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SUMMARY

Three primate species, the greater galago
(Galago crasslcaudatus) the baboon (Paulo cynocephalus)
and the chinpaoxoe (Pan satyrus) were exposed to
environmental temperatures of up to 430C in a climatic
chamber, and their thermoregulatory responses were
measured. In the field the thermoregulatory res-
ponses to the changes in solar radiation load through
the day were measured iIn the elephant (Loxodonta
africana)t the black rhinoceros (Picpros bicornia),
the white rhinoceros (Ceralotherium siraum) and the
zebra (Emma burchelll).

It was necessary to tranqulllise the baboons and
the chimpanzees with phencyclidine hydrochloride in
order to measure cutaneous moisture loss (C.M.L*)
and rectal temperature. Initial experiments were,
therefore, carried out to ensure that the tranquill-
iser was not:

1* having any significant effect on the ability of
these animals to thormoregulate.

2. inhibiting their response to sympathetic and
parasympathetic drug administration.

The tranquilliser was found to have a minimal
effect iIn this respect.

The baboon and the chimpanzee increased both
their C.M.L. (i.e. sweated) and respiration rate
(i.0. panted) on heat exposure. This is iIn contrast

to the galago which was found to use panting as its



only method ot evaporative heat lose* All tho ani-
mala were able to maintain a fairly stable rectal
temperature on exposure to 4OOC.

The administration of adrenaline, noradrenaline,
acetylcholine, and atropine, both intradormally and
intra*venouely, showed that the sweat glands in the
baboon and the chimpanzee were under cholinorgic
control. In the galago no sweat gland activity
could be initiated by these drugs or by local or
generalised heating of the animal.

A akin sample was taken from each animal and
the sweat gland structure described.

The measurements of C.M.L. from the rhinoceros
and the elephant produced the following results.

1. An Increase in insensible C.M.L. between two
sets of experiments twelve months apart. It is
suggested that this is associated with the state of
hydration or, possibly, with the age difference of
the animals.

2. A very high C.M.L. at 07*00 hra. This was sig*
nlficantly iIncreased at mid-day in the rhinoceros,
i.e. 1t was sweating] but showed no significant
change during the day in the elephant.

The rhinooeroe also showed an increase in res*
pirstion rate and, therefore, appears to thorrnoreg*
ulate by both sweating and panting. Rectal temper*
ature through the day in this animal varied by

1.0°C (c.f. Bligh and llerthorn 1965), while the
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diurnal air temperature variation was between 190C
and 31°C.

It waa found, however, that the elephant neither
eveate nor pants. It ie suggested that i1t was able
to Maintain a relatively stable body temperature in
the present experiments (maximum diurnal rectal
temperature variation, 2-OOC, diurnal air temper*
ature variation 12.0°C) by the following means:

1. non*evaporative heat loss (convection, con*

duction, radiation).

2. a high "insensible™ moisture loss through the
skin.
3. by means of i1ts ears to lose heat, more esp*

ccially in the cooler part of the day.
4. by 1ts behavioural pattern (s.g. shade seek*
lug, bathing, and spraying with exogenous water).
The sebra was found to have an iIncrease in
C.M.L. during the day, like other equines, and also
an Increase 1In respiration rate. Rectal temperature
increase in these animals varied between 0.6°C and
2.9°%C as air temperature increased from 20°C to
31°C.
The results obtained are then discussed on a

comparative basis
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INTRODUCTION

Animals i1ndigenous to East Africa are potential*
ly exposed to a high air temperature and a high level
of solar radiation. The behaviour of the animal can,
however, modify this considerably. High levels of
solar radiation can be avoided by seeking the shade
and high air temperatures by burrowing under the
ground. Consequently, the environment that an ani-
mal experiences is often less stressftul than might
be expected from the overall ambient conditions,
Weiss and Lanties (19&1), Cabanac (1972), Even so,
to maintain a stable body temperature (homeothermy)
any animal must balance the heat inputs to the body
(from the environment and metabolic heat load) with
Its heat output to the environment.

As long as air temperature is less than body
temperature there can be a loss of heat to the en-
vironment by convection. Radiant heat loss will
depend on the radiant temperature difference of the
animal and i1ts surroundings. Conductive heat trans-
fer only occurs at points of physical contact bet-
ween the animal and its environment; unless the ani-
mal i1s lying down, the area of contact and thus heat
loss, is minimal. As the air temperature increases
the amount of heat lost by convection decreases and
when air temperature is higher than body temperature,
the flow of heat is reversed and the animal gains

heat from the environment. There comes a critical



sir temperature, therefore, at which the animal la
unable to diaalpate i1ts metabolic heat production by
non*evaporative means* At this point, the metabolic
heat must be lost by evaporation of water to prevent
a rise in body temperature* As air temperatures Iin
East Africa frequently approach and exceed thia
critical value the indigenous mammala are very much
dependent on evaporative water loss iIn order to
maintain a atable body temperature*

This evaporative heat loaa can occur from the
upper reeplratory tract or from the general body
surface* The rate of heat loss from the former is
proportional to the ventilation rate and the vapour
pressure difference between the surface of the res*
piratory tract and the atmosphere (Richards 1970)*
Although the rate of heat loss could be increased by
raising the temperature of the surface, and thus in*
creasing the vapour pressure gradient, the more
effective way iIs to increase 1t by raising the ven*
tilation rate* This can be variously classified as
"panting®, “thermal polypnoea®, or "thermal
taehypnoea®* However, the efficiency of panting as
a means of dissipating heat must be limited by the
increased heat production of the respiratory muscles*
It has been suggested that this efficiency decreases
as body sise Increases so that many animals whose
adult body weight is greater than 100kg have to rely

on an Increased evaporative heat loss from the skin*



This supplement* panting and la necessary for tho
maintenance of a relatively stable body temperature
on heat exposure (Robertshaw 1971)e

The loss of evaporative heat from the skin is
proportional to the vapour pressure gradlont between
the skin and the environment* This can be increased
by raising skin temperature through alterations in
cutaneous vaso-motor tone* It i1s not, however, lim-
ited by the area available for evaporation or by any
efficiency considerations, as is panting*

A degree of thermoregulation is achieved in
many reptiles by behavioural and non evaporative
means (Richards 1970, Dawson 1972)* The evaporative
heat loss mechanisms which have developed to supple-
ment this can be found in two classes of animals,
the birds and the mammals* It is likely that these
physiological temperature regulating mechanisms have
evolved i1ndependently In these classes since their
radiation from a common, non-homoothermic ancestor,
some 2-300 million years ago - an example of conver-
gent evolution* Within the mama Is it appears that
thermoregulatory sweating has also undergone conver-
gent evolution as it is found in the larger terrest-
lal mammals (especially those indigenous to tropical
climates) and iIn simian primates (Robertshaw 1972)*
In the other mammalian species panting is still the
only evaporative heat loss mechanism used in thermo-

regulation - unless saliva spreading i1s considered
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eigntfleant (Dawson, 1972).

In the present study a number of mammals iIndig-
enous to fcast Africa have boen investigated iIn an
attempt to fit thom into this broad general pioture
of thermoregulation which is emerging as a result of
current research* Four of the species which were used
are large terrestrial mammals, the white rhinoceros
(Cerolotherium simian), black rhinoceros (Piceroa
bicornis). the elephant (boxodonta atricana), and the
sebra (bquus burchelli). Throe species of primates
were also used, the galago (Galnj.ro crasslcaudotus).
the baboon (Paoio cvnocoplialus), and the chinpanseo

lotyrus).

It has been found that elepiiants have no sweat
glands (Young 1972) and thus they cannot utilise
sweating as a heat loss mechanism* Yet they are able
to maintain a relatively stable body temperature
(Young 1972) (Buss and Walker 19<5). It is not
known, however, what thermoregulatory mechanisms
this animal uses to achievo this*

The rhinoceros iIs known to have adrenergic sweat
glands (Hobertshaw 1972)* However, it has boon re-
portsd by Allbrook, Harthom, buck and Wright (1996)
that these are non-functional. They also reported a
diurnal temperature variation of 3*0°C, but no other
work has beon done to substantiate this or to invest-
igate the ways iIn which the rhinoceros loses hoot*

A number of workers, Schmidt-Nielsen, Schmidt-



Nielsen, Jornum and Houpt (1957)Ff Allen and Bligh
(1969)? Robertshaw and Taylor (19(9)] Bullard, Dill
and Yousef (1971)] Maloiy (1972) have investigated
thcrmorogulation in the genus Equus. These anismls
(the donkey and the horse) have been found to sweat
on heat exposure! the reports on panting, however,
are not so clear* Maloiy (1972) recorded panting
on heat exposure of donkeys In a climatic chamber,
while Schmidt-Nielson (1964) reported that they did
not pant on host exposure In the desert* The xebra
also belongs to this genus yet no work has been
done to see if its thermoregulatory mechanisms are
the same* As it i1s normally exposed to a much more
severe thermal environment than most of the other
members of the genus, It might be expected to
differ, at least iIn the magnitude of these heat
mechanisms*

It is known that the prosimian species
Nycticebus coucang and Torodicticus potto pant on
heat exposure, even though they have sweat glands
in their skin (Aoki 1962)* The galago, like all
prosimians, also has sweat glands (Montagna and Yun
1962), (Montagna and Ellis 19&3)* was, therefore,
intended to see 1Tt these have any thermoregulatory
significance* It is known that man never pants on
heat exposure (Hobertshaw 1972) so that active
evaporative heat loss occurs entirely from tho skin*

It has not been ascertained, however, at what stage



in primate evolution panting, which Is so Important
In prosimians, ceasod to be used as an evaporative
heat loss mechanism.

In trying to answer this question, i1t was hoped
that 1t might become a little clearer i1f thermo-
regulation In existing primate species could be iIn*
vestlgated. Previous research in this field has
been rather limited and the results obtained have
produced a rather confused picture.

A number of workers have investigated thermo*
regulation in rhesus monkeys. Although Whitford
(1972) reports that they are able to tolerate 44°C
with "no apparent disruption of their temperature
regulating mechanisms™, Polk (1966), quoted by
Newman (1970), found that with their arms extended
at an air temperature of 38°C there waa an
"explosive"™ rise iIn rectal temperature. Vith arms
along the side of the body, however, there was only
a slight rise i1n rectal temperature. Polk reported
that there was no visual evidence of sweating, but
made no mention of changes in respiration rate. It
IS quits possible, therefore, that there was an
increase In C.M.L., If this was evaporating
immediately then no visual moisture would have been
apparent. The one rhesus monkey that Robinson and
Morris (1957) investigated maintained a fairly
stable body temperature on exposure to 40°C. As

there was no iIncrease in respiration rate they



"inferred” that the stability in body temperature
must have boon due to an iIncreased C*M*L* Newman
(1970) also mentions the work of Hardy (1955) on
eebus monkeys* He found a doubling iIn evaporative
water loss but did not partition this iInto its
cutaneous and respiratory components*

Recently, two other sets of workers9 Stitt and
Hardy (1970) and Nakayamav Harl, Nagasaka and
Tokura (1971) have invostigated thermoregulation in
the squirrel monkey and the Japanese monkey respect-
ively* Doth found an Increase in cutaneous and
respiratory moisture loss9 though the latter was
rather small and of limited thermoregulatory benefit*

Robertshew (personal communication) reports
that stump-tailed macaque monkeys show an increase
in both C*H*L* and respiration rate on heat
exposure* However, the Increase iIn respiratory
water loss i1s negligible*

Previous work on the two simian species used
in the present study, the baboon and the ehlmpansee
is also rather lljsited* Funkhouser, Higgins, Adams
and Snow (1967) report that baboons both sweat and
pant on exposure to an air temperature of 43°C, but
this was iInsufficient to prevent a rise iIn mean
rectal temperature from 38*2°C to 40*6°C in their
experiments* Although Newman, Cummings, Miller and
Wright (1970) also found an increase In C*M*L* on

exposure of baboons to 43°C, they found no Increase



Iin respiration rate or rectal temperature. Similarly,
Slonim (reported by Funkhouaer £t g 1967) found no
increase in rectal temperature iIn baboons exposed to
40°C. It is not known, however, whether all these
reported differences iIn the thermoregulatory respon-
see of these animals can entirely be explained by
the environmental temperature differences.

In the chimpanzee overall evaporative water
loss doubles on increasing environmental temperature
from 18 C to 38°C (Whitford 1972 and personal comm-
unication). In certain specific "sweating areas"
C.M.L. increased by ten to twenty times. However,
respiration rate was not measured and it iIs not
known 1f any of the reported iIncrease iIn evaporative
water loss results from an increased respiration
rate.

Much work has been carried out on the anatomy
of primate sweat glands by Montagna and his assoc-
1ates, at the Oregon Regional Primate Research
Centre, Oregon, U.S.A. In some of this work they
also briefly investigated the control of the glands
they found. The results of this and much other
work on sweat gland control 1is extensively reviewed
by Robertshaw (1972). It is well established that
the eccrine (atrichial) glands of man are controlled
by cholinergic, sympathetic nerves. Montagna and
Yun (1962, 1963) found similar well developed,

eccrine glands i1n the baboon and the chimpanzee.



These also respond to cholinergic stimulation iIn the
chlmpansee, However, in the baboon their control
mechanism is not known.

The sweat glands over the general body surface
of prosimians are classified as apocrine (Montagna
and Sills 1973), and respond &>re readily to adren-
erglc than to cholinergic stimulation. In the
Lorisidae (which includes the galago) these and the
ecerlne glands, found on the friction pads, have
many characteristics in common (Kills and Montagna
1973), The apocrine glands in this family are, how-
ever, different from the apocrine glands found in
man and the higher primates (Montagna 1956), Diff-
erences can be i1dentified histochemically (presence
of phosphorylase, and of cholinesterase iIn nerves)
anatomically (structure of secretory and myoepithel-
1al cells) and physiologically (mode of action).

The present work, therefore, was carried out to
try to clarify some of the points which have arisen
from the work reviewed above, visi
1, (lov do the elephant and the rhinocoros thermo-
regulate, bearing in mind that the sweat glands in
the rhinoceros are large, and well developed, while
the elephant has none?

2, Does the sebra thormoregulate iIn a manner simi-
lar to the other membors of the genus Equus?
3« Are the sweat glands in the greater galago of

thermoregulatory iImportance and how are they
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controlled?

How does the baboon compare to the chimpanzee
with respect to Its thermoregulatory mechanisms, and
are they different to man?

Th« limitation in all this work has been avail*
Ability of an insufficient number of animals iIn each
species, and tho intractability of those that were
w»cd« However, 1t was hoped that in answering these
questions and thus identifying the avenues of ovap*
orative heat loss iIn these species, It would assist
in the understanding of comparative thermoregulation

in mammals.
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MATERIALS AND METHODS

Pete am! ocotlon

lork on the throe primate species was carried
out at the Department of Animal Physiology,
University of Nairobi, Kenya, between October 1970
and December 1971* Work on the three ungulate
species mentioned was carried out in the field at
Tsavo National Pa?k, Kenya, Meru National Park,
Kenya, and the field station of the Department of
Animal Physiology at Athi River, Kenya. Th field
work was carried out at various times, depending on

weather conditions, between March 1971 and May 1972#

Housing, maintenance and handling of animols it
Noi obi
1 Galago (Galago crassicaudatus)

Work carried out in Nairobi involved the use
of one sexually mature male and one sexually
mature f<male greater galago. Galago ctassicauda us.
These wore caught locally in Kiambu District in
September 1970, and at the te ramnation of the
experiments they were still In good health and were
transferred to the Animal Orphanage attached to
Nairobi National Park. The animals were housed in
a room (4m x 7m x 7m) at the Department of AnimaL
Physiology for the duration of the work. This room
contained a small box (30cm x POctn x 40cm) which

was suspended from the wire mesh ciling of the
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room, and the animals were always observed to be
sleeping In this during the day. Aeesss to this
box was from one of a number of tree branches also
placed In the room, all of which were used for
climbing by the animals. The room was illuminated
by two kO watt fluorescent lights which were
switched on each morning at 8 a.m. and off at
4*30 p.o. by the animal attendant on duty. A 15
watt bulb was left switched on at night to provide
sufficient light for the nocturnal activities of
theso animals.

They were fed fresh fruit, fresh meat and
milk to which a proprietary vitamin mixture was
added. When fTirst caught the animals were
completely wild and after considerable training
they would com down from their sleeping box and
be fed by hand by the author. Provided a leather
glove was worn, they could be handled sufficiently
to apply the equipment. Once this was in placs

the animals did not appear to be worried by it.

3. Pftfgof* (Paullo cynocephalua)

Work was carried out on a number of yellow
baboons, Paolo cvnocophalua. These belonged to
Medical Research Council unit attached to the
ienyatta National Hospital, Nairobi, where they
were normally housed. They had previously been

used by research workers on various projects.
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but ut the time of the experiments, they had not
been used for several months end were iIn s normal,
healthy condition* When required, they were placed
In a "press beck™ cage which allowed the animal to
be restricted completely while Img/lkg of
tranquiUser (phencyclidine) was given* They were
then transported to the Department of Animal
Physiology iIn a tranquiUsed state* Normally they
were kept at the Department of Animal Physiology
for less than a week during which time they were
kept carefully locked iIn the 'press back' cages
unless tranquilised and removed for experiments*

IT used for experiment in an untranquilised state
the whole cage was moved into the climatic chamber*
Four animals were used in this work, two four year
old males weighing 18*5 kg and Ifi.0 kg, a two and a
half year old female weighing 9*3 kg, and a four
year old female weighing 13*3 kg* They were fed
fresh fruit and vegetables, but appeared to require
no extra liquid, and remained In good health at all
times* They all exhibited a very aggressive
behaviour which required considerable care in moving
and housing them, and, consequently, handling was

impossible without tranqulllsatlon*

3. Chlmpanzoo (Pan aatyrua)
The two chimpansees (Pan satvrus) used were

normally kept at the Animal Orphanage attached to



Nairobi National Park, Langata, Nairobiv whore they
were on view to the general public. One waa a two
year old male weighing 13 kg and the other a 3 year
old female weighing 35 kg. Doth had been houaehold
pata and were tame. Zt waa very eaay to move the
emailer mala animal to the Department of Animal
Phyalology, where he waa then houaed for brief
perloda. He waa fed freah fruit, freah vegetables,
bread and milk. Zt waa, however, found to be
neeeeeary to tranqulllee the animal in order to do
aome of the experlmenta aa otherwiae lta "primate
eurioaity” made it impoaaible to keep any
experimental equipment in place. The larger

female waa eonaldered too powerful to handle
untranquillaod and on only one oeeaelon waa it

uaed for an experiment. On thia oecaalon, the
tranqullleer waa given before it waa moved from Ita
normal houaing at the Animal Orphanage. Zt waa
then tranaported, the experiment completed, and the
animal returned before the tranqullleer had time to

wear off.

Meimgawnt of animal, in fl«ld wrinent.
a) Taavo National Park

field work waa carried out In Taavo Notional
Park, Kenya, in March 1971 and in February and
April 1972. The park la altuated 300 mllea 8.C.

of Nairobi at an altitude of 3&0 metrea. The
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National Park warden at Taavo haa a number of
abandoned or injured game animals in his care, and
it was possible to use one of tho elephants, Loxodonta
africana, and a black rhinoceros, Piceroa bicomis.
These were two and two and a half years old respect*
ively and were completely tame, as they had been
hand reared since they wore found abandoned iIn the
park some two years previously. They were normally
herded in the park during the day together with a
number of other similar animals. Readings were
taken (a) before they were let out from their over-
night enclosure, (b) when they returned to i1t at
mid-day and (c) before being shut in at night. The

animals tolerated the equipment used.

b) Meru National Park

Field experiments at Meru National Park were
carried out on a mature female, white rhinoceros,
Ceralotheriiici simum. during December 1971 and
February 1972* The park is on the border of the
Northern Frontier District of Kenya, 200 miles
North of Nairobi at an altitude of 1100 metres.
The animal was one of a group of six that had been
translocated from South Africa iIn 1966, the
survivers of which are all presently in Meru
National Park. Of these, tho two surviving females
are closely guarded while out grasing in the Park

during the day. They are kept iIn an enclosure
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overnight and also return to i1t from 11.00 hri. to
15*00 hri. Readings could thue be taken at the seme
time of day as the other field experiments mentioned
above. Although the animals are not completely tame
they tolerated the equipment for short periods
provided no sudden movement or noise was made.

While out grasing they permitted an approach close

enough to see respiratory movements.

0) Athl River

The two sebras, ttouus burcholli. used were
kept at the field station of the Department of
Animal Physiology at Athl River. This is 25 miles
g.B. of Nairobi at an altitude of 1,500 metres.
The animals live in semi-natural conditions in 2
to 3 sore paddocks where the natural grasing and
browsing is supplemented by lucerne and hay. The
animals are allowed water libitum. Normally
the animals have free range within these paddocks
along with a hartebeest and two wildebeest, for
the experiments the sebras were brought into a
quarter of an acre paddock which contained a crush
for restraining the animals movements. The two
animals, a two year old, 204 kg female, and a two
and a half year old 246 kg female, had been
previously trained to stand In the crush and
tolerate the application of experimental equipment.

Normally they were let out into the smaller
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paddock between hourly readings to ninlmiee the
etrosa which results fron handling such animals.
While iIn the crush they were fed lucerne hay for the

same reason.

Cxp,rim,wt, to t,,t the tranauilfer

Experiments were carried out to ensure that the
tranqulliser9 phenycyclidlne hydrochloride
(Sernylan9 Parke Davies) did not suppress the action
of adrenaline9 noradrenaline and aoetylchollne.

This was done by monitoring the changes in blood
pressure caused by these drugs before and after the
adadmistratlon of the tranquilliser. Rats and
rabbits which had previously been kept In a hygenic,
well fed condition in small animal accommodation
belonging to the Department of Anisial Physiology at
the University of Nairobi were used in these
experiments.

The rabbits were first anaesthetised with ether9
the skull was then opened and a mld-eollicular
decerebration carried out. The animal was then
attached to an animal respirator (Phillips 1 Bird
Ineorp.9 Richmond9 Virginia U.S.A.) for the duration
of the experiment to maintain respiration at a
normal level. Dlood pressure was monitored by
inserting a small polyvinyl cannula (Portex Ltd.v
Hythe9 England) into the femoral artery. This was

then filled with heparlnised saline solution and
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attach to a mercury manometer* A tracing of changes
in blood pressure vas made on a revolving, smoked
kymograph drum* The drugs were administered through
a similar cannula inserted into the femoral vein.
Each drug was washed in with heparinlshed anline, and
at the least 20 mins was allowed between the
administration of tho different drugs*

The rats used were Tirst anaesthetised with
ether and afterwards with Ethyl Carbamate (urethane)*
The blood pressure was meosured as mentioned above
from the carotid artery. The druga wore admin!stored
through another polyvinyl cannula iInserted into the
Ipsilateral Jugular vein* At tho termination of the

experiments all animals were destroyed*

Environmental control and measurement

Initial work with the galagos was carried out
using s small gslvanlssd iron chamber measuring
31 cm x 31 cm x 32 eras which was heated in a water
bath* The water bath was heated to the required
temperature by a 0*84 watt Braun water heater and
the bath was completsly surrounded by polystyrene
foam two inches thick to prevent excessive loss of
heat* The chamber was continuously ventilated
using s Medealf (Potters Bor, England) low volume
rotary pump* Dry bulb temperature was measured by
s 30 gauge Iron/Constantine thermocouple (Revere

Corporation, Wallingford, Connecticut) suspended
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inside the chaabtr. This was connected to u Honey*
well, 12 channel recorder (Honeywell, Fort bashing*
ton, Ps* USA) and had b<«n previously calibrated in
a water bath* Vet bulb temperature was measured by
a similar thermocouple which had been placed inside
a moistened cigarette lighter wick. One end of the
wick was immersed in a small container of wxiter end
the i1hormocouple was placed ndjucout to the ventil*
ating exit* This thermocouple was attached to tho
same Honeywell 12 channol recorder* Tho temperature
inside the chamber could be lowered below ambient
temperature i1f required by tho addition of ice to the
water bath* 1t was possible to iIncrease the temper*
»ture as requi ed and this was maintained to M 0*306;
Later work was carried out la a climatic room
built at the Department of Animal Physiology during
January and February 1971* Tho room which measured
Imx 2lyn x 3m, was heated by a Schmidt and Sohtie
(Munich, Gersuiny) air conditioning unit and

controlled to ¢

1.5% by o domestic thermostat*

The heater was switched on four to six hours prior
to the commencement of any experiment, to oasure
that the walls, floor and air wor<* all at tho
required temporaturo. The humi lity within the room
could be controlled by adjusting an exhaust fan and
two air inlets* The wet and dry bulb temperatures

wore measured using a pair of Casella (London)

thermometers o a Casella (London) Assmnn Hygrometer.
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Wet and dry bulb ttaptraturta In the field wart

measured using a Casella (London) whirling hygro-

meter*

Infra Had H— tins

Infra red heating of a localised skin area was
also used as a stimulus to sweating* A 290 watt
Phillips Infra red bulb was placed 20 to 30 cms
away Ffrom the previously prepared area* This area
had been shaved of any hair and starch and i1odine
applied (see below)* Heat was applied for 5 to 10
minutes through a hole in a piece of polystyrene so
that a distinct circle of heat was produced on the
experimental area* Any sweating then showed up as

black dots within this circle of heat*

Measurement of body tmoorature*

The body temperatures of the galagos exposed
to high environmental temperatures iIn the small
climatic chamber were continuously monitored using
a 30 gauge Iron/Constantan thermocouple (Revere
Corporation Wallingford, Connecticut)* This was
enclosed iIn a vinyl sheath and attached to a Leeds
Northrup Asar recorder, and calibrated in a water
bath* When required for use it was Inserted three
to four cms iInto the rectum, and if necessary
taped to the tail of the animal* This did not

appear to disturb tho animal in any way as i1t would
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sit quietly with the thermocouple in plaoe*

The body temperatures of the chlmpansees end
the baboone could be neaeured using clinical therm*
ometers provided the animals were tranqulllsed*
These were Inserted 3* ems into the rectum and left
in position for two to three minutes before a read-
ing was taken* The aggressive behaviour of the
baboons prevented this In their untranqullised states
while the smaller chimpanzee also refused to toler-
ate the thermometer if untranqullised* To overcome
this problem in the baboon a temperature sensitive
thermistor, after a design by McGinnis (1968) was
Inserted aseptleally into the peritoneal cavity*

The surgery was carried out by Prof* D* Robertshew
of the Department of Animal Physiology* The baboons
were tranqullised and given subcutaneous and intra-
muscular local anaesthesia (2% procaine) and the
telemetric device inserted through a small, ventral
mid line incision* The entire transmitter, powered
by a Ray-o-vae R212 mercury battery and sealed in
beeswax, measured 2*0 cm in diameter and 2*5 cm 1In
length and appeared to cause the animal no discom-
fort* It was inserted a week before any experiments
were carried out, by the time of the experiments the
animals had completely recovered*

The signal it produced was a series of clicks,
the frequency of which was linearly related to its

temperature, and could be received on any medium
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m « Ffrequency radio* Aa tha telemeter had previoue-
ly baan calibratad in a stirred, known-lamparatura
watar bath, by measuring tha nuabar of dioka par
ninuta tha tamparatura of tha abdominal cavity could
ba calculatad* Tha davica functioned perfectly dur-
ing tha two to thraa waaks it waa in place, and waa
easily removed, whan tha experiments ware completed,
using tha same surgical procedure* Both animals
operated on are still in excellent health* Tha
transmitters remained close to the site of insertion
and became surrounded by omentum* They did not,
therefore, move around tha peritoneal cavity*

Tha body temperature of tha animals in tha
field was measured using a clinical thermometer*
This was attached to a piece of plastic tubing and
inserted 8-9 ems Into the rectum* It was left iIn
place for 2-3 minutes bofore a reading was taken*

Tha skin temperature of tha rhinoceros and tha
elephant was measured using an Infra-red field ther-
mometer, Type PRT-10 (Barnes Engineering Co*, Stan-
ford, Conn* U*8*A*)* This was based on the original
design of Gates (1968) and had a sensitivity to

wavelengths of radiation within the range of 6*9 to

20 microns*

Meacur»n«nt of eutaMom aol»ture Xo»a (C.M.L.)
A quantitative assessment of C*M*L* of all the

species used was made using a dessicant capsule
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The arraugonont of the wicks aiul thermo-
couples iIn tho vontilatod capsule equip*

Meat.

*



Thermocouple
Circuit
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(Taylor 8 fynman 1989)« The capiulo used noraally
vaa km9 css in diameter, This vaa attached to the
aniwil by naana of a largo rubber band, oonatrue tad
out of a cycle inner tube, paaaed around the body
of the animale However, the white rhinoceros would
not tolerate the band so that It was necessary to
attach the capsule lightly to the skin with wide
adhesive tape. It was then kept tightly against the
skin by pressing with the hand. The dessicant cap*
stale constructed f#r the bushbables was 3 auts iIn
diameter and was held in place by two pieces of
ordinary thin elostlc. The change in weight of the
capsule during experiments conducted at the Deport*
went of Animal Phys oiogy wae measured on a Mettler
11,18 analytical balance. The majority of the work
in the field woe serried out using a Bartorius
analytical balance, both of which had an accuracy
of 0,1 mg, Tor later work in the field e Sartor*
lue type 2259 top pan balance of accuracy 1 mg
wae found to be sufficient,

khere an electrical supply permitted, a
qualita i1vo confirmation of C,M,L, was obtained
using the ventilated capsule method of Mseleon
(19F3), The arrangement of the wicks and thermo*
couples i1s shown in fig, 1, The wicks were suide
from ""Honson” lighter wicks inside which there
were e single pair of 38 gauge Copper/Constantan

thermocouples (Dural Plasties and ting, Pty,, Dural,



25

V«S.VM Australia). The cup was 5*8 cm* in diameter
and the equipment was ventilated by a 2kO volt
Edward* I111-Vacuum Pump (Edward* Ltd., Crawley,
Sussex) = The ventilation rate was controlled to
1.2 litres per minute by means of an M.P.G. 1100
rotameter (Rotameter Manufact. Co., Richmond,
England). Zt was necessary to construct a smaller
ventilated capsule for the bushbables. This measur-
ed 3 cm* 1In diameter and was ventilated at a rate of
1 Iitre per minute. To iIncrease the sensitivity of
the equipment when this was used the single pair of
thermocouples i1n the wicks was replaced by 5 pairs
of 48 gauge Copper/Constantan thermocouples (Dural
Plastic and Engineering Pty., Dural, N.S.W.,
Australia) connected iIn series. The output from
these, or the single thermocouplepalr, was connect*
ed to a Kent Mark 3, 38 range millivolt recorder
(Kent Industrial Instruments Ltd., Luton, Bedford-
shire).

In experiments carried out at the Department
of Animal Physiology i1t was possible to use the
mains electricity to power the pump and recorder.
At the field station at Athl River a Honda portable
generator was used to provide the power.

The wicks and thermocouples were, whenever
possible, placed iIn the same temperature conditions
to which the anlauils were exposed. The recorder,

pump, and other equipment were then placed outside
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tb« climatic chamber, or shaded from the sun when iIn
the fields This was impossible using the small
climatic chamber so the tricks and thermocouples were
placed as close as possible to the point of exit of
the air streams from the chamber. By doing this it
was hoped to minimise any cooling of the tubes
containing the air prior to the contact of the air
with the thermoeouple/wick system*

The Starch*lodine method of Vada (1950) was
also used as a qualitative method of assessing
C*M*L. lodine i1n alcohol was applied to the skin,
allowed to dry, and covered with a mixture of
Starch and Castor Oil* Any activity of tho sweat
glands extruded moisture onto the surface of the
skin* In the area to which the mixture had been
applied the water, starch and 1odine combined to-
gether, so that active sweat glands appeared as
purple/black spots* Starch-lodine fTilter papers
were produced by soaking filter papers iIn a starch
solution. After drying, they were dipped in a
solution of i1odine i1n alcohol and the alcohol all-
owed to evaporate iInside a dessicator* If stored
in a dessicator they could then be used to detect
active sweat glands* ITf the papers were held
against the skin the sane purple/black colouration

appeared where moisture was being produced*

Moa»urea«nt of r»»piratloa rate

In all the animals used, the respiration rate
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could ncmally be measured by counting flank or
chsst movements with the aid of a stopwatch* Has*
miration rates were, where possible, recorded as

the average of three or four measurements taken over

half a minuto*

Computation (for ventilated capsule method)

An attempt was made to sisiplify and speed up
the calculation of a quantitative value for C*M*L*
which could be obtained from the millivolt reading
off the Kent recorder* A computer programme in
Fortran XV for use on the ICC 1900 computer belong*
Ing to tho University of Nairobi Computing Centre

was produced to make this possible (Appendix 1)*

Injection of Drugs (1) intradermal

The local actions of sympathetic and para*
sympathetic drugs were investigated in the galagos
and the baboons by giving intradermal injections
oi adrenaline, noradrenaline, carbacol, acetylcho-
line, and pilooarplne* The experimental area used
in the galagos was over the 6th and 10th ribs in
the dorsal quarter of the body| i1n the baboon it
was an area over the last four ribs in the ventral
quarter* The area was shaved and an i1odine solu-
tion applied to it* After this had dried the
required concentrations of the drug to be used

were then in ected intradermally, using a 24 gauge
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nttdU* The position of each injection was noted and
starch in castor oil placed over and around the

injection whoal. Any sweating reaction was noted.

(2) Systenmic

Systemic iInjections of these drugs were given
into the short saphenous vein* where it comes to the
surface over the gastrocnemius muscle. This skin
was First shaved9 then sterilised using alcohol
before the drug was administered using a 2k gauge
needle. Any reaction to the drug was measured by a
ventilated or dessicant capsule placed over the

areas referred to in the previous paragraph.

Wherever possible9 a sample of skin was removed
from the experimental area for histological examin-
ation. The baboon and tho galago were first tran-
quilllsed and the area to be sampled injected with
local anaesthetic (2# procaine). A small sample
was then removed using a forceps and scalpel9 and
immediately placed in a 5% formalin solution.

The rhinoceros skin sample was obtained from
an animal killed 1n a collision with a lorry in
Tsavo National Park. The elephant skin sample was
obtained from a recently shot animal. Both animals
had been dead for less than two hours when the

samples were taken. As before* these were irained-
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lately placed in 5% formalin solution.

All these skin samples were then dehydrated and
embedded In paraffin max (melting point 60°C).
After sectioning they were stained with haeaotoxylln

and eoslIn, or masson trichrome. and mounted.
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RESULTS
,STFXIL of Sernylan on the response to
sympathetic and parasympathetic drugs

A typical tracing from an experiment on an
anaesthetised rat i1s shown in fig* 2 and Table 1*
An increase i1n blood pressure was caused by the
administration of 2jig/kg* of adrenaline or norad-
renaline* The same dose of Acetylcholine caused a
decrease in blood pressure*

The administration of the Semylan (/tg/kg)
itself caused an increase in blood pressure* This
pressor effect declined In the twenty minutes
following the injection to a level slightly above
the initial pressure and remained elevated for the
duration of the experiment* The administration of
the same dose of adrenaline or noradrenaline as
previously again caused an increase in blood pres-
sure* However, the Sernylan potentiated this pre-
ssor response* The effect of the Acetylcholine
was not changed by the Sernylan (fig* 3 Table 1)*

These results confirm the findings of 1Irt,
Jarrot, O*Donnel and Vastell (1966) who attributed
this potentiation of the pressor response to the
action of the Sernylan on adrenergic <*- receptors
and also indirectly on the release of catecholamine
stores* Therefore, i1t was concluded that the
administration of Sernylan as a tranquilliser to

the animals that might be used in this investigation
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TABLE 1

Blood pressure changes in the rat In response to
2™ig/kg injections of adrenaline, nor adrenaline and
acetylcholine before, and after, the administration

of phencyclidine hydrochloride*

Drug Blood Pressure (mm. Hg)
Before Peak Change
Hor Adrenaline 19 56 * 37
Adrenaline 18 68 ¢ 50
Acetylcholine 18 7 -11
Bor Adrenaline 28 100 + 72
Adrenaline 28 111 ¢ 83

Acetycholine 28 17 11
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Figure 2s Blood pressure changes In the ret iIn res*
ponso to injoctions of adrenaline, nor
adrenaline and aoctych<lino before the
adminlstration of phencyclidine hydro*

chloride*






Adrenaline (2/jg/kg )
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Figure 31 Blood pressure changes In tho rat in roe»
ponse to iInjection® of adrenaline, nor
adrenaline and ncotycholino aftor the
administration of phencyclidine hydro-

chloride.
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TIME (mins)



would not affect their qualitative response to sub-

sequent sympathetic or paraayapathetic drug admini-

stration
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tabu: 2
The effect of increasing environmental temperature
on respiration rate of the galago.

Female Male
Environ. Resp. Rate Environ. Reap. Rato
T«np. (0 (no/roin) T-W <°Q (no/min)

17.8 70 17.7 73
19*5 86 19.0 60
21.0 94 20.9 85
23.1 9k 22.4 50
24.2 53 23.5 40
25.1 ko 24.0 52
25.5 70 24.0 55
25.5 75 24.8 60
26.0 71 25.7 52
26.5 kk 26.5 60
27.0 66 27.0 44
27.7 38 29.0 60
28.0 75 29.9 60
28.5 16 31.1 75
29.5 66 31.5 34
29.7 kk 32.3 65
30.4 76 32.5 53
31.2 kk 33.2 90
31.3 72 33.5 58
31.9 64 34.5 85
32.7 100 35.0 Co
33.5 92 35.2 120
33.8 54 35.8 122
34'f 100 36.3 108
4. 120 37.0 238
35.1 100 37.0 240
35.5 171 38.0 200
36.0 150 38.0 260
36.2 150 38.7 256
36.6 187 39.5 284
37.2 172
37.3 170
38.0 200
38.1 222
38.5 20k
39.0 200
39.1 222
40.0 210
40.1 220
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figure kt The effect of increasing environmental

temperature on the respiration rate of

the galago, male animal.
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Figure 5t The effect of Increasing environmental

temperature on the respiration rate o

the galago, female animal*
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Th« effact of h««t expo«ur« on the galago
1. Body tomparaturo chan««m

Dody temperature was recorded in the seven
experiments carried out in the small climatic cham-
ber. In these experiments the temperature Inside
the chamber was increased by I°c every 10 min. up
to a maximum of %0°C* With ambient temperatures
of between 17°C and 23°C the duration of the
experiments varied from 170 minutes to 230 minutes.
Once the temperature had reached 40°C the animal
was removed from the chamber, so that it did not
have an opportunity to equilibrate to this temp*
erature.

Rectal temperatures during these experiments
never increased by more than O*goc from a mean
v«lu. of 38.4°c at 1B°C to ao°C.

The animal always remained placid during
these experiments, lying curled up with its tall

wrapped around its body*

2. Roaulratlon rat, change*

(@) In tha portable climatic chamber

In both animals the gradually increasing
temperature in the chamber did not cause an iIn*
crease 1In respiration rate until the teeqgierature
reached 3)«34°C (figs* 4 and 5 and Table 2)*
Above this the increase In respiration rate with

an increase iIn environmental temperature was linear,
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Figure 61 The effeot of an environmental temperature
of 40°C on the respiration rate of the

galago.
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TABLE 3

The effect of an environmental temperature of 40°C
on the reepiration rate of the galago (meana of
three experiment*v animal was placed 1n the climatic

chamber at time O nine.)

Male Female
Time Reap* Rate Time Reap* Rate
(oo/nin)__ (mine.) (no/min)

0 35 0 48

30 230 30 79

50 300 50 140

60 329 60 220

70 304 80 244

90 308 90 261
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the least squares regression of this relationship
being y*20.39x-565«0¢ for the female animal and
y*29«14x-890.17 for the male animal. The correla-
tlons for these relationships being 0.946 and 0.895
respoctlvoly9 both significant at the 0.1# level.
The male animal therefore had the greater increase
in respiration rote, though both animals had prob-
ably not equilibrated to this upper temperature of

40°C when they were removed from the chomber.

(b) In the large climatic chamber

Sevon further experiments were carried out in
the large climatic chamber9 in which the environ-
mental temperature was kept constant at 40°C
(1 1.5°C) for exposure periods lasting up to 90
minutes. Respiration rates gradually increased
once the animals were placed in the chamber as
shown in fig. 6 and Table 3. The respiration rate
of the smaller sale stabilised at about 300 breaths
psr minute. The respiration rate of the female
rose more slowly up to a maximum value of 230
breaths per minute9 but this had not stabilised by
the end of the 90 minute exposure period. The
smaller stale animal thus had the greator iIncrease

Iin respiration rate in both sets of experiments.

3. Cutanoou. moi.turo loea change.

(@ In tha ortat>l« climatic chamber



tad:;; 4
Th« effect of environmental temperature on cutaneous
moisture loss of the galago.

D«»alcont Caoaula

Animal Knvironmen C.M.L. (*/«2/hr)
Temon (°CJ
Female 17.5 34.2
m 17.5 17.4
m 1&.0 26.2
m 18.5 22.9
m 18.5 28.9

mman 24.7 (1 6.2 S.D.)

10_5 42.0
0.0 35.2
38.5 44.6
40.0 30.7
38.0 27.4

naan 36.0 (= 7.3 S.D.)

Male 19.2 25_4
m 19.5 21.9
m 19.5 21.0
naan 22.5 (- 2.5 S.D.)
40.0
40.0 38.6
40.0 36.5
41.0 33.3
41.0 29.0
39.0 24.6

naan 35.9 (1 10.0 S.D.)

Vootllated Cap»ul»

feamle 17.0 8.7
e 39.0 35.6
m 19.0 59.1
m 39.5 45.3
Male 24*2 31.5
m 41.5 29.9
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Figure 71 The effect of increased environmental

temperature on the Cutaneous Moisture

Loss of the galago*
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Due to the instability of the very sensitive
thermocouplc/wick system and possibly, due to the
placement of these outside the chamber, tho initial
ventilated capsule results obtained were rather
equivocal (see discussion of materials and methods)*
In some cases i1t appeared that the animals had an

increased C*M*L* on heat exposure*

(b) In the large climatic chamber

The results of two experiments on each animal
using a dessicant capsule, together with the control
experiments9 are shown in Table k and fig. 7* The
Increase 1n C*M*L* of the male animal when exposed
to 40°C was significant at the 2# level, while
that of the female animal was significant at the
3# level.

Further experiments using the ventilated cap*
sule produced the results olso shown in Table 4*
In two of the experiments a decrease In C*M*L. was
recorded on heat exposure, iIn the third there was
a small increase* The mean difference between

C.M.L. recorded at high and low temperatures Is not

significant*
4. Pharmacological stipulation
(@) Local

Adrenaline solutions In concentrations vary*

*8 *3
ing from 10 g/cc to 10 g/cc did not produce any



*5

stimulation of tho sweat glands. Acetylcholine
solutions of the some concentrations also failed to
stimulate them.

Injections of o 10. g/cc solution of Acetylcho-
line Into the pads of the feet did. however, cause
stimulation of the sweat glands present in this
area.

It was noticed that the hair which grew again
over the experimental area lackod any pigmentation.
This was also reported by Findlay and Jenkinson
(1964) after intradermal injections of adrenaline

in cattle.

(b) Systenmic

Adrenaline was injected intravenously iIn six
experiments in amounts up to 10]ig/kg. No sweat
gland response was detected using the ventilated

capsule.

5) Local infra*rod heating
Two experiments on each of the animals failed
to produce any sweat gland response to localised

infra«»red heating.

6) Skin sample
On completion of tho above work two small

skin samples were taken for histological examin*

ation.



Plate It Skin section (T.S.) from the dorsal side of
the galago to show tho position of the

sweat glands. Magnification X 6*3

Plate 2s TIhe structure of a sweat gland in the

galago (T.S.). Magnification X 16.0






Sweat glands could be observed in the lowest
level of the dermist Plate 1 and 2, and in the sub*
cutaneous fat layer below this* These glands appear
to have the typical gross configuration of apocrine
glands (Schieffendecker 1917) end iIn Plate 1 the
gland i1s seen adjacent to a sebacious gland of a
hair follicle* The secretory cuboidal epithelium
can be seen with apicalt secretory projections*

They are surrounded by a layer of myoepithelial cells*
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TABLE 5

Kectal and abdominal temperatures recorded In the
baboon* (Tr and Tab respectively)*

Duration of Animal 3 Animal 2
Exposure to
40 C
ttBMlynt 1*
Change in Tr* 50 Bins 0.9
Change in Tab* H N 0.8
-12
Change iIn Tr* 70 ains 0*5
Change in Tab* n it 0.3
-12
Change in Tr* 10? mins 1.6
Change in Tab* « N 1.3
IP
Change in Tr* 90 mins 0.9
Change in Tab* n m 0.9

tamTlaent 2*
Change i1n Tab*

Tranqui llised 90 mins 0.9
Untranquillised N 0.6
L
Change in Tab*
Tranqui llised 80 mins 0.3
Untranquillised M M 0*2
2C
Change in Tab*
TranquilUsed 60 mins 0.8

S
=

Untranquillised 0*4
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Tho effect of boat expoiuro on tho babp.on

Previous results have shown (page 30 ) that
Sernylan does not suppress the actions of sympathet-
IS or parasympathetic drugs* It was not know9 how*
ever, 1T 1t had any effect on the ability of an
animal to overcome any heat stress iImposed upon it*
By recording changes in body temperature, in an
untranquillised and a tranquilUsed animal, during
similar heat exposure periods and then comparing
the changes, any effect of the tranquilliser on
thermoregulation would become evident* However,
in the untranquillised animal, the only measurement
of body temperature that could be made was abdominal
tesg>erature* It was, therefore, necessary to obtain
simultaneous measurements of rectal and abdominal
temperature on exposure to an air temperature of
40°C to see 1T abdominal temperature gave a reason-
able indication of body temperature* If this was
the case a direct comparison of abdominal temper-
ature changes in the tranquilllsed and untranquill-

ised animals could be made*

1* Body temperature changes

(&) Effect of tho tranauilUoer

Table 5 shows the simultaneous measurements of
abdominal and rectal temperature mentioned above
(Experiment 1A,B,C,D)* These results show that

there is no significant difference between the
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TABLE 6
Tht effect of an environmental temperature of 40 C

on the rectal temperature of baboon 1 (the animal

was placed in the climatic chamber at time O mine.)

Rectal Temperature (°C)

Time Expt. | Expt. 2 Expt, 3 Expt. 4
(Mini!
0 38.5 39.5 39.5
10 39.1
15 38.2 39.3 39.55
20 39.1
25 39.3
30 38.4 39.2 40.0
35 39.5
40 38.7
45 39.5 40.1
50 38.8 39.95
60 39.0 40.1 40.0
65 39.6
70 39.2 40.0
75 39.7
80 39.9
85 39.7 39.6
90 39.9
95 39.95 39.8
100 40.0
110 39.9 40.0
115 39.9

120 39.9
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Figure 81 The effect of inereased environmental
temperature on the rectal temperature

of the baboon,animal le
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TABLE 7
The effect of an environmental temperature of 40°C

on the rectal temperature of baboon 2 (the animal

was placed in the climatic chamber at time O mine.)

Rectal Temperature (°C)

Time Expt. 1 Expt. 2 Expt. 3 Expt. 4
(mins)
0 37.15 37.9 38.1 38.8
10 37.2 38.3
15 39.1
20 37.6 38.3
25 38.7
30 37.7 38.6 39.3
40 37.9 38.9 38.7
45 39.3
50 38.1 38.8 38.85
60 38.2 38.85 39.1
65 39.0
70 38.75 38.9
80 38.4 38.7 38.85
90 38.1
95 38.5 38.7
110 38.3 38.8

120 38.5 38.8
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Figure 91 The offoct of increased environmental
temperature on the rectal temperature

of the baboon, animal 2*
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TABLE 8

n o]
The effect of an environmental temperature of to C

on the rectal temperature of baboon 3. (The animal

was placed in the climatic chamber at time O mins).

Rectal Temporature (°C)

Time Expt« X Expt. 2 Kxpt. 3 Expt.
(rains)
0 38.5 38.4 38.3 38.1
0 38.6 38.4 38.0
15 38.2
20 38.7 38.7 38.3
30 38.3 38.0 38.9 38.5
40 39.1 39.1 39.3
45 38.4
50 39.3 39.4 39.6
60 39.0 - 39.6 39.9
70 39.4 40.1
75 39.6
80 39.5
90 39.9

105 40.1
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Figure 10* The effoct of increased environmental

temperature on the rectal temperature

of tho baboon,animal 3.
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changes i1n rectal and abdominal temperature on ex*
poeure to an air temperature of 400C, Thus changes
in abdominal temperature can be used aa a measure of
changes i1n body temperature.

The comparison of abdominal temperaturo changes
in tranquillisod and untranquilllsed animals is also
shorn in Table 5 (Experiment 2A,B\C)# Prom these
results it appears that the difference betwoen the
changes i1n abdominal temperature iIn the two statest
as the result of identical heat exposure patterns9
is small. Prom this, together with the fact that
body temperature had stopped rising by the termin-
ation of seven out of the eight heat exposure experi-
ments for animals 1 and 2 (Pigs. 8 and 9% Tabls 6
and 7)T i1t was concluded that the tranquilliser was
not significantly affecting the ability of the ani-

mals to thermoregulats.

(b) Effect of heat exposure

The results of the heat exposure experiments
for animals 1 and 2 are mentioned above. The
results from the smaller animal9 3V which did not
show such a marked stability in body temperature,
are shown in Pig* 10 and Table 8. However# even In
this animal the rectal temporature only went above
400C for brief periods and it was nsvsr felt

necessary to remove it from the heat due to hyper-

thermia.
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TABLE 9

The effect of environmental temperature on reapir-

ation rate In the baboon*

Animal Environ* Temp* Respiration Rate
No. <°0) (no./min)

18.0 19.8 ' 2.3 s.p.

a 40.0 35.7 ' 10%5 s.,

2 18.0 21*1 * 5.7 S.D.
)

m to.0 28.9 ' 6*1 S.D*
L 2

18.0 26.0 2*9 S.D*

35.0 33.7 * 4.4 s.D.
L 2

n to.o 46*1 ~ 10.7 s.D

« 45.0 S55.7 17.5 S.D
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2. liomiration r»U. ch»nj{«

Th« respiration rates of the three baboons at
various environmental temperatures are shown iIn

table 9.

For baboon 3 the increases were significant as

followst-

Between 18°C and 35°C increase significant at the
5.0% level.

Between 35°C and kO°C increase significant at the
0.1% level.

Between 40°C and 45°C increase significant at the
1.0% level.

Por baboons 1 and 2 the increase iIn respir-
ation rate from low ambient temperatures to 40°C
was significant at the 0.1% and 1.0% levels respect-
ively. The respiration rate was nonaally elevated
within ten to Ffifteen minutes of comnencement of
exposure to the higher environmental temperature,
after which i1t remained relatively stable as long
as no further iIncrease iIn temperature occurred.
The maximum respiration rates recorded at 40°C
were 66 times/min, kO tlmes/minv and 75 times/mln
in baboons 1, 2 and 3 respectively.

The correlation coefficient of respiration
rate with rectal temperature for those animals is
significant in baboon 1 at the 1.0% level (r«0.493)
and in baboon 2 at the 0.1% level (r»0.616). In

baboon 3 the correlation coefficient was 0.300,
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TABLE

The effect of an environmental temperature of 35°C

on cutaneous moisture loss in the baboon*

Animal

No*

1
m

20.5
20.5

35*0
35.0
35.0

22*0
22*0
22*0

35.0
35.0
35.0

Environmental

(°Om

C-M_L.

19.3
18.1

18.7

42.9
50.7
53.9

49.2

12*3
20.5
19.9

16.0

22.7
55.8
30.6

36.4

¢l

<1

-

(g/m2/hr)

0*8 S.D.)

5.7 S.D.)

3.8 S.D*%)

17.3 S.D.)



TABLE IX

The effect of exposure to an environmental temper-
ature of 40°C cutaneous moisture loss in the baboon
(The animal was placed in the climatic chamber at
time 0 mins*)

2
C.M.L. (k/h /te)

Duration of Daboon 1 Baboon 2 Baboon 3

15 17.1 39.4

20 8.9

25 22.7

30 241

35 30.6 32.1
38 10.4

40 71.4

45 63.5

50 47.1 11.6
52 16.8

60 48.6

65 55.3

70 90.3 81.1 50.5
80 69.2
85 101.0

90 119.0 121.2

95 69.6

105 116.8

110 117.0 58.7
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Figure 111 Tho effect of an environmental temper*
aturo of *OC on the Cutaneoue Moisture

Loss of tho baboon*
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which is not significant.

3. Cutna«ou» molaturo lo mmck
Table 10 chows the C.M.L. recorded when baboons
1 and 3 were exposed to an environmental temperature
of 35°C. The difference of this C»N*L. from the
value recorded at a low ambient temperature iIs sig*
nifleant In baboon 3 at the O«iH level, but is not
significant In baboon 1. The results of the remain*
Ing experiments at 40°C are shown In Table 11 and
fig* 11* There was a gradual Increase In C.M.L*
once exposure to 40°C commenced, which Increased
to maximum values of 119*0 g/m/hrf 121.2 g/m/hr,
and 69.3 g/m/hr in baboons 1, 2 and 3 respectively.
The pooled correlation coefficient for all
three animals between C.M.L. and the duration of
exposure to 40°C i1s 0.692 and significant at the
0.1% level. The regression line for this relation*
ship, fitted by the method of least squares, has
the equation of y«0.67x + 11.72. The correlation
of rectal temperatures of the animals with the

C.M.L. was significant only in baboon 3 (1*0% levell

k. Pharmacological stimulation
(@ Intradorwol
Another female baboon was used iIn this part of

the investigation, in addition to animals 1,2 and

3 used previously.
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Adrenalin®© In concentrations from 10 g/cc to

10~rg/cc failed to produce any sweat gland activity*

Acetylcholine solutions did, however, have s consid-

erable effect iIn each of tho four animals. In two of

them the lowest concentration used, 10439/3c pro-
duced sweating over the injection weal. In th©O other
two animals a concentration of 10_69/cc was the low-
est effective concentration. 1In each animal the
10*3g/cc solution caused sweeting in the area adja-
cent to the weal, os well as over the weal itself.
This was blocked if a 10 g/cc solution of Atropine
was First injected iInto the sasie area. The other
cholinergic drugs used, pilocarpine and carbacol,
also stimulated the sweat glands, though thoir rel-

ative potency varied between animals.

(b) Systemic

Adrenaline was given at 3>ig/kg and again failod
to stimulate the sweat glands.

In two of the animals pilocarpine or carbacol
given at a dosage of 5pg/kg produced very slight
ideating, detocted by tho starch and ioditio method,
though this response was not sufficient to be detect-
ed by the ventilated capsule method.

Those drugs always caused salivation iIn tho

animals and occasionally muscle spasms.

(©) Atropine and sweeting due, to hegt expopuro

| 4
Local injections of O.lcc of a 10 g/cc



TABLE 12

The effect of atropine during exposure to 40°C on C.M.L., respiration rate and rectal
temperature in the baboon. (The animal was placed in the climatic chamber at time O mine.)
(Atropine in Experiment 1 (0.15 mg/lcg) at 100 mins, in Experiment 2 (0.20 mg/kg) at 125 mine.)

Time Reap. Rate (no/nin) Rectal Temp. (°C) C.H.L. (g/m2/hr)
(mins) EsptB 1 twPL. 3 Kacnt. X  EXPt.
5 25 38.3
10 30 39.3
15 39.4
20 21.5 30 38.7 39.3
30 25 39.5
I 25 38.9 71.4 12.5
45 25 29 38.8 40.0
55 32 40.1
60 23 39.0
65 30 40.0 81.1 13.7
75 31 37 38.7 39.9
65 28 39.9 101.0
90 25 38.5
95 20 32 38.3 40.0 69.6
100 25 38.4
105 32 37 38.4 40.0 12,5
110 28.5 38.5 117.0
115 27 38.5
120 28.5 38.7 11.1
125 24 40 38.8 40.0
130 23 40 38.9 39.9
55 40.0 11.6 46.0
40.0
145 40.1
150 66 40.1 29.1
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Figure 12i The effect of atropine during exposure

to 4t0°C on Cutaneous Moisture Loss,

respiration rate and rectal temperature

in the baboon. (Experiment 1).
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Pigure 13i The effect of atropine during exposure

to 40°C on Cutaneous Moisture Loss,

respiration rote and rectal temperature

in the baboon. (Experiment 2).
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solution of Atropine caused reduction or the com-
plete blockage of any heat-induced sweat gland aetlv-
ity in the injection area.

Atropine iInjected intravenously blocked general*
lead heat-induced sweating as shown in Table 12. In
animal 1 this occurred with a dose of 0.15mg/kg and
in animal 2 with a dose of 0O«2sg/kga

Atropine injected twenty minutes before the
start of the heat exposure did not appear to block
subsequent cutaneous moisture loss.

When sweating was blocked by intravenous atro-
pine there was an immediate iIncrease 1In respiration

rate and a rise in body temperature (fig. 12 and 13,

Table 12).

5. Local Infra-rcd hontlng
When local infra-red heating was applied to
four animals at ambient temperatures between 17°C

and 20°C the skin temperatures rose from 34°C to
41°C. No sweating occurred In response to this in

three of the animals.
In the fourth animal slight sweating occurred
over the heated and the shaded part of the experi-

mental eldet while the opposite control side showed

Nno response.

6. Skin sample

On completion of the above work two small skin



68

Pl«t« 3« Skin section (T«S«) from the eh«st of the
baboon to flhov tho position of tho sweat

ginndo* Magnification X 6*3

Plato kt Tho structure of a sweat gland in tho

baboon (Te&e)= Magnification X 16*0
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caoplu vert taken from the experimental area. The
sweat glands were observed to be epareely dixtribut.
ed but iIn thoee present the lumen had no convulut**
Ions but wae sack-like and lined with euboidal
epithelum. Wo myoepithelial eelle were seen.

The sweat glands seen in plates 3 and 4 are
situated adjacent to both a sebaceous gland and the
piloerector muscle of a hair follicle. The opening
of the duct of the sweat gland was not located.
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TABLE 13

The effect of an environmental temperature of WOC
on the rectal temperature of the chimpansee* (The
animal was placed in the climatic chamber at time
0 mine) e~

Rectal Temperature (°C)

Duration of Expte 1 Expte 2 &xpte 3
ISxDosure (mine)

0 37.% 35.1 35.2
10 37.5 35.7 35.2
20 - 35.7 35.6
30 38.2 36.2 -
ko 38.4 36.5 36.2
50 38.5 37.1 m
60 38.5 37.6 36.7
70 38.5 38.3 37.1
80 38.6 38.5 &e
90 38.6 - 37.6
100 38.8 38.7 -
110 38.8 38.8 38.x
120 - 39.1 -
130 - 38.9 38.6
Ito - 39.0 38.8
150 - 39.1 m
170 - - 39.1
190 - - 39.3
200 - - 39.4

210 © - 39.5



71

Figure 14« The effect of an environmental temper-

ature of 40°C on the rectal temperature

of the chimpanzee.



N

40.0T

30

60



- h— o 1
150 180 210

TIME (mins)



72

TABLE 14
The effect of* environmental temperature on the
respiration rate of the chimpansoe. (The animal

was placed in thelclimatic chamber at time O mins).

| Kxptv 2
Environ* Time Reap. Rate Time Reap. Rate
Temp* (mins) (no/min) (mins)  (no/min)
<°0)
18°C 30 29.5
35°C 5 37 2 43
20 45 4 36
35 46 6 36
50 47 20 34
65 34 30 29
80 27 mean 36 (2 5 S.D.)
mean 41 (- 6 S.D.)
40°c 100 60 37 34
102 56 45 31
104 54 50 38
106 50 60 41
108 60 70 37
110 63 80 22
112 65 mean 36 (- 4 S.D.)

mean 58 (“ 5 S.D.)
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The effect of heat expoiure on the chimoansee
1. Body fmperature change*

These were recorded in three experiments in
which the animals were tranquil lined* On two of
these occasions the animals become slightly hypo-
thermic between the time of tranquillisation and
entry into the large climatic chamber (Fig* 14 and
Table 13)* For one animal this meant a fifteen min-
ute exposure to an ambient temperature of 16°C and
in the other a sixty minute exposure to an ambient
temperature of 170C. When these animals were expos-
ed to an invironmental temperature of 4OOC their
rectal temperatures rose9 stabilising in one indivi-
dual at 39.1°C (after 135 minutes of exposure) while
in the other i1t was beginning to stabilise at 39
(after 180 minutes of exposure.) The third animal

had a rectal temperature of 37*"°C which rose to

38.6°C after 90 sri.ns* at 4o0°C.

2* Respiration rate changes

The respiration rate changes on heat exposure
of an untranqulllised animal is shown iIn Table 14*
In the first experiment there was a significant
(0«1£ level) 1Increase 1In respiration rate on expo-
sure to an environmental temperature of 35°C and a
further increase (also significant at the Oml%
level) when this was increased to 40°C. In the

second experiment the exposure to 35°C did not cause



TABLE 15

_ - - - [0}
The relationship between the iIncrease in rectal temperature9 due to exposure to 40 C and
respiration rate iIn the chlmpansee.

Expt. I Expt. 2 Expt. 3
Rectal Temp* Reap. Rate Time Resp. Rate Time Reap. Rate Time
<°c> (no/rain) (rains (no/min) (no/min)___
35.2 21 10
35.6 27 20
35.7 23 5
35.7 21 20
36.8 28 40 27 30
36.9 27 40
36.7 30 60
37.1 32 70 35 50 20 10
%?2 40 90 43 60
38.1 39 105 46 30
ggi 60 70 5 y
. 0 0
38.5 50 85 2 50
33 65
. 46 130 92 80
38.9 70 90
38.8 30 l40 50 105 76 100
38.9 60 130 60 105
] 2 I
. 60
383 20 180
) 46 190
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Figure 15t The relationship between the increase in
rectal temperature* due to exposure to

40°C* and respiration rate iIn the chimp-

anzoe,
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a significant increase In respiration rate and there

was no further increase when the temperature was in-

creased to 40°C. The 1iIncrease In respiration rates

normally occurred within ten minutes of commencement
of the exposure to each temperature change, after
which it remained relatively stable as long as no
further iIncrease iIn temperature occurred*

The respiration rate changes on heat exposure
of the tranquillised animals are shown in fig* 15
and Table 15* The respiration rate in these experi-
ments did not increase until rectal temperature had

o]
reached approximately 36.6 C, after about sixty

minutes at 40°C* The respiration rate then rose to

1ts maximum value about 60 times per minute as body
temperature stabilised near 39*0 C* This was after
160 to 180 minutes of exposure to W OC. In the
third experiment the tranquillised animal had a
maximum respiration rate of 92 times per minute
after 90 minutes of exposure to 40°C. In both ani-
mals there was a gradual iIncrease in the respir-
ation rate up to these maximum values and this
relationship of rectal temperature and respiration
rate had a correlation coefficient of 0*628 (sig-

nificant at 0*1% level)*

3* Cutaneous moisture loss changes
The changes 1n C*M*L* on heat exposure are

shown in figs* 16 and Table 16* The time which
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TABLE 16
The relationship between the increase in rectal
temperature due to exposure to 40°C and cutaneous

moisture loss in the chimpanzee*

1 Expt. 2

Rectal C.N.L* Time C.M.L. Time
Term. (°0) («/m2/hr) (mins) (i/m2/hr)  (mini
35.7 12.5 10

35.9 22.2 30
36.% 23.6 %5
36.8 20.5 %5

37.3 21.7 80

m. _MVI

38.1 19.3 105
38.4 3%.5 80

38.7 61.2 100

38.9 32.1 1%5
39.0 80.0 125

39.1 3%.5 160
39.% 35.7 190
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Figure 16t The relationship between the increase
in rectal temperature due to exposure

to t0°C and Cutaneous Moisture Loss in

the chimpanzee*
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elapsed before the onset of sweating is shown iIn
the table, but on both occasions the body temper-
atures had risen to approximately 38.3°C when this
occurred. The increases In C*M*L* iIn both these
experiments are significant at the 0.1S level* The
mean correlation coefficient for this iIncrease in
C*M*L* with rectal temperature was 0*922 (signifi-
cant at the 0*1# level). In another experiment at
kOmO°C sweating was observed using the starch and
1odine method, but this could not be detected by
the ventilated capsule method*

The distribution of the sweat glands was found
to be widespread but they were especially numerous
on the face, hands and feet* Some were observed
(using the starch and iodine method) to bo associat-
ed with the hair follicles and other independent
of them*

km Pharmacological stimulation

(@ Intradermal

Adrenaline solution of concentration IO_3g/Cc
failed to produce any sweat gland activity*
Acetycholine of the same concentration stimulated
secretion of the glands i1n one animal, but 1t had
no effect In the other* This response was much

greater if the injection was made in the region of

the axilla
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TABLE 17
The effect of atropine during exposure to W C on
C.H.U, respiration rate and rectal temperature in
the chimpanzee* (The animal was put in the climatic
chamber at time 0 mins - atropine (0.15 mg/kg) was

given after 135 mins.)

Time Reap* Rate Rectal Temp* C.N.L*
(mtnm) (no/min) (&) (g/m2/hr)
5 23 35.7
10 12.5
20 21 35.7
30 27 36.2
40 27 36.5 temperature
45 20.5
50 35 37.1
60 43 37.6
70 60 38.3
80 50 38.5 34.5
95 40 38.7
100 61.2
105 50 38.8
115 50 39.1
125 80.0
130 60 38.9
140 21.1
1*5 60 39.0

150 60 39.1
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rigurt 171 The effect of atropine during exposure

to 40°C on Cutaneous Moisture Loss, res-
plration rate and reetal toxperature 1in

the ehinpansee*
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(b) Systemic
Atropine given at a doao of 0*15 «g/kg cnuaed a
decrease in cutaneoua moisture loss during exposure

to an environmental temperature of "0 C. 0 i1g« 17

and Table 17)-



TABLE 18

Th« changes iIn rectal temperature through the day in the black and the white rhinoceros.

Date

Feb.
1971

1971

April
1972

means

Rectal Temperature (°C)

07.00 hrs 12.00 hrs. 18.00 hrs.
black white black white black white
36.9 37.8 38.4
37.2 38.3 38.4
37.3 37.8
37.3 37.9
36.5 37.1 37.5
36.5 36.7 37.9
36.9 37.4 37.4

37.3 38.8 38.0

37.0 37.8 38.0

37.2 38.0 38.2

37.2 38.2

37.  0.1S.D.) J6.61- 0.2S.D.) 38.1t- 0.3S.D.) 37.1(- 0.3S.D.) 38.2(- 0.25.DJ 37.6(- 0.3S.0.)
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The effect of climatic conditions through the day on
the white rhinoceros and the black rhinoceros
1* Body temperature changes

Table 18 shows rectal temperatures recorded in
the early morning after both species had been ex-
periencing similar, cool environmental temperatures
through the night* A comparison between the two
species can, therefore, bo made at this time* The
black rhinoceros has the higher rectal temperature,
the difference between the species being significant
at the 0*1# level*

In considering changes in rectal temperature
through the day, only days during which the animals
were experiencing a reasonable heat load are consid-
ered, i1.e. less than 40* cloud cover and an environ-
mental temperature of, at least, 29 C at mid-day*

The rectal temperature on such days recorded at mid-
day and 18*00 hrs* i1n each species is also shown in
Table 18*

The changes in body temperature are shown bglow
with their degree of significance!

Black rhinoceros — difference from 08*00 to 12*00 hrs*
signlt* 0.1# level™*

Black rhinoceros - difference from 12*00 to 18*00 hrs*
not slgnif*

White rhinoceros - difference from 08*00 to 12*00 hrs*

not slgnif*

White rhinoceros - difference from 12*00 to 18*00 hrs*



The changes i1n respiration rats through the day in the black
e«miration Hate (no/min)

Dato

Feb.
1971

means

Dec.
1971

April
1972

naan.

TABLE

white

26
26
30

07.00 hrs. 12_.00 hra.

black white black

28 96

23 86

20 80

24 (- 4 S.D.) 87 (- 8 S.D.)
24
20
22

20 72

24 42

24 54

36 52

26 (- 7 S.D.) 22

and the white rhinoceros.

18.00 hrsr
black White
20
44

32 (1 17 S.D.)

23
35
28
20
28

(t 2 S.D.) 55 (1 12 S.D.) 27 (+ 2 S.D.) 25 (- 5 S.D.) 29 (- 8 S.D.)



TABLE 20

The changes in the respiration rate of the white rhinoceros through the afternoon.

Time (hrse) Reap, Rate {no/nfjin} Comments
Animal | Animal 2
14.30 30 18 animals in the shade and lying down in the
enclosure
14.45 animals left enclosure
15.00 50 animals in the direct sun while grazing
15.30 57.5 animal in the shade, but after grazing in the

sun for 30 mins.

15.45 60 animal in the direct sun while grazing
16.00 57.5 animal in the direct sun while grazing
16.20 60 55 animal in the direct sun while grazing
18.00 23 30 animals back in the enclosure, solar radiation

Zero
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slgnif. at 5.0# level*

2. Respiration rate changes
The respiration rates recorded at 07.00 hra.t

12.00 hrs. and 18.00 hrs. are shown in Table 19.

The values recorded at 07.00 hrs. were considered

as being the basal values for this parameter and

these showed no significant difference between the
black rhinoceros and the white rhinoceros*

The black rhinoceros always had an increase in

respiration rate between 07.00 and 12.00 hrs. which

was significant at the O.IS level. This rciturned

to close to the basal value by 18.00 hrs* This

increase in the respiration rate was significantly

greater (0.1# level) in the initial experiments

during February, 1971« than it was during experi-

ments in April 1972.
The white rhinoceros did not show any signifi-

cant Increase in respiration rate from 07.00 bra.

to 12.00 hrs. At 12.00 hrs. the animals were nor-

mally resting in their enclosure in the shade of

a few small trees. The animals were followed dur-

ing the afternoon as they graced in the open and

an Increase in respiration rate was then apparent.

(Table 20).

3. Cutaneous moisture loss changes

The changes in C.M.L. through the day are
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Figure I8t The changes through the day in the

Cutaneous Moisture Loss of the rhino-

ceros™®



AAprill972 o may 1972
A Feb 1971 o Dec 1971
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shown in Ffig* 18 and Table 21* These were days on
which the environmental conditions were as defined
previously*

These results show a significant difference in
C*M*L* between the experiments in February 1971 and
those i1n December 1971 and April 1972* Comparing
early morning, basal results this difference is
significant at the 0*1% level* There is, however,
no significant difference between C*N*L* i1n the
black and the white rhinoceros on the latter two
occasions™*

The change in C*M*L* through the day, however,
was the same during all the experiments* The iIn-
crease from 07*00 hrs* to 12.00 hra. i1s significant
at the 1*0# level but by 18*00 hrs. it had returned
to a value not significantly different (at the 5%
level) from the C*M*L* at 07*00 hrs*

During the experiments in April 1972 starch
1odine papers were placed on the skin under a
dessicant capsule holder* They turned a uniform
purple colour within twenty seconds of putting them
In position* In a comparative experiment they took
sixty seconds to turn a similar colour if placed on

2
a cow sweating at 300 g/m /hr*

km Skin sample

Plates 5 and 6 show a section of the skin

taken from the back of the rhinoceros. Many large
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Plate 5: Skin flection (T#5*) from the dorsal side
of the rhinocoroa to ahow the distribution

of the avoat glanda* Magnification X 3»5

Plate 61 The atructure of a aweat gland in the

rhinoceroa (T*S*)« Magnification X 16






92

sweat “glands* can be seen iIn the dermal layer and
each of these could be either one highly eonvuluted
gland or many individual sweat glands* When serial
sections were taken only one duct was found associate
ed with each “gland®, and it is, therefore, likely
that these consist of only a single gland In which
the secretory tubule is very eonvuluted. The lumen
of the tubule is surrounded by a layer of cuboidal
epithelium and myoepithelial cells were seen to be
distributed around the outside of this. No hair

follicles were observed iIn these sections.



The changes through the day in the rectal temperature of the elephant*

Date

February
1971

February
1972

April
1972

means

07.00 hra.

35.8

36.3
35.4

36.9
36.9

36.2
36.4
36.2

36.0

36.1 (1 0.4 S.D.)

TABLE 22

Rectal Temperature (°C)
12.00 hra.

37.4
36.9
37.3

no heat load

37.0
37.2
37.2
37.2

37.2 (- 0.2 S.D.)

mean

18.00 hra.

38.4
38.0
38.2

38.2 11 0.2 S.D.)

37.1
37.2
37.2

37.2 (1 0.1 S.D.)



The charges through the day in the respiration rate of the elephant.

Datf
February

1971

April
1972

07.00 hra.

mean

%‘

v
8

16
12

9 <- 4 S.D.)

TABLE 23

Respiration Hate (no/min)

12t00 hrst
11
8

12
12
Ik

11 (1 2 S.D.)

Overall mean m 10 (-

18.00 hrg,
8
.6

12
11
11

10 (3
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The effect of climatic conditions through the day
on the elophant
1* Body temperature changes

The recordings of rectal temperatures on days
with environmental conditions as defined previously
are shown in Table 22. Rectal temperature always
increased from 07.00 hrs. to 12.00 hrs.t this diff-
erence being significant at the 0.1# level. 1In
experiments carried out iIn February 1971t rectal
temperature showed a further Increase from 12.00
hrs. to 18.00 hrs.v this difference again being
significant at the 0.1% level. In the experiments
carried out in April 1972 there was no change from
12.00 hrs. to 18.00 hrs. There was no apparent
difference in the weather, the routine or behaviour

of the animals between these sets of experiments*

2. Respiration Rate changes

The respiration rates recorded in the elephant
are shown in Table 23. There was no significant
change through the day. It was usually quite diff-
icult to see the respiratory movements in these
animals, especially as they were often eating or
drinking. Measurements were, however, taken out-

side periods of such activity.

3. Cutaneous moisture loss changes

The changes i1In C.M.L. recorded through the day



The changes through the day in the C.M.L.

radiation loads relatively low).

Date
February

1971

means

February
1971
May
1972
means
April
1972

means

07.00
48.9
61.1
52.3
54.1

hrs.

(- 6.3 S.D.)

175.0
165.0
165.2
162.3
166.8
235.6
208.8
192.8
221.8
214.6 (- 18.4 S.D.)

(- 5.5 S.D.)

TABLE 24
of the elephant.
0
C.M.L. (g/nVhr)

12.00 lira.
73.1
75.6
74.4 1.7 s.D.)

Overall mean

151.0
177.5
202.0
176.8
174 .4

194.3
171.4

186.7
181.7

Overall mean « 190.5 (- 21.1 S.D.)

- 64.6 (- 12.4 S.D.)

(- 25.5 S.D.)

(- 10.7 S.D.)

(February and May 1971 - solar

18.00 hrs.

60.3
64.1

JiZsi

57.3 (- 8.7 S.D.)

171.0
173.6

(1 10.3 S.D.)

203.5
146.9

175.2 (1 90.2 S.D.)
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Figure 191 The changes through the day in the

Cutaneous Moisture Loss of the elephant.
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are shown in T.ble 2k and fig. 19* These inelude
the same days on which the rectal temperature read*
ings above were taken, but also experiments iIn May
and February 1972 for which solar radiation load
was not so great (air temperature lower, cloud cover
increased). There was no significant difference
between these and the April 1972 results.

As with the rhinoceros there is a distinct
difference between the experiments carried out 1iIn
1971 (mean C.M.L. = 68.C Ik.k S.D.) and those
carried out i1n 1972 (190.5- 21.1 S.D.). This
difference is significant at the 0.1% level.

The earlier results showed a slight change
through the day, though only significant at the
5.0# level. The later results did not show any
consistent change in C.M.L. through the day.

Starch iodine papers were also used on the
elephant In an attempt to confirm these high cutan-
eous moisture losses. Again, the papers had turned
purple within twenty seconds of placing them on the
skin under a dessicant capsule holder.

These papers were used iIn February 1971 to try
to detect any C_.M.L. from the ears. The results
proved negative when the papers were placed again-

st either side of the oar.

km  Skin sample

Plate 7 shows a section of the skin taken from
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Plato 7: Skin section (T.S.) froa the dorsal side

of the elephant. Magnification X 3.3

Plate 8: Skin section (T.S.) from the inner side

of the ear of the elephant. Magnification

X 6.3
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the back of the elephant. Most of the epidermis was
removed before the section was taken so that only
the lowest projections of the epidermal papillae are
visible. No sweat glands were found in any of the
sections taken,

Plate 8 shows a section of the skin taken from
the inner side of the ear. Again, no sweat glands
were found. This side of the ear has, however,
many capillaries which can be seen between the epi-

dermal papillae in the upper dermal layers.

Appendix 2 contains calculations of the heat
inputs and heat outputs of the elephant in the
experiments in February 1971*

Appendix 3 contains calculations concerning

the increase in surfaco area of the elephant due to

its ears.



TABLE 25

Changes through the day in the rectal temperature (Tr) of the zebra.

Initial rise occurred to Maximum occurred at
Day Zebra Time Tr (°C) Time Tr (°C) % increase Time Tr (°C)
(hr*.) (hr*.) (hrs.)

1 1 08.30 37.9 09.30 38.2 66 13.00 38.4 0.6
1 2 08.30 37.2 09.30 38.4 92 13.00 38.5 1.3
2 1 08.00 36.6 10.00 38.1 72 16.00 38.7 2.1
2 2 08.00 37.3 - - - 14_00 38.7 2.4
3 1 09.00 37.0 11.00 38.3 72 14 .00 30.8 1.8
3 2 09.00 37.7 11.00 38.3 46 14.00 38.8 1.1
4 1 08.30 36.1 11.00 38.0 62 15.00 38.4 2.3

4 2 08.30 36.8 10.00 38.0 75 15.00 38.4 1.6

10T
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TABLE 26

The changes over four days of the respiration rate of
the zebra.

Respiration Kate (nho/min)

Time (hrs.) Zebra I Zebra 2
08.00 25 26

08.20 24 28

08.30 Kl 28

09.00 46 30

09.10 ko 24

09.20 ko ko

09.30 52 51

10.00 56 43

10.20 60 37

io.40 55 50

10.45 60 50

11.00 64, 48 46, 38
11.20 54 40

11.35 44 52

11.40 60 48

12.00 52 50

12.20 55 50

12.35 60 50

13.00 58, 60, 45 55, 44, 4o
13.20 50 43

13.35 - 52

14.00 60, 56, 51 55, 50, 46
14.20 46 30

14.35 - 51

14.40 56 _

15.00 61, 60, 51 50, 48, 47
15.15 - 50

15.20 50 20

16.00 50,47 45, 4o

16.20 43
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Figure 201 The changes over four days in tho ros

piration rate of "the sebra*
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afternoon*

2. Respiration rate changes

The respiration rates recorded on the same four
days as above are shown In Table 26 and fig* 20*
There was a rapid Increase in respiration after
09*00 hrs* v though the magnitude of this Increase
varied between the two animals* The respiration
rate of Zebra 1 had more than doubled by 10*00 hre*9
after which it remained steady until 1500 hrs. The
other animalt Zebra 2f had a more gradual increase
In respiration rate and the maximum value recorded
was significantly lower (at the 0*1% level) than
that recorded in Zebra 1* Both animals had a sig-
nificant decrease in respiration rate (significant

at the 0.1?5 level) between 15*00 hrs. and 16.00 hrs.

3# Cutaneous moisture loss changes

Figs* 21 and 22 and Tables 27 and 28 show the
C.N.L* recorded on four days from each animal. Day
4 produced the highest C.M.L. in both animals9 in
Zebra 1 this value was significantly higher than the
mean value of the other three days.

Fig. 23 shows the changes in mean C.M.L. for
the four days. In both animals there was an increase
up until 14.00 hrs.# after which there was a grad-
ual decline. The higher C.M.L. was recorded in

Zebra 2. In comparison to Zebra 1 this animal had
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TABLE 27

The changes over four days in the cutaneous moisture

loss (C.M.L.) of Zebra 1.
Time C.M.L. (g/m2/hr) Time C.M.L. (g/ni2/hr)
(Iire) (h***)
09.00 59.0 10.00 133.0
73.0 135.0
93.0 135.0
114.0 214.0
mean 04.8 <i 24.0 S.D.) mean 154.3 <- 39.8 S.D))
11.00 172.0 12.00 172.0
213.0
16270 258.0
260.0
mean  200.7 <- 40.4 S.D.) 250.8 (i 80.6 S.D.)
14.00 191.0
13.00 %2?'_% 285.0
276.0 298.0
112*0-
mean 268.0 (- 84.2 S.D.) mean 279.3 (- 63.8 S.D.)
15.00 130.0
233.0
240.0
309.0
mean 228.0 (- 73.8 S.D.)
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Figure 211 The change* over four days iIn the

Cutaneous Moisture Loss of zebra 1.
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TABLE 28

Tho changes over four days In the
loss (C.M.L.) of Zebra 2.

2
Time C.M.L. (g/ni/hr) Time
(hrs) O*rs)
09.00 76.0 10.00
75.0
110.0
121.0

mean  95.5 (- 23.5 S.D.) Mmean

11.00 170.0 12.00
225.0
265.0
285.0 - A

mean 236.3 (1 50.7 S.D.) Mean

13.00 180.0 14.00
255.0
361.0
362.0

mean 2895 (L 88.6 S.D.) @V

15.00 260.0
274.0
314.0

378ig—

moan 300.7 (- 42.8 S.D.)

cutaneous moisutro

2
C.M.L. (g/m/hr)

124.0
202.0
209.0
27010

206.3 (* 67.8 S.D.)

181.0
2240
304.0

d 335.0

261.0 (- 70.9 S-D.)

225.0
285.0
355.0

222
303.7 (- 61.4 S.D.)
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Figure 22i The change* over four day* in th*

Cutaneous Moisture Los* of sebra 2.
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Figure 23: The mean changes over four days iIn the

Cutaneous Moisture Loss of the zebra.
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a more rapid Increase In C*M«L« during the mornings
and a slower decrease iIn the afternoons* Howeverf
this difference between animals was not statistic-

ally significant at any point during the day*
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Discussion of Material! and Methods

It is pertinont at this point to make some
comment on the results obtained in relation to the
materials or methods used rather than iIn relation
to the overall objective of the study*

It was reported that the ventilated capsule
results obtained in the small climatic chamber
were ouch that it appeared iIn some cases as if
there was an iIncrease iIn the C.M.L. of the galago
on heat exposure.

when the large olimatic chamber became avail-
able for use. it was possible to have easy accnss
to the animals as thoy were placed in a small open
meshed cage with a relatively large opening panel.
Any equipment could, therefore, be put in place,
adjusted, or removed with the minimum of handling
and without having to remove the animals from the
heat. This meant that the ventilated capsule
experiments could bo repeated with better super-
vision. as well as allowing the use of the dessi-
cant capsule method. The sine of the chamber also
allowed the thermocouple/wick system to be placed
inside the chamber so that it was. therefore, at
the same temperature as the air reaching i1t from
the ventilated capsule.

Under these circumstances, the results show-
ed conclusively that no increase in C.H.L. was

occurring on heat exposure of the galagos. This
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then posed the question of whet were the causative
factors of the original artefact.

It 1s possible that sons slight differential
heating or cooling was occurring between the tubes
carrying the two streams of air to the thermocouple/
wick system (Fig.l.) This oould have happened iIn-
side or outside the chamber and would have differ-
entially altered the relative humidity of the two
streams of air. The relative humidity of the air
stream i1s inversely proportional to the amount of
evaporation that occurs at the wicks and, thoreloro,
is also iInversely proportional to the decrease In
wet bulb temperature that results from the evapor-
ation. As the output trace is dependent on the
temperature difference between the pairs of thermo-
couple Junctions which are recording this decrease
in temperature, a differential heating or cooling
such as is suggested would mean that the output
obtained would fall to refleot the true skin air
flow/ambient air flow difference in relative humid-
ity. Since this value is determined by the amount
of moisture present on the skin of the animal tho
results obtained were not an accurate measure of
this and, therefore, failed to indicate correctly
whether or not there were any changes in C.M.L.

The chances of this having occurred wore made
greater by the fact that the thermocouple/wick

system was placed outside the small climatic chamber*
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The two streams of air9 therefore9 had to pass out
of the hot, controlled conditions of the chamber 1iIn
to the eool9 uncontrolled conditions of the laborat-
ory. This was necessitated by the sise of the cham-
ber so the thermocouple/wiek system was placed as
elose as possible to the exit of the air streams
from the chamber iIn an attempt to minimise the risk*
The other disadvantage of the small climatic
chamber was that i1t was not possible to see if the
ventilated capsule was sitting properly on the ani-
mal v such that there was an air-tight seal between
the rim of the capsule and the skin* Some diffi-
culty had been experienced previously In maintain-
ing this air-tight seal and9 In order to overcome
the problem9 some sealing rubber had been placed
round the outer edge of the rim* von eo it le
possible that this was not sufficient and that the
air was entering under the rim of the capeule* IT
thie were the ease9 it would moan that a larger
area of skin wae being ventilated9 the amount of
moisture taken up would be greater end the C*M*L*
loss would9 therefore9 appear to be high* While
the capeule 1e in place the evaporation of any
moisture under the rim is suppressed9 whether it be
Insensible or sensible moisture* If the air-tight
seel had broken as suggested above this moisture
would have been carried into the capsule and would

also have been reflected as an increase in C*M*L*
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Whatever the reason(a)v onee the experlsrents
were repeated iIn the large climatic chamber the
results obtained showed no active increase iIn C«N«U,
and this was confirmed by the dessicant capsule
results*

The i1nvestigations carried out showed that
the tranquilliser appeared to have little effect
on the ability of the baboons to thermoregulate at
high environmental temperatures* Ideally a similar
investigation should have been carried out with the
chimpanzees. Instead of extrapolating the results
from this work with the baboon* As the chlmpan*
sees were obtained on the understanding that only
observation experiments were to be carried out this
was impossible* The tranquilliser was, therefore,
used and any changes in rectal temperature monitor*
ed closely, so that in the event of hyperthermia
(above 40*5°C) the animals could be removed from
the chamber* These measurements were then used in
drawing the conclusions concerning the iInteraction
of the tranquilliser with the animal®s ability to
thermoregulate*

As has been mentioned, the tranquilliser did
appear to have an effect on tho ability of the
chlmpanseos to thermoregulate such that they were
unable to prevent a fall i1n body temperature* The
two days of the experiments were relatively cold

and 1n one animal hypothermia occurred during a
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period of fifty to sixty minutes during transport*
ation9 while in the other it occurred during s period
of only ten to fifteen minutes while the tranquill™*
Iser was taking effect and basal measurements were
being taken. Fortunately, this interaction did not
appear to affect teog>orators regulation on heat
exposure= In one experiment rectal temperature rose
1#8°c (37*"°C to 3B.6°cC) during a ninety minute
exposure to 40.0°C, an increase similar to that
observed in tho baboon i1n similar circumstances* In
the other two experiments rectal temperatures iIn*
creased steadily from the low values, around 35*1°Cf
but never exceeded 39»°C. In ono experiment i1t was
beginning to stabilise at this value after three
hours at 40.0°C and in the other experiment i1t hod
already stabilised at 39«1°C after two and a quarter
hours at ().0°C. In the baboon experiments rectal
tesgperatures of over (K>.0°C were recorded during
much shorter heat exposure periods. From a consid-
eration of all these facts, i1t was concluded that
it was unlikely that the tranquilliser would slg*
niflcantly alter the qualitative responses of either
the baboon or the chlmpansee to heat exposure.
Robertshaw (personal communication) also found
this to be true in work on stump-tailod macaque
monkeys (Macaca speclosa). though the tranquilliser
did have the effect of delaying tho onset of the

thermoregulatory responses to heat exposure.
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In oarrying out this studyt the question arose
of whether it was better to use the ventilated or
the dessicant capsule method for the measurement of
cutaneous moisture loss. The problem encountered
initially in the ventilated capsule experiments with
the galagos has already been discussed and the ways
of overcoming it suggested.

In all ventilated capsule work, i1t is First
necessary to find the critical flow rate (Fo) at
which there i1s no difference In the skin temperature
(Ts) between the inside and the outside of the cap*
sule. ITf any other flow rate is used (F) a correct-
ion factor of (Fo/F)k has to be mode to the measur-
ed C.M.L. (E), k being the linear coefficient of log
B against log F. McLean (1963) states that these
differences in Ts are usually small and that norm-
ally the 95# confidence limits for Fo ore quite
large, e.g. L.11 litres/min to 2.70 litres/min if
Fo»1*93 litres/min. This is so, unless the capsule
iIs small in area and depth, when Fo becomos much
more important. As the capsule used on the galagos
was relatively small i1t was important to find Fo (or
k In order to carry out the correction) to produce
an accurate value of C_.M.L. However, the diffi-
culties arising from the size of the capsule and
the problems in handling the animal meant that this
wss not possible. Therefore, this method was used

only on a qualitative confirmatory basis.
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In later experin«ntf, this problem of dotermln*
ing Fo, the laek of quantitative reliability which
resulted if 1t was not found, and a preference for
the more straightforward method resulted in the
use of the dessicant capsule* The ventilated cap*
sule was then again used to obtain confirmatory
results whenever possible* The distinct advantage
of the ventilated capsule method is evident in
experiments In which a continuous record of C*M*L*
IS required, e*g* iIn the response to the adrainist*
ration of a drug* In the present experiments the
C*N*L* was normally low and sov consequently, the
deflection from sero obtained on the millvolt
recorder was also small* This meant that any
changes in C.M.L* were often masked by the Insta*
billty of the equipment, which resulted, mainly,
from its increased sensitivity* Five sets of very
mmall («6S*V*G.) thermocouples were used so that
any variations iIn the differences between tho wet
bulb temperatures were magnified, regardless of
whether these were experimental artefacts or natural
variations* This was another contributory factor
In the decision to use the dessicant capsule*

When the tranquilliser, phencyclidine hydro*
chloride, was used a dose of Img/kg given
Intrasiuscularly (i*m*) was normally sufficient to
tranqulllise the animal* It was then in a trance*

like state of unconsciousness and could be handled
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frttly for two to throe hour*. Occasionally, the
animals would attempt co-ordinated, forceful move-
ments of the limbs within this time, and if this
began to interfere with the experiment a further
0.25mg/kg of the tranquilliser was given. At least
thirty six hours was allowed between consecutive
experiments in an attempt to eliminate any such
resistance to the effect of the tranquilliser.
There appeared to be no adverse side effects
of the drug in the galago or the baboon, and these
animals regained normal behaviour after four to
eight hours. However, this was not the case with

the chimpansee. As the tranquilUsing effect of

the drug began to wear off, the chimpansee began to

exhibit extreme agitation, rolling around on the

floor of his cage and Mscreaming”e This bohaviour
occasionally occurred in the untranquillised state
but to a lesser degree, and it could be stopped by
handling the animal. After tranquillisation, the
animal could not be pacifiod in this way and it
vat necessary to administer a dose of 10™Nig/kg o.
acetyl prosmslno. It sdight be that the animal was
experiencing hallucinations, a side effect known
to be cosnon In man (Martingdale, 1967). Subseq-
uently, 10pg/Z/kg of acetyl promaslne was given
intramuscularly on completion of each experiment

to prevent these reactions occurring.
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DISCUSSION

Whon discussing thermoregulation in the animals
investigated, they are best divided into the two
broad general categories of primate and non-primate
species* Primate physiology is arousing consider*
able Interest at presents

1* because primates are being used widely as

a model for man iIn many physiological
experiments*

2* with regard to the inter-relationships

between primate speciest

3. with regard to whether this information

from extant species can be used to

clarify man®s evolution*
The three non-primate species have been considered
in an attempt to fit the knowledge obtained into the
more general picture of thermoregulation which is
emerging In mammals*

This iInvestigation has suffered throughout from
the availability of insufficient numbers of animals
from each of the species used* In an attempt to
overcome this, experiments within each species hove
been replicated as often as possible, but the hand-
ling, management or associated problems have Imposed
a limit to this* Nevertheless, it is felt that
sufficient Information has been collected to make
the more general qualitative conclusions valid, i1*e*

whether the animal sweats or pants* In considering



quantitative levels for ths parameters a little more
caution 1Is necessary in salting any conclusions until
some confirmatory work on more individuals in each
species is carried out.

The results obtained from the galago, however,
need not be Included iIn this generalisation. They
were quite clear cut as in this prosImian species
evaporative hoat loss from the body only occurs
through panting, b.e. from the upper respiratory
tract. The Increases in C.M.L. which did occur on
heat exposure (up to 36.0 and 33»9g/®™/br.) ore far
too small to bo considered as sweating. When the
anisMil 1s experiencing a high heat load the minute
volume of respired air is iIncreased by panting and
this iIncreases the amount of evaporation which 1is
taking place. In the galagos the respiration rate
increased gradually from basal values of *I0 to IO
times/minute at 18°C - 20°C up the maximum values of
between 250 and 300 times/rainute at *0°C.

Crawford (1962) found that when dogs were
exposed to high temperatures there was an Immediate
Increase 1In respiration rate up to 250 times/minute.
This did not Increase any further if the exposure
was continued or the temperature increased. This
frequency was found to be the resonant frequency
of the respiratory tract and involved less expend*
Iture of energy (and thus less heat production) to

sustain it than other similar high respiratory rates.
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However, the gradual increase In respiration
rate in the galago Indicates that9 as iIn the major*
ity of panting animals (Richards 1970), a similar
principle of resonant frequency is not involve*.!
the iIncrease iIn respiration rate which occurs on
heat exposure*

Montagna and Yun (1962) classified the
of the greater galago as "primitive” on the basis
of histological and histochemical examination*

The lack of sweat gland activity observed in this
study fits In with this observation* Wo sweat dis-
charge could be stimulated using various concen-
trations of sympathetic and parasyrapathotic drugs,
so, perhaps, these glands are merely "'scent”
glands as Montagna and Yun suggest* They found
the glands to bo sparsely distributed and apocrine;
the histology carried out here would tend to con-
firm this* These glands could, however, be alter-
natively classified as epitrichial (bligh 1967) as
Montagna and Yun (1962) found them associated with
hair follicles; in plate I the gland is seen in
a similar position*

The greater galago is a nocturnal, aboreal
animal found widely distributed in Africa, south
of the Sahara (Haddow and Ellice 1964)* The wood-
land environment it inhabits can be found at
altitudes from sea level to 2,000 metres and duo

to the effect of altitude the species is thus
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distributed over varying temperaturo zones. lboardor
and Doyle 1973). Dy lie behaviour the galago avoids
the hifth environmental heat load that i1t oould ox-
perlonoe ovor much of this area. They have bi «n
observed during the day to be sleeping on tlu> bran-

ehes of trees9 where they wore normally shielded

from solar radiation, and any voluntary moveraont

during the day only occurred iIn responso to changes
in temperature (Beardor and Boyle 1973)* Alterna-
tively, they sleep i1n hollow trees (Aatley-Mabcrley
1967). They are active at night when any heat pro-
duced as a result of their activity can bo easily
dissipated. Besides this behavioural thermoregul-
ation the animal i1s well ndaptod to overcomo the
cooler conditions due to i1ts thick fur coat, whiic
the hotter conditions it experiences are overcome
by panting.

In the present study on ths baboons tholr res-
piration rate also iIncreased on heat exposure,
though the magnitude varied between the three in-
dividuals. At an environmental temperature of
kO°C there was on 80 increase In rospiration rote
in baboon 1 (19,8 to 35.7 times/min), a 3H iIncrease
in baboon 2 (21.1 to 28.9 times/min) and a 77/9* in-
croase in baboon 3 (2b to ™6 tiroes min), Ffunkhouioil ,
Higgins, Adams and Snow (19°7) exposed unanethotised
baboons to an air temperature of 45°C and this

caused an average increase in respiration rat*." i1loa
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21«3 tlmos/tnin (at 25°C) to 72*0 timoa/min (a 2Z23ft#
incroaae). This 5°C difforenoo between the envlron-
mental temperature of 45°C used In their experiment*
and the 40°C used iIn the present work appears to
make a considerable difference to the respiratory
response of the animal to heat exposure. However,
Newman, Cummings, Miller, and Wright (1970) reported
that exposure to an environmental temperature of
43°C caused no iIncrease iIn respiration rate iIn the
baboons used In their study. Respiration rate in-
creased only i1f sweating was blocked with scopola-
mine. An iIncrease in respiration rate also occurred
in the present study when sweating was blocked by
atropine.

The Increase in respiration rat* on heat ex-
posure was found to be correlated with rectal temp-
erature iIn baboons 1 and 2. It 1is, therefore,
probable that deep body temperature is a controll-
ing factor for respiration rato. Thus, If sweating
is blocked this causes on increase in deep body
temperature which would then cause the Increase in
respiration rate observed.

Newman at al (1970) found that there was no
substantial change in the water they collected from
the head when sweating was blocked, from this data
they concluded that the baboon obtains about 1/Jth

of 1ts evaporative cooling from the respiratory

tract.
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The question then arises of what was the stim-
ulus for the iIncreased respiration rate which occur-
red in the present work* An iIncrease iIn body temp-
erature will raise the animal®s metabolic rate and
thus i1ncrease its oxygen consumption* This will
stimulate the ventilation rate, but the Qg for this
increase would bo expected to be between 2*0 and 3*0
due to the Vant Hoff effect. In the present work
Q10 values for the iIncrease iIn respiration rate were
9.1, 6.5 and 5.5 1n baboons 1, 2 and 3 respectively.
However, if there was a decreaso in tidal volume this
might offset the high QIO values for the increase in
respiration rate so that the increase in the vent-
ilation of the lungs could still have a Q10 of 2.0
to 3.0. IT there had been no change in tidal volume
a fall in blood CO2 would have occurred. This was
not measured, but no signs of respiratory alkalosis,
such as tetany, wore seen. It is, therefore, likely
that there was a decrease in tidal volume so that
the increased respiration rate was not hyperventil-
ation. Thus the animal was panting and the stimulus
to respiration was more than merely a Qjq effect. If
it had been possible it would have been interesting
to*

1. measure tidal volume to confirm that it

was panting;

2. partition the evaporative cooling iInto its

respiratory and cutaneous components, and
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thus find the importance of panting to the
animal .

The baaal values of respiration rats recorded
at 18°C to 20°C in the present study had a mean value
of 21.6 tlaes/min. This is very similar to the mean
of 2~.8 times/min reported by Vice and Rodrigues
(1965) i1n 80 tranquilUsed baboons at a similar tem-
perature.

Punkhouser et al (1967) reported that Msweating
was observed during exposure to heat” but no attempt
was made to investigate i1t further. In the present
study C.N.L. was found to have a mean basal value of
17.7 g/n2/hr at environmental temperatures between
18°C and 22°C. If these animals were then exposed
to an environmental temperature of 40°C there was a
gradual increase In C.N.L. The maximum value record-
ed was 121 g/ma/hr after 90 mins of the exposure to
40°C. It is noticeable that the smallest baboon (3)
which had the highest respiration rate and the
greatest increases in rectal temperature sweated the
least. C.H.L. in this animal never exceeded 70g/m /
hr and on one occasion reached only 60g/m™/hr after
110 mins of exposure to (I0°C. 1In all three animals
droplets of sweat were seen or were detected by the
starch and i1odine method, which confirms that this
iIs sweating and not merely an increase in insensible
moisture loss.

This i1s further substantiated by the effect of
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atropine on C.M.L. during boat exposure. When the
atropine was injected intravonously i1t completely
blooked sweating so that C.M.L. dropped to a pre-
exposure level. At the some time there was a com-

pensatory inorease 1In respiration rate though this

failed to prevent on increose in body temperature.

This increase in respiration had an average Qxo of

10.2 i1n four experiments, i1.e. 1t was not merely a

result of iIncreased body temperature/Oxygen consum-
ption. This effect or atropine also proved that the

sweat glands ore cholinergic.

The mean correlation coefficient (for the three
animals) between the duration of exposure to kO°C
and C.M.L. was found to be significant, while that
between rectal temperature and C.M.L. was only sig-

nificant In baboon 3. from the data, i1t thus

appears unlikely that the C.M_.L. 1s as dependent os

respiration rate on the deep body temperature of

the animal.

The ability of an animal to thermoregulate
efficiently is reflected in the stability of its

body temperature on heat exposure. In the present

work, body tesg>eroture of the baboons always incre-
ased on exposure to an environmental temporature of
kO°C9 In baboon 1 rectal temperature had normally
stabilised at about 39.0°C, after a mean increase
of 0.66°C, and in baboon 2 at about 39»"°C, after

a mean increase of 0.57°C. However, baboon 3
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always had a bigger increase In rectal temperature
(mean Increase = 1*45°C) and normally this had not
stabilised, though the -upper value recorded was never
eore than 40*1°C* Funkhouser et al (19&7) reported
the work of Slonim (1939) in which two baboons were
able to tolerate exposure to 40°C without any change
in body temperature* Also Newman jjt «I (1970) found
that body temperatures remained in equilibrium in

their baboons during 150 minutes at 43°C* However,

Funkhouser _ot (19&7) found that during 90 minutes
at 45°C there was a steady rise in the body temper-
ature of 4 untranquilllsed baboons from 3C¢20C to
*0.6°C.

It would appear from this limited collection of
data that temperatures of 40°C to 43°C can be toler-
ated by the majority of individuals* However, the
increase to 45°C Imposes too much of a heat load on
the baboon and efficient thermoregulation breaks
down*

Histological examination in the present study
suggests that the sweat glands present are ocerlne
glands, like those In man* Montagna and Yun (1962)
found them to be numerous, though in the present
study many sections had to be taken before a gland
was located* After their histological and hlsto-
chemlcal examination, Montagna and Yun classified
these glands as "highly differentiated and having

undergone as much evolutionary advance as those of
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th« gorilla and chimp”. They also found a few apo-
Grins glands, especially on ths anterior cheat and
belly. These were not found iIn the present study,
even though the skin samples were taken from the
chest region.

The baboon (Papio spp.) is distributed through
the whole of sub saharan Africa ex%ept for Central
Vest Africa, though the yellow baboon used iIn the
present study is restricted to i1vast and Central
Africa, (Napier and Napier 19&7). Within this area
it is normally found in opejfo arid country (Maples
1972) In which it moves around during the day. It
ist therefore, exposed to a much greater heat load
than the galago, as well as having a much higher
internal heat load due to this diurnal activity.

To ovorcome this, the baboon has developed a sweat—
ing mechanism. This enables it to lose heat by
evaporation of water from the skin surface, instead
of restricting i1t to the upper respiratory tract.
This increase In C.M.L, has not entirely superseded
panting, though the thermoregulatory importance of
panting does appear to be In some doubt.

The effect of the tranquilliser on tho ability
of the chimpanzee to thermoregulate efficiently has
already been discussed* If the animal i1s expoeed
to a high heat load i1t also dissipates excess hast
from the body by both sweating and panting.

On exposure to 40°C the C*M*L. Increased six*
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fold in one animal (to 80.0g/a2/hr) and doubled in
tho other (to 35.7g/m™/hr)e Whitford (1970 and per*
eonal communication) has confirmed thia iIncrease In
C.M_.L. as he found that the mean evaporative water
lose at environmental temperatures of 37«)00C was
more than double the value at 25°C. Some of this
increase might have been due to an increase in res*
piration rate, a parameter he did not measure in
his ehimpanssees= However, he found that, on heat
exposure, the rate of water loss from areas ident*
ified as sweat production areas was ten to twenty
times greater than from other, non*sweating, areas.
In this present work droplets of sweat were obser*
ved around the eyes, nose and mouth; on the palms
and sides of the hands and feet; and around the
scrotum. These are three of the eight areas that
Whitford classifies as sweat production areas.

This sweating was inhibited by atropine, i.e. the
glands are cholinergic. The C.M.L. dropped from

80-Og/tn2/hr to 21-1g/m2/hr when the drug was ad-

ministered intravenously, but there was no signif-
icant change in rectal temperature or respiration
rate in the ten minutes following this.

The respiration rate of the chimpansees at
ambient teeg>erature (18-20°C) was normally about
30 times/min and on heat exposure this always in-
creased. In three experiments at 40°C, two of

which were with tranquilUsed chimpansees, the
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respiration rats stabilised at fifty to sixty tiroes
par minute* In another experiment with an untran*
quillised animal there was no change iIn respiration
rate on exposure to 40°C, while i1n a fifth experi-
merit with a tranquillised animal respiration rates
of up to ninety times per minute were recorded on
heat exposure.

These increases in respiration rate in the
tranquillised animals had Q10 values of 7*6,
and 3.5. The possibility of this increased respir-
ation rate being hyperventilation was increased by
the use of phencyclidine hydrochloride as a tran-
quilliser. This drug is known to produce halluc-
inations in man (Martlndaie 19°7) and these can
often result in hysteria and hyperventilation. How-
ever, the animal never became agitated during the
experisrent and never showed any symptoms of alkalot—
Is tetany, one of the coneequonces of hyperventilat-
ion. The conclusion i1n this animal was that again
this iIncreass in respiration rate was panting and
the stimulus to respiration was mors than merely a
QIO effect. It would be of iInterest to partition
the evaporative water loss and measure tidal volume
to confirm this.

The increases in both respiration rats and
C.N.L. which occurred on hoat exposure of the tran-
quitlised chimpanzee were very closely correlated

with rectal temperature. It is, therefore, probable
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that the activity of these evaporative heat lose
mechanisms is controlled by the animal"s deep body
temperature*

Through both these methods of evaporative water
loss the chimpansees were able to dissipate the heat
load imposed upon them* However, Whitford (1971)
reported that chimpansees were unable to tolerate
environmental tomperatures of over (K)cc* It would,
therefore, appear that the teisperature at which
efficient thermoregulation in the chimpansee breaks
down must have been only slightly above the temper*
ature used iIn the present work*

Under natural conditions these animals are dis-
tributed across the forest sone from Guinea to the
forests of western Uganda and Tansonia (Kingdom
1971)* In this environment, due to the foliage
cover , the solar radiation input during the day ia
low (Napier and Napier 19°7) so that in contrast to
the baboons tho chimpansee never experiences any
great beat load* For the same reason the heat loss
from the environment during the night la also low
and, consequently, the range of temperature that
the chimpansee experiences is normally narrow*
Possibly as a result of this their ability to ther-
moregulate efficiently at environmental temperatures
above 40°C appears to be less well developed than in
the baboon*

When comparing thermoregulation between these



133

primate specie* a number of points become apparent!

1.

3#

The greater galago, a representative of the
more primitive prosimian suborder, is able to
thermoregulate efficiently and does so by pan*
ting*

Both the baboon and the chimpanzee have devel-
oped sweating as a heat loss mechanism* This
appears to be used together with panting as an
evaporative heat loss mechanism* The sweat
glands in these animals are very similar on
both a histological and histochemical basis to
those of man. A* iIn man, they are cholinergic-
ally controlled*

It appears that the C*M*1#* In man IS very much
greater than that which occurs iIn any other
primate* Newman (1970) reports that values as
high as 1000 g/th /hr have been recorded. As
the density of the sweat glands in the skin of
the baboon and the chimpanzee is not known and
could not be measured, a comparison of the act-
ivity of individual glands cannot be made* The
question of whether it iIs an iIncreased number
or an increased activity of the glands which 1is
responsible for the high rates of C*M*L* in man
must, therefore, be left open*

Having investigated thermoregulation in several
primates, including the chimpanzee, the animal

normally considered the closest relation to man.
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the most interesting point which emerges Is that

man appears to be the only primate which has com*

plotely lost the ability to pant* The question
then i1s * why? Tho only suggestion that the
author can make is that i1t is possibly related
to mail"s ability to spoak. An attempt to hold
an intelligent conversation in tho mid-day Afri-
can sun would be rather hundlcappod if the iIn*
dividuals concerned had to pant as well 1 How*
ever, the question of whether it was the devel-
opment of speech or the lack of panting that
occurred first is tho important point iIn this
respect. It could have been that speech only
developed after hominids had ceased to pant.

In discussing the non*primate species the basic
question which has to bo answered is ’how do these
animals thermoregulate™? From this must follow a
conclusion as to how sffeotlvely thsy ars able to do
this. Ths results obtained have posed some interest-
ing questions concerning the evaporative water loss-
es recorded from the rhinoceros and elephant. For
this reason, these species will be considered to-
gether in the following discussion.

The published literature on the thermoregula-
tory physiology of all these animals 1s sparse or
non—existent, probably as a result of the difficulty
in obtaining experimental animals. This has also

been a sevorc limiting factor in theso current
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experiments. However, it is hoped that this res-

tricted look Into e completely unknown field has

proved to be of some use, i1f only to stimulate int-
erest for a more comprehensive iInvestigation.

Before discussing the general question of ther-
moregulation in theso animals, the following points
need s little clarifying!-

1. Vhat increase in C.M.L. is there from early
morning through to mid-day, i1.e. do they sweat?

2. fchat 1s the explanation for the high insensible
C.M.L. recorded?

3. Why i1s there a difference between the results
of the initial experiments (February 1971) «*d
those carried out in December 1971, February,
April and Nay 19727
Between 07*00 hrs. and mid—day an animal in the

field i1s normally experiencing a gradually increas-

ing ambient temperature and also a gradually in-
creasing solar radiation load. The severity of the
increases are likely to vary considerably, depending
on weather conditions, season, etc., but they have
to be compensated for through the anisuil®s heat loas
mechanisms to prevent a rise In body temperature.

The difference in C.M.L. between 07*00 hrs. and mid-

day will show how much reliance the animal places

on sweating for this purpose. Msasurements in the

rhinoceros show a significant increase between the

07*00 hrs. and mid-day values of C.M.L. The mag-
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nitude of this increase was not always constant, but
this will bs discussed in relation to question 3* It
would, therefore, appear that the rhinoceros sweats
(see page 142)= In the elephant this i1s not so| al-
though the initial experiments were a little iIncon-
clusive, fTurther work has clearly shown that no sig-
nificant variation in C _7A.L. occurs through the day*
In these later experiments cutaneous moisture loss
from the elephant has been recorded at an average
value of 190*3 g/n2/hr* This i1s a very high value
for insensible siolsture loss* The rhinoceros was
found to have an even higher insensible (07*00 hrs.)
C*M*L., 284*3 g/m2/hr, iIn experiments carried out at
the same time* In the early experiments the insens-
ible C*M*L* 1n the rhinoceros was also relatively
high, 108*2 g/m2/hr and it is only the C*M*L. record-
ed in the early experiments on the elephant, 64*8
g/m2/hr which has a value similar to the insensible
moisture loss of other species* These results pose
the question of what iIs the explanation for these
high Insensible C*M*L* (question 2)* It could be
that these high Insensible moisture losses are an
artefact of the experimental method, as the dessicant
capsule method used has often been found to produce
high results (Maclean 1963)* This could be explain-
ed by the fact that the skin underneath a dessicant
capsule is exposed to ailr at zero humidity, a con-

dition it never experiences under normal conditions*



137

It is possible that this could havs boon tending to
"suck® Moisture through the skin and so produce on
apparently high rate of evaporative water loss, i*e#
the skin has a high "coefficient of diffusion of
water”. In the rhinoceros and the elephant this co-
efficient is, perhaps, especially large thus pro-
ducing these very high results* It could be checked
b> using the ventilated capsule method, in which tho
air passing over the skin is always at ambient hum-
idity. However, this was not possible under tield
conditions.

IT there was as much moisture present as these
results suggested, it was thought that it should be
possible to detect it by using starch-iodine papers*
This has never been iIntended for use as a quantitat-
ive method, unless the individual marks from eoch
sweat gland can be i1dentified and counted* However,
it was hoped that it might be of some help in clari-
fying the problem. When the papers were placed (un-
derneath a dessicant capsule holder) on the skin of
the rhinoceros or the elephant, they began to turn
uniformly purple within 20 seconds* In sitnil.n
experiments on s cow sweating at approximately 300
g/m~/hr the papers took at least 60 seconds to
change colour* This shows the quantitative limit-
ations of this method, as the rhinoceros and ele-
phant definitely were not sweating at 900 g/ra’vhrl

However, it does prove that there is a lot of moist-
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ure coming through the ekin of these animals even
when the dessicant in the capsule iIs not present*

In recently published work. Young (1972) has
found that the elephant can lose up to 50 </12/hr
of moisture through the skin, even though there are
no sweat glands present* Young states that this flow
of moisture ('sweat”) from the blood vessels through
the skin tissue to the skin surface is enhanced by
a large number of capillaries in the dermis* The
distribution of moisture onto the skin from these
capillaries is then "hastened" by a ''chemical™ which
surrounds the vesselsv though exactly what this
chemical 1is, or how it functions is not stated*

As there are no sweat glands in the skin of the
elephant, the C.N.I. must be controlled by the skin/
ailr vapour pressure gradient* At 07*00 hra* the
sweat glands i1n the rhinoceros are unlikely to be
active (see below)* Therefore, the high basal level
of C.M.L* in this animal 1is also insensible moisture
loss, and thus also dependent on the vapour pressure
gradient* Assuming that the vapour pressure (V.P.)
of the skin is equal to the saturated V*P* at skin
temperature, the C*N*L* in both animals would be
expected to decrease during the night as the animal*s
skin temperature fell, ambient V_P* increased, and
thus the V*P* gradient decreased* However, i1f the
level of evaporative cooling should decrease during

the night, the iIncrease in convection, conduction.
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and radiation that always occurs in tha cooler night*
time conditions would normally supplement the anim-
al# heat loss sufficiently to dissipate the animal9s
m etabolic heat load, plus any heat stored during the
«*y .

This then leaves the question OF the discrep-
ancy between the initial and later experiments to be
discussed* A subjective assessment of vasomotor
tone at 07*00 hrs* in the prominent blood vessels on
the back of the ears of the elephant suggested that
there was always cutaneous vasoconstriction at this
time* It is unlikely, therefore, that the evaporat-
ive heat loss mechanisms in the rhinoceros were act-
ive at 07*00 hrs*, as it was in the same temperature
conditions as tha elephant* Measurements of C*N*L*
at 07*00 hrs* would thus simply reflect insensible
moisture loss* The mean insensible C*M*b* in the
elephant showed a threefold difference from 64.8
g/m2/hr to 190*5 g/m~/hr between the initial experi-
ments in February 1971 and the later ones in 1972*
On the same occasions the rhinoceros was recorded as
having an insensible C*H*L* of 108*2 g/m~/hr and
2fi'»*3 g/m2/hr respectively*

In an attempt to explain this difference in the
values of C*M*L* obtained a comparison should bs
made of the experimental conditions during the two
sets of experiments*

The management of the animals were exactly the



sane, though the Aninalt were between twelve to fif-
teen months older when the second experiments were
carried out. The sir temperature was a little high-
er (approx. 1—2°C) when the lower results were ob-
tained. The experimental methods used were the sane,
although the actual capsules usod were different.
However, measurements made at the Athi River field
station to compare the "old" (used in February 1971)
and "new" (used later) dessicant capsulos, showed no
difference between them. Subsequently the same
"new** capsules wsre used on the zebra and produced
values for insensible moisture loss comparsble to
other species (4cO60 g/sZ/hr). On both occasions
water was available ad libitun, but the first set Of
experlawnts was carried out in the sdddle of a pro—
longed drought period. The moisture content of the
vegetation wasv therefore, probably low so that the
animals might have been relatively dehydrated et
the tiaM of these early experiments. Dehydration
has bean found to decrease the insensible water
lose from non-sweating animals (Finch personal com-
munication) vand it is possibls that this is the
explanation for the lower Insenslblo C.M.L. in the
first set of experiments.

Otherwise, it can only be suggested that the
difference in C.M.L. in the two sets of experiments
might be linked with the age difference of the ani-

mals. It would seem, however, that a younger animal



would benefit more from a high C.M.L. since it has
a larger surface area to body weight ratio than an
older animal. The effect of this is that in the
younger animal the incoming radiation through the
skin surface has only a relatively small body mass
to heat up and unless this excess heat can be re—
moved, o.g. by a high C,N.L#t tho animal is in
danger of becoming hyperthermic*

Some of the results obtained show that this
difference in insensible C*M*L* between the earl-
ier and later experiments is reflected in the other
physiological responsos or the animal to the in-
creased environmental temperature* In the rhino-
ceros tho mean respiration rate at mid-day in the
earlier experiments, when C*f*L* was low, was F7*3
times/minute* In the later experiments, when
C*M*L* was high, respiration rate was significant-
ly lower aud had a mean value of 55*0 times/minute.
The elephant on both occasions showed an increase
in rectal temperature up until 12*00 hrs* from
36,1°C to 37.2°C* When C.M.L* was high there was
never any further increase but when it was low, in
the earlier experiments, it increased by a further
1*0°C to 36*2°C at 18*00 hrs*

The general question of the mechanisms for
body temperature regulation in relation to the re-
sults obtained can now be discussed* The rhino-

ceros showed an increase through the day of 52*4
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g/a2/hr in tho first experiments end 90.5 g/szlhr in

the second. Early morning, basal C.M.L. was high on
both occasions, 108.2 and 284.3 g/m2/hr respectively,
end 1t Is possible these increases iIn C.M.L. recorded
through the day are merely an Increase in this in-
sensible moisture loss. However, the presence of the
large, numerous, well developed sweat glands and the
magnitude of these C.M.L. differences, especially in
relation to the elephant, which possesses no sweat
glands, would tend to indicate that this iIs an act-
Ive secretion of moisture on to tho skin, i1.e. the
animal is sweating.

The rhinoceros would, therefore, appear to be
like many other of the larger East African mammals,
e.g. waterbuck (Taylor, Spinage and Lynman 1969)*
eland (Taylor and Lynman 1969)* impala ("laloiy and
Hopcraft 1971) and buffalo (Robertshaw and Taylor
197"9), as i1t rolies on both an Increase In evapor-
ative water loss from the skin (sweating) and from
the respiration tract (panting) iIn order to help
dissipate any heat load imposed upon it. Hovcver, .
unlike these other species, the rhinoceros also
appears to have a high insensible C.M.L. Tina umst
also help in the heat dissipation of the animal as
the mean insensible C.M.L. of 108.2 g/m2/hr rocord-
ed In the first experiments and tho 284.3 g/mzl*h'

recorded iIn the second experiments would result in

e hoot loos of 1399.6 keal/a2 and 3684_.4 keal/m2
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respectively if it continued over a twenty four hour
period.

The white rhinoceros was observed to be sweat-
ing In the shade at mid-day, while the respiration
rate did not increase until the animal was exposed to
a solar radiation load in the afternoon. It would
thus appear that sweating is the major method of
evaporative heat loss and that panting i1s used to
supplement this In more severe conditions.

The body temperature variation through the day
was 1.0°C in both the black and white species. This
can be compared to other speciesv I3ligh and Hartliorn
(1969) Schmidt-Nielsen (1957), Table 29, in which
rectal temperature increases are considerably greater.
Even though the environmental temperature change that
some of these animals were experiencing was somewhat
more than in the present work i1t would appear that
the rhinoceros is able to maintain a relatively
stable body temperature. However, Allbrook, Harthorn,
Luck and Wright (1958) found that the rectal temp-
erature of white rhinoceros iIncreased from 34.5 C
at sunrise to 37*5 at sunset. This latter value is
very similar to the mean rectal temperature of
37.6°C found at 18.00 hrs. (one hour before sunset)
in this work, though the increase in rectal temp-
erature that they recorded through the day was con-
siderably greater. Allbrook ot al (1958) also iden-

tified large numerous sweat glands iIn the skin of



the white rhinocsros but found no evidenco of sweat*
ing during the day using the quinisnrin*sodium car*
bonato*atorch method for detection of moiatur© loss#
They did not report any changea in respiration rate
nor any of th© environmental conditions during
these experiments* It can only be presumed that
the conditions were insufficient to initiate any
thermoregulatory response but were adequate to cause
a rise in rectal temperature. The relatively labile
body temperature and lack of C.M.L. observed could
have been duo to dohydration of the animals, flnch
(personal communication) and Taylor (1<K»9) obe*

a decreased C.M.L. in dehydrated oryx and eland and
consequently s large diurnal variation in body tamp*
erature.

Under natural conditions the rhlnocc o« L*>
sparsely distributed through Bast and South A frica.
Within these areas it Is often found in dry bush
country whore the solar radiation load is high
(Do st and Oanolelot 1970). The ability of these
animals to both sweat and pant would thus be oi
thermoregulatory benefit in this habitat.

An attempt to explain thermoregulation in the
elephant presents rather n problem. In the earlier
experiments body temperature increased through the
day by s maximum value of 2.1 C (07*00 hrs. to
18.00 hrs.)| in tho later experiments the maximal

Increase was 1.1 C. Benedict and bee (1936) study*



log a too kg elephant, found a maximum daily vari-
ation of 1(600 using the temperature of urine sam*
plea as an indicator of body temperature. However,
this work was done in the Nutritional Laboratory of
the Carnegie Institute of Washington in Boston,
where environmental temperature only varied between
9 C and 13 C during the day. When Dues and Walker
(1965) shot and measured body temperaturo in nine
elephants here in Last Africa, and then measured
fecal temperatures of twenty more, they found vari*
ations in body temperature of 96.8°F to 9.2 F
06.0°C to 36.8°C). They concluded from this that
"the relatively stable body temperature reflects
the efficiency of the thermoregulatory mcchanisimsN
as, presumablyv this data was collected at various
times through the day, so that the elephants con*
cerned would have been experiencing varying solar
radiation loads. Young (1972) also noted their
ability to thermoregulate when he found that the
rectal temperature of elephants in the Kruger Nat*
ional Park, South A frica, seldom variod by more than
1% from an average value of 36.4°C. However, he
makes no mention of the circumstances or method of
measurement of this. The stability of rectal temp*
erature in the present work can also be used as con*
flrmatory evidence for the ability of the elephant
to thermoregulate, especially if it is again com*

pared to rectal temperature changes in other species



TABLE 29
The changes in rectal toopsrature through the day in
(from Dligh and llartboi'n 1969)e

0
lioctal Tenrocraturo C

Eia* HS2U variation

Camel 1 35.8 39.1 3.3

2 35.7 38.23 2.55

3 35.1 37.7 2.6
Giraffe ] 37.75 39.1 1.35
Ouffalo 1 36.9 40.1 3.2

2 37.6 40.1 2.5
Bland 1 38.4 39.8 1.4

2 38.3 39.85 1.55

oryx 36.6 40.0 3.4



a number of &aat African mammals

M\ L r°nnaaHl . . Tercporfttiye C

'In. max. variati<
ai.o 31.0 10.0
SR e 32.5 11.5
21.0 35.5 14.5
10.5 21.5 11.0
10.0 24.5 14.5
10.0 24.5 14.5
17.0 26.5 9.5
14.5 24.0 9.5

12.0 25.5 13.5

o™
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Table 29.

The African elephant la found distributed in
woodland, grassland, sub-desert, and many intermed-
1ate ecological zones throughout much of tropical
and sub-tropical Africa (Sale, personal communicat-
ion) (Sykes 1971)* and is thus often exposed to
high air temperatures and also very high solar radi-
ation loads (Appendix 2). In order to maintain 1its
relatively stable rectal temperature It must control
the amount of heat gained and/or lost fror.l its body*
However, the date presented here does not give any
one obvious answer as to how they do this* It would
tecs to be due to a number of factors, as follows*-
1* Non-evaporative heat loss, I*e* convection, con-
duction, and radiation* The most important of those
is the re-radiation of heat from the animals skin
(See Appendix 2), but all are dependant on either
the skin temperature or the sklIn/air temperature
gradient*

At mid-day skin temperatures went up to 430C,
so creating a net flow of heat into the animal from
the environment*

However, at other times during the day, when
ekin temperature was less than deep body temperature,
there was a net flow of heat out of the bodye

The skin tesqperature of the animal is depend-
ant on the animals heat load and also the cutaneous

vaso—motor tone (C*V*N.T*) 1iIn the skin. By altering



this C.V.M.T. the elephant is able to vary skin tem-
perature and thus have some control over non-evap-
orative heat loss.

2. Evaporative heat loss:- C.M.L. appears to rem-
ain constant but high through the day, and must
therefore be of assistance in dissipating heat from
the animal. In the present work the mean C.M.L. 1in
the early experiments was 64.8 g/m2/hr and in the
later experiments 190.5 g/m2/hr. This would account
for a heat loss of 830.0 kcal/m2 and 2,4688 kcal/m2
respectively if it continued over a twenty-four hour
period. Young (1972) found values as high as 540
g/m2/hr in the BLruger National Park in South Africa,
where environmental temperatures were as high as
41°C, some 10°C higher than the present work.

As elephants do not have any sweat glands it
might be expected that C.M.L. 1is, therefore, de-
pendent on the vapour pressure gradient between the
skin and the air — as insensible moisture loss nor-
mally is. It has already been mentioned (page 138)
that the insensible C.M.L. in the elephant would be
expected to fall at night. During the day an in-
creased skin temperature (i.e. increased skin V.P.)
and a decreased ambient V.P. would be expected to
cause an increase in C.M.L. at 12.00 hrs. This,
however, did not always occur (Table 24) and thus
it would appear that changes in the V.P. gradient

do not have a marked effect on insensible C.M.L. 1in



the elephant*

If this Is the case, any alteration in C.V.M.T.
that the animal might bring about would have little
effect on C*M*L* Thus the elephant would appear to
have no means of controlling this method of heat
loss.

In the present work respiration rate did not
alter significantly during the day and thus evapor-
ative heat loss from the respiratory tract (panting)
is not used to help regulate heat loss In the ele-
phant*

3* The ear* The surface area of on adult elephant
is increased by about 23*0S due to the ears (Appen-
dix 3), so enhancing both evaporative and non-—evap-
orative heat loss* In yearling elephants this in-
crease 1is significantly greater (Appendix 3)

this might help the smaller animals to overcome the
relatively greater heat stress (as discussed on

page 170) that they experience. The ears are orien-
tated vertically so that the direct solar radiation
input at noon is minimalt the heat lost/heat gained
ratio should be maximal, and the ears are of the
greatest possible benefit to the animal* It was
found, however, that the back of the ears was rela-
tively cool at mid-day, some 5-6°C cooler than the
rest of the skin* This means that the skin/air tem-
perature gradient is only half of that found else-

where over the body surface and thus non-evaporative
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heat loss is relatively low.

Buss and i.stes (1971 > found o positive correl-
ation of oar flapping and envir< luaental temperature,
from which they suggest that this has some thermo-
regulatory advantage* Ear flapping would have little
effect on non-evaporative heat losses from tho ear,
convective losses being of minimal iImportance (Appen-
dix 2)* However, it would be an advantage if sweat-
ing was taking place, ns suggested by Sykes (19715*
or if insensible C.M*L. was high, as suggested by
Young (1972)* In the present study no sweat glands
were f*und to be presont in the ear and the diffusion
of moisture through the skin of tho ear did not
appear to be any greater than over the rest of the
body* So that calculations made a? ter the experi-
ments in February 1971 (Appendix 2) show that heat
lost from tho ears (306 keal/hr) was 19-3% of the
total hoat loss. This is not even in proportion to
the surface area due to the ears, some 24*1%, and

nly accounts for 14*5% f tho calculated hoat load
at the time (2252 keal/hr). Even so, Yeung (1972)
considers them to function in a maimer similar to
the radiator of a siotor car* He m ntions tho work
of Luck and Uright (1965) who found that the blood
that flows through tho oar is cooled by 9 C before
flowing back into the body* Although Buss (porsonal
cosminication) class! ies the movement of blood

through the ear as 'signifleant®™ the effect that this
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cooled blood would have in cooling the large body
ness of an elephant would appear to be somewhat limi-
ted* If, however, the venous drainage from the ear
surrounded the arterial supply to the brain and thus
acted as a counter-current heat exchanger, it would
cool the brain and thus be of considerable advantage
to the animal* By this means body temperature could
be labile yet the temperature of the brain, which 1is
the moat thermosensitive organ, could be kept more

or less constant*

It has already been mentioned that the much
quoted phenomena of elephants being "wet behind the
ears** was not observed, unless, as both Buss (per-
sonal communication) and Young (1972) also mention,
the elephant sprayed the ear with moisture with its
trunk* In this case, heat loss from the ears would
be markedly increased*

By altering the C.V_.H.T* of the blood vessels
on the inner side of the ear the elephant makes the
best use of its ears as structures for losing heat
from the body* As the blood vessels are very close
to the surface of the inner side of the ear it is
possible to see the state of C*V*M*T* A visual
assessment of this showed that there was cutaneous
vasodilation at 18.00 but not at 07.00 hrs* or 12*00
hrs* This caused the skin temperature of the inside
of the ear to be higher than the rest of the body

st 18*00 hrs* Due to this the loss of heat from the
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eers Is relatively more important at the cooler part
of the day, when heat can be lost easily through non*
evaporative means. Thus through conduction, convec-
tion, and radiation - especially re-radiation to the
cool night sky - the elephant is able to lose heat
that it has had to store during the day, plus its
metabolic heat load.

The significance of the ears in the cooling of
the elephant, therefore, appears to depend on:

(1) Any evaporative cooling that occurs through

behaviour; 1.e. water or saliva spreading
(see below).

(i1) C.V_.M.T. especially in relation to increas-
ed heat loss in the cooler part of the day
due to vasodilation.

Otherwise the ears only appear to be important
in increasing the surface area of the animal and
possibly through localized cooling of the brain.

%. Behavioural thermoregulation. Bven the casual
observer will have noticed that elephants seek the
shade during the heat of the day. In the Kruger
national Park this can result 1n a drop of up to
4_.5°C 1n the air temperature to which the elephant is
exposed (Young 1972), as well as decreasing the dir-
ect solar radiation input to the animal. Also, they
will often cover themselves with mud or water if the
opportunity arises. The elephant will even draw up

with its trunk water present in the mouth or
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oesophagus iIn order to spray itself on very hot days,
Glover, (personal cowmanication), and Young (1972)
Classify this water as stomach contents, which pre-
sumably, must have been regugitated to make them
available. It is possible, however, that this water
iIs in fact saliva, and that this behaviour is simi-
lar to saliva spreading that has been observed in
rats, tiainsworth (1968) and monotrames (Dawson 19721
This water is particularly used to wet the backs of
the ears (Young 1972),

The animal used iIn the present work was one of
four orphaned elephants at Tsavo and these animals
always went to the water when returned to their pens
at mid-day. They always drank large amounts of
water but on the hotter days they also splashed it
over themselves, which would increase their evapor-
ative heat loss.

Behaviour is, therefore, very important in the
thermoregulation of the elephant, probably more 1in
lowering the heat load that i1t iIs experiencing than
in Increasing heat loss. As solar radiation con-
stituted approximately 91% of the heat load on the
experimentsl animal used here (Appendix 2), any de-
crease in this would have a significant effect on
its heat balance. However, as the elephant possess-
es no sweat gland with which to control C,M.L, the
increase in evaporative heat loss, as a result of

spraying or bathing in hot weather, must also be very
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important .

By a combination of these four factors the ele-
phant was able to maintain o relatively stable body
tesg>erature in the environmental conditions during
the experiments. It"s ability to thernoregulate in
more severe environmental conditions would, however,
appear to be rather limited. |If i1t was exposed to a
high air temperaturo9 a high ambient humidity, and
an unavoidable solar radiation load, it is unlikely
it would be able to maintain a stable body temper-
ature. Although such conditions would also present
a heat stress to any animal, other East African
mammals would rely on a controlled iIncrease iIn evap-
orative water loss to overcome it. In the elephant
this could not happen. However, the largo body sise
of the elephant means that the heat reipiired to in-
crease its rectal temperature is fairly considerabls.
This would tend to limit the increase in rectal tem-
perature in these circumstances.

An attempt waa made to extend the calculations
mentioned in (1) and (2) above to try and work out
the relative importance of oach of these factors to
the elephant®s thermoregulation. However, it proved
Impossible to calculate a heat iInput/hoat output
balance for the animal. Finch (1972) was able to
obtain this balance because the animals were measur-

ed every hour through the day while restricted in s

crush. In the present experiments ths animals were
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Matured at 07*00 hra., 12.00 hra. and 18.00 hra.
end were free to more around iIn between. During this
time they were likely to have been in the shade, or
near different types of radiative surfaces so that
no true Integrated value of heat iInput or output
could be obtained. However, i1t was not possible to
Improve on this arrangement, as permission could not
be obtained to pen the animals up through the day.
Zt must, therefore, suffice to calculate the heat
outputs without expecting them to balance with the
heat i1nputs. In so doing, i1t iIs then possible to
obtain an idea of the relative iImportance of the
various methods of heat dissipation, including the
ears. However, in the present experiments the ele-
phant was able to maintain a relatively stable body
tesg>erature and must, therefore, have been able to
balance heat Input and output in praetioe.

In the sebra the iIncrease i1n rectal temperature
during the day varied between 0.6 C and 2.4 C, the
mairfurn temperatures recorded on each of the four
days being between 38.7°C and 3™»®°C. These in-
creases In rectal temperature are somewhat less than
nost of the Increases in deep body temperature re-
ported by Bllgh and Harthorn (1969) in several
other wild African ungulates experiencing similar
environMntal temperature changes (Table 29)e= Also,
they are less than the Increase iIn rectal tosiperature

of the donkey on heat exposure as reported by Maloly
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(1971) vboae animals had increases in rectal temper-
aturos of between 3—4'0C. Although the environmental
temperature (40°C) in these clim atic chamber experi-
ments (Maloiy 1971) vas considerably higher than in
the present field work (maximum 31°C) the animals
were not exposed to the high solar radiation load,
which is tho biggest heat stress factor in the field*
It in interesting to note that most of the increase
in rectal temperature in the present experiments
occurred before 11*00 hrs* The respiration rate
during this time had normally increased to the max-
imum value recorded, while C*M*L* was still gradual-
ly increasing* It would therefore appear that the
increase in respiration rate was unable to prevent
an increase in body tesg>erature* Only when C*M*L*
had risen considerably did the rectal temperature
begin to stabilise* However, even with a high
C*M*L* around mid-day, rectal temperature rose
slightly until mid-afternoon, when the heat load,
rectal temperature, and sweating rate all started
to fall*

The pattern of respiration rate through the
day were similar in the two animals* However,
Zebra 1 consistently had a higher respiration rate
(55*2 times/min) than Zebra 2 (48.9 times/min),
this difference being significant at the 0*1# level*
Since respiratory evaporative heat loss probably

represents a small proportion of the total heat loss
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the higher respiration rate in Zebra 1 is unlikely
to have been of any Major thermoregulatory benefit

to the animal. This is supported by the fact that
there was no significant difference in C.M.L. between
the two animals.

Prom tho present, rather limited, results it
appears that the iIncrease iIn respiration rate on
heat exposure is fairly consistent. It is the level
of C.M.L. which varies depending on tho severity of
the heat load. This is different from the rhinoceros
in which C.M.L. remained high during a period of par-
tial shading while respiration rates only Increased
when 1t was exposed to a higher solar radiation load.

Although no other work on thermoregulation in
the sebra has been published, a comparison can be
made to other members of the genus, Lquus. The val-
ues fTor evaporative water losses reported here,

380 g/m2/hr and 37 */IZ/HT the two sebras, are
similar to the value of }60 g/m2/hr reported in the
donkey exposed to ailr temperatures of 35—*KPC in the
desert (Schmidt-Miolsen, Schmldt-NIslsen, Jomum and
lioupt, 1957). It is, however, a little greater than
both the values reported in the burro under similar
conditions, 250-270 g/m~/hr (Bullard, Dill A Yough
1971) and the value for "moderate sweating' in the
horse, 300 g/m2/hr (Nakayos, Takagi, Arlmura and
Uero, 1957)* Work in a climatic chamber has pro-

duced evaporative water losses very much lower than



all these values; Allen and Dligh (*K>9) found an
evaporative water loss of 166 g/m2/hr and Maloiy
(1971) a value of 130-1to g/m™/hr. It would thus
appear that the C*M*L* in the sebra is not signifi-
cantly different from other equines which are ex-
periencing similar environmental conditions* How-
ever, this i1s always augmented by panting, a phen-
omena which does not always occur in other equines*

As the Zebra Inhabits open grassy plains and
well-grassed woodlands In Eastern and Southern
Africa (Dorst and Danolelot 1970) they will 1invar-
1ably be experiencing a high solar radiation load
and a high air temperature* la these circumstances,
the ability to lose heat through both sweating and
panting would appear to be a considerable thermo-
regulatory advantage*

In considering each animal individually most
of the points mentioned iIn the introduction have
been clarified* It is unfortunate that the experi-
ments on the elephant, the rhinoceros, and the sebra
had to be confined to their gross thermoregulatory
responses to solar radiation loads* A comparison
of the control of the sweat glands that wore found
would have been Interesting and would have allowed
a much better placement of the animals into the
general picture of maessalian thermoregulation* It
must, therefore, suffice to classify the elephant

as unique 1in respect of 1ts thermoregulation, as
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it neither sweat* nor pantse The rhinoceros and

the zebra, as they both pant and sweat iIn order to

thermorogulate, aro typical of the majority of large

terrestrial mammals*
The rooro controlled conditions of tho clinntic

chamber allowed a much more systematic iInvoetj.. . ion
of thermoregulation In the three primate species

to be carried out. A. a re.ult of thia. a nuab.r of

conclusions concerning the thermoregulatory Inter-

relationships of these epocioe have already been

made (page 133)*



APPENDIX |
The programme overleaf la in fortran IV for use
on an X*C*L. 1900 computer* It will give a aeries
of tables with wet bulb temperature across the top
for every 0.1°C9 from 10°C to 20°C* Wet/dry bulb
temperature difference ia given down the aide of
each table, also tabulated for each 0.1°C differ*

once*

A millivolt difference (M.V.D.) waa obtained
from the thermocouple palr(s)* This waa then con*
verted into a wet bulb temperature difference but*
ween the thermocouplea9 aa a previous calibration of
M.V.D* and temperature difference had been made.

Two valuea corresponding to the two wet bulb
temperatures at the dry bulb temperoturo of the
reading could then be read off these output tablos.
The difference of these two valuea waa then the
cutaneous moisture loss at the time of the reading*

To change wet bulb temperature range the cards
numbered 219 28, 31 and 3# should be changed to give
the range required*

for atmospheric pressure other than 630mm lig
(the pressure during the present experiments) card
19 should be changed*

IT a different else ventilated capsule and/or

flow rate i1s used the factor in card kk should be

changed*



GENERAL 1isting CXRLP) 17/08/72

LIST (IP)
PROGRAM(S 44A)
INPUT 2 = CR7
OUTPUT 3= LP7
END

MASTER S44A

0 DIMENSION VPUA(300)»VPUB(300) <T0(210)*SIP(300) »

1 TW(11)*SWR(11 #210)« TTLACI10)*TTLB(10)

FORMAT (12F4.2)

FOFtMAT (10A6)

FORMAT (5(10<10X,F10.1.10X.10F9,2)/)*1H1>
FORMAT ((12X,10A8*12)/(12X#10A8))

© ~Ng R

REAI) (2/1)  (VPUA( I),1=70.300* 10)

READ (2,1) (VPU8(1),1=70.300*10)
REAO(2,2)TTLA,TTLB

CON = 0.0065%(13.0/5.5)*4.7

C FOR other altitudes change the 13.0 to appropriate

00 12 1 = 100.200*10
DEIA=<VPUAUM 0) -VPUA( I) )*0,1
DELB=(VPUO(1+10)-VPUB(1))*0.1
1P8=1*8
DO 12 J=1»1P8

VPUA (J+1) «VPUA (J) WFDELA

12 VPUB(J+1)=VPUB<J)+0ELB
DO 13 1 = 100.209

13 SLPC1)=(VPUA(1)-VPU&(1))*0,01

|

DO 17 J = 100 *200 *10
M=J/10
DO 14 1=2,11
NT=Je(1%2)
FI=N1
TW(I)-F1*0.1
SWR(1,1)=VPUA <NI)
DO 14 K=1,209
SWR(]iK-»1)sSUR(1iK>-SLP(NI)
FK=K-1
TDCX)=FX*0.1
SWFE(L,K)=TD(K)
HOLE) =SWR(1 «K)+TD(K)*CON
14 SWR(1,K) =(HOLD*4?202.0)/(TW(1)+TD(K)*273,0)
* T WRITE (3*7> TTLA*W*TTLB
DO 17 MPAGE=1,4
I KH1=50*MPAGE
HO =KH 1-49
WRITE (3.9) M/MPAGE.(TW(1),1=2.11)
17 WRITE (3.5> ((SWR(I,K)¢1=1*11)»K=KLO#KHI)
STOP
END
FINISH
075108040861092109851052112411991279136414541549
164917551866198421092240237825242677283830083186
02460298F)354041 4u47/05 44061 4069007690853 09421 037
11361 2421 3531 4701 59 4172 4186 2200721 6023202489 2667

FORMAT ((110/,5HPAGE 12.1H-.11)/((25X,3HTW=»10F9

b
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APPENDIX 2
Heat balance of the elephant
The following calculation* ore baaed on Porter and

Gates (1969), iIn which the animal 1* treated am a

cviinder 1IN order to calculate the total heat lo.td#
The oar* have been considered a* vertical plates

held permanently extended away from the body ol
elephant*

the
In this *tote thoy would be OF maximum

benefit to the animal if they ore to function a*

structure* for increasing heat loss*
The probable reason for the failure <a iInput

and output to balance has boon discussed previously.

Add ,adlx of Elephant Halongc
Tug; 1

a = absorbtion coefficient for skin
surface 0.925 0.925
S m radiation direct from the sun

(total solar radiation - radiation from the sky)
* m radiation fr*m the sky m 0.30 641
P & radiation "eflec* ed from tlio

*
ground & 0*31 0.31
(g ¢ s) = total solar tadiation - 1.46 1.50
To m air temperature in °A a 30¢.7 304.7
0]

Tg * ground temperature in A m 326*0 332.0

e = Vapour pressure in millibars M 19.4 2874

- «t2S/X) *H» ¢JA LS »] * e



To calculate Qabs
direct radiation from
the aun *a(2s/17)
Tuesday *0.925 Q2 (@AM N=50)))
» 0.561 cal/cm?/mit:
Wednesday * 0.925 (2@,f5° - AN
= 0.642 cal/cmzlmfh
mean = 0.601 cal/cm 2/min

radiation from the

sky »a X s
Tuesday . 0.825(0.5) - 0.4X3 cax/c»2/min
Wednesday . 0.825(0.41) « 0.338cal/cma/min
mean « 0.376 cal/cm2/min

radiation from the
ground axrx (Se>5
Tuesday 0.825 x 0.31 x
0.373 cal/cmVmin

Wednesday 0.825 x 0.31 x 1.50
2
0.384 cal/cm /min
2
mean 0.379 cal/cm /min
long wave radiation L
from the air -~ Ta (0.44 ¢ 0.08 /If)
Tuesday « 0.550 cal/cm2/min
2, .
Wednesday m 0.602 cal/cm /min
2
mean m 0.576 cal/cm /min

long wave radiation

from the ground . > Tg
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Tuesday m0.919 cal/m#;min
Wednesday «0.979 cal/cm2/min
mean m0.9nN7 cal/cm2/min
meanQsbs «2.679 cal/cii2/min
average radiation absorbed
by the animal *
m 1.*139 col/cm2/min
Total mean heat load from the sun on tho animal
(S-A. m surface area « 2-27m2)
m 3 Qabs x S.A. x 60 cal/hr
e 1.739 * 2.27 x 600 kcal/hr
m 1t939.9 kcal/hr
Metabolic Heat Load (W - weight of tho animal - 300kg)
e 70/WO0*73 kcal/2"hr
a 189.0 kcal/hr
Total mean Heat
Load 2,176.9 kcal/hr

Solar Radiation as of

Total Heat Load « 91.2)4

Tuos.
Ts * skin tomporature in °A 311.0 313.0
At m skiIn/air temperature
gradient °C 6.3 8.9
h e conductance in cal/m2/hr/
°C t 2187.4 2386.1

C.M.L. ozcutaneous moisture
loss g/m /hr 73.1 75.6
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Wed#
L.li. « latent haot of evaporation of
water cal/g 5*0
ATr = change in roctal temperature °C 0.6 1.6
ATa « change in ekin temperature °C 7.0 10.0
D m time taken for ATr and ATa (hra) 5.33 5.25
Heat loat by radiation 5 Ta X S.A.
Tuesday 1035.2 keal/hr
Wednesday 1059.0 keal/hr
mean 10*7.1 keal/hr
Heat loat by convection h X S#A. XAt
Tuesday ai87.* x 2,27 X 6.3
31.3 kcai/hr
Wednesday 2386.1 x 2.27 * 8.9
48.2 keal/hr
mean 39.8 keal/hr
Evaporative Heat Loss C.N.L. x L.H. x S.A.
Tuesday 73.1 x 50 x 2.27
89.7 keal/hr
Wednesday 75.6 x 50 x 2.27
92.6 keal/hr
mean 91.2 keal/hr
Heat Stored 0.83 X Wx (*/Tr ¢ Ts)
5x D
Tuesday 0.83 x 300 x (2.* » 7.0)
5 x 5.33

87.8 keal/hr
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Wednesday m 0.83 * 300 x {6.4
5* 5.25
« 155.5 keal/hr
moan e 121.6 keal/hr
Total Heat Losi Trom the body
. 1200.7 kcol/hr
Ears
Tues.
front back front
Ts oC 38.0 32.0 40.0
h 2589.7 - 2824.8
S.A. of ear 0.3116«2
At 6.3 approx.0 8.9

Heat loss from the front of the ears.

Radiation

Tuesday
Wednosday
mean
Convection
Tuesday
Wednesday
mean
Insensible
Tuesday
Wednesday
mean
Total

Heat Loss from

4
m &TsS

X S.A.

e 142.1 keal/hr
e 1447 keal/hr
m 143.4 keal/hr
- hx S.A. x At
e 5.1 keal/hr
7.8 keal/hr
6.4 keal/hr

e C.M.L. x S.A* x L.fl.
e 12_.3 keal/hr

e 12.7 keal/hr
12.5 keal/hr

«

the front of the ears (F)
e 162.6 keal/hr

x 1Q0)

back
36.0
2364.6

4.9
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Heat loss froa the back of tho oora.

Radiation - r.TsA x S.A.
Tuesday m 131.4 kcal/hr
Wednesday ® 136*6 kcal/hr

moan - 134.0 kcal/hr
Convection = hx SA. x t

Tuesday =4 O,as Ts=0=T air

Wednesday > 3.61 kcal/hr

seen m 1.8 kcal/hr
Insensible m CM.L. x SSA. x L.H.

Tuesday m 12_.3 kcal
Wednesday ®m 12.7 kcal
mean « 12.5
Total Heat Loss froa the back of the ears (8)
* 148.3 kcal/hr
Total Heat Loss froa ears (F ¢ B)
m 310.9 kcal/hr

Total Heat Loss froa body

R

and ears 1,610.6 kcal/hr

% heat loss due to ears n 19*3~

Total heat load 2,148.9 kcal/hr

A

Total heat loss as % of Total
Ileat Load * 74.954

Total heat loss froa €ars a.

% of Total Heat Load : 14.54
Area of ears : 0.623 m2
Area of body : 2.270 m2

Total S.A. . 2.582 m2



1$9

% of S.A. duo to oar* 271.12
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APPENDIX 3
Calculations of the area of the ear in relation to_
the total surface area of the elephant.

Data below was taken from photographs kindly-
lent for use by Mr* T* Corfield, Tsavo Research
Centre, Voi, Kenya.

All pictures used were taken at right angles to

the animal while the ears were flat against its side.

Adult (areas in cm2 measured from photograph)

Body area Total area Increased
(*.d.l.) of ears area due
to ear %

96.5 18.0 18.65
24.4 7.2 29.50
33.0 9.1 27.57
69.7 14.2 21.37
32.8 11.0 33.53
48.4 8.2 16 .94
32.5 5.6 17.22
35.4 6.9 19.49
37.7 8.8 22.54
32.6 8.3 25.46
33.2 9.0 27.10
75.7 21.9 28.92
53.5 12.6 23.55
40.0 T ,2 28.00

38.5 7.4 19.22



Body area
(X.4.1.)

19.8
22.6

130.5
31.1
113.5

171

Total area Increased
of oars area due to

21.21

4.2 &

5.9 26.10

22.6 17.31

6.9 22.18

21.3 18.76

Yearling (1 and 2 areas in cm2 from photograph)

( 3 actual area m2 of experimental animal)

Area of body

1. 16.0
2 4.0
3. 2.27

mean for adult

mean for yearling

dif.

Total area % increase due
of ears tp ears
4.3 26.90
1.3 32.51
0.62 27.32
] 23.23V
u 28.91V

- 5.68?7; = signif. 2# level



172

LITERATURE CITED
Allbrook D.B., A.M. Harthom, C.P. IAick and P.G.
Wright (19e8). Temperature regulation in the

white rhinocoros. Je Physiol. 143* 5Ip»

Allen T.E. and J. Bligh (1968), A comparison of
the pattern of eweat gland discharge in several

mammal ian species. J* Physiol. 197 36-37P.

Aoki T.t (1962). The skin of primates. Observ-
ations on the functional activity oV the sweat
glands in Nvct Icebus cou:<»ang and erodlcticun

potto. J. of Invost. Dermatol. 39* 115-122.

Astley - Maberly C.J. (1967). Th« game animals of

South Africa. Cape Town Press* Cape lown.

Boarder S.E. and G.A. Doyle (1972). Ecology of
bushbables* Galago crassicaudotus and ft.olago
senega tennis, with some notes on their behav-
iour iIn the field* iIn Prosimian Biology, ed.
Martin R.D.* G.A. Doyle and A. Walker* pub.

Duckworth Press* London* 1In press.

Benedict f.G. and R.C. Lee (1936). Studies on the
body temperature of elephants. Proc. nntn.

Acad. ci. Li.S.A. 22* 405-408.

Bligh J. (1967). A thesis concerning the process
of secretion and dischargo of sweat. Environ-

mental Res. 1* 28-45.



173

fUi-h J. and A.M. flartho n (1965). Continuous radio-
telemetric record# of the deep body temperature
of some unrestrained African mammals under near

natural conditions. J. Physiol. 176, 1"5*162.

Bullard R.W. , D.B. Dill and N.K. Yousef (1970).
Response of the burro to desert heat stress.

J. Appi. Physiol. 29« 159-169.

Buss 1.0. and A. balker (1965). Body temperature of
the African Elephant. J. Mammol. *6, 104-7.

Buss 1.0. and J.A. Estes (1971). The functional
significance of movements and positions of the
pinnae of the African Elephant. J. Mammol.

52, 21-27.

Cabanac M. (1972). Thermoregulatory Behaviour, in
Lssays on Thermoregulation, ed. Bligh J. and
R. Moore, pub. Worth Holland Publishing Co.,

Amsterdam , Londone

Crawford E.C. (1962). Mechanical aspects of panting
in dogs. J. Appl. Physiol. 17, 279-251.

Dawson T.J. (1972). Primitive mammals and patterns
in the evolution of thermoregulation, iIn Essays
in Thermoregulation, ed. Bligh J. and K. Moore,
pub. North Holland Publishing Co., Amsterdam,

London



Dorft J. and P. Dandoiot (1970). A fTield guide to
the larger mammale of Africa* pub. Col line,

London*

gills A.*, and W. Montagna (1963)* The e«reat glands
of the Lorieidae, i1n Evolutionary and genetic
biology of primatese ed* J* Duettner - Janusch*

Vol. 1 pub* Academic Prees9 London*

Pinch V*A. (1972)* Energy Exchange with tho environ-
ment of two Beet African antelopes9 the eland

and the hartebeest. Syrup. Zoo* Soc* Lond*

31* 315-326.

Findlay J.D* and D. MeEwan Jonkinson (1964). Sweat

gland function iIn the Ayrshire calf. Hesearcli

in Vet. Sci. 5* 109-115*

Polk C.E. Jnr* (1965)* An Introduction to environ-
mental physiology, pub. Lea and Pebriger*
Philadelphia U.3*A*

Punkhouser G*S.9 B*A* Higgins, T* Adams and C.C.
Snow (1967). The response of the savannah
baboon (Paulo cvrvocephalus) to thermal stress*

Life* 6v 1615-1620.

Gates D.M. (1968). Sensing biological environments

with a portable Radiation Thermometer. Applied

Optics* 19 1803-1809*



175

Haddow A.T. and J.M. LIlico (1964). Studies on
buahbabiaa (Galago spp-) with apodal reference
to thO epidemiology of Yellow Fever. Trans, of

Koyai Soc. Trop. Med. and Hyg. 58, 521-536.

Hardy J.D. (1955)* Control of heat loea and boat
production in phyalological temperature regui™
atlon. Harvey Lecture no. 49* 242*270* pub.

Academic Proas. New York.

Hot K.Pet B. Jarrot* Stella R. 0,Donnell and
Janet C. Wanatall (1966). The mechanisms of
cardiovaacular actiona of 1 = phenylcyclohoxl
piperidine hydrochloride (phencyclidine <

Sernyl). B.J. Phamac. Chow. 28» 6-83,

Kingdom J. (197D. African maimnale - an
atlaa of evolution in Africa. Vol. 1. pub.

Academic “reaa, London.

Maioly G.M.O. (1971). Temporaturo regulation 1In
the Somali donkey (Lquus asinus). Comp. IUo-

chem. and Phyaiol. 39e 403*A42.

Maioly G.M.O. and D. Hopcraft (1971)* Thertnoreg-
ulatlon and water relatione of two East African
ontelopees The llartebooet and Impala. Comp.

Biochem. and Phyaiol. 3®» 525-53"#

Maples W.R. (1972). A ayateoatlc reconsideration

and a revision of the nomenclature of Kenya



176

baboons. An. J. of Phys. Anthropology. 3
9-19.

Martingdale (1967). Extra pharmacopoeia, od. Todd
R.G. 25th edition, pub. The Pharmaceutical

Press (London)e

Montagna Vv (1956). The structure and function of

skin. pub. Academic iTcsa. Now York.

Montagna V. and J.S. Tun (1962a). Tho skin of pri-
mates. The skin of the greater bushbaby
(Galago crassicaudatua). Am. J. of Phys. An-

thropology. 20, 149-166.

Montagna k. and J.S. Yun (1962b). The skin of pri-
mates. The skin of tho anubis baboon (i»aplo

doguero). Am. J. of Phys. Anthropology. 20,

(A W tf

Montagna V. and J.S. Yun (1963). Tho skin of pri-
mates. The skin of the chimpansee (Pan
satvrus). Am. J. of Phys. Anthropology. 21,
189-204.

Montagna k. and A.R. Ellis (1963). New approaches
to the study of the skin of primates, In
Evolutionary and Genetic Biology of Primates,
ed. J. Buettner - Janusch. Vol. 1. pub.

Academic Press, London.



177

McGinnis S.M. (1968). Biotelemetry in pinipods;
the behaviour and physiology of pinipeds* pub*

Appleton - Century <= Croft* New York.

McLean J.A* (1963). The measurement of cutaneous
moisture vapourisation from cattle by ventilated

capsules* J* Physiol* 167,

Nakayama T* . T. Hari. T. Nagasaka, M. Tokura and
E* Tadakl (1971). Thermal ond metabolic respon-
ses In the Japanese monkey at temperatures of

5-38°C. J. Appl. Physiol* 31# 332-337*

Napier J.R. and P_H. Napier (19<7)* A handbook of

living primates* pub* Academic Press* London*

Newman C*M* . E.G. Cunnings. J*L. Miller and H. Wright
(1970). Thermoregulatory responses of baboons
exposed to heat stress ond scopolamine (Abstract!

Physiologist* 13« 271*

Newman H.V* (1970)* Why is man such a sweating and
thirsty naked animal* A speculative review.

Human Biol* 42. 12-27*

Porter W*P_. and D.M. Gates (19&9)« Thermodynamic
equilibria of animals with their environment*

Ecological Monographs* 34. 243-270*

Richards S*A* (1970)* The biology and comparative

physiology of thormal panting* Biol* Uev* 45.
223-264*



170

Robertshaw D. and C»R« Taylor (1969). A comparison
of the sweat gland activity in sight Bast Afri-
can bovida. J* Physiol* 203, 135-1"3*

Robertahav 0* and C*R* Taylor (1969)* Sweat gland
function of the donkey* J* Physiol* 205« 79-

89.

Robertshaw (1971). The evolution of thermoregulatory
sweating in man and animals* Int* J* Biometeor>

15* 263-267.

Robertshaw (1972)* Catcheloamlnes and the control
of sweat glands, in Handbook of Physiology.
Endocrinology* Vol* on Adrenal Medulla* Am*

Physiol* Soc* (in press)*

Robinson K*V* and P*R* Morris (1957). The reactions
to hot atmospheres of various species of Austral*
1an marsupials and placental animals* J*

Cellular Comp* Physiol* %55-"N7&*

Schieffordecker P* (1922)* Die Hautdrueen des
tonschen und der Saugetiore, ihro biologischo
und rassenatomische Bodentungv sowle die

Muscularis sexualis, Biol* Zentr* 72, 1-15".

Schmidt—Nielsen B* Schmidt-Nielsent S*A* Janus,
T*R* Houpt (1957). Body temperature of the
camel and i1ts relation to water economy. Am*

J. Physiol* 188, 103-112*



179

Schmidt-Niolson K, (1964), Desert animals, pub.

Oxford University Press. Oxford.

Sykes S. (1971). Natural history of the African

elephant. pub. Weldenfeld and Nlcolsonv London.

Taylor C.R., C.A. Spinage and C.P. Lynman (19&9)*
The water relations of the waterbuck9 an Rast
African antelope. An. J. of Physiol. 217t
630-63"

Taylor C.R. and P.L. Lynman (1969)* A comparative
study of tho environmental physiology of an
East African antelope9 the eland9 and the

hereford steer. Phys. Zool. 40, 2P*0-295#

Vice T.R. and A.R. Rodrigues (1965)* Clinical and
physiological observations in the baboon. Proc.
of first Intern. Symp. on the baboon and its
use as an experimental animal, pub. Unlv. of

Texas Press.

Wada M. and T. Takagakl (1948). A simple and acc-
urate method of detecting the secretion of

sweat. J. of Bxp. Med. 499 28(k.

Weiss D. and V.Q. Lanties (197). Behavioural Ther-

moregulation. Science. 133« 133G-13M.

Khitford W.G. (1971). Efficiency of sweating in the
thermoregulation of the chimpanzee9 in Proc. of

Inter. Symp. on Environ. Physiol. Dublin.



100

Young E. (1972). The elephant* temperature control
mechanism*. Cu*to* 1. No. 5# pub. Nat. Park*

Hoard of S. Africa, Pretoria, S. Africa.



