,

Fig, g i
Vi 2 Serfee Vewpersbires of o code Alvivnn elopdeag defl wde). Tom-

pernture of prvipmment, RO
Fig 30 Surfnee temperntures of o tiale Mrican elephant {right sides, Terne

perahiure of cavirounment, 04

I'wo somewhat extensive seres of measurcments were made upon
him on consecutive o Both the left and the right sides were studied,
primarily with a view to noting it theve was anything in the nature of a
general unilateral trmperature distribution, as suggested by the curious
ehanges notel in the cae tempemtures. The average vadues obtained
on the lelt side of this elephant ave charted in figure 2 and those on
the might side in hgure 30 Wihale o eanefal study of the figures will
show that there was not perfect cquality in the temperatures at any two
corre-ponding spots on opposite sides of the bedy, nevertheless if we
take into consideration the differences in temperature of the same spot
noted atdifferent {imes of the day anl on different days, there is nothing
in the data to warrant even a suspicion of a unilateral temperature
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cdistribution.  Attention should be ecalled wgain (ot extraordinarily
high values found at the tip of the left ear, where one would ordinarily
sxpeel bav temperniures, The baek of the ear, e inoa prodestedarea,
Il en the whede a higher temperatuee than the fromt, and very marked
differences were observed in relatively small areas. In this ronnection
it shoubl be noled that the ears of the Afvican elephant are considerably
Inrger than those of the Indian elephant.

Tl semi-enelosed pavts, sueh ag the groin and the axills, and particu-
lavly aroun:d the var ased the dnside of Uhe trunk, wers characterized by
redatively high temperatures. The Lighest individual reading noted on
Phis aniionl was 33.67°C well up in the groin. - On the @oles of 1be fert,
temperntures were reeordd of 283°C an the 1eft hind foot and 25.4°C.
on the Teft frond foot.

Al thee observations taken with this wnimal seem to indicate a con-
stderably higher temperature down the front feg than down the hind
T B sheoubd e pointed one that this conelusion is based upon only
e series of trmperature measurements down the front leg from the
~houlders to the toes, and it is to be yegretted that a sccond series was
not obtained over this same arca on the other front leg.  As o matter
of fart, the compuindions of the temperature messurements were not
mnde until some dime aller the actund observations were recorded,
and henee 1his point was not clearly brought ont until lafer. Sinee
this particnlar clephant was somewhad gensitive 1o heing tonched toward
the outer end of the trank, verv few abseryations could be obtained
there, The generad pleture of the data vecorded for this male Alviean
wlephinnt shows an average skin temperntare essentially that observed
with the ferade Inding clephant, ie, 25070

The rectal temperature of elephants has not beenextensively recovded.
Dr. W, R. Blair of the New York Zodlogiea) Iark has furnished us wiih
the following information with regard to rectal temperatures taken by
himself 1o establish normal values,  With the Tndisn elephant he
has found veetal temperntures of 970710, 97.2°1 awdl 98°1. (i.c.,
36.2° 40 36.7°C) . Our own chisorvidiong on the veelal tetmperdure of
the Alviean eleplunt gave values of 35.90°C. and 3585°C, Realizing
that the veltively large masses of feees passed by these animals, fulling
upon a fairly warm concrete floor, would probably lvse hewt very
slowly in the center, o thermometer was thrust into the warm, moist
mass of feces as quiekly as it was pussed, and a record was thus obtained
of 36.7°C1. for the temperaiure of the feees ol the female clephant and
36.2°C. for thosc of the male clephant. Tt is probubly true. therefore,
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that the rectal tomperature of the elephant is not far from that of the
human body. possibly =lightly lower than the average usually accepted
for man. which s 3770,

The skin temperature of « bleck African vhinoceros. The thinoceros
in the New York Zoologienl 1'ark, a femde, although repuicd to be
rather infractable, was, as womatter of fael, n most willing slijeet. As
a vl she vemuined standing very quictly, ared on one oecasion netually
went to sleep lyving oo her ade thus affording the best po-abile oppor-
tunity for obtaiming the temperatures i the grom awd on the soles of
the feet. This anmimad, of the species known as Rhinoeiros bivornis
(Linny, was hoenin 1905 ad secordingly was 13 vears ol at the Lime
of owr mewsarements, Her ectimated weight was 1000 ponnds, and
she was 4 Terd 8 anelos 4l O Lot 6 inches longe, and 2 feet 10 imehes
brond.  Her <kin. although extraordinardy thick. was mueh smoother
than that of the elephant- and thus gave much more satisfactory
mensurenents,

In tigure 4 are racorded only those temperntures found on the exposed
surfuee of the skin on the left vide of the boly.  Obviously in the groin
and between the folds of skin high tempreratures were noted, but these
are not given in this diagram. There is a slight tendeney for the lower
temperntures to be found slong the back mther than farther down the
sides and bellv. The highe-t temperature revonded on the -kin was
27.9°C_ s the left tlank.  Sinee the tempernture of the environment
i the rhinoeeras compariment was exsentilly the same as that in the
clephant. compartment. il s elenr that the chinoeeras had o shightly
higher skin temperature thae the elephant.  In addition to the data
given in figure 4 2 number of records were obtained in the folil- of the
heavy skin. One record inoa fidd at the top of the head directly back
of the enr showed 29.2°C. In the left axilla, deep in the fold, 4 temper-
ature of 29.6°C. was found, wiile well up in the groin two records of
33.4°C and 33.3°C. were obtgined.  Two reeords on the woles of the
front feet gave 25.6°C. und 248 C.and on the sole of one of the hind
fert a temperature of 260.5"C. wn noted. The average skin temperature
of thi~ rhinoceros was 26.2°C., o value shghtly higher than the avernge
found with the elephants, which was 25.5°C.

We were able to secute one nensurement of the rectal temperature
of this rhinoceros, namely, 3747, (99.3°1"), which compares viry well
with Doctor Blair's records for the lndian rhinoceros of 100°, 99.7°
and 80.7"T",
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The <kin temprrature of a male hippopotamus. A hperim‘rn of th'c
Hippopotamus amphibius (Linn). a male. wax also studied. This
animal was 18 vears olid, had an estimated weight of 4600 pounds, and
was 4 ot 10 imches tall, 11 feet 6 inches long, and 4 feet 3 inches
broad. Hi was aceustome: Lo spend much of his time in the water
in a lnrge tank adjoining his compartment, the temperature of which
was approximately 15°C. hut several hours prier to the tnkil'ng of the
temperatute measurements the tank was drained and the animal was
kept in a dry =pace along with hix food. At the time of our measurs-
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Fig 1 Surfuer Gmpertnzes of o femnde black African rhinoecras (eft nide),
Temperature of environment 195 €

Fig o Narface temperatures of o mude ppopotamus deft side). Tempera-
ture of envirsnment, 195 C,

Fig. 6. Surface temperatures of nomale hippopotumuns (right side).  Tempera-
ture of environment, 19.5°C,

ments, therefore, the animal's body was reasonably dry, and while it
felt slightly moist to the hand, no drops of water could be seen any-
where, The animal was extremely irritable and nervous, especially
during the sceond series of observations; it was only with difficulty
that we could secure the records here given, and we had to content
ourselves with temperatures of the exposed skin, as it was impossible
to measure the temperature in the groin, on the soles of the feet, or in
any of the semi-enclosed eavities. The temperature topography of
the hippopotamus is shown in figures 5 and 6 herewith. for the left and
right sides, respectively.



172 PO HENEDDT FOX O AND ML L. BAKER

From annepection of the dato i ligures & oaned 610 is olear 1hat the
vk b is appromchiad,

skin temperntires sre dishinetly bow os the
witle s tendeney for higher vadoe - down the <ide and under the belly
Fven here the pretnre s not porte dy elear, sinee one extromely fow
value of 202700 i note ] mear swo igh values of 30.6° and 30.07°C
The vvidenece i~ suflicient, howey v to show that the lower half of the
sideof thi- animsl b aorelativede Tagh temperature, 1w not impos-
bl that the lawver tetperstures on the upper part of the sile are
e o the vaporizatien of mostore tioan the skin and Tikewese o the
possible sdownward deafts of coll or fram the skylight and the venti-
Lt in the chambe v Theee deadt- of wir were not <uflicient. however,
to affeet the tomperatare of the vt and dey bath Qiermometer. whiels
remained c-sentidlv constant throoghout the endire 3alny st

From the velatively Sew monarements hore ceenrded i higures 5
tnd Gt somewhad hiziedous toeiraate an avergge <kin tompeeatare
for thas animal. But if we follow the practice cartied out with the
chepliants and thineeetos and a--unie the legaitimeey of averaging thesc
reoalt we find the average for thi- animad i not far from 25070,
The Bippopotamus. therefore, hae an average skin femperatnre s
tisdlv that of the other three aeomeds sondied, shibough very much
greater differences were observedd bntween the temperatures of  the
Bl and bedly than were fount soth sather of the tweo elophant- o
the thinoreros,

Thi armtabaity and viciowne  of thi- partionlar animal fnadly
reedtedin the complete demedition of eovtain parts of our appiri as,
which provented further seading. No oectal temperatiees coubd Te
seeneed with the wimnd, and the Toees were not of sflivient volin:
and conasteney o make it possille to secure the temperature of the
feevs immediately after ther pas g 1as probably true, however,
that the rectal temperatare of the hippipotamus is net far from that
of the other buge animals we stachod b escentinlly that of man,

Suwggeticos for fovther study. Aol dhe diagrams shosw that an
attempl wa e o mrrsare te engerature it wspol coreesponling
approxinntely to the forchead of tan, whivh always has o temperature
wuch hygher than other cxposed part- of the body. With all of the-e
animls relatively low rather than high forchead temperatures wers
recorded.  This brings up the intore-ting question us to the influence
upon the forehead temperature of the supply of bleod to the brain,
this Tactor undoubledly being coanplivated by the extraordinarily
thick skull and very thick skin of these pachyderms.  Almost nothing
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1= knewn with begard to the Blaod supply and arteriad di-tribastion of
Bload e thes Loge ammals and the inportanes and sigimfieane: of
thick <kin as protection ageainst heat loss, nor indeced i nnvihing vl
knewre with regard o their total etalobixin and heat yroduction per
umit of weght or pee it of sufinee aren. Mecurements of this type
invelve very ke and elaiorate apparatus and partake of the anture
of an engincering rather than w physiological problem.  Aside from
exprens e, bowever, uo technteal diftieultie- <tand in the wav of acrual
measurement- of this Gepe, althongh undonldedly indivect ealorimetris
deternipntiens of the crbva-choxide prodnetion aml oxygen con-
sumption will have to beanade rather than direet calorimetrie measure-
ments, Bot whatever the heat production, undoubtedly the extremely
thiek ki of these anunads plays an important edle in the protection
agan ot heat Joo

It is tecbe hoped flad ol come fime wseries of tempernbure nensee-
ment- may be mede with hairless annnls of the 1y pes here studed,
when the envivenmental tempernture s nensurnbly highor and lower
than 10.5°C The highr eaviconmental temperaturcs could readily
be obtuned in certaun -easons of the vear, but the practieability of
subjecting these tropical animeds 1o o temperature mueh lower than
19 57°C without danger i 2 matter of much unevrtainty.

RUMMAIY

Messurcments were nude of the ki temperatures of a group of
T captive, hanles aninale, namelv, two elephnnts, o rhanoeeros
and nhipprepotonus. For oo number of vears these animaly i boen
subjected to the s ventine of hivan o wellsaderod annal house ot
the Now York Zoologicad Pk and bl become tharoughly aeclimated
to the conlittons. Por several weeks of not month<, prior to this
investigation thev had been living moan environmeal temperature
caosentially conciant, be, 193°C . and with no great chages in the
degree of Tmmididy.

With the twe clephants the avernge lemperature of the skin was
LA C0 Loenl eonditions of covironmental temperature aml drafts
uffeetid the skin tempernture, Viory prononnced temperature gradients
were ahiserved on vatiou- parts of the cars and extraordinary tempren-
ture differences were found at the tips of the right and Jeft enve, baotly
on the frent and back of the ears and on dilferent duys.  OF the three
types of animal= studied the elephants were by far the most restless and
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mch more active, for eximple than the rhinoceros, who remained
standing still ov lying down poactically the entive tinge, while the ele-
phants were <anding up aud continusllv in motion. It i well known
that with humsos during 2evere mvsealme work there i on imerease in
=kin temperature. On the basis of ancreased activity resulting i
increased metabolism, one wonlkl. therefore, normally have expeetes
to find o shightly higher «Kin tomperatare with the elephunts than with
the thineeeros, It the wetual pocords show exacthy e opposite. With
the rhinceeros the average ~bin tenperaturs, 26.2°C s <omewhat
highr than with the male cleplant. In the semisenelosed places, such
ax the gronn and axilla and, espreendiy with the rhinoccres, between the
fold- of “kin. very much lgher temperatures are ohserved . novalue s
gl as 3380 Beang fonnd with the rhinoceras well apin the groin.
The lnppopotanu-, by rea-on of it mor-t =kin and amphibions nature
het avery widely varying slan teimperadare, Ts sKin s considerably
cobler on the back than on the Lelly. The temperament of this animal
mude Hodifficult 1o secure a sutlicient namber of measurements, but a
rough average gives a value for the kin temperature of 25 C. which
is not far from that found with the elephiants,

All these amimals, therefor . may be <aid in genernd to have essentially
the =ame skin temperatore, aveeaging about 25.5°C or aboud 6"C.
abave the environmental temperature of 195°C The reetal temper-
ature = cssentinlly that of mane The fact that a1l four animals show
approximately the same average Skin temperatan iz of speeal <ignih-
cance s Tends 1o the interc-ting query as 1o what would bee the <kin
temperature of noman who renained tde and o an enynonmental

terperature of 10 5°C for noconaderalde lengtls of 1ime,

STUDIES ON THE RESPONSES OF THE CIRCULATION TO
LOW OXYGEN TENSION

V. Stacis N THE Loss oF Feseroy oF 1aE Ruyrns
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That systemic asphyxiation is a factor in producing slowing of the
heart rhythm and in decreasing eonductivity has long been known,—
Kiug (1), Konow and Stenbeck (2) nnd numerous later investigators.
Our present views a- to the anatomical differentiations within the henrt
have resulted from o serivs of papers presenting the morphological
and physiclogical facts of the condueting and nodal svelem —Kent (3),
is (1), Keith and Flack (), DeWitt (6), Mall (7), I.hamon (8),
Fyster and Meck (9 and many other=. The facts of the functional
control of the heart thythm mnl sequener from dominant conters as
undet-tond at the present time have been developed especially by
Fidangeer (10), Keith snd Plack (5), Adwm (1), Fiack (12), Tewis (13),
Gunter aned Zabn (1), Meck aned Fy<ter (15) and Lewis (16). The
influence of tmpersture, of asphyxin, of drugs, and especindly of the
extrinsie nerves on the sino-auricular and auriculo-ventrienlar rhythm-
and on conduetion have been discussed in several of the preceding ref-
crences and aloo by MeWillizm (17), Lewix and Mathison (18), Mathi-
an (19). Meek and Byster (200, Pyster and Meek (21), Sehlomovitz,
fyster and Meek (22), awd by Lewis, White anid Meakine (23). The
yeference list is nod exhanstive but e literature s fully reviewed o
sevoral of (he reierences given,  We Lave also briefly reviewed the
literature on a-phyxia in article T of 1his series {21).

The electrocardivgraphic method has been applied to the study of
the changes in the manunalian heart in numerous studies from the
laboratories of the University of Wisconsin by Fyster and Meek,
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