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IOR 

A general recognition of the proble. of animal cliaatological 

atndiea to a scienti fic approach ia recent . Animal huabandmen are 

aware that economic preaaurea of Yarious kinds are forcing the 

production of liYestock into cliaatic environment that are 

increasingly more remote fr that considered ideal for optiaal 

production and feed utilization. 

AD animal ' • efficiency and general well -being are profoundly 

influenced by the environment in which it lives. Prolonged exposure 

to Yery high temperatures, eapecially when perforaing physical • rk 

(horses and bullocks ueed aa draught animals ) may l ead to heat stroke 

or heat collapael and eYen at temperatures wel l  below those at which 

such acute troubles aay arise, there is disinclination to forage 

for themselves and appetite ia often iapaired; con quently there 

is a substantial loss of productiv efficiency via., ilk production, 

weight gains in pigs, aheep and cattle . Siailarly, low temperature• 

prove equally detrimental. According to Davidson (1948) sows suffer 

pain and inconvenience i f  th ir stocked udder& drag through the aud 

and then are exposed to cold wind. Lucas (1954) reported liver dia aae 

in pigs reared in the damp cold floor in a cold building . Cold and 

wet conditions haYe definitely adverae effects though information la 

lackin about the preci �tiolOSY of the coughing often noticed 

in e al pig ho •s and ab ut the t.aediate ea of unthri ftineaa 

of young piga born there in t e winter aontha. btr ea of te peraturea 

should therefore be avoided if liveat ck ar requir d to intai a 

high pitc of efficiency .. 



CO.prehenaiYe reYiew• of l iterature o the enviro ental 

ph7•iology o f  do.e•tic animals haYe been published by Lee and 

Phil lipa (1948), Findlq and Beakle7 (1954), od.7 (19$>) and 

MeDowel l  (1958). However. aoat ol the work s en done wit 

cattle and only in recent 7ears attention has been foeuBs d on other 

types of li veatock . The pis ia one such animal. 



P � R 'r I 

t. S�ope of this study. 

In Bew Ze aland tbe outstanding feature of t he pig 

industry is its close associations with dairying . This fact ia well 

established by McMeekan (1944) i.e. "The North Island with 9� of the 

total dairy cows also carries 8� of the total pigs." Fro. tbis 

statement it would appear that the pig has been plac d in an environment 

that is suited to c ttle. Cattle ha-nt proved theaaelfts in this area 

as effi ci ent converters of plant-feeding stuffs into animal product s. 

The pig on the other hand, is kept to cons e tbe perishable milk 

by-products for which .an power and transport to centres of pop lations 

are not always available. The pig can make use of such by-produc ts 

efficiently. 

Another feature of the industry ia that the adult pig 

spends a good deal of t of doors, foraging. Winters are severe 

in certain parta of t e country, te•peraturea below 40°P. are not 

0 
unc on. Summers are warm with temperatures above 75 F., and yet 

housing in neral, especially of dr,y st ock, ia not at all adequat e. 

ita n and Bughea (19491 1958) have studied the reaction of the pig 

to enviro ental t aperat ure er controlled conditions i a 

ey re rt t hat t so e of t r��o-neutrali ty 

0 
for the pig lies between 55 r. - 75 F., depending n t he live .. tc t. 

'l"elaperature permitting, .ax 

liveweight within t hia r 

dropa in e11viro rat 1 te perat 

paratyphoid ; dling, fie t i  

gains decreaae grad 117 wit increaaing 

(1942) -intaina t t 

caused tbre • of pne 

and aaft&i� re C .. aoD feat 

den 

and 

s 



on& piga where houaea were inte ns ly cold. Hia inforaation waa 

obtained fr a farm • re the temperature varied fr 0 68 P. to « F .  in 

24 boura. Such a ranee of teaperature ia not unc on in w Zealand. 

In recent years there has been a eneral expansion f the 

pie induatry in New Zeal nd. If the country ia to reap the maxim 

benefit from uch an e nterprise then detail investigation& into all 

aspects of housing to health and productivity under controlled 

experiaental conditions is warranted. And before such an inveatiga tion 

is undertaken, studiee of the pie'• reaction to varyine at oepheric 

temperature a under New Zealand condi tiona is desirable. It ie tr e 

to say that little is known of tund ntal requir enta tor optt. 

environmental eondi tion under New Ze land system of pig • pm nt. 

It is the object of this project to 1 ok into techniques 

tor assessine some of the physiologic 1 reactions of thepigs to their 

environment under field conditions and to make &OBe valuation• of these 

reactions in aows under conditions mentioned abov • 

2. Climat of New Zealand with garticular refer nee to Manawatu. 

Scbwasa (1955) in his r view on "The Climate of w 

Zealand" cites Kidson (1950) to y that the in factors which control 

New zealand's climate are, in order of i portancec 

(a) Latitude 
(bl Oceanic surroundine 
(c) High relief. 

(a� Latitude a 

New Z.aland U.ea in t t r te aone between t 

hi -preasu belt of the aub•tropiea and t 1 • ea.ure tro h of 

t Sout ern eean, bat anr to t fonaer .• aterly wi d prevail 

ad rapi 

epre 

at er fluet tions are eau d by a aeriea of antieyclo ea and 

na which mo.e eo tinuo sly fr at to at. Aa preaaiona 

are frequent a 4 a ere ia lade wl th oi ture uri g i tatravel 

over t t e r. i fall o'ftr of the country ia hi h. 



- �-

(b) Ocean aurroundinsa a 

w Zealand i a n rrow strip o f  land and in general no 

part of the country is very far from the sea . The all area of the 

country prevents extreme aeasonal or irregular variations in 

tea perature and that i s  why the cl i ate i s  often described aa 'i aular' 

o f  'oceanic•. 

(c) High reli e f: 

The high ranges cauae atron! vertical •ovements and 

this i x i ng of vari ous layers odi fies the distribution of temperature 

and water vapour through theae layera. Consequently the e ffe c ts 

produced i nc l ude an irregular distribut i on o f  rainfal l, an absence o f 

lar continuous aheeta o f  l ow cloud , hi percen ta o f  bright 

sunahine, and a large diurnal variation in temperature. 

Manawatu li a in the "middl of New Zealand" and thi s 

re gion conforms so c learly t o  the average condit ions associated with 

New Zealand as a whole . Bri e fly, the outstanding features of this 

c limate is s arized aa follows , Garner (1957):-

(i) Tbia regi on di splays a co parat ive ly l arge aean diurnal 

range of temperature. For Palmerston North, th is ia 15.3°F. 

(i i) It i s  subjec t  to very cold or very hot weather cond i tion s. 

T pera ture • abov 
0 80 F. in s r i s  not un118Ual. However, 

the frequency f low temperatures is gre ter than that of 

big one s .  L w t peraturea oreover ,  c n be caused by an 

out-of-aeaaon cold s P• 

(i i i) AB a ge ral le, recipitat ion ia ev nly pre d throughout 

the year . in winter, and a ainiJI in 

su-•r or aut wat experie cea t lowe t n 

aDDual d thly variabilit7 iD the aiddle o f  hw Zeal 

aiace tbia area derive• t • creater pert o f ita relatively 

1 .. rai fall total• lr weaterlJ . Wi 



precipitation& ia about 30 inchea. 

(iy } OD the aYerap9 between 125 and 175 rainy daya a year 

are experienced and auch of precipitation ia derived 

fr cold fr6ata. 

(-.. ) Sunahine9 like rainfall ia plentiful - 1839 auaah.ille 

houra per year or 41" of the total possible houra. 

(Yi) Winda are guaty in character and a rather high proportion 

of winds are atronc onaa. 



at Replat.i • 

(a) Poikilothe 1- aDd Roaaoiotheral••• 

fertebrate aniaala .ay be divided into two srent elas . .. 

regards the r lation ot the body temperature to that of the enYironae ntal 

te peratUJ'i : poi ilothe 1 or "cold•blood d" animal wboae body 

temperature• cloaely toll t t of their eDYiro nt, nd almost the 

only ana the ant .. la haw of avoidln the conaeq ncea of faYour ble 

nviro nts are avoidin& thoae onviro nta. 

restriction upon of their liYea; 

"wana-blooded" anillala are thoae whoae body 

inde nden t or that of the onviro ents. 

Tbe impose a ee re 

the h oth rmal or 

rat e ore lar ly 

Ra .. ala and birds are considered 

h o thermal, where s other aniaals are poikilothermal . According to 

Dukes ( 1947) s e ls are homeothenaal only under favourable 

temperature conditions, bee i ng poikilothermal when the surrounding 

t mperature is cold. 

ft oth 6 haY 8D 1 borately dev loped heat-regulatiD 

device hich enables th a to intain, und r any ordinary conditions, 

a relativ ly con tant bod7 t perature ( which Yar,J slightly fr species 

to a cl a) recardl s of the surrounding enY ntnl t peraturea. 

Such an ala are able to car%'7 on t ir ual c tiritiee and r a wide 

ranp of ext. raal tore. In order th ir us 1 

aetiritiea ( intain eo t rat •• ardlo-reapirato17 

actiYitie• • aa4 le tone) their t lou or ia. 

enYiro 

t 

Jae t  

e 

d 

t 

nt ia hot , 

to 

pit 

t. 

1- ie bow to laai pr 

t ie cold, t • ia 

at to 

t. l 

to c 



II 

REVIEW OP LI-.rDA'IVRB. 

§Ulationa. 

(a) Poikilothei'IBi- and oiothenti-. 

Jert brate aniaals may be divided into two 

great classes as regards the relation of the body temperature to 

that of the enviro ntal te11perature: poikilothermal or "cold-

blooded" animals whose body temperatures closely follow that of their 

enviroJURent, and almost the only ans the anil'lals have of avoiding the 

consequences of unf vour ble enviroaments re avoiding thoae 

environments. Thea impoeea a vere restriction upon the freed 

of their lives; the homeothenaal or "•ana-blooded" animals are 

those whose body temperatures are largely independent of that of the 

envir oiDents . ls and birds are considered h eothermal, whereas 

other animals are poikilothermal. According to Dukes (1947) s e 

mammals are homeothe 1 only under favourable te perature conditions, 

becoming poikilothe 1 when the surrounding t per tore is cold. 

Ho otherms hawe an elaborately develo ped 

heat-regulating device which enables th · to maintain, under any 

ordinary conditions, a relatively constant body te•perature (whieb 

yary slightly from specie• to apeciea) regardleas of the aurroundin« 

environment 1 temperatures. Sueh animals are ab
.
le to c.arry on their 

usual activities under a ride 11lftge of exterual te perature. In order 

to carry o t ir usual activitiea (.aiatain c dy te rature, 

cardio-respiratory aetivitiea. and acle tone) their he t loaa or 

thenaolyaia, uat equal their eat production or the eala. When 

the en.tro nt is hot, t pr ia ow to dissipate heat J»"duce-d 1 

t e 471 when Uae • rir obl .. ia how t c onserve 

at and how to extra heat to eep the b.oq temperature 

c natant despite t e unavoidable beat loaaea. .A diap-aa t·a ·presented 



in a reYiew b7 Findlay and Beakley (1954) abowins the principal .. thod• 

by which heat la produced , sained and lost in cattle . With all« t 

modifications of thia diagr • it would appl7 to our other dOBeatie 

antaala. 

It will be clear fr this diagr then, th t in the 

animal body the prod ction , ab rption and 

intimatel 7  inter-related . 

iasion he t are all 



(b) Beat Bxchang. 

� war--blooded animal may be regarded for basic 

discussion as having a central core of tissue at uniform " od7 

temperature." Surrounding this is a shell or tia ue through wbicb 

te perature progressiv ly falls as the surface is approached and 

through which heat flows to the surfac by conduction and by 

conTection through the blood atre (Lee and Phillipa, 1948). 

Proa the surface of the animal, heat is esehang d 

with the environment by radiation and conduction, i.e. heat flows by 

these physical processes in whichever direction th difference in 

temperature lies and according to simple physical 1 ws. Re t is 

also lost from the surface by evaporation of water transuded through 

the skin (true insensible perspirationl, sweat, or wat r acquired 

by licking, wallowing or other special means. 

diately surrounding the an 11 is a layer 

of air through which the temperatur progr ssively chan • until it 

reaches that of ambient 
·
air and by which heat flows by conduction 

and by convection provided through air movement. The effective 

thickness of layer is determined by the rate of air OYG ent over 

the surface. 

'l'he respirato17 tract aay be looked upon aa a 

special rt of the body urface with whic: air exchanps heat by 

/ 
conduction and fr whic: eat ia lost y eva ratio of ter. 



-s-

(1) Beat Pro uction. 

B at ia produced by oxidation in the active protopla .. 

of the body. Muscle and gland, aaking up the �eater part of the 

ac tive t i ssues, are therefore the principal seats of heat production. 

The amount of h�at produced in a •uscle or g l  nd is not the sa a t  

a l l  t imes .  I t  varies directly with the degree of activity of th 

struc ture. 

eat production may be incr ased by severa l  

different factors. They •ay be s arized as follows: 

1. Ingestions of food increases it through the so-called hea t 

incre ent of fe ding or the sti•ul ting effect of food. 

2. Beat produc tion can vary wi th the posture of th ani•al. 

In a cow for example , the �no&gy expended in stvnding is about � 

greater than it is when the animal is lying down and the energy required 

in getting up anddown may amount to about 12 Cals/100 lb.body we i gh t  

(Findlay and Beakley, 1954). In the same way it haa been shown tha t  in 

an anima l foraging for food sti l l  furth r incr a s occur due to 

muscular activity. 

3. The state of productivity of the animal for examp le, milk 

production in th cow involves increased heat production. Findlay (1950) 

state s that a non-lactating, resting dairy cow might produce heat at the 

rate of 12,000 cal/day, but t aa.e c ow producing four gallons of milk 

per y aight pr duce twice t t of that eat. 

4. lar r diation nd he t fro the surro nding 

� e absorbed and thia depend• kedly t e type and color 

of t coat. 

eat pro uction of aD ani 1 variea w1 th the 

nviron.ental t perature ( ody, 1945). A dia a owing t type 

of •ariati n which occur• has been ublished by rody (1145) an ia 

repro ueed i Pig. t. 
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The influence of environmental temperature on heat production in homeotherme s. 
Between the critical temperatures B and C - the "comfort zone" for man - the 
animal regulat es its body t emperature wi thout appreciably altering it s heat 
production. The value of B is  about 16°C. for a st eer and about 21°C. for pigs 
and poult ry (Adapted form Brody, 1945, 1948.) 
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When the enviroDIIleatal teaperature is very low heat 

production reaches its highest value 1 which is known as the " UIUDi t 

aaetaboliaa" • but a th re is still a further decrease the enrlromnental 

temperature, body temperature deereaaes also and serious conseque nces 

follow resulting in the death of the ant.al. The high v lue of the 

s it metabolism represents the extra effort nece ssary at very low 

temperatures to aintain normal body temperatur e. 
temperature 

As the environmental 1\ 

increases from a low valu to one to which the ani•al is more naturally 

accustomed, heat production steadily declines. In this zone the body-

te perature is regulated mainly by such processes as shivering, alterins 

the intensity of the thyroid• drenal function and changing the calibre 

of blood vessels. These devices are called chemical aethods of 

regulation. With still further increases in enviro ental temperature 

the zone of thermoneutrality (the so-called comfort zone for man) is 

reached. This zone of th rmo-neutrality or thermal neutrality is the 

environmental temperature at which he t loss from the body is eq·1al 

to the minimum heat production i.e. in this zone the heat production 

does not change much and the heat b ance ie regulate d principally by 

physical means such as evaporation of moisture from the skin and lungs, 

increa sing or decreasing the circulation of blood in the skin and seeking 

shade or sun bin as the e se may be .  Aa the envi ro &ntal te•perature 

incre sea beyond what has been t r.ed the upper critical teaper ture, 

the ani 1 begins to have diffic lty in ridding its lf or excess �e t 

and ita body t perature rise • It besine t t and ita respiration 

r te incna s markedly. Finally, at t e upper lim.i t where the 

• vir ent 1 temperature ia exce dincly hig • deat occurs. 
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JD a t .. perata eli-te, an animal haa little 

difficult� in ridding itself or tbe heat it produces fro its food 

as a result of ita activity and productivity. Only a small solar he t 

load is imposed on th ani 1 and the aabient air temperature is ne rly 

• 
always below that of the animals rectal temperature, so that the 

oormal physical .. tboda of dis ipating heat are adequate. In the 

tropics, however, an entirely diff rent situation exists. The solar 

heat load can be very great and ay amount to two or thr e times the 

amount of heat actually produced by the niaal in that riod 

(Riemersc id, 19438) and since the temperature or the surroundings, 

th air temperature and often the h idity are high while air ove ent 

ay be low, the usual physical methods of losing heat by radiation, 

conduction, convection and evaporation are greatly restricted. Heat, 

we kno is constantly being produced in the body as a result of 

physiological oxid tions. This heat tor ther with the heat absorbed 

from solar radiatio aust be dissipated if the animal is to survive, 

otherwise the te perature of the body would riae to such a heitht that 

life would no longer be possible. 

The first thing the ani al does under such conditione 

��duceita activity and food intake. This condition has been ahown 

by Ra ad le 1 . (1948). In cattle it was shown that reduced intake ................ 

resulted in reductio in •ilk pr uction (similarly in young ani• la, 

growth wa affected). 

loll win w.,-a r 

eat p duetion ia lo ered in thia way. 

Ordinarily. eat ia lo t fro the body in the 

t. 
• 

Ra iation, cond ctio d 
V ur1 ti of water fr 

and urine . 

firat two wqa are illporta :t .... diacua d 
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Radiation. 

Tbe electro-.asnatic wawea excited by te perature are 

referred to as thensal radi tion . Such radiation is given off by all 

•atter. Beat loa by radi tion fr the aniaal' body is given by the 

equations 

4 Br • Ap(e1T1 - e2T24) 
in which A c the effective or profile surface ar a of the animal. 

T1• the absolute te per ture of the animal's surface. 
T2• the aba lute te perature of the surrounding surfaces. 
p • dimensio 1 constant in the Stetan-Boltzmann Law which 

states that t e e•iasive power ia proportion 1 to the 
fourth power of theabsolute temperature. 

e1• the eaiasivity, virtually 0.95 for animal or humRn akin. 
e2• the eaiasiYity of the surround i ngs. 

Radiation losa ia therefore related to the surface area 

of the animal �.e. an an i mal in a huddled posture w i ll have leas surface 

area exposed and w i ll therefore lo e less heat in this manner as 

compared to the aniaal that is spread-eagled (Findlay and Beakley, 1954). 

Conv�etion. 

t is t!'Qlllff rretl between a surface and a liquid or a 

gas by a process known as conv ction. For the purpose of this 

discussion we are concerned with the transfer be tween a surface (e.g. the 

animal body) and the neighbouring air. 

In th ease when the .urface is at a t mperature bove 

that of air, beat is transferred tr th surf ce to the adj cent air by 

the proceas of conduction in the aa.e way that t heat is transported 

throu a piece of tal. n, even in otberwiae atill ir, ir 

currenta are eauee4 by the gravit tion 1 effects due to differences in 

density. ••• n tural eo veetioD eurr nta, aa th y are called, c 

the heat tra afer tr th urf ee to be • c crea ter t a it w ld e 

rel7 by conduction i a perfectly ati ll re. The rat• of he t 

trana�er b7 natural e DYWctl de nd on the differ ce bet ... n t • 
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temperature of the aurface and that of the neighbouring air. 

Coapletely still air is rarely encountere d. Even in a 

closed compartment variations in the te perature of the walls and other 

surfaces set up air currents, so that there is ovement; while 

when fans are employed or when there are openings to the external air, 

the air move ent may be considerable. When these distinct air currents 

exist, the heat transfer by convection is increased . The speed of the 

air currents, as well as the te�perature difference, affects the 

convection transfer. 

The equati on giv. n for heat dissipation by convectio 

ie as follows (Findl y and Be kley, 1954). 

where -

Conduction. 

c • 
A • 
., . 
t1 • 
t2 • 
k • 

con.-ction rate. 
the surface area. 
Yelocity of the air • 
te pera ture of the body surface. 
temperature of the environment. 
convection conductance. 

Hardy (1949) defines conduction as th flow of beat through 

a medium without the physical transfer of material. Loss of h at is 

therefore by actual physie�l contact of surfaces, e.g. when the pis 

lies on a concrete floor that haa water poured on it. Losses by 

conduction depend of the nature of the surface, since coverinsa auch aa 

hair or wool iapede eo ducti b y  tb ir i n  lating properties a d by 

sl win' down air •OYe e t o� r t e surface. 
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Yaperizatio of water troa akin and lunf•• 

kccordJ. to • (1947) about 2SJ' of the heat produced 

in resting • la is lo t by vaporization of water frosa the skin and 

respiratory paasages. The water eo eli inated is an insensible loss, 

and it appears to be about as i•portant in heat reculation in aniaals 

whose sweat aeehani is poorly d veloped ( eow and pig ) as in animals 

with a well-developed sweat apparatus (man, horse ). At high te peraturea, 

however, the loas of heat by vaporization of water froa the akin is much 

ore efficient in an�ls with a well-developed yst of sweat glands. 

Dogs, •ore thaB other doaeatieated ant.als, have developed the ability 

to vaporize a large ount of water fro the respiratory passages. 

When external temperature is high, these anbals how heat polypnea, 

which eausea vaporization of aueh water but which ordinarily causes 

little ehan�e in the gaseous e position of the blood. At ti a, 

however, there ay be marked reduction in the carbondioxide content 

of the arterial blood. 

The insensible water loss eutaneoua and pulaonary, 

under basal conditions is rather constant. However, if tb akin 

temperature is inereaaed, either by external heat or by an increased 

flow of blood through the akin, there will be an increase in the cutaneous 

inaensible water loss, prob bly by diffusion through the outer layers 

of the epidermis. In animals t at dev lop at polyp ea the pulaonary 

water lo- increases wit t enviro ntal t peratur and is under 

the eo trol of t re•piratory nervo a apparatus. 
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SWeat gl nda and .. eatins• 

Aaons the doaeatic ant.ala ... at glands are beat developed 

rutd most numerous in thv horse, which animal sweats, a does n, from 

the general bod7 surface. In e species, active s at «lands ar 

confined to certain akin are , and in still others, sweating does not 

occur at all. 

Montagna (1956) «iYee an extr ly detailed accou t 

of sweat glands. re only a very general description wil l be aade . Cattle 

and pigs ha.a been shown to poaaeas aweat glands of the apocrine 

nature (Findlay a nd Beakley, 1954), Rafez and Shafe i ,  1954). 

ports U ceat that these gl ands are either COBpound 

or tubular or st.ple tubular glands. The secretory portion of each 

gland is compactly coiled and adjacent loops ay be joined by shunts 

or they may terminate in blind saca. The deepest portions of the 

secretory coils extend to the lower part of the dermis and into 

subcutaneous fat. These glands are partly functional in cattle but 

non-function 1 in the pig. 

In the swe�ting species, at times water is poured out 

on the surface of the akin at a faster rate than it can be remoYed by 

eYaporation, whereupon Yiaible droplets termed awe t, collect. 

"lhe ecretion of ewe t is und r th control of 

seer tory n rve fibres , • ieh lea.a the spinal cord to form th 

sympat etic ayste•• According to Dukes (1947) electrical ati•ulation 

of the perip eral end of the aeiatic n r.e in cat or dog brings about 

secretions of ... at t ua con firming that aweating 1 influenced b7 

aeeretor,r nerY fibres. Stiaul tion causes visible droplets of ... at 

to ap ar on the toot fad• t a eh a roduction ot • at is not 

ea sed b7 an lnerea.. 1 t e blo ply but by the action ot aeeretor7 

nerfta le ahown b7 the tact t t t •cretion c occur after the blood 

auppl7 to the lillb la ea.pletely shut oft. 
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Th skin is a sensory structure placed between the 

organi and its environ ent, bringin� the former into relationship 

with the latter. This function is performed by receptors of touch, 

warmth, cold• and p in ii1 th e:pidermis and dermis. When the 

environmental temperat e 1• kigb and causes the skin temperature to 

rise the sensory receptors on the akin structure cause sweat glanda to 

function in the s ating species. The evaporation of a at from the 

surface of the akin aids in heat loss. Changes in blood flow through 

the skin influence heat eli•in tion, dil tion of the bl ood vessels of 

the c•rtua increases the amount of heat loat, while vasoconatriction 

has the opposite effect. 
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( c )  .. uro-endocrinolosical control of Theraal Exchange. 

Lee and Phillipa ( 1948) in their reYiew mention groups 

o f  nerft cells in the hypothola.ic portion o f  the fore-brain which 

they call "heat regulat i ng centre " ,  since they e xercise a marked nd 

deliberate control over various physiological processes which affect 

heat loss from the animal body (e .g . respiratory activi ty, cutaneous 

b lood tlow, swea ting ) .  They also control heat production (sb ivertilg ) .) • 

These centres are extre ely .. nsi tive to changes in the te•perature 

of the blood passing thro�h th and it is probably that they are also 

aft cted by nervous iapulaes c ing up from nerve endings at or near 

the surface o f  the body which are senaitive to te perature change . It is 

not quite clear how auch of the stt.ula tion of the he t regulatin& 

centres is e diat d through the blood stream and how •uch throu�h the 

sensory nerves, but the re sult i s  •uch the sa • 
In addi t ion to its prt.ary participation in heat 

regulation , the nerYous system is s condarUy involved in many ways . 

Under hot conditions, there is a possible reduction of blood supply to 

the top parts o f  the body and the aensi tivi ty o f  the nervous tissue to 

lack o f  oxygen . What is thou�ht to happen is this . Under hot 

condi tions, cutaneous vaso-dilation ay greatly i ncrease the capacity 

of the circulation ; liquids tend to pass aore easily fro the blood 

into the tissues throu«h dilated c pillarie s ,  especially in dependent 

parts ; a e water ia lost by evaporation fr the respiratory tract 

and also fr the skin in sweating i..ta. Constriction o f  visceral 

lo d wa els aay e ffect so e c nsati n,  but at t e expense of  the 

�aceral functio s. Por •oderate atreas, the ter torea ,  toae tber 

with reduced urine vol , c effect coapenaation• ut this is li•ita , 

so that the i crease in lood Yol required to atch t e incre sed 

capaci ty ay not re lized • . � fall in t e T luae/ca acity r tio 

J �. 
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below uni t� auat lead to insuf ficient blood a pply , and thi s wil l  be 

moat evident i n  the top part of the body ; wh i le the t issues most 

aen si tiYe to lack of oxy n wil l show the greate st e ffec t .  In a e 

aniaa l a  brain ti asuea qual i f� on both counts . 

A good deal of evid nee sugge sts tb t the anterior 

pitui tary , the adrenal erl ul l a , the th�roid and the adrenal cortex 

are involve d  in reac t i on to thermal stress , but the mechani sm  and 

exact inter-re la tionship are st i l l  b seure . 
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(a) e tal Teaperature . 

Considerable Yol of li terature haa been b l i  hed 

on t e ef fect of eaYiron.e tal t .. per tare on the rec tal teaperature 

in our d�atic aniaala ,  b th in the field and laborator.r - especi a l ly 

that of cat tle . Moat o f  the h othe�a s ow a fairly atable rec tal 

temperature and it onl7 ber;ina to riae when a state of JQ-pothel'a7 exista. 

The abno� ly high rectal t .. perature indicate ineffi cient 

thermolyaia .  

DaYidaon (1t4 8) atates "the deficiency o f  aweat glanda 

me n that t pi« haa an i fficient eat reca lat ing •echani " • 

Tbe ...al rectal perature t the pig i by no 

means so stable aa that of other •�-blooded ani l a ,  altho gh it i a  

accepted aa 102. °
F. (Dukes , 1947 ) wi th s011e deYiation due t o  age , 

level o f  utri tion ,  •uacular actiYi ty , reproductive atate and cond i ti on . 

De ighton (1935) cite s Terc wh giYea the l iaita of 

normal Yariation for adul t hoga aa 101 .3 f'. - 104°F. while hi a owa 

obaer.ati on sbo .. d an apparently greater range � tho .. o f  fo r 

0 0 
obaervera , Yi& . - from 98.0 F to 104 .8 F. f r al l adult piga. Be givea 

aYerap nora 1 rectal t 

for adults , • lch up t t 

0 0 
perature aa 101.7 r. and conaidera 102.6 r. 

re cled aa no al , too ir;h . e further 

atatea t t 101.70,.. la a i ta le f r tbe adult plc in t 

the pie a 

that auch a fi 

it l f  t r 

P. w 14 

tille , i t  hardly like ly 

at tal 

( 1� ) u tea ob•r.atio a ' Jli l ler of 

variatio within ie t a ult plc 

re rde aa i l l  Ar7 actl 1 

..... t�.sO., . ..  t rat of t 

a1 cited ill Yidao , M7 • t t the no 1 

rpo • 

of a aat re 
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pig is about 102.0° • and o f  yo ng pigs fr 

Marshal ! and olnan ( 1945) giYe i t  as 103°P for al l pigs. S.ith ( 1921 )  

quotes Robd y ,  giYing the te perature of the rec tua o f  the adul t pig 

ranging fro 
0 0 0 0 tOO F. - 102 F. , of the young pig from 101 . 5  F - 105. 5 F. 

Findlay ( 1950) in his reYiew giYes a range of rec ta l 

temperat ure for all pi gs fro. 98 .3°F. to 104
°

F.  

Robinson and Le e  ( 1941 )  observed i n  their studies of 

three 130 lbs . male Berkshire pigs that wi th the lowest ir tempera ture 

(75°F. ) the rectal t mperature at first decreased but later as the ti e 

of exposure progressed i t  rose a l i t t le .  Further , i t  -• reported 

that when the air te peratur 
0 0 

was in the range of 80 F. - 90 F. , the 

rectal temperature increased gradual ly wi th ti .. of exposure and tended 

after some hours to approach an equ i l ibri um ,  b t at a hi gher 

te perature 1 the rectal te perature rose rapidly and showed no signs of 

approaching an equilibrium value . The pigs were able to wi thstand 
0 0 

temperature s from 75 F. - 90 F. for seYen hour s ,  but at 6� relatiYe 
/ 

b 0 0 0 
id i ty ,  they wi thstood 95 F. 100 F. and 1 10 F. , only for approximately 

5, 3!, 2f1 2f and 2 hours re spectiYely . 

Aaeessing then , the relatiYe effec ts of tempera ture and 

hu.idity on the rectal temperature of the pig, Robinson and Lee 

0 
conc l uded that below a dr7 bulb to perature of 85 r. , neither 

t perature nor huaidity had any resular well-defined e ffe cts on 

rectal temperature . I n  fact humidity had l ittle e ffec t  un til temperatur•s 

f 95°F . ..  re reached. At t at fisure and above i t ,  the hi gher the 

te peratur the p-eat r was t • effect of h idity .  

ei and lla es ( 1M9) in their paycbr t ric c:haaber 

studies ri th pip oYer •Yen 

� ain lr 
0 • -to r. - tts r. , 

y periods and with air t peraturea 

owed that the rectal to ratares o f  

t e p i  s alao increased , t e .api tude of t e i Cl"'el S'e being greater 



... 20 -

the hearier the pig .  Tbia study confirm• Robinson and Lee ' s  work in 

0 
that only at te peraturea approaching es r.  could the e ffec t  o f  

h idity on rec tal te perature be shown . An increase o f  2 . 5�. was 

recorded i n  their rectal temperature when at 96
°

F. the relative 

h1Di d i  ty was graduA l ly increased during e xposure from 3� to 94%. When 

rela t ive h idity waa sradual ly decreased to 18" rec tal te perature 

returned to their init ial v l ues. 

These same authors ( Robi naon and Lee and Hei t.an and 

Bughe a ) hav shown the profound cool ing e f fect o f  water evaporat ion . For 

e xample , at a ro 
0 

te perature of 100 1'. , 240 lb . hogs showed rec tal 

0 
temperature of 106.8 r. en four l itres of water were poured on th 

fl oor , the hogs i.uediately rol led on th W8t surface and wi thi n  

twenty ainutes ,  the rectal t perature was lowered by 1°F. and i n  

0 
ninety minutes by 2 F. Increasing air move.ent in the chamber s t i l l  

further reduced their rectal temperature , though thi s  a ir f l ow aovement 

did not produce the e ffec t  on the dry floor . 

Observations on behaviour studies of pigs showed that 

at high air te peratures (above 80
°

F. ) the anima l s became lazy and lay 

on i t s  aide on the floor. When the pigs urinated or a wallow provided ,  

o thers would roll and turn over fr ti to tiae to expose their we t 

side s . osing or sousing had a sreat cool ing effect provi ded at.oaphere 

waa not too hu.id. 

Studies on t e ffect ot at1-1er enriroDIIIenta n th 

boq temperature of pis• b.. re rted b7 'fidftll and ne teher ( 1951 ) .  

to 183 

rkers espoae ei t iga (wit 1 itial weights ranging fro. 1 1  

da and incl dins two reeda ) for 1 5  ainutea to sunl ight at an 

air to. rat of 88
°

:1' ... a ano er 1 t expoaed to -. air t perature 

t priwed of light - t differ nee ia the rectal t perature 

bet... the two sro . ... o.3 .. ..  · the aunli t • is• recOrding 

hl r 
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at of the data froa the United Stat a and Auatralia 

concerning envirou.ental tea r ture effects upon pig have inYolY d 

high air te rat e studiea. On the other hand , st udies in Europe , , 

and the United Kingd ha .. been auinl7 concerned ri th cold � 
fluctuating teaperatures and aa auch a great d•al of emphasis has 

been placed on the subjec t o f  providing some kind of artificial heating. 

Insulation housing is becoming popular wi th pig breeders . 

Rei taan and Bughea ( 1949 ) showed that pigs tended to l ie 

side by side i .e .  to huddle or practi ce "c uni t7 heating" wben 

temperatures fell below 0°F. Shanks ( 1942 ) found that sudden dropa 

in temperature caused huddl i ng , fightin and aavaging. The writer 

does not specify the esact te perature a inYolved when such effecta are 

produced ,  but aention is made of the unheal thy condi tion of the pig 

and that the te perature on th fa 

twenty-four hours. 

0 0 
varied froa 68 F. to 44 F in 

McLagan and Th paoa ( 1950) and Lueas and Thompsom ( 1952) 

and Gil l  and ThoapSOIB (1956 ) ban al l report d siailar resul ts on 

performance of baby pigs to cold envi ronments but have not spec i fied 

e xac t  temperatures involved when detri ental effects were produced • 

• 



- � -

(b ) CArdioreapiratorr actiYitiea. 

(i ) Reepiration rate. 

Physiological factor& known t in fluence respirator.r 

rates include exeiteaent , .uacular exercise ,  alti tude , age , aix, size ,  

degree of  fill of  diceetiwe tract (e specia l ly the rumen ) , sleep aad 

various pathological condi tions wi thin each dome stic epeciea. 

Dukea ( 1947 ) and Wirth ( 1956 ) indicated the noraal 

respiratory rate per minute of t e adul t . pig at rest to be 8 - 18 .  

The effect of th al environment on the respiration 

rate has been widely investigated in the field and l aboratory in cattle,  

but to a leaser extent in  pigs. Under t he ioflu nee of excessive heat 

burdens , pigs exhibit polypnoea to a degree which depend• on the 

magni tude and duration of the hea t atress to which they are exposed . 

Robinson and Lee ( 194 1 ) have ahown the e ffect of time of exposure to 

d i fferent air temperatur e at a constant humidity of 6� R . B .  on the 

respiration rate o f  three 130 lbs. male Berkshire pig • These workers 

have shown that -

( i ) A gradual increase in respiration rate occurred 

0 0 0 on exposure to 7 5  F.  to 80 F. whereas at 85 F. and beyond , the increa se 

was almost precipi tous . 

( ii ) 0 After two hours a t  80 F. the respiration rate 

waa not even doubled but at 85°F. , 900V. and 95°r. , th re waa almost 

0 
tour-fold increase and at 110 F. the increaae in two houra waa about 

nine•fold . 

The reapiration rate grid (Table 1 )  reprod ced fro. 

Robinaon and Lee ' s  work, it will  be aeen that whereaa t e pi could 

tolerate t .. peratures fro 75°P. to . 90°P. for aeven hours , it could only 

rioda of 5!, 4, 3 and 

2i houra reapeetively . At 110°P. the reapiration rate reae ed the 
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T A B L  I. 

Respiratory Rate Grid . 

Rel tin 
RUIIIidi ty 1' DRY BULB TEMPERATURB o,.. 

70 75 80 85 90 95 tOO 105 1 10 

95 38 25 S7 70 1CM (i651 
85 40 56 65 69 70 (j.g� 

ti 
75 40 41 34 21 141 197 {43il 

�r 65 so 52 1 10 139 li9i] (39� 
55 40 182 137 140 197 �9§] 
45 138 127 1 15 140 

�� 

L16� 
35 81 177 &7 f)89] 
25 L1

4
§l 

The figures in ach •quare r preaent the average 

respiratory rate per minute during the time the pig was exposed to 

a particular a tmospheric condi tion .  Figures in square brackets 

indicate thn t animals had t o  be reaoYed with the rectal temperature 

o f  107°F. b fore seven hours had el ap d ( Reproduced from Robinson 

and Lee, 194 1 . ) 
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astonishing figure of 280 beata per ainute after only 2i ho urs of 

exposure . The e worker• further report that above te er turea et 
0 95 F. reductions in the hu.idity of the rooa tended to reduce the 

re piration rate ; and chansea in the respiratory rate preceded rises 

in rec tal temperature while pantin� occurred at rec tal temperatures 

of the order o f  103°F. Similar work has been reported by Dei t  n 

and Bughes ( 1949 )  for pigs weighing 166 to 260 lb.  l ive eight . 

Tidwell and Fletcher (1951) have shown that 

respirat ion rate increased wi th increasing ir teaperature s . They re-

ported differences betwe n breeda in respirati on rate rise when exposed 

. to summer sunlight for fiftee alnutes. The two breeds used were 

Duroc Jerseys and Polan d China . The latt6r showed 25.2 respiration• 

greater th n the average respiration rate rise for Durocs .  

Very l i ttle has been reported about the e ffects of 

low temperatures on the respiration rates of the pig. However, several 

workers have indicated that respirat i on rate decre sed in dairy 

cattle as ambient te perature decreased . On th other hand , Findlay 

and Beakley state without re ference to experiaental work that 

temperatures down to 0°F. h•ve little or no e ffect on the respirati on 

rate o f  cat tle . 
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( i i ) PUlse rate . 

Pul se rate o f  the pig , l ike any other animal is 

subjec t  to wide variati ons and fac tors other t han temperature . 

humi dity .  etc . , are involve d .  Wirth ( 1956 ) i nd icate d  the range of 

normal rate per inute o t  aatur pig at rest ta be Go-90. 

In cat tle , Blaxter ( 1943 ) found a d i f ference in 

pul se rate when the steer was lying and stand i n« • Brody ( 1945 )  states 

that the increase i n  pulse ra te on stand ing was 3� for a heavy steer . 

Kel ly and Rupel ( 1937 ) sho d that pul se rate s varied fr 60 beats 

per ainute when aniaals were at re st ,  to a s  h i gh as 96 b ats per 

minute when they were feeding . 

W i th regard to pig ,  evi dence i n  the pul se ra te i s  

eon fl ic t in«• A c c or d ing t o  Robinson and Lee ( 194 1 )  the pulse rate tends 

to ri se wi th rectal temperature during e xposure to heat whi le 

He i tman and Hughes ( 1949 ) cl ai• that the pulse ra te de creases wi th 

increase in e nvironmental temperature . 

As has been stated above the se effects are bound 

up wi th change in heat product i on and food consumption e tc . ,  and i t  is 

di fficult to be related to enviro ental te�pe rature . 
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(e ) Skt.n Temperature . 

Under shade condi tions when the animal is not at stre ss , 

the temperature of the akin surface is a few degrees below the 

in terior of the body temperature , the extent of the d i fference 

depenrli ng upon the temperature of the environment .  However , when the 

radiant enerF,y having the intensi ty of sunlight imr inge s upon the skin 

surface this si t uat i on may be compl etely reversed . 

The skin temperature i s  e s sent ial ly a re sul t  o f  heat 

product ion and hea t loss . These two factors may be influenced by ide 

ranges in environmental ter.:peratur s as has been shown by Bi rschmid 

( 1943a ) - the difference in heat produc t i on i n  the body of a 1000 l b .  

bul l o n  a mixed ration and the hea t  absorbed o n  the surface o f  its 

body from solar radi ation i s  i n  the vic i n i ty o f  some 1 1 ,000 Calorie s .  

Hea t  produc t i on by the animal would o f  course dpend on the amount o f  

foo t  eaten but there i s  n o  doubt that the heat load re sul t ing from 

solar radiation can be very high .  

Mi s souri workers ( 1953 and 1954 ) working wi th cattle report 

on the re lation of skin and hair tempera ture have shown tha t an increase 

in air temperature caused an incre a se  in skin temperature and that a 

large gradi ent exi sted from skin surface to th t i p  o f  the hairs . 

They further showed that the gradient disappeared at tempe rature s o f  

0 0 
100 r. and 105 P. and that akin t pera ture varie d from re gion to 

region over the body surface . is latter re sult has been confirmed 

by other workers , n m and Le-e ( 1955) and J'indlay and Beakley ( 1954 ) .  

The pig'  skin is in a considerably rse position sinee it 

has little protective coat aDd there fore oat of the radiation wil l  

b e  ttireetly absorbed . I t  ha s  ott.en been reported , re the int.nsi ty 

of solar radiation is high that aarked edema , desquama tion .  e17the 
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and itching occurs , espec ial ly where the skin is thi n ,  as behind the 

ears and the udder of the sow (Davidson , 1946 ) .  Such a condition 

is caused by the direct injury to the cel l s  of the epidermis by 

ultra-violet radiation. 

The amount of solar radiation thnt i s  absorbed by 

the coat of an ani al i s  de termined to some extent by the colour 

o f  the coa t .  About half the energy in the solar spectrum is i n  the 

visible portion .  The proportion of this, which is absorbed on the 

coat of the animal , can be gauged roughl� by the col our of the coa t . 

A whi te surface aay absorb up to 100% ( Findlay and Beakley , 1 954 ) .  

Colour of the skin is there fore an important fac t or 

as regards the e f fect of solar radiation on the skin of the pi g . 

The colour of skin of the pig is e i ther white or dC1rk in contrast 

to the colour of the coa t . 

Blum ( 1945) states that dark ski n  is less sensitive 

to sunburn and to cancer of skin than i s  th light coloured animals 

and tha t  it is probably that the pre senc o f  considerably melanin 

pigment distributed t hrough the epidermis is an important factor in 

determining both . Bonsma ( 1948 )  states that the dark skin is be t ter 

adapte d to life in tropi cs becau the pi gment pro tects it ag: inst 

ultra-violet irradi ati on. The major portion of the sunl ight is absorbed 

be fore it has penetrated or than a few · ll imeters . The radi at ion i s  

scattered i n  al l directions be fore i t  has ne trated far into the corneum , 

due to the tiny flake-l ike cel ls or ele ents composing this layer , which 

represents the re ains of the dead epidermal cel l s. 

ObserYations made by Guil laume ( 1926 ) Lovisata ( 1929 ) and 

Miescher ( 1930) and ci ted in Bl ( 19451 showed that th ickening of the 

coro as a result of th epidermal hyperpla ia brought bout by 

the action of ul tra-triolet radiation caused the skin to become 1 ss 
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aeDai tive to aunb • However , evi d nee i s  mount ing in favour of 

pigment in the akin to be the substance 1r ieh give s  protect i on a inat 

the ingress o f  heat . The pigMent ia depo�� ta� le.�� ly in t basal 

ce l l s of the pi dermi s o f  ,hit skinned anilll l e  while some o f  :U 

migrates into t e superficial 1 yers. One property , according to 

Blum ( 1945 ) 1  of •elanin is that it absorbs the ' burning ' property of the 

sun and ac ts as an "internal fi l ter" .  In dar�-skinned ani l a  the 

pi�ent is much more uniformly distrib ted throughout the epidermis than 

i n  the skin of whi te animals .  

ri ndltQ" and Be altly  ( 1 54 )  pointed out that the solar 

ra i a t i on fal l ing on the black surface may ab orb up to 1� of visible 

radiation which s that the rk Skinned animal is actually at a 

di sadvanta • This addi tional heat the dark ani..t aust t rid of by 

evaporati on which mt:ana it  nrust drink ore water and produce .aore swe t 

under l ike condi t iona of exposure than must the white-skinned ant.al . 

It has been succested that the picment of the akin on dark ( as wel l  as 

whi te-skiiUled animal• to a 1 extent ) aerYe s to rai se tbe aurface 

tempera ture when exposed to sunlight and to increas .-e ting which in 

turn helps to cool the surface . With regard to pig howewer ,  

applicabil ity of this �the i s  i s  no t clear . 
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(d) Blood composition. 

Reports by Findlay ( 1950) • Ruaoff • F.rye and Seott ( 1951 ) and 

Blencoe and Brod7 ( 195 1 )  baYe all shown that certain changes are brought 

about in the blood c posi tion of farm ani•ala as a resul t o f  the 

change of en..-ironmental te peraturea.  I ndications are that high 

haemoglobin values are associated wi th high adaptabi l i ty to extreme 

cond i tions of  temperature . Sp c i fic gravity ,  the Ca r P ratio and the 

n ber of erythrocytes h n al ao been shown to rise wi th increased air 

te perature . Blincoe and Brody ( 1951 ) in their studies wi th cattle 

haYe shown that obvious changes in blood compo i tion occur when 

0 
temperatures above 65 r. ia reached .  Creatinine levels inerea d 

and the reduction o f  ascorbic acid and choleatrol leve l s .  They fUrther 

reported that such changes in the blood composition are the re sult 

of reduced feed intake . 

Findlay and Beakley ( 19� ) in their studies wi th 

Ayrshire calve s  have shown that high nvironmental te perature caused 

blood dilution and cold enviro ental te pera tures cauaed blood ' · '  • 
concentration . Simi l ar r sponse to oderately high temperatures have 

been obtained wi th dogs. 

Data on the e ffec t  of high te peraturea on the blood 

composition of pigs ia scanty. wland , McMil l an and Reineke ( 1952) 

in their study on temperature adaptation in the b by pig baYe reported 

0 
that in baby pigs cbilled at 34 F. , t ere i s  a ai i ficant drop in 

the blo d hae tocrit val ea,  thoug with piga ten ya old or ore 

cbi l lin cau .. d al st DO c in all concen tration . se facta 

i.ndieate that the 7' ng piga �ncreaae the ter co t nt of t ir bl d 

and there 7 cause a deer ••• 1 t ir cel l  cone tration. 

·• 'fable 2. - a • 
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Blood responae i n  pies e xposed to chi l l in g changes in 
Blood ae atocri t  ( cel l  volume ) in pies of 

vari ous age • 

Age in No . of v. h aema t ocr i t  " Bod t IY empe t ,ra ure . I Be fore After Be fore A fter i days . pigs. chi l l in ,r: .  chi l l ing. chil l ing . chi l l ing . 

2-4 d-olds 15 :53.6 26 . 8 102 . 0 99 . 2 

1o-12 d-olds 6 30. 2  30 . 8  102 . 8  101 . 8  

�3-27 d-olds 9 28 . 7 27 . 6 102 . 8 101 . 7  

I n  older pigs there i s  n o  shift i n  water concentrat i on 

in e i ther direction. The bl ood dilution in the young pig takes the 

reverse course of aniaa l a  wi th a normal func tioning t perature regulating 

mechan i sm .  Since older plea show n o  change i n  their blood haematocri t 

i t  wou l d  appear that the development of the temperatur regulating 

mechanism in young pig i s  retarded . Bowie e t  al . ( 1 948 ) sug sts tha t 

the temperature regulating chant in pigs is not ful ly deve l oped 

even at 8 weeka of age . 

Newland e t  al . has also shown that chi l l ing one day 

old pig cauaea an increaa to occur in i ts blood suear . Incr ase in 

blood sugar la apparently a de fence mechanl of the body aeainat cold . 

They also showed that plea fasted 8 oura be fore chll lln1 showed les• 

glucose increase than t oee fasted 3 an 5 hours. 
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(e) Plane of nutrition. 

Aa earl,- aa 1923 , Benedict and Ri tDIAD a owed that 

the plane o f  nutri tion affec ts the akin temperature o f  ateers in that 

wi thin certain lt.ita akin t perature increa es as the plane of 

nutrition i prov a (F1ndla,- and Beakley , 1954 ) .  When the a�oapheric 

temperature is high then the animal with a hi gh akin temperature is at 

a disadvantage i .e .  it wi l l  be at atreaa. 

Robinson and Lee ( 194 1 ) studied the e ffect o f  the 

nutritional plane upon the reac tions of the aniaals to he t .  They 

found that in the pig ,  like al l ant-a l a ,  the reac tion of the high 

plane animal s to hot conditions (D. 1B .85°r. ;  W. B. 85°F. ) were 

signi ficantly higher than thoae o f  l ow plane ant.al s . The reaction 

was much more pronounced under hot-dry conditions ( D.B. t06°F. ; W . B. 86°F. )  

The behaviour o f  the rectal te perature , pulse r te , respiration rate 

and we ight loss were all aeaaured . I t  was shown that the high-plane 

diet animal had si�ni ficantly higher rec tal te perature a ,  respiratory 

rates,  and lost weight co.pared to animals on l ow-pl one di ta.  Pulse 

rate rise s  were not as aarke d . 

There is general belie f that tat ani als do not do 

parti cularly we l l  under tropical cond i t i ons . On this aaa ption 

Robinson and Lee studied the e ffect of the di fferences in the 

proportions of protein in i ao-calori , adequate diets. re the 

animals were fed aucceasiYely upon di fferent diets which were of 

equal calorie .alue but contai d proportions o f  rotein warying from 

5 to 2 .5  per cent . The animals were fed tor a .. ek wi th a particular 

diet and .. re at the a e tiae ex:p d to a cri tically hot ataoaphere 

t r aev n hours and their reactio studied . Evidence o tained t ua 

a wed that a high pro rti t protein had n .ar d si i fic nt 

e ffect upon the reac tions ot the animals to heat. 
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Reverthelesa Mitchell and Edaan (1949) i n  a reYiew o f  

nutri t i on i n  a hot climate y that in the c ae of h ana there ia 

srnae suggestion that prote in require• nts aay be sl ightly raised • d 

to an incre se in the endogenous c tabolism of body proteins whi ch is 

revealed by a.n increased output of creatinine , and a loss of ni trogen 

in sweating. It is there fore of • intere st that Brody (1949) 

repor t s  that the creatinine lev 1 in the bl ood of dairy cows rises 

steeply with rising bient temperatures. 

It is  p o  sible th t t er i s  an increa e in th require•ents r. 

certain minerals in the tropics. Ritchell and Edaan (1949) report 

that there are indications that the h an r quire nta of thiamine 

and ascorbic acid aay rise in the tropics as do the require enta o f  

aalt,  cal cium and i ron . 

Ac cording to Le and Phi l l i ps ( 1948 )  with the o�gen lack 

in the visceral region i t  would be the motor func tions which wou l d  be 

affected more than the se cretory and i t  i s  large l y  wi th aotor func t i ons 

that appe t i te is associated . Appe tite is  reduc d at high temperature s 

and Patche l l  ( 1 951) quotes Brobeck who suggested bow appe t i te is 

reduced at high temperatures in rat s , and that food in take is a regulator 

of body temperature since it i depressed in the heat and increased 

i n  the co ld . Loss of appe t i te as a result of heat would ean less 

food intake hich further aer.ns 1 •• internal b .  t produc tion so 

that so eh l e a  heat would have to be lost . W know that ani al , 

in order to aaintain t eraic condi tion at be proYid d with 

foodatuft. If appetite i s  lost then food reserYes in the body wil l  be 

uaed to earry on ea ntial body proces ea t the result that growt • 

fertility, lactation etc . will be aarkedly affected. 

U der cold c ditions the ti te la stt.ulated .  • 

aechani- tor this is ot clear. According to Lee and hi l l i pa (1948 ) ,  

it aay .. 1 1  be t e resul t of stiaulation to t e adrenal .. dulla tr 
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the h7Pothal u. ,  if  not fro the h at-regulating centre• the aelYea . 

Adrenalin ie  kno to incre ae hanger contract ions under cerUin 

condi t i ons . lncrea d appetite according to Patchell  ( 1951 ) under 

cold conditions does not necessarily • an increased produc tion ; on 

the c ontrar,r , production •BY decrease aa more nutrients are needed 

to provide fuel tor increased taboli and the inerea d heat loae . 
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(f ) Production activi ties . 

Rev1ewa on produc tio actiri t ies of our liYestock have 

receiv d a great deal of attention in recent years . Most of the rk 

has been reported on cat tle by Brod)r and Aasociates ( 1948 ) and Ritzaan 

and nedict ( 1938 ) . 

Produc t ion ac tivi ties in thi s study wi l l  inc l ude 

( i ) Lactation and ( ii ) Growth . 

We have seen under the se c t i on on plane o f  feeding 

that increasing t peraturea depress appe t ite , f od cons ption and 

consequently reduce heat produc t ion .  Aa a r sul t  o f  the decreaae in 

food consumpt i on produc tivity is affe cted . 

( i ) Lactat ion : - In all liYestock nd e specially i n  cowa , dYerae 

changes occur in t he yield and compositi on of the milk wi th ri se s  in 

air te perature . In a review by Findlay ( 1950 ) i t  was ahown that at 

environmental tempera tures bet en 70°F. and 0°F. milk yiel d  in 

cattle of temperate bre ds w re not signi fican tly a ffec ted but that 

the fat " of the milk was reduced . Above 80°F . , milk yield deer aaed 

and fat " showed a rise • milk yield in Uol stein c ow ahowed a 

decrease by 50 to 7 �. For Jerseys nd own Swias cows the 

temperature that caused 
0 

sharp drop in •ilk production was 85 r. 

( Brodyt945, 1948 ) .  

The aaae authora owed that t e cold enviro nt increased 

appe t i te and food conauaption t this did not neceaa rily hi er 

producti n. A hi� er .. ta olic rate as a result of hi er int ke 

waa r quir d for i creaaed t rod ction to keep the aniaal in 

cond i t i on - pro ucti wa again affe c ted . It wae shown th t Bolatein• 

a little aff c 4 wi h regard to 

ti , �er .. ya were fo d to 

32•P. ID oth t e ea • the 8 

· .... edly afte t.ed eve at 

d t eat 1 p a.c,uata of t d 
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to keep theaselve s  in condition lor this high produc tion .  

,11) Growth a - In rece nt years n erou exper� nts have been carried 

out to study the ight gains or pies , sheep, cattle and other liveatock 

UDder low and high te per ture s .  Payehrometric ch .. ber studies as 

well as field observations have been made . 

P8ychroaetric eh ber studies .  

Californian workers , Beitman and Dughes ( 1949 1  1958 ) in 

their peychr etric che•ber studies have shown the e ffect ol high 

te peratures OD livewei ght gains. '!'hey showed that at 90°F. saina 

ol le ss than one pound were observed at al l livewei ghta of 200 lba . or 

more . At 100°P. all weights oYer 100 lb . gained only 0.39 lb. per 

day and at 1 10°P. e.en 100 lb . pigs lost considerable weight . 

Similar reports have been de by Warwi ck ( 1938 ) . 

Controlled low enviro ntal te perature studies have not bee n 

made but i t  has been shown by Dei tuum and Bughes ( 1938 ) that even 

at 40°F. , 350 lb. hogs loat we igh t wher as at 55°F. t.hey gained 

2 . 4 1  lba. per �· 

That the grorih ol baby pigs is affected has been shown by 

Davidson ( 1948 ) .  

fteld atucliea .  

T.riala conducted t Georgia Bxper�ntal Stati on , Ti lton 

( 1957 ) aho .. d the adv ta gat ed froa a cooling d vice for pica 

during bot .. ather. ta cover two years·. In 1954 • fat tening pigs 

with acceaa to a aprinkler ..r• 

with 1 . 3 1  po da r � 1 

t •peraturea ..... 72°P. 

gat d 1 .63 

-aprinklect. Jle 

de per da7 c pared 

fatte ri_ca .t t aeceaa to a aprinkler ined an averap ef 1 . 54  

r dB¥• e .. t--'�, .. tare ... 71°P. wt t  a r ce 1 s0r -
• ranp of M0P.. to .,.or. 
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The gain in th e two year• • experiment wa• � •ore for 

hosa which had acceaa to a aiaple fora of a sprinkler. 

JUnaeaota Experiments ( 195? ) ci� Oklah011a experillents to 

point out that •owe and silt• pro tected fr011 a.-er beat by a 

cool ing system produced 2 . 35 re l ive pi«s per litter than a similar 

group with access to open shade , but wi thout the spray . Sows wi th 

spray avera«ed 10.06 live pigs compared wi th ? .? 1  for the otbera . 

No ment ion o f  temperature was made . 

Cold teaperature at dies have been aade but due to 

respiratory troubles enco tered in theee teat , no direc t  co.parable 

asure ents were aY&ilable . owever , s ffice i t  is to 887 that 

lower environmental temperatures ( below 45°F. ) haYe .. rioaa 

repercussions leadin« to uaeconoaic gains in fattening piga and 

unheal thy c ondi t i on in the breeding ani ala . 
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B eroua in t.-..ent s haye been deYiaed by expert s  tor 

the measureaent of body temperature , respirat ion r te , pulse rate and 

akin t perature . These instrument• are of aaJQ" descript ions and Y&J7 

considerably . S e of these instnaents are very compl i cated struc ture• 

so that only the simplest forms wi ll be discussed in this sec tion. 

Wi th regard to technique s of  .. asurement - which 

differ from instrument struc ture - .. ... confronted with aeveral 

problems . When working wi th liYestock, we are working wi t ant.ala 

th t do not underat d our work and tural ly they provide resi stance . 

The animals are di sturbed physiol ogically and psychologically so that 

the taking of measure ent a may intorduee errors o f  great aaapi tude . 

It is therefore o f  great importance that study of thi s nature be 

made on aniaa l s that haYe been trained tor s e time prior to ac tual 

experime ntation .  It i s  also o f  im rtance that the animals be handled 

s gently as possible tor studies of this nature . 

(a ) Bod;r temperature . 

i n  the reet 

to - the deep 

• 

W i th l ive tOek b dy teaperat ·e la always taken 

The r ctal te perature is a fairly reliabl ind x 

especial ly und r war. condi tion• • ao 

that any departure t · the •nor.al ' ranee should be ote d . I t  i s  

one o f  th oat significant of an 1 reac tions to he t atreaa. 

T.be aoat e inat d to .. re t 

rec tal t pe-rature la t • clinical t I'll tor . According to Lee ( 1  53) 

heavy ftterin.ary t tern 1.a preterabl to the -die , since it 

l a  t big er crad a tio d 1 g en ugh fo� ent-al rk. 

a t deal o fr t 

t er in ace st t. t t 

0 oul·d a1 p tested tor accuracy 7 
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�rsing the• toge ther in a pot o f  water a t  each of these temper turea 

over the range 35-43°C. It a therm eter which is known to be 

accurate such as a previously standardiz d laboratory thermometer , can 

be included , the check is even more satisfactory . Precaut i ons are 

there fore nece ssary . 

� According to Lee ( 1953 ) therm ter should al ways 

inserted well i n to the rec t  e .g. 9-10 c .m .  in dep th . Yaglow ( 1949 )  

q uotes Kitching ' s  exper t.en t t o  say tha t he recoa1 ends 8 c .m .  which 

agree well wi th those of the stomach and of the urine voi de d  during 

te s ts in subjects who are in thermal eq uilibri with th environme nt . 

Kriss ( 192 1 ) 1  quoted by Patche�� ( 1950) , found a t mpera ture grad i ent 

in rec tal temperature in dry cows . The deep r the �nser-t i on , the 

higher the re c ta l  temperature . He used 4" , 5" 1 6" and 7".  At 4" , the 

0 
read ing was 0.8 F. lower than 

( 1 938 )  
at 6 to 7 inches. Other workers 

( 1 946 ) 
Regan and Ri chardson used 5" 1 Seath and Mil le r 3" an d ns ona � 31 1  ( 1949 ) 

From the above bservati ons it b c ome s  necessary that 

the same thermome ter be used at t e same d pth of insertion at each 

readin� in an expe riment .since th research worker is more c oncerned 

wi t h  d i fferences rather than actual pre cise de term in ti ons (Patchel l ,  

1951 ) .  In order to facilitate the same depth , Pa tchett used a rubber 

bung at the end of the t ometer. 

2 . )  Le e  (1953 ) rec to be ample tor the 

thermoJDeter to tu p t rec t  1 te pera ture o f  the rec tal wall a .  

J t  haa be n reporte t t t 1 er th is in the reet t· 
. 

t higher the reading. &ere qain we are concerned with the di ffer nee 

r than actual preci• deten�ination 

at each tille la .. ti factory. 

• t .  

t t three in te readi 

at alw a 

e .. .  1a la ne e  a y t e air t rat e le h1 r 
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than the rectal t peratur • '!he th .ra ter Caft be • reduced I by 

ahakins it or dipping in cool water. Dippins in water also ae�a 

as a 1 bricant and inaerti on in the rec t  i s  e si ly manipulated. 

Workers use vaee l ine or even oil but t ir use is questionable . 

4 . ) ften t e thei'IDOIDeter i s  re oved fro the re c taa -
i t  should be read diately . Cotton wool is o ften used to wi pe the 

fecal matter from the thermome ter surface . When reading , the thermo eter 

is held horizontally and shaded by the obeerver • s body , aDA 

tm.ediately recorded .  

5.) ether the fecal atter in the bowel a ffec t s  

reading is n o t  cl ar. According t o  Xriss ( 192 1 )  it had no e ffec t .  

while Bancock , quoted by Pa tch 1 1  ( 1951 )  says it doe • 
� Precautions .ast be taken ag i nst th posi tion 

in wh ich the animal is at the time of taking the rectal te perature . 

Brody ( 1945) has sh�WD that the heat produc t ion o f  th st and ing animal 

is high r than one lying ; it fol lows that the recta l teaperature in 

the standing ani al would be hi er • 

.!:l Kri s ( 1921 ) r ports that drin in . water ea sea 

a decrease in rec tal temperature bu t after 2-3 hours the te peratur 

return& to normal . Robinson d Lee ( 1941 ) report that th pig • a 

rectal temperature was defini tely reduce d by giving water quival nt 

to h l f  of that l ost by va rati n ut it was not furth r reduced by 

incre sing the water sup ly to f 11 repl c: t .  I t  

t a. taking sue a n t  , anblals uld not 

t e experi��ent . 

!:J. Mac al d l).i ( 19 ) quote 

a d Krisa ,  r ort t t i c • e t ing• c u .. d a ali 

rature . aedic:t an it ( 1  ) fo 

triti had no effect. 

rectal t.. rat e i t • rnt re n ect.e4 1 

would appear , 

watered during 

1 ,  

t inc:reaae in 

th t e ot 

.., .. rw. t ... 

te n tritio l 
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level t o  IIUlintain hoq temperatur • as they were si i fieantly 

i nereaaed by a oderate supplementary ration. 

!!! According to wburgh ( 1949 )  glass therwomet.era 

do not c on f_.. to curvature o f  the rectum . and may there fore 

i ntroduce errors due to poor contact and lag. Be recommends that a 

ten minute lag period of observation is desirable in hot and c ol d  

c l imate s . 

Thermocouples and a potent! e te r  are 

recommended but Lee ( 1953 ) finds the accuracy obtai ned in meaaur ing 

rectal t Btperatw-e wi th a good t · ndard t hermome ter is a.e �ood a 

by any other means. 
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(b) Reapiratorz rat and • 

Two ��ods are available for asure ent of 

respiratory rate. 'ftlia .. aeure ent i a  perhaps tbe simplest of . all 

the four meaaurementa riz. • rectal te perature , i n  temperature • 

pulse and respira t i on rates . 

This aeasure ent can be aade fro di stance . 

Respira t i on rate i a  the average number o f  complete respiration& .ade 

per inute under the given circu.at ces . Move nt of some part of 

the body accoapaQJiDS each respiration ia picked out and a total 

number of •o..-enta counted over a suitable period. Plank •o ent 

Co ta ah ld extend 2 minutes (Lee • 1953 ) but for 

practical purposes balf-.inute readings are equally good . Counts 

should be repeated until 3 counts at least agr e or are close .  When -
the animal is respiring very fast , e tual counting is impossible . In 

this ease an approxiaation •q be obta i ned by establ i shing a rb7thm 

a� iDSt time , e. g. 20 in i ainute. Thi s  can be conYerted to respiration• 

per minute. Patcbell ( 1951 ) susge sts tally counter in one hand. 

A wa teh should always be bandy but a atop watch is better . 

Patehell ( 1951 )  descri bes a thod whereby a hand 

i s  placed in front of the noatri l d c ounting t e alat i ona. 'f'hi a 

method , he augpsts works well wit only q ie t animala. 

Lee ( 1  53 )  

co ta by l iatenin& �o breat 

pt 

eb•l"ftr . 

a .. thod where respiration 

thro a stet aeope . This 

if it la o t  ace at d to the 



- 41 -

When respira�ory .. aaur ent are taken i t  is 

desirable that animals are handled quie tly and further more all 

experimental animals are meaaured under the same conditions i .e .  i f  

an ani•a l la grazing i n  the paddock and another standing in the shade 

then the two ant.als wi ll haYe a wide .aria tion in their rate s .  

Findlay ( 1950) entions a third me thod used wi th 

intact anillal . Bis aae thod involves the ins rtion o f  thermocouples 

or thermistor• i n  the nostril • The thermistor& or thermocouples 

are held on a light expanding pring in the middle o f  the nostri l .  

I f  the temperature of the on•iro ntal air i s  different fr that 

of the exhaled air • the re spiration& may be displayed as fl uctuations 

in the temperature of the ther.oeouple or thermi stora . Tberaistors 

are pre ferred for this me t hod because wi th them the e ffect of the 

temperature change can be aor 18adily pli fied . Any sui table 

recording galYanom ter wi l l  d i splay not only the rate , but the 

aapl itude of the re spirat ion& . 

Dukes ( 1947 )  ggeats a method i n  the intact animal 

where by a tube is conne c ted to a side-ara of a �racheal cannula 

and then to a tambour or soae other fona1 of a recorder .  Inspira t i on 

re sul ts in a decrease of th pre• ·ure in the tube and recorder ,  

caus ing a downward moYe�Dent o f  t e writi leYer ; expira tion eleYa tea 

the pressure in the tube aDd recorder , causing n u ard oY .. ent 

o f  the writi point . 

Another sui table method for intact animal ia the use 

o f  poe ograph or a stethograph o f  which eY ral fo a are obtainable . 

ftis la tied to the aniaal around the thorax in an appropriate location 

· and then connected to the recorder. hapiratio increa .. • �he capacity 

of �be p ocrap and wri ti leYer ••• d • ;  explra�ion 

eau•• t op •ite e f fect. Parther detail• ar gi•e in •• 
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roua .. thoda of .. asaring the non-intact aniaal 

are giYen by Dukes .  

(cl Respiratoq tunction .  

nnctl� (1950) de fines respiratory minute vol..-e aa the 

volume in l i tre s  of air breathed by the �al per minute and the 

tidal air is the volume o f  air expired by the animal . 

Respiratory function is desirable for the study in 

environmental �aiologr bat under field experi .. nta, ho ver,  it 

i s  not alto ther possible . ODly when the an� is stanchioned can 

such aeaaurement be de possible . 

No atteapt ril l  be aade to detail re spiratory tuaction 

studie s  here . Only the general principles involved in the technique• 

employed wi l l  be mentioned . 

The various devices which are used in these m thods are 

re ferred to as respiration apparatus . Three conventional thods of 

col lecting data of this t� are mentioned . 

{a) The anblal ia aade to wear a mask with 

a dry gaso.eter which provides tor th analysis o f  the inspired and 

expired air . 

(b )  The cloaed-circui t type - t t a  na.e 

deri.es tra. the fact that t .... air is contin oualy circulated 9 

addi tion o f  Olqgen• re eo2 and -ter are re oved tr · the outgoing 

curre t b7 abaorbenta. 'Dteir t ta dete�ined 7 recording the 

bcreaae in -ig t ot t abaorblD na la. fte OJE7P of t • 

circulati dr ia re •• thro 

YOl_. added la reco d .  fte rest ual air at t • .. 
• ot icb the 

ncluaion of tile 
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experiment is analysed to take account f any change in ea.poai tion 

fr t at of the start .  r this close-circuit type , construc t i on 

of an air-tight uni t in which the te perature and humidity are well­

defined is essential . Conatruction of such a unit is expenaiYe and 

the larger the animal the greater the cost . 

(c ) 'ftae pen-eireui t type di ffers from the one 

just described in tha t the c irculating air is drawn from the 

atmosphere , and the outgoing air r a aeasured frac tion o f  it , ia 

pas d throu gh!  a:b<&QJ',be.nJ:. s .  

In e i tber th cloMd and open-eircui t type a 

de scribed gases other i an the pui.onar.r exchange are also 

introduced such as intestinal gases and perapiration . Brody ( 1..0) 

describes a n  air-tight muzzle for farm an!.als when i t  i s not desired 

to determine the losses in inte st i nal gases and in perspirat i on .  e 

eliminates the eh ber wi th i ts large voluae of air. This el imination 

has certain advantage s .  hort tiae obeerva tiona are accurate and 

chang s are traced sharply . 
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(4) Keart rate . 

The are a I • -thocle that haYe been devised 

for aatiafactorily recording the pul se rate of our clomeetic liYeetock. 

research worker for .. asuring the pulse . 1'h se me thods haTe their 

11 itatione .  

(a) 'l'he pulse III8T be palpated in •aDJ' of the 

auperfieial arteries, the oaee aost accessible Tarying in different 

epecies. In cattle t e · eauclal or carotid arteriea are c ·onq 

palpated . In the pig ,  the carotid art ry i n t acceesible and 

according t Dukes ( 1947 ) i t  ia difficult or iapoesible to measure 

pulse rate by at.ple palpation . BoweYer , the posterior-tibial artery 

on the medial aurfac of the tibial region , 4 to 3 inches above the 

hock i s  a conTenient place for meaaureaent in the pig. 

(b ) The pulse rate y also be re by using a 

clinical stethoscope , placed on the lower for -rib of the etanding 

animal . 

For both these aethods a sto p watch or a wrist 

watch is req·uired and pul beat recorded againat ti .. -r ading over 

half-a inute or a ainute i t a at interYale and repe ted 3 tU.e • -
Al. th agh tbe ab Ye ae thods ffer froa 

di sadvantages (P1ndla7, 19 ) they are aevertheleae reasonably ccurate 

pr Ti ed the iaale are 41ed quietly. 

aenaitiYe and the touch of stet eeco or fiapra 8&7 pHt the aniaal . 

Both Mthods require the ... nee of an o .. rftr in Yery cloM 

prorllli ty to the niaal . Al a ith r of the •• oda will giYe a 

reeor of t ulee rate oYer a prol ged rl .. 

Pbyai lo ical factors 

71ft all tree 

to influe ee 
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heart rate include exc i te•ent , uacular exerciae , hi gh enviroraeatal 

te perature s ,  alti tude , ase , .. x, size , di etion , sleep an .ari oua 
/ 

pathological c onditione within each do.estic ep ci s .  

In fiel d  experiae t s ,  however , it i s  probabl 

that aaaual palpation .. thoda are the onl7 o s that CaD be uaed 

for taking the heart rate . 

In pe7chr�trie chaaber stud iee elaborate methods 

haYe been u ed and details of such equlpaent and techniques are 

di scussed by Vindl y ( 1950) d .... ( 1953) . 
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(e ) SkiD telaperature . 

'Skin te�rature • is a loo tera and could 

either mean what Lee ( 1953 )  describes as "coat surface teaperature" 

or • kin •urface temperature" .  

'ftle "coat surface teaperature " has been de fine d 

as the temperature of the surface that i s  • seen ' when an observer 

looks at th animal wi thout disturbing it in c ontrast to "skin 

surface temperature" wh ich has been de fined as the temperature of the 

outer l nyer of epide al ski n  cel l s . This latter surface is the 

outermost p or t i on o f the cont inuous body struc ture and repr sents the 

place a t  wh ich the body a nd environment first come into contact . 
In cat tle short hair predominates nd that 

it forms a thick se t covering over the body. I t  i s  th i s surface 

wh i ch e xc hange s he a t by radi ati on wi th i t s surr o und i ngs ; i t  is 

thi s surface from which heat exchange and evapora tion occurs , so 

tha t  th i s  so-c a l l ed "coat surface te perature" is required to be 

mea sured . 

Pig on the o ther hand , unl ike ca t tle and she p 

are poor ly provided wi th hair so that the rad i a t i o n  of the sun comes 

d i re c t ly in con tact wi th the ski n .  It is thi s  "&kin surface te perature " 

we are concerned with. 

Var i ous me thods of a surerne n t  have en reviewed 

by Findla� (1950) , , tch 1 1  (1151 ) ,  Lee ( 1  53 ) etc. for cattl e .  

Clinical The ter : Lacking ro elab rate apparat a,  

valuable ur m nts e be de wi th a cl inical the 

c Far lane (1958) aus at• olding t bulb of t the ter asainat 

t skin . Tber are obvi ous error , ince t te per tare reac 

b� t bulb i a  affe ct d by t t peratu� of th i r .  ton (1G3� ) 
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cites Stewart to say that if  the bulb was held  in cleft cut in a 

al l cork and the exposed portion held  against the skin, the rest 

of the bulb was insulated effectively and readings would deviate 
0 less than o. s C. frora those obtained by theJ'IIlocouples or resistance 

thermometers . This accuracy is sufficient for most clinical 

investigation .  Time •ust , or course , be left to insure that maximal 

temperature is attained . However, this thod of akin temperature 

measurement is not wid ly uaed. 

ii ) More elaborate thod are all electrical ; two of the are 

described below. 

Ther.ocouples' &lde� ( 1941 )describes in detai l thia 

aethod . 

Thia thermoelectric effect is observed whenev r ,  

in an electric circuit composed o f  two or more atetals ( or alloys ) ,  

the different junctions between the metals are at di fferent 

temperatures . An electr otiv force is set up, th ma i tude of  

which depends on the particular •etals used ,  and which is proportional 

to the di fference in temperature between the two junctions , over 

small temperature ranges.  This ayatem of two dissiailar aetals is 

known as a thermocouple . In other words when have two disaimilar 

metals forming a circuit and one of the junctions ia at freezing point 

aDd the other at the t .. perature of the environa nt of the sldn, an 

electric current will be aet up in proportion to the difference 

between the te perature of the bot and the cold j ctiona. 

fte varioua .. tala and alloy• c be arranged in 

a aeriea according to the aagnit de of their t eraoelectric effect 

when UMd tept er in a tben�oco ple. Therefore , for· .. xta 

Hnaiti•ity the aetala ahould be choMn tr� op site enda of the 

t raoelectric .. riea. 
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Conatantan ie one al loy wi ely uaed tor then�oeouples 

because ot its general all-round auitability. Constantan is 

situated near one end ( the negatiTe end ) ot the series . Me tals such 

as copper , iron and alloys such as braaa and steel , are si tuated 

towards the positive end ot the aerie s ,  n d  there fore . produce a 

lar� thermoelectric ettect when u d wi th constantan . 

There are -ny sources of errors in the use of 

thermocouples and they should be guarded againat . 

L CONDUCTIYIT'f c- Thenaocouples 

should conduct s little heat aa possible away from 

the akin. Metals and al loys vary in th ir th rmal 

conductivity and those that have 1 thermal 

conductivity ... preferable . Copper and constantan 

satisfy this requirement we l l . 

MECIUNICAL PROPERTIES t - The wires should 

be as thin aa possible but freely support d ,  e i ther 

by their own rigidity , or by being stretched across 

an open fr • Cop r yield8 too easily under tensi on 

but constantan stand up well to continu us handling . 
CIIDIICAL PROPERTIES a- peated u• o f  

thermocoupl e s  are sub j e c t  to  corrosive a c ti on o f  

moisture on the sk in . It i s  there fore re c ommended 

that the material shoul d be chemical l y  re sistan t . 

For thi s  purpose c onstantan has been found to be sui table . 

Sources ot Srror in Skin .,_perature lllea.ur .. ent•• 

fbzs1ological reactions - caused by contac t .  pre re 

or irritation in cod in uaing t e inst nt . iadlay ( 1950) points 

out 
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to the poasible effects of Yaaomotor reactions and stimulation& or 

inhibition of the ... a t  £lands or arrector pil i  muscles .  Any o f  

these aetione would chan the temperature of the akin and giYe 

untrue readings.  Constant pressure of appl ication ia important . 

Physical distun ance of the heat exchange between 

the skin and i ts aurroundinge .ay b• eauaed by the resenee of the 

thermocouple .  Conduction o f  heat away fro. the junc tion will 

alter the tc perature of t e akin at the junction and •ay di sturb 

the e ffect of wind d radiation to which the skin is exposed .• 
Teaperature eguil ibriua aay be di fficul t to establish 

between the junction and the skin. Since only one surface o f  a 

junction can be in contact wi th the ekin it fol l ows that the 

other side ia exposed to the nYironment .  The error , here again , 

as in the ease of  phy�ieal disturbence , will be eith r posi tive 

or negative , de pending on whether air te perature i s  hot ter or 

cooler than th akin. 

To aeasur the e .m . f .  (eleetroaotiYe force ) 

deve loped by the couple , either a direet reading galvanometer, 

a potentio e ter or a record ing potentioae ter aay be u ed . 

GalYanometer is t • aiaplest since it gi.ea direct reading of 

temperature. For a constant .ol tap tbe galYan ter reading 

depends on the real tance of the electrical circui t because i t  

registers current and not voltage and Yariations i n  the resistance 

in the the ocouple or inatr nt will affect the reading 

( P.atehell ,  1951) . To e these Yariationa .. al l a large resistance 

1a added to the galYanoaeter but this reduces the aensitiYity of 

th inat nt . BoweY r,  thie ia hisb17 aatiafaetory for ordinar7 

outdoor or indoor .. 
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Tile beat thod to use for aauring the e ••• f .  

i a  by .. ana o f  a potentio.eter. Scott ( 1950) d scribea the a-.e of 

a a potentiometer. states that a current is paaaed tbroush a 

wire to cause a unifol'lll voltage drop along the wire ; by moring 

a aliding contDct along the wire , any vol tage within the range of 

the inetrUMent can be o tained , th voltage being proportional to 

the distance the alider is aoved.  The thermocouple and a 

galvan eter ar connected bet en the aliding contact and one 

end of the wire . When the potentiometer voltase equals the 

the oc ouple voltage t e gal.an t r reads zero and the voltage 

or teaperatures can be read by noting the position of the eliding 

contact . At the point of balance no current ia taken fro the 

thermocouple and tor this reason the the ocouple resistance d ows 

not affect the readings. The &lide wire has to be c librated 

periodical ly by a standard cel l • incorporated in the instrument . 

The ther��oeouple ia ua lly aome distance fra. the 

potent iometer and connecting leads are used to join the two . The 

cold junct ion - uaually melting ice in a the s flask - is placed 

where the lead wires join the the ocouple wires. 

'ftle at advantage of the couples is the eaae 

with which they c de, t iveraality with which th y can be 

appl i d and the aiaplicity of t aur t c 

aed with th... 'l'heir diaadvant s ar e care wit ic t y 

st be used ,  the need for frequent recalibrati n •  and the nee-d for 

a cold junction at a const t ecurately kD temper ture . 

ce t 

(Jt) ile 

... tera are t 

ratarea wit accur cy, the acce .. ry apparatua ia 

auitable for field work. Tbeae type eo iat •t 
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an applicator containing an element whose resistance changes wi th 

changes in its temperature . I t  is connected with an apparatus 

which measures the changes in reaiatance with accuracy and displays 

them as changes in temperature . 

There are numeroua faults as with any i nlltruaent 

but the aerious objection that ia ade against the use of  conventional 

reaist�nce thermometers in taking surface te peratures is the large 

area which the thermometer covers , ao upsetting the nature of the 

surface whose temperature i s  require d .  

I 
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(e) Jle thoda of --uriJ!I the theraal ele��ents o f  cli•ate . 

I f  the theraal environment i s  to be ca.ple tely specifie d ,  

the four individual theraal fac tors - the teaperature , humidity 

and the rate o f  aov ent of the air , and the radi tion from the 

surroundings - must all be taken into account . Instrumental 

measurements o f  each must be aade . 

(i ) Air Temperature c 

The temperatur of the air i s  c onl� aea.ured b� 

aeans of the aercury-in-glasa the ometer . A aling or whirling 

hygroaeter is also u .. d for thia purpo.. . With a .. rc�-in-glaaa 

thermome-.r , i t  is noraal l� suspended from the instr ent stand , so 

that the air temperature can be read from time to ti • However , the 

diaadvantage i s  that an� radiant hea t wi l l  influence the r ading 

of the ercury-in-glaae thermom ter and thue e use inaccuracy . On 

the other hand with sling h7gr 

of a rapid current f air ov r t 

ter readings , owing to the paasage 

therm08tter bulba , errors fr 

thia source ar general ly so alight aa to be negl igible . 

The whirling h7croae ter is also known as a payehrCNDeter. 

It consists of a pair of t ermo.eters • unted in a fr which ia 

provided with a h le . B.r rotati ab t t 

dle , l ike a rattle , t t 

that their bulbs s thr t 

The ulb of one of the the 

rs can be whirl d rapidly ao 

air at a eo aider ble loe i ty •. 
ts co.ered wi th t in •ualin and 

thia ke t iateaed b7 t wick le-..� ... 6 

id irllng t.Bediatel7 bef 

•• ntial . Satia�act rT .. t-bul te raturea c t be taJ.ne 

b7 ...-el7 auependt g the i at ia relativ 17 ata t air ; 

a atrong air current . •• la e naared b7 tile irli , la 
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absolutely necessary tor accuracy. The ir velocity , or the 

velocity of the bulb o f  the whirled thermome ter relative to the air,  

should be of the order of 6 00  ft . per ainute . 

The water supply for the wet•bulb should ,  if  poasible , 

be diatilled water . It this cannot be obtained , the water should 

be the purest proeurabl at the tble .  At•r being used tor --. 

t i  e ,  the muslin covering the bulb .ay be sti ff and non-absorbent ,  

and i f  1111ch signs appear th musl in should be reaoved. ... • l in 

should be thoroughly washed before use .  

When an o aerYation la to be e ,  it a ould first 

be seen that the wet bulb is indeed t .  The instrument is then 

whirled as rapidly as possible tor 30 or 40 seconds ,  stopped, 

and the wet bulb read ediately. The whirl ing ia repeated and the 

readi ng checke d .  It nec essary, further repetitions must be made 

until two successive readings of the t-bulb te perature agree 

very closely, thus showing that the ain imum te perature of the wet­

bulb has been reached . T i s  reading is recorded , the dry-bulb 

te per ture is al so read and noted. It i s  e speci al ly important 

that the t-bulb temperature be re�d first , tm.ediately after 

whirling has ceased. Otherwise the te perature sho by the wet• 

bulb inatrum nt rill tend to rise . 

An ele�MntaJ7 precaution , but one frequently neglected , 

is that the inatru .. nt is rea , t 

be kept ••� troa the ulba the the 

ob......,.r • a  · • should 

oaet r at a ;  and the 

obaerYer ould take care ot to br athe o the i 

acrutinizlllg it .. 

t 
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(11) At ospheric relative hu.iditz :  

1h 110st ridel7 used thod of measurin« the 

humidit7 o f  the air is to obaerv the temperatures of the wet and 

dry-bulb therm e ters ,  and th  n from sui table tables,  t o  read off 

the humidity. Tbe dry bulb thermometer asure the air temperature , 

and unless the air is coaple tely satur ted wi th water vapour the 

wet-bulb te perature is below air te perature . e drier the air , the 

•ore rapidly i s  water evaporated from the wet bulb,  and the 110re 

i s  that bulb cooled . ence , at a given air teaperature , the 

difference be tween the dry and wet-bulb t peratures - some ti .. s 

re ferred to as th depression of the wet-bulb te•perature - increases 

as the humidity of the air d�nishes.  

( iii ) Air movement : 

'l'tle most c on method is by ue of a cup 

anemome ter. It is  a f iliar .. teerologieal iDtlt nt consisting 

of cups mounted vertidally n h rizontal aJ"'Ila which rotate with 

the wind pressure (Lee , 1953 , F. A .O. Develo�nt Paper No . 38 ) .  

( iv) Solar radiation & 

A staple and easy aethod to coaput the radiation 

intensity is trom readinss of t e. slobe t era ter . 'ftle globe 

tberaoaeter consists of a boll  6" copper spaere , c o  ted ri th 

.att black paint , aad contalnins an ordin ry thera ter with i ts 

bulb at t e cen tre of t e s ere . The te perature of the inatruaent 

depends on t e enviro nt in ieh it is pl ced . If t e walla and 

other surface a whic surround the gl rbe ue waraer than the air 1 t e 

te perature r c rded 7 the t era t r inside the gl be rill be 

above air teaperature ; aad e nnrM17 , with the aurro inga cooler 
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than the air ,  the globe thermometer temperature will be below 

ir temperature . The gl obe thermome t er reaches approxi te 

equilibrium wi th i t s  environment after about 20 inutes exposure . 

The an radiation inten i ty a t  th point of 

observation can be expressed as an energy i nflux, i. e. in tel'lll& of 

B . Th .U ./sq . tt./hr. ; but studies of the theraal environ.ent, it 

has become c usta.ary to give it aa the "-tean radiant teape rature" 

o r  "aean temperature of the surroundings . "  Th is represents that 

unifora temperature at which a blacksurfaee would radiate with an 

intensity equal to the aean ob•rved. I f  the globe thera ter 

t pe rature , the air teaperature and the air locity are known , 

the mean temperature o f  the surroundings can be ascertained from a 

speci al chart worked out for this purpose . 



c A P T B R  III . 

UPERIMENTAL. 

B .  

REPEATABILITT TRIAL. 

Introduction : 

It ia always highly desirable that a procedure 

intended for use as a teat should give a hish de e of repeatabil ity . 

This question aroae when it was decided to aaaeas the differ ncea 

in  the phyaiological pattern prevailing during the experiment . • 

ethod moat c only practi .. d for this purpoae is repeating t 

teat several tt.es on the .... aniaala. Tbia .. thod i s  subject to 

conaiderable error . Frequent repetiti on of aa.e ani ala ten to 

set up accumulative effects i n  th , aome of adaptive nature and 

some of reactive nature . Repeti tion of the teat on several animal s  

a t  l onger intervals introduces error d to age , pregnancy , environ­

•ental factors and n erous other features .  R l i  nee had to 

placed , th re fore , upon car ful teat deaip dir cted to eliminating 

the •aj or external causes of variation , with th hope that atatiatical 

an lyais of the results would reveal a deairable dep-ee of 

repeatability .  

�· 
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(a) Material• and Methoda . 

(1) Ant.ala and Anlaal Manage ent . 

In this etu� eight adult iD•Pil aowa with � weighta 

raaclag f� 340 lba. to 425 lba. ..re uaed . Al l  ani•ala were 

in early preSJNlllCY and .. re to farrow within two weeks of each other . 

These piga included two breeda - four Larcewhites and four 

rkshires .  

All the pica wre . kept in the Reaearch PiggeJr7 at 

Naesey Col lese der conditions approxiaating cood l ocal herd 

condi tions . TheM pica were housed at ni ts and during the day had 

access to good quali ty pasture of pereanial rye graaa (Loliu. perenne ) 

and white clover (Tri foll-. repens . ) Thro ghout the experimental 

period the animals were fed trice d ily l at 7 . 00  a •• • wi th two 

pounds of meal (equal parts of barley and .. at 

with approximately three gal lons o f  whey . 

al ) and a t  4 . 30 P••• 

In pneral , the pip were i n  good health , they were doc i le 

and easy to handle . 

(ii ) Measure•ent and Technigu a .  

Da ta  were obtained on four suitable test days in th 

su.mer between the 19th Pebruary and the 27th Pebru&r7, 1958 . i table 

teat days were thoae on which the ek iea were cle r .  

Rectal t perature , napiration and 

t peratures .. re deter.ined for eac a 18al at 

lM rates ,  and akin 

oU...tely three 

hourly inter.ala at 6 .30 a ••• , 9.30 •·•· 12.30 �. 

on each teat day . 

eac teat tiae . 

e readinca were .. de f r each ... rement at 

ctal t .. perat 

one decree and .. re all t 

t 

wa corded t t ne 

y the .- o aerYOr an 

at tent· o f  

.... 



-

thermometer. .& S(>AIIU.U.r•d glass cl inical ther�JUJ�Deter 

a�curac� of whicb within • 0. 1 F. eh reading was de with 

the thermOJlleter inserted up t.o stopper fixed rour inche from the 

bulb. 0 nd-a-balf minutes were allo d to pse b fore r ading. 

A reapir t.ion count was mad by bserving rlank 

movements for a period o f  half-a-miaut • This s not always e 

to do particularly vhen animals re gr zing. Animals had to 

dissuaded .trorn ving or lying down i le readings were de . 

Pulse COUD re cletenaiD&d by the palpation or 

the femoral artery t the ri t. hind leg. ese eo tsvere 

simultaneously wi th rectal �Ltoerature . Co t.s were m 

.-.�ute periods. a-minute intervals, f 

'!be procedure described by Patchell ( 1951) was 

fol lowed for the measur ent of 

thermocouple and a 

In titute wer used. 

Patchel l . 

teuti ter obtained froa t.he Dairy · se� 

tai l s  of t; i trument are described by 

animal : left shoulder • l'lhp the right belly .  

re reqtli d o c  ry 011 thi-s 

the pot ti ld t 

to contact 

i t A.f le 11DiDaJ7 

in Y• 

t 0 re 

t a li p te ·•· 
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(iii) Treat•ent of Data. 

The data wae analysed by meane of analysis of 

variance . Each analysia was of the spec ial ti -aeriea aa eutlined 

by Wit. ( 1945) .  This allowa the proper teating o f  some aspects of 

the analysis by appropriate error •r interac tion mean squares ,  but 

not of othera . 

Components of variance were worked out to show 

what proportion of the variance waa aaaociated wi th any source of 

variation.  

To obtain repeatability eati .. tea ( r ) ,  i .e .  

how repeatable would the readings be i f  they were taken aga in on the 

same animals on similar daye at similar times9 the following fo�la 

was used ' 

where 

a r • Component a adt 

a 
' 

a Coaponent a · adt + Com-ponent • r 

s2
a • variance due to animal s  wi thin the bre d .  

eat • contribution to total variation due to diurnal changes. 

sad • variance due to di fferences between daily aeaaurementa 
c on to all aniaals and time•• 

eaat • variance due to di fference• bet .. n th diurnal 
the animala. 

ttern of 

e
a

ad • variance d to di fferences bet .. n t 
oYerall daily rea on .... 

ani la in their 

a
a

dt • variance to to differe eea in t e daily pattern averace• 
over the four ani•ala .  

a2adt • reaaininc wariabili ty att.r r ov 
variation i .e .  variability of a 
and day . 

of abont a urcea of 
ticular aniaal • tt.e 

a2r • variance of readinga for a particular anf-1 at a partic lar 
tt.e on a particular day. 
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(b) eaulte and Diseua ioaa . 

All daya were co bined and separate anal7aea 

o f  Yariance were carried out for the two breeds for each one of the 

four variabl s i .e . , rectal te perature .reepiration rate , pulse r te 

and skin t mperature . 

Table 3 ahows the analy es of Yariance wi th 

degrees of freed , ••an aquares ,  percentage of the total components 

of Yarianee assoti ted wi th aQT aouree of variation • signi ficance 

and repeatabil ity of estiaatea. 

Table• of .. an value•• together wi th t 

results of s tatisticalteats appear in the bod7 of t e the si a  and 

the original data and detail d ,  nalyaes of variance are presented 

in the appendix. 
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LARG 1iWHl'tBS 
' I I 

Soun• fd Degrees of 
Variatios !'reedoa 

TOTAL ANALYSES OP VARIANC E CJf (a) RlXlUL TFMPmATURE, (b ) RESPIRA'fiON RA'l!E, (c)  PULSE BAfE 
( 4) SKIN TEMPERATURE PuMPJ BE£,LY A11D SHOULDm) AND REP'Bl'l'AB ILITY 

BS!IMA!IS. 
. 

R epea1abll1ty Estimates 

MEAll SQUARE, SIGNIFICANCE AID � 011' TOTAL COMPOJIEftS OF VARIA!CB 
Rectal Temperature btBiration Ptllae Rate ( d) SKIN TEMPEATURE 

/ (a) (b) (c ) Jbmp Belly Shoulder 

.a. 
T 
D , 

J. x !'  

J. x D  
D x 'l'  
A x ! x D  
Readi.!&a 

BBRKSHIRES 

.a. 
! 
D 
J. x !  
J. X D 
D x '!  
A x 'l x D  
Rea digs 

• b 0 

' ' 3 
' 3 ' 3 3 ' 
9 9 9 
9 9 9 
9 9 9 

27 27 27 
1 28  1 28 1 28  

d 

. M. s .  s .  

' 4.0'7 
' 24.73 1 9 .71 
2 1 .57 
9 4.82 
6 0.62 
6 2. 1 4  

18 1 .58 15 .96 
96 o.og, •• ,6 

191 191 191  143 

REPEA!ABILITY 0.84 

' 3 3 ' ,.53 5 . 35 

3 3 ' 3 72 .70 
' 3 3 2 1 6.30 1 .33 
9 9 9 9 1 . 1 6  3.97 
9 9 9 6 0.61 5 .5 1  
9 9 9 6 1 . 31 7.21 

27 27 27 1 8  1 .57 63.31 
1 28 1 28 1 28 96 0.01 213.,0 

191 1 9 1  1 91 143 

REPEl!A.BILI'l'Y 0.83 

•• 

u. s .  
* 

u.s. 
* 

u. s. 
u. s. 

** 

11. S. 

** 
** 

u. s .  

lf. S. 
N. s .  

** 

M . s  .. s • P. M. s. s .. )'. 

806.32 w. s. 316.78 w. s . : 
1 6078 .23 30.31 .. 1 178.33 1 3 .75 w. s • 

2059 .3'3 •• s.  884 . 33 1 . 59 N. S .  702.30 w. s .  357. 33 8 . 45 w. s . 
�279 .30 10. 1 1  w. s. 35 1 . 56 8 . 1 9 No S.  
'51 1 8.27 17.97 • 614.63 22. 42 * 
1 1 06.99 41 l32 .. 200. 1 1  42. 1 7  ** 

2.59 5. 25 3. 41 

0.99 

T44 . 67 o.;o x.s. 1 571 .57 6 . 65 11. 8. 
1 2'536.3'3 1 2 .43 * 1043 .23 N. s. 

5747.06 34.94 B. s. 1 00.97 2 . 5 1  N. S. 
601 .33 B.s. 488.96 N. s. 

232 .05 2 .02 w.s. 425 . 46 l'l. s. 
2188.48 24 . 1 9  ** 588.76 R. S .  

456. 5 6  25 . 32 ** 695 .83 75 . 01 ** 
3. 63 0.61 !5.55 15.TI 

o.ga 0.83 

I'. S. : not sigaS.:ticaot 
** • s1gaif1cant at 1% level 

• • atgrd.tica13 at 5% level 

M.S. s .  -. .  x.s. s. P. M . S .  s .  .. . 

17.50 .. s. " ' . - li. S. 7 .00 JI.S. 
638e43 61.00 .. 239 a 1 0  3?.. 37 ** 604·43 64. 1 2  ** 

79 . 45 0. 30 N . S  49 .45 2. 00 N. s .  25 .. 95 1. a. 7. 67 N . S 42 . 32 20., 56 * 1 1 . 45 4 ·00 * 
2 .29 2.0J N. S 1 0.52 N . s.  2 . 88  J. s. 
83.72 1 5 .80 ** 33. 64 1 2 . 28 N. s .  72 . 1 3 25 . 19 ** 
1 5 .72 1 7 . 60 ... 14.45 31 .78 ** 4 .04 5 .80 ** 
o.99 3.80 0.18 1 . 0 0. 1 0  0.50 

, 

0.83 

6 .53 R. S. 27.90 O.BO x.s.  8. 66 J.s.  
1 076.� ** 495 .00 2.01 ** ,.,.98 29 .09 .. 

'·'' 72 .78 w. s 1 06. 60 52 . 1 0  w. s. 43. 65 56.97 N.S. 
6.73 0. 30 B.S 1 4 . 34 2 .10 N.s. 1 3 . 29  1 .05 u.s. 
9.93 N. S 1 4 .38 :5 -52 u.s. 21 . 19 l'l. s. 

92 .59 1 8.85 ** 78.58 27 .17 ** 85 . 59 0 . 62 .. 
7.58· 6.05 ** 7e35 1 0 .98 ** 1 4 .74 8 . 20 ** 
0.76 2 . 00  0.15 0.69 2.09 4 .06 \ 

0.75 0.94 0.67 
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tpt!.JSIS OF VARIANCE. 

Rec tal Temperature : 

Table 3 shows th t there were no aignificr.nt 

differences between animals ,  animals x days and days x ti s 

interacti!)ns in rectal tentperature of the two breeds .  Si i fieant 

di fferences in both breeds were found between times throughout the 

day . This was expected as rectal te•perature was shown to be 

highly correlated wi th air te perature (Robinson and Lee , 194 1 ) .  

The interval• between .. asurea nt tiaea were thr e hours and there 

were definite changes in air temperature of the e ti ea. y di fferenc a 

were not significant in th Largewhites but re highly ao in the 

Berkshires. D ya did not vary much but intensity of  aolar radiation 

appeared to h ve caused fluctuation in rectal te.peraturea of the 

Berkahires, i .e .  it showed the effect of eluate . Th second order 

interaction t.ala x daya x tt.e re highly sipificant.  When an 

ani 1 was der atreaa individual characteristics became very arked. 

If  they were n t ,  t ant.al conformed to the habits of t e erd . 

There were da,.s when air t .. peraturea were relatively high or the 

s lar radiation was i ten 

tresa along wi t 

tetaperat • reap 

apl.ration te a  

- fficie t to haYe ea 

tbirat prob bly ea d 

conditions re 

d atrea • 
illal 'a rectal 

tficieat to 

s ow •ar ed iffere •• bet... tt.ea d interactions, ya x tiaea 

aad an:blala z. days x tt.es iD nspirati 

.&cc rdin to o iD 4 .... ( 1  1 ) 

rates in t • tw reeda. 
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reapiration rate incre .ed when air te peratur w in the range ot 

60�. - 105°r. The range under the conditione ot this experi ent 

0 0 were 57 r. - 79 r. , sufficient to h ve caused differences. That 

respiration rate waa markedly influenced by climatic factors was 

evident .  

Pulse Rate : 

Only aniaala x daya x times interac tion was highly 

sipi ticant in both the breeds. J'indlay ( 1950 ) gave the range in 

pulse rates tor tb.e pig between eo-90. Robinson and Lee ( 194 1 )  

ahowed that air t perature oYer 80°F. caused incre aed pulse rate . 

Wirth ( 1956 ) stated that exertion greatly increased the rates of 

pulse and that ten minutes of forced ex rcise produc d an increase 

of over 6� in its rate . In view ot the combination o r  tbe above 

three factors it was difficult to ahow direct climatic e ffects in 

this .ariable . That pulse rates were atrong individ 1 charact rist ics 

of animals was sue steel • 'l'he dif� rences between ani ls , ti es 

and daya and their tirat order interactions were not ai �i tic nt 

auggested that the r ge in air perature conditions prevai ling 
was 

during thetria)J\not aevere enough to ve brought about these 

differences . 

te-:ce•erature s 

poaitio s (r p ,  

al ificant differe ce 

in te 

te per ture but it di 

in te atare aD&ly .. a of 'Yarl ee tor the 

1 17 der ) • ow that t ere were no 

betften an la . ( 1  51 ) 

rat e did n •• rapidly aa air 

ratur 0 a ove 80 r. 

or n the lntenai ty ot a lar ra iatio was hi • et ot air 
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temperature prevai l ing under the conditions of the expert ent were 

not sufficiently sev re to have brou�ht about thi s  e ffect . Time 

di fferences were highly signi ficant for all positions in the two 

breeds . This was expected i n  view o f  the range in air temperature 

a mean di fference of 22°F. Days and ani ala x days di fferences 

were not apparent in any of the breeda for any posi tion . Thi s la 

again attributed to the condi tion of the atmosphere . Animals x t imes 

in�eraction. was not ai i ficant for the Berkahire but were signi ficant 

for the Largewbites for bel ly and a oulder positions. The variance 

due to this �6Mpo�ent was only 4' for the shoulder but 21' for the 

b l ly for the Largewhi tea. 'l'bia la not quit clear but waa probably 

associated with the posture of the animals prior to time of 

mea surement, i . e .  i f  the animal had been lying , the bel ly or shoulder 

would be in contact with graaa and consequently such differences 

would be expected . Days x t imes interaction were highly signi ficant 

for positions in both breeds (except be l ly in tb Largewhitee ) . 

Thia w a expec ted in view f difference• in weath r conditione at a 

given time on different days. 

'nle Hcond order interaction aniaal e  x d87s x 

times were highly significant t r all poaitiona in botb the breeds. 

Sk.in t rature waa incre aed when aniaal.s exerted t elvea (Wi r'tq. , 

t 56 ) .  'rbat au.&la x dqa x u .... interaction differences were 

the reault f aueb aiol ic 1 phen -• • eated. 
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peatabilit: &atiaates .  

Repeatability eett.ates worked t tor the 

tour variables ar presented in Table 4 topther wi th similar 

estimates for cattle (Patcbell , 1951 ; McDowell et al • •  t953J 

Seatb and Mil ler, 1947 ) • and buff lees (Alia and .Ahaed , 1958 ) .  

TABLE 4. 

.3 

Present Patcbell �cDowell Seath and 
Trial ( 1951 )  •t al . ( 1953) Miller ( 1947 

(i ) (ii ) (i ) (ii ) ( i ) (ii ) 

�ctal ( 1944 ) 
'11 perature 0.84 0.83 0.309 0.93 0.60 .0. 64 15. 2  

( 1945 ) 
38. 5  

Respiration ( 1944 1 
Rate 0.99 0.98 0.550 0.324 0 . 47 0.65 0.37 0.420 

( 1945) 
0.478 

Pulse 
Rate O.N o. 3 0. 580 0. 559 

Skin 0.83 0.75 0.425 0. 107 
Temperature 0.96 0.94 0.713> � 

0.93 0.67 0.849 

Alia and 

·t�;eJ) 
( i ) 

0. 195 

0. 172 



Animal a •  

( 1 )  3 Largewhi tea 

- as ­
Air or..p .  
Range of. Coaaen t .  

1. (ii )3 Berkshire• 
57 - 79 AY. of 3 readings/time ,  4 ti .. a daily 

for 4 days . 

2 .  

3 .  

4 .  

s .  

Jerseys 
24 onth olds 
(dry ) 

2 - 70 ( 1 ) � readi ngsLday treat d eparately ror ea en eow. 
(ii ) readings on similar types of days . 

* posi tions were shaved - left 
and right hips . 6 readings/ 
posi tion on 12 cows tor 1 day . 

Jers ys 105°P. tor ( i )  Between Apri l-July ) 

cu• Xt:JGit 
8-22month olda 6 hours in (ii ) tween Oc t . - Jan . ) nl& 

Teat house 
n rYa l s .  

Jer.eys 
Rolateins 
(in milk ) 

Buffaloes 

(dry , pregnant 
and in milk ) 

1944-65-03 ( 1 )  
1945-75-91 

( 11 )  

57 .4-100.2 

Figures tor 2 years eoabined -
( 14 eonaeeuti ve daya. ) 

( 15 e seeutive days. ) 
Measure ent on 8 • d�a. 

Bas d on 4 da i l y  readings on 
24 .. parate days. 
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-' -' 
It wi l l be aeen that t eae repeatabili ties are not / 

read ily e parable in Yiew of the d i f fere nces in species , breeds, 

tiae a ,  ace•• weather eondi ti ona and treatment of data . Rec tal 

temperature and respiration rates for the Largewhi t and Berkshire• 

are high and alaoat identical . W i th regard to pul se rate the 

differences be tween t e breeda i nl7 1� ; ne.-erthe lesa 1 t ia 

high when eo.pariaona are •a e with e stimates frOil other 

data . A l t  ough aki n  t perature repeatabil i ties re hi gh for all 

three positions , r p an sboulder posi t i ons in the Berkahire a  

show lower stt.atea as e pared t o  Yaluea for La r  whi tes . 

Shoulder and bel ly poai ti ons .. re expee ted to giYe 1 wer e att.atea 

in Yie• of the habits of the ant.a l s .  When the ani•al 1 7 on the 

grass the shoulder or be l ly pos i t i on ( depending on which side the 

an�l la,- since right aid on the be l ly and l e ft side on the 

shoulder were posit ions o f  aaareaenta ) wa s  i n  contac t wi th sraas ; 

eonae quen tly re sul ts depended on the posture of the b fore 

llle asurements were taken. There .. re time s when be l ly posi t i  n had 

to be dried wi th a pi ee o f  cloth . In spite of thi s ,  belly ga-. th 

best and highest eatiaatee. It is bel ie.-ed that aueh hi eati tea 

coul d have found favour for these po i tions (belly and shoulder ) 

when we consider that be l l7 positionawere .. oth d h irless in 

both breeds d shoulder po it ion in t e tar ewbi te wae hairless 

dae to const t rubbin against fence posts ;  eonae ently heating 

by way o f  solar r diat ion an pb7siol ogica l pr e s  would be 

i fona ••r t e se are ; 

J ct ioa of the.-uu-=u le -• 

contri te to a to t 

can be a p ted whe .. coaeider lo 

• oae ul dera .. re thickly covere 

rou d hor • � . "c t . .... • ( . • l , 

1 proper cont e t  wit 

t the a ov t taetora 

re ata�i l i ty e ti tea 

r esti .. tes for Berb irea 

wi th ir and the *-ln ... 
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Patche l l  ( 1951)  also obtained higher eatiaates in cattle when the 

positions re shaved . 

Th r p posi t i on in all animal s  in both the 

breeds were eo par ble and was not subjec ted toahad or contact 

when they lay on the grass . Di fference i n  the est i te for this 

posi t ion between the two breeds was only � as compared to 2� 

for the shoul der. The ' hack-aaw• type thermocoupl e  used for akin 

temperature measurements was ea..r to aanipulate on the ruap and 

fac i l i t  ted quick reading . 

In Yiew of theae adYantages r p position waa 

ost acceptable for position effec t for aJdn temperature measu�t . 
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-

C A P T & R  IY 

Many eo itiona are capable of ea ing .arlationa in 

body temperatur t respirati rate , pul se r te and kin t perature , 

ag which may be ntione ap ,  .. x, eeason , t o f  day, enviro enta l 

teaperature , exercise , ea tine diceation and drinld g water . Yariatio • 

related to the tiae of dq are signa ta - di 1 Yariationa. fte 

extent and t e of such clumpa YaJ"Y what in different epe.ciea . 

In man for instance , the xim bocly te•perature ccura in the oarl,-

afternoon and the ainiar.- early in t In ccnq , D-laa ( 192 1 )  

found that rectal temperature to be pract ical ly const?.nt in the 

aoraing and in the afternoon until about 2 . 30 P• • fr which t 

uati l  about s. oo P••• • it p-adual ly ro.. . Gaalaa ( 1945 ) reported 

that t e rectal te perature f t cow waa regularly hi er La the 

ft rno n than in the aorning irrespecti r nth. 

Silli lar reports have be•n de � Patchell ( 1951 ) in cows. The 

writer is not aware f � inforaation of thia ture wi th regard to 

the pig. 

I thia project an illftatigatio 1 to t iur 1 

tre of t • fol l  wing fo b7aiol teal Yarlablea Yia. , rectal 

te perature , res irati 

t of piga a 

lM rate 

( a ) .gr.§!�!L!!!..!!!!!!!!!S• 

of 

t re . atabill t_y trl • • t.e t 

r ntal taala co lated 

..... ' whi  

ila .. r ai 11 

1 

to t · • of 
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the earlier trial . All antaala were in �ood 

the trial . 

alth throu 

Mea urement and Techniguea t Thirteen observationa re de durin� 

each of four twenty-to hour period• during th onth of h, 195 • 
At each obaerYation rectal temperature , respirati on and pul 

were recorded. 

rat s 

Ob rvationa were taken at 8 .00 ••• •  10.00 p.m . ,  

12.00 midnipt , 2.00 a • • 4 .00 a.a. , 6 .00 a . , s.oo a • , to.oo • • · • 

12.00 noon, 2. 00 p.m. , 3. 0 i• . , 4. 15 p.M . and . 00  P ••• 

Se v  n o  re aade of akin t perature 

on each ant. 1 ach da7 at .oo •••• • s .oo • • • 10.00 a. • •  12 .00 n on , 

2 .00 p .m . , 4 . 00 p.m . and 6 .00 P••• , OD four separate da7s durin(f the 

months of fl bruary and e ly Mareh ,  1958 . 

Mea ure ent techniqu 

to those carried out for repeatabili ty 

e�aployed here 

sure nta. 

re similar 

Dry and t bulb measure ent�.� · were recorded at the 

beginning of each test time . 

Treat nt of Data : The ctata wer 17 d by ans of analyaes of 

variance , Each breed a treated parat ly tor each f t e four 

variablea. Bach an ly is  waa t a apecial ti.Jae- riea type -

outlined by Wi ( 1945 ) .  ia allowa pro r teating o f  ao aspects 

of the analyaia by appropriate error r interaction an aquares ,  but 

not of ot ra. S q ntli , c rrelati re a i n yses 

ftre earrie 

To teat reed iffere ces at any partie ar tiae 

r tt.ee o any day r daya ·t t llo n ethod • u d. 
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Comparison of breed means using within bre d estimates 

of variance at a particular t ime -

( 1952 ) .  

freedom , 

e .g .  at 12.00 noon , the <± s.E ) breed rectal 

temperatures (aYerap on four days ) for the 

three animal s  mtre 

LARGE\fBITES 102.74 + 0.28 -
BERKSBIRES 100 .:51 + 0. 16 -

to test 

10.'l.31 - 102.74 

.J ( 0. 16 )
2 + (0.28 )

2 

and an approximate t teat is civen by Goulden. 

ULTS. 

Table 5 shows analysis of Yar i ance wi th degrees of 

a n  square an d  sisni fic c e  for the two breeds parately. 

Complete analys s f v.arianee f r eh Y riable and breed are ci ven 

in Appendices XX1 1 1  - XXX 

In Fiprea II,  Ill ,  IY and V are ahown gra hs o f  

diurnal variat ions 1n rec tal perature , re piration r te , pulse 

rat and akin t r. tare for in iYidual pigs . ta for each 

t.at t• were the .. . of readtnga taken on four dqa. 



TABLE 5 

S.ource of 
Variatioa 

' 

LA.RGBWHI'!IS 

�ai&ls 
!iaes Jays �Dimals X Tilaes �lli.mals x Dlya 
Dlys x !imes :A.Umal.B x Dlzs x!imea 

TO'tALS 

, 
BEBKSHIR:&S I 

Animals 
Tt.a 
Dlys 
Aaillt81S X �es 
Altimals St• JS 
Iaya x Times 
ADimals . x '!imesxDlY'a 

TOTALS 

- 70 a. -

!O'ML ANALYSES OF VARIANCE OF {a) Rl!C!AL Tlm'BRA!URE, {b) R.PIRAfiOB !A!E, (o ) PULSE RA!B 
AND (d)  SKIJJ TEMPERATURE FOR LARGEWHI'l!ES ABD BERKSHIR�. 

l'agrees ot I Mean Square and Sigaiticaoce 
7reecloa 

a b c d H. S. 

\ 
2 2 2 2 : 3.40 

,. 1 2  1 2  6 129.39 
., 3 3 ' , 6.20 

24 24 � 12  i 0.46 
6 6 6 6 i o.�.: 

36 36 36 18 ! 1 .94 
'7� _'72. '1.2 '5£ i 1l .. '1"i 

155 155 155 831 

2 2 2 2 

��.44 
12  1 2  12  6 

3 3 ., 3 . 5 e93 
24 24 24 1 2  0. 1 3  

6 6 6 6 '3.55 
36 36 36 18 1 .52 
12 12 12 36 0.69 

155 155 15  8'3 

�·) I 
p H.s. 

i 
I 

I 15.15** 2241 .42 
7 .39** r 2014.00 

! 3 .19* 2673.03 
i 0 .63 II.S.. 451 .58 

0.49 u.s. 133.70 
I 2.66** 2048.96 

285.00 

J 
i 
I 
I 
I 0 If.S�e 6.00 
20.68** 26188.67 
1 .67 w.s • 4350.73 
0 . 19 N.s. 85.71 

I 5 . 14** 176.47 ' 2 .20** 1 1 24.02 
130. 23 

** • Significant at 1% level. 
* • Sipif1cant at 5� leve 1. 

B.s •• Noa-sign1ficant. 

��) 
7 M.s. 

I I 
I ' i 4.46* 39 .50 

15 .74** 4306.54 
1 .30 N.s . 132 . 1'3 
1 .58 li.S .  24.09 
0�47 u.s .  1 25 .43 
T. 19** 481 w26 

5&.15 j I I 
B.s .. 1 881 .80 

29 .29** I 331 6.66 
3 .78* 785 �03 
o.66 N.s. l 31 i85 
1 . 35 N.s . , 132.47 
8.63** I 265 .70 

14.86 

\0 ) �·} 
.., M.s • p 

I 
o.31 u.s. o.65 1 .1 6  li.S . 8.92** ; 200.47 '31.91** 
2.74 u.s. 23.40 4 -43** 
o.4., N.s . 0.56 1 .51 li . S .  
2-. 2}* 0. 17 0.46 N.S. 8. 57 5.28 14.27** 

0..�"1 
I I 
' 

6.66** I 0 . 25 0.34 B.S . 
1 2.48** I I 1 68 .33 26. 63** 

2.95 B.S. I 27 .70 3.75** 
2.14* : 0.33 o.75B.s. 
8.92** I o.n 1 . 66 u.s .  ' 

17.88** I 6.32 14.36** 
I 0.44 
I 
(, 
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Table 5 aDCl 6 ahow the range , standard deviation (cl  riYed 

f the error variane a of the appropriate anal7ses ) and coeft'iei nt 

of vari tion for • eh bree f t four measure ents. 

u, Ilk lr Air 0 RectaA 
Te P• r J' .Jd.D. ta/ Temp. P. JUn . lt !•/ n .  

Ra 
scJ. 5  9.7 

1 52-168 
8 1 . 5  

- 104.9-
an 66 . 5  101. 1  56. 5 90.6 

Standard 5 . 5  0.34 7 . 96 2.20 
Deviation 

Coefficient 8 .4 0.33 15.4 1  2.50 
of " 
Variation 

TABlE '.t. RANGE1 MEAN a �.ANDARD D 
VARIATION FOR AIR 

'l"'tMP&RATURE. 

84.6 - 94 . 3
· 

70 90.40 

8.  5 0.44 

97.2 -
104 .4 

101.3 

0. 55 

0.54 

8-197 SG-
151 

53.0 88.2 

3 .65 4 .83 

6 .32 5.80 

0 
Skin Tem • r. 

84 � 1 - 95.0 

1.00 

1.39 

1 . 52  

t analyaia t nri ee , cOID])C)D,enta of 

nriance re riftd to what pro rtion of the total Yarlanc 

• •  i ted w1 th 7 si Yen so ce of ·.-ar1 ti • iD 
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* COMPOI:mTS OF VARIANCE DmiVED FROM ANALYSES OF VARIABCE JlOR RlC'lAL 'rEMPERATtJR.B, 
RESPIRATION RATE, PULSE .. ABD SKIN !EMPJRA!URB. 

BlllKSHIRBS 
Pulse \\ Skin 

li l Rectal ! Respiratioa i P\ll.se SkiD Soune o� I bl)t!ature Variation I Respiratioa Rate Rate femperaturE
: 

Temp. ' Rate I Rate ' Temperature 

� '1' 
D � X ! 
� x D 
D x f  
A__X 'l X D  
'l'OTALS 

Actual \ � Actual % 

0.05 64.0< 23.40 0.67 
2.35 1 .4C 2473.40 0.39 
0.1 3 ,.oc 1 6 .00 0.46 

1 28 .00 3. 64 . 
0.40 1 1 . 00 588.00 6,73 
0 .73  20.00 _285.00 8.1 1 
,.66 3513.80 

Actual \ f, � l!cU� � 
I 

Actual 1 Actual i 
:518 .79 �.SE 

0.02 0. 12 I 
16,25 a6.44 1 2.

4
9 

55.7< 2093.72 
1 9 . 75  3. 65 0.47 2.50 0.96 21 .4! 81 .55 

0.05 0.27 
5. 25 0.97 0.05 1 . 1<  3.56 

1 41 .70 26. 17 1 . 64 8.72 0. 28 6.2. 331 . 26 
56.50 0._:5_6 0.'57 1 .95 0-.69 15.� 130.23 

�41 .64 18.80 �.47 2640.:52 
* Oa17 postHYe vables are giYea. 

Siaple correlation coefficieats between the obsen'ed average air 

t emperature and the values for the four variables were calculated. In Table 

estimates for each pig for the four days coatinued and est:ima.t es  for e ach 

ltreed for the four days combined are given. 

t . 
� ACtual " Actual 

.79 .:50 
1 6cin 

254!2 
:5.32 

50.59 13.50 
3.09 1:5:5 .. 20 26.50 0.44 

0.01 1 .02 
12.55 8.,.61 16.64 1 .96 
4.94 14.86 2.96 0.44 

502d8 1 6.:56 

fABLE 9 
BREBD CORR�'liON OOEFFICIENl!S l'OR RICnL 'rEMPmAroR RESPIRATION RA.TB, RJ:LSE 

. 

Rectal 'lnperature 
(d.f. 50) 

Reapira"ioa Rat e 
(d.f. 50) 

�lee Rue 
( d.:t. 50) 

•r· , .. ,.&fure 
d.f. 26 

RA!B ABD SKIN !EMPRRATURE. 

LARGEWHITES 

Pie 1 Pig '  � T  BBDD ftc 2 I Pia 4 

0.66 0.73 0 .. 59 0.66 0.76 0.76 

0 .. 86 0.65 0.60 0.70 0 . • 67 0.65 

. 
0.41 0.66 0.64 0.59 0.56 0.68 

o.ar 0.81 0.$3 0.84 0.84 0.70 

An eet!,altee vera Mgh� ·�'· 
Proa S.deoor• a 'IIIUle :tor teat a o� eip:lficaao• 

50 d.:t. r • O.JS-4 at the 1� lft'el 
aa4 26 4.-:t. r • 0.418 at the 1� lwel. 

Correlation coeUic-te · 

BlliRSHIRBS 

P1a a BREED 

0.65 0.12 

0.70 0.67 

0.66 0.6J 

0.19 0.78 

� 

82.52 
. 2 . 69 

0 . 1 2  
� 1 .98 

2._6g 

. 

•I 
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Correlation c tfleients between Air temperature and each 

o of th four .ariabl for indiYidual pigs on each day for the 

t b d8 are given in Appendices 

greasion aaalyaes re worked out and gi v n in Table 

Two sets of fi s are proYid d .  Firstly, re ssion coe fficients 

of each pig for the four daya combined and secondly re ssion 

coefficients for each br ed tor the four days pooled to ther. 

Standard errors are lso hown along wi th eh coefficient. 

TABLE 10.  

fllectal 
Tempera tun 

iRespir tio1 �tG 

Pulse 
Rate 

�in rremperature 

ditfe t 

different 

REGRESSION CO 

. LAOOEWUITES 

1 I 3 7 --
0. 157 0 . 1'11 0. 139 
:t 0 . 022 -t_0. 002 t.0.026 

4 . 876 . 4 .6 �2 4;'73.4 
:_ 0.39 !_0 .. 70 i0.8S 

1 . 289 1 . 868 1 . 526 
.! 0.-3_3 0.30 0 . 26 

0 . 56  0 . 54  o.s 
:. o.o1o lt0·076 f0.004 

• ral l  reSN 

f t e fo 

e ti 

CIENTS and STANDARD ERRORS. 

Bree• 2 

o. 1ss 0.205 
+0. 010 p.024 -

4.-'836 4. 123 
!_0.41 �.65 

1 .580 1 . 4 17 
!:(). 2 1  '0.2'1 

0. 56 0.59 
�.011 0.074 

ftiei.e t• 

BERKSHIR&S 

4 e 

o . t6 t  0. 110 
,.o.o19 1 +-o.oos � ,� 

Breed 
0. 160 

-1- 0. 012 

I . 
4 .. 015 I 4 . 025 \ 4 . 055 

-t 0.66 t- lf 0. 58 r::_ 0.83 

1 . 445 1 .495 1 .4 50  
0. 17 0.24 '!.0.20 

0,.49 0.65 0. 57 
f-!0.09 �0. 095 t0.050 

significantly 

en the two bre da i .  • 
t t t lin s I r 

to a dift rent populatio • 
ana wit a ard err s t t 

, Yaria 1 s e at .any particular t .. tes 

lD Tab 1 1  

a n all 

diff, reneea 

t 1 •• bot bree 

wailia& onditi 

iete tl� 

t • • ri e t .  
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.gj .&:'.i 
CIHPARISOI OF BREBlS FOR RBl'rAL Tl'l4PmA'roREJ RESPIRATION RATEJ WLSE RATE, 

SKill T »>PEBA!URE AND S'fANmRD mRORS • 

LARGlNHI'fE BBBKSHIRE 

� � Rectal I 'raperature I I I I 
i a.oo P·•· 101 .74 .::.. o.;5 
11 0.00 p.a. 1 00.49 .;!;. 0.20 I 
h 2 .004t 99.50 .;l 0 . 1 3  ! 2 .00 a.a. 98.70 .:! 0. 1 4  I I 
; 4 .00 a.11. 98.72 ..! 0.49 

6 .00 a.a. 99.90 .::!; P.09 
8 .00 a ••• 100.38 ! 0 . 1 6  

�o.oo a.a. 1 01 .42 -'1- 0 .. 17  -r2.oo ..... 102 .74 + 0,28 
2 .00 P••• l 102.41 ; 0. 1 8 

I 
4 .00 p.m. l 
4 o 1 5  P••• 1 102 ,72 � 0,03 
6 .00 p.a. 102 .19 � 0.09 

i 

Respil'ation 
Rate 

1 9 . 67 .::: 1 .21  
1 4 . 17 .1. o.  31  
1 3.00 .;!; o. ;1 
1 2.07 j; 0 .31 
10.83 ;i. 0.57 
24.83 ;!;;. 1 .52 
33.;0 .!. 2. 6o 
76.50 ..t ;.oo 

1 55.58 -t 17.20 -
1 23 .67 -+ 2160 -
76 .08 J. 13 .70 
36.42 :!:. 6.70 

Pulse Skin 
Rate 'femperature 

81 .00 ..:. 1 .47 1 
75.00 ..:!:. 1 .80 
12.00 .1. o.a6 
69 .00 + 0.44 -
67.00 ..! 0.76 
74.00 .i �.93 84•fl.a· '..t .� ,, 
88.00 .;t 1 .88 86.-15 �O�J(l 

105 .00 .!. 1 .04 et'trr .! 0.21 
1 18.00 .:: 1 .31 91 .99 1. o.og 
1 1 3.00 ..:1: 2 .55 93 .63 + 0.57 -

94.19 .,;;: 0 .. 06 
1 02 .00 ..: 0 . 2;' 

97.00 � 2 .60 92 .89 � 0.06 

I 
i!Rectal I Temperature I 

1 01 .04 + 0 . 27  ! - I 
100.13 + 0.40 I - I 

99 .74 .i. 0 .31 I 
I 

99. 1 1  .;;!;. 0.50 I 
98.52 .;i;. 0.68 
99.34 :. o.;1 

100.27 .::_ o.ZT 
1 01 . 29  ! o.2; 1 

Respiration 
Rate 

23. 67 � 1 .30 
15133 + 0 .31 -
1 3 .8; ..t. o .31 
1 2 .50 .!. o.;1 
10.67 .i 0 .57 
23.70 ,;t;. 1 .00 
34.00 t 1 .70 -
70.00 .;!;. 2 . 60 

1 03. 31 � � � 1 8  i 1 41 .00 !. 2 .33 
1 02.41 ::!. 0 .18 1 18 .00 � 3 .50 

I 1 02 . 67 -t- 0.1 2 I 61 .33 .±. ; . 20 
1 02 . 04  � 0 . 1 0  1 44 . 67 .i. 5 . 20 

i Pulse Rate 

I I 
82 .00 ..: 3.43 1 

I 78.00 .i 2 . 29 I I 
73.00 .:t. 2 .  TI 
71 .00 .t. 3.09 
69.00 .::: 3 . 31 
72 .00 � ;.� 
82.00 .1. 2 .02 
99 .00 'i. 1 .24 

1 1 6. 00  .1 2 .34 
1 09tbo .!. 3· 19 

92.00 ...;!;. 1 .55 
93.00 1. 4.23 

$ld.a 
Temperature 

84. 41 ;!;_0. 11 
86.28 .;!.0. 1 1  
90.91 ,!.0. 04 
93 .02 &·04 
94. 22 .:_0. 06  
94.79 :_0. 1 €  -
93138 :_0. 2C 

ALL mP':Pl!REHCES :SmvEBN BRE!m3 ARE B�IGBIFICAN'!. P 0.05 (approxiete t-test - after GcMldea, 1952 ) .  
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D I S C U S S I O  

RECTAL TDIPKR.ATURE. 

Anal.Jsis of YariaDce : 

T ble 5 sho d that th re was 

significant ani 1 difference within the Largewhite breed but not in 

the Berkwhirea. T e d1ff rence within the Largewhi te breed could be 

attributed to th be Yious of the ant. ls during the trial , i .e.  

animals were defi itely individual s in their habits . In the caee of 

Berkshire& the animals behaved aa a sroup. The difference could also 

be inherent .  

gh1y eignificant 

diurnal variat ions in both breeds. This waa expected since the air 

temperature and conditions prevail ing during this tri 1 which waa 

during mid-summer • re severe enough to cause di fference s between 

times of the day in the rec tal 

condition was shown by obinson 

Hughes ( 1949 ) in  their psychr 

perature of the anima1 e . Thi• 

Lee ( 1941 )  and eitman and 

trio chamber studies. Day di fferences 

were aga in si gni ficant in the Largewhi tes but not in the Berkshires .  

Day t o  day di f fer nee in air t peratur was sufficient to have 

eansed this rect 1 t rature diff renc 1n view of the condition 

of the Largewhites .  Tb Largewhit s in gen ral 

condition l though by no aeans tby . reo 

and cond day a.  �ly pu1 tion 

poorer in 

r,  OD th first 

• with 

aunburn kiD c stantly t they exeri d th selwea 

Thia xertio e 1d c y differ ncea. 

interacti n Ani 1 s U.taes re non-ai it le t · in tb reed a 

i.e. all oth reeds sh d c 
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.ariation. Animal x day interaction were highl7 igni ficant in the 

Berkshire& only shoring that their rectal temper ture were not 

consistent on all four days. On bright hot days the Berkshire& 

spent ost of the time si tting or lying with no inc lination to 

£orage . Day x time interaction was again hi hly si gni ficant for 

both th breeds indicating that rectal temperatur was different 

on differ nt days and di f ferent tim •· This di ff rence xae 

expec ted because o f  t e di fferent weather cond i tions at a given 

time on di fferent days . 

Components of Variance : 

Tabl � of C pon nta of Variance expre s d 

as percenta�e shows t · t animal af fec t s  accounted for 64� of th total 

varianc in rectal te perature of the Largewhi tes and the re ainder 

o f  the 36" were due to animal x day x time interac ti on (2�) and 

day X t ( 1 1") . Yariance ac�ounted for only 3% d time 1.4". 

In contrast to the boY& , the Berkshire a accounted for � due to 

t•  9 21.� tor days . 1 5.4" for animal x da7 x time and 6.3" for 

day X t • Variance due to animal affec ts were nil .  Thi would 

mean t t in tb Largewhi te • cl te t the in cause t r 

differe cea 1ft t rectal t ratare . 

Correlatio 

bet D air t perature and net 

ple eorrel tion c fficienta 

t rature £< r e eh pig and for 

all pi of eac br.e • Correlation e ffic ie te f aiailar 

c �nation Ye n tebell ( 1  1 )  for cattle and by 

Alill and d ( 1  ) f; r ftal ••  

!lle atatiatiea r p-..a t de 

t .. e two Yaria 1 •·  

oportion of the 

. ' 
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by the relationship. ftWJ � even thou h a hip c orrelation was 

obtained between air te perature and rectal te perature , the 

proportion of the total variance explained by the relationsh.ip .is 

relatiYely small .  en correlation coefficients are squared• a1.r 
* 

temperature-rec tal temperature r can explain at the most , 

approximately 4411 and 52% of the Yarianee for theLh:r� lites and 

the Berkshire& reapeetiYel y .  Nevertheless theae correlations 

compare very .fayourably with other workers • re u1 ts tor cattle 

and buffaloes . 

nether air perature alone can bring about 

such a difference in the rectal te perature is doubtful , especial ly 

the air temperature encountered under the conditions of the 

experiment . Robinson and Lee ( 1941 ) and Heit an and Bugbes ( 1949 ) 

in their psychrometric chamber studies have shown thRt aninml s could 

0 0 
tolerate air temperature of 80 F .• - 90 F. tor 7 hours before a 

rec tal temperatur o f  105°1' • was obtained. In the present expert. nt 

under field conditions , hip reapon e in rec tal perature was 

obtainedt at an air temperature of only 69°F. when the solar radiation 

was intense . The effec t of solar radiation is a quately reported by 

t'letcher ( 1949 ) .  

Yiew t hig correlation ea air 

temperature and rectal t rature reported herein and by other wor._ ra, 

it is thought t �t inten ity of solar r d tion is of conaiderable 

f.laportanee and that this at 

inf.er st. Tabl 9 

* 

linear regresaio coeftlei nt.a are of 

owe tbe eatima •• 

correlati n c .. fficte *• 
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0 A 1 r .  ri in air te•perature n the awrage 

produced o.1ssO,.. and 0. 1660, .• in rectal temperature . That the two 

breed• allow a veq siailar behaYiour in rectal t perature .. ana that 

all pigs belonged to a c oa popul tion with regard to t e e ffect 

f air temperature on rectal temper ture riM der the ranse o f  air 

te perature in this st�. 
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Plpre II illustrates t diurnal .ariation in rectal 

t perature . It can be aeen that all plga show a atailar p ral 

trend and the differences within the breed and bet en breeds are 

very alight. 

ctal te perature variation show a very similar 

pattern to that report d for cattle by Yarrier Jonea and StaB 

Woodhead ( 1913) and Mabon and ut.chinaon ( 19M ) . Te rature 

tended to be loweat at 2.00 • 4.00 in the rning ( • 7 r. and 

rl.cahirea respectively )  rising 

.arkedly fr then on to 6.00 in the atterDOOn. I t  la suggested 

that these low val a a�e: du partly to the effect of bulk of whey 

fed and partly to enviro ntal temperature , th lat ter factor dire ctly 

affecting th animal heat. loss . Tbe rise in rec tal t perature t 

rning coincides with rise in air t perature and 

this e f fect i s  d ble•fold aioee ant.ala re f d at 5. 45 a � .  

Also be fore feedinc, the an la e ry reatle s and exert 

themselves considerably. 

After the 12.00 noon aaurementa all piga were given 

shelter. The hours that tol lo d showed a drop in th rectal 

pe·ratur 1 both the breeds , tfieieat to the ant.ala 

c tor-table . On .,. 0 
appro�tely 0.� F. and 0.9 F. 

ticed tor t Larpwhi tea ire a 

OWD by Robinaoa .ncJ Lee ( 1941) .  

iditiea .. r. 

kept iD a 

au jecte to Yarioua t peratarea 

er exbW iatre .. when a:lr 
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beld at 85 • for about fiwe houra. 
0 

At 106 F. in air t perature . 
th rectal temper tures 

0 . 
re 105.6 F. aDd this condition the piga 

re n t able to tolerate for re than two hours. n th 

were removed fr the chamber , the rectal t peratures 

recovered to normal in 1 ss thaD aD hour . 

They furth r llho d that pigs ri th abnormally 

high rectal temperatur a when .ouaed or «iwen cool drinking ter 

abo d marked ilapron nt . A very aiai l ar e f tectt s produced in 

the present experiaent when the animals wer fed wh y (temperature 

of whey was 61°F. ) t 4.00 in t afternoon. A ateady fal l in the 

rectal temperature fr then OD eaD be ae n in th CJ"aph. This 

lowered rectal te perature is only a t porary effec t .  That 

other factors contribute to the decline in this Yariable is 

sugpsted in Tiew of the fall 
'
in air te per ture and 1 ere d  activity 

of the animal i .e .  disinclination to forage after a bu� feed 

of whey. 

It is difficult to sta te xactly at what rectal 

t .. perature distres si s ppear .  anillals t nd to haYe a 

relatiYely high rectal te•perature eYeD at reat , espec i l ly after 

c ntrate feedin« while others s ry high respiration rates 

(1 t is study pie .. . 7 ahCMNd a rectal te ratare 
0 

t 101.4 F. 

and pt respiratio r te waa 281 beata per •i · te ) with low rectal 

t peratarea. lt ia re fore not quite clear ow ccuratel7 rectal 

t perat can be aa an indicatioll to stre- in igs i Yiew 

of larp r p for 01'1181 rec 1 te per tw-e • 0 
.3 r. t toe "· 

PftD ,. ftadlq ( 1950 ) . 



• 81 -

Reapiration Rate . 

Analysis of Variance : 

Air t perature conditions re sufficie t to 

show a marked differ ce in respiration rate bet en animals in 

the Lar whites .  According to eitman and 8 hea ( 1949) th 

critical enriro ntal 

respiration rate became marked varied 1fi th breed . Al thoq 

ani la in both breeds showed hip respiration r tea, indirid la 

in the Larpwbi tes were ry inconsistent . Pig llo. 1 aho .. d a 

remarkably low rate as c pared to her tee Nos. 3 and • ·  

There p eared to be a deft ite inherent ditter nee within thi 

breed .  Times throughout the day re highly significant in both 

breeds, especia lly between the hours of 8 . 00  in the aorni and 

6 .00 in th afternoon. 

Day diffenneea were sipific t in tb 

Berkshire• only . Similar di fferences were expected in tb Lar 

whi tes but did not appear. 'fhia is not quite clear but it appears 

that respiration r tea re consistently high for all the Large itee 

each dny in view of their ac tivity . Th interaction d87 s tt.ea 

were hishl7 aipificant for th breeda . ate that 

reapiration r te reaponaea are the reault of clJ.aate. t is9 rith 

change in t perature darin the d y t ere waa clum in respiration 

rates .  

c-ponenta ol Yari ce 1 

In th da respirati 

-iDly to tille of dq ,,  the Larpw ite• showi 

.. rk irea ?•.30J'. Yari ces to da7 s Uae 

rate vari •• were 

?0.3. d t 

anJMl s S tille 

s day interactio al so p ar t to a le r extent . x ti.lle 
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inte-raction variance appear tor Largewhi tea but aot for Berkahires . 
ver , this difference i s  only 3 .64". On the other hand 3 .56" 

wariance due to interacti on animal x day appear in the B&rkshirea 

and no such Yari ce is showD for the Largewhi te s . Variance due to 

animals are negl igible for both breeds. 

Correlation and Resreaaion Analyses s 

Aa indicated for rectal te perature , correlat i on 

coefficients between air te per t and respir tion rate is high .  

This correlation can explain ouly 4� and 4 of th variance for 

the Largewhitea and the Berkshire reapec tively - the .. ajor portion 

remains unexplained . These c rre lations are r latively high when 

comparison i s  made with similar work tor cat tle and butialoes . 

Robinson and Le e  ( 194 1 )  and Beit n and Bughes ( 1949 ) 

in the ir studiea showed high correlation be tween ir temperature 

end respiration rate only when the air te perature was 60°F. and 

over. At these t perature s  reapirat ion rates of ov r 200 beats 

per minute were ob tained . In th present trial under field 

conditione 281 beats per minute were obtained with the air temperature 

at 69°1'. 'Dle factor• known to Ye brought about this condi tion 

was the intenaity of solar radiation. the continuous move ot and 

activity of the pig and the air t perature . 

� linear r gre .. ion coefficient• tor r spiration 

r tea 

.iacreaee of 4. napirati r ldaute for 

air �aperature aa c pared to a correspond 

for t 

eh •r. increa��e in 

inereaae o-f 4,.055 

rates 
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for the Berkshires , the di ffereaeea between the two breeds were not 

statistically si«nifican t .  

GRAPHS : 

P1gure Ill shows that respirat i on rate follows a 

similar pattern to that already described for rectal temperature .  

Re spiration rate begins to rise wh n the air temperature is in the 

rang of 60°F. - t05°F. (Robinson and Lee , 1941 ) ,  the rise being 

small at the lower te peraturea ,.  very great between 80
°

P. to s0r. 
and a tendency to reach i ta maximum val around 105 • The figure 

shows that the ri in th rate tended to be Yery marked trc. 

8 .00 in the orlling onwards until 4.00 in the a fternoon , after which 

there waa again a Ye'r7 steep drop. 'Dle reapirati n rate betw en 

6 .00 in the afternoon and 6 . 00 i n  the morning tended to be almost 

constant. The pig at the se  t · a ,  was at comple te re st and at the 

t� air te perature waa suffici ently 1 • Lowered activity 

and air temperature reduee rea !ration rates to the minimum . The 

l owest rates recorded were t 4.00 in the morning for both breeds• 

8 and 9 respir tiona per inute for th Large i tes nd the Berkshire& 

reapectiYely. Aa for rectal perature ,  reapiratio rate for both 

the breeds showed a -.rked deere at 12 .00 DOOD when t 

were provide shade .  

At r e  eh t d• is dilficul t to 

count . At se t  a reepirat.i t • t of 

breatldna,. in wbic there :curs a c tion · f 'napirati on t r 

fi t o  t o conds follo 

which ag in c • ahall 

re irat0&"7 ldat 

the bl'eathln • 

la nptar� eucc" 

irth ( 19 ) ctive tor 
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exei tement , fev•r and high enriro ental te perature ea re-spiration 

r t to ace lerate greatly. I t  is therefore difficult to suggest any 

oae single �actor that in�luences or at�ee ts this variable . 

rate recorded in this xperi nt 

was 281 _respirations per adnute for pis No. 7 at 12.00 noon when the 

0 air t perature onl,- 69 F. 'Dle explaDatioD for this ean be 

ttributed to solar radi tion. The effect was sufficient to 

exceed the cool ins abilit,- of t pig since the pig is said to possess 

no functional swe t glands DaYideon9 1 ) upon its neral b� 

sur�ace and that iDaenaible cutaneo e poration is restrict d in 

Yiew f the �at as of the animal . Con quently 9 clo -mouthed 

panting is replaced b7 open outhed breathing. As a resul t ,  high 

respiration rate is not une on in adult animals when a condition 

prevails to cause distress du to over heating. That sunlight plays 

a major role can be shown by the fact that provision of shade 

lowered respirati rate of pig • 7 fro 281 to 85 breaths· per 

minute in just o..-er 30 minutes with the air te perature showing a 

further increase tro. 69°F. to 7:S0r. - a  difference of 196 breathe 

per •inute in approximately 30 ad tea eVen though the air 

t mperature d ri n 4 • 
Like t rectal t perature study, lt is not 

quite clear at 

rl,• • specially er c 

and lAte ( 1  1 )  ga a raD 

rise r c ntroll d conditio 

iailar c ntroll 

CODclttl if t 

lti 

respirati r te begins to 

of this e ri nt. Robinson 

- 108 • for respir tion rate 

a tric c ber stucl1'. · 

in: er �ield 

1 a ..all JUd their 
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Analysis of Variance : 

Ti.laes, animal x day &Dd day x times were all 

highly significant for the two breeds tor pulse rate s . These were 

to be expected since pulse rate appears to be a strong individual 

characteristic and depends �-�-dly on the actiYi ty of the animal . 

The anjmal differences in the Largewhit s were non-significant 

indicating that all antmals were consi stent in their pulse rates. 

This is not qui te clear b t it appears that pulse rate is i erently 

similar in the thre animal s. ADlaal differences were highly 

signi ficant t r the rkshiree . This waa probably due to the fact 

that the normal pul se  rates o f  pigs han a wi range - 60 to 90 

beats per minute (Wirth , 1956 ) .  'Dle range is eonsid rably large and 

it i s  likely that animals were inherently different in this 

characteri st ic . Animal x t were only signi ficant tor the 

Berkshire i . e .  ani ls were not eo · stently si ilar in the diurnal 

Yariation in pulse rate response . Tbis is apparent in Figure III.  

Components of Yariane : · 

In both the b_reeds pul rate variance was 

mainly due to tt.e of y . - •• d 50.6" t r t Lar whites d 

the Berkahir • rea etiftly. ftts -tor di fference d · to tisae o f  

day Dt teaperatare does tfect pulse rate . 

The J.argewhi te to X t Yal"t.a e while the 

. 
ruy te . " c1  this interacti on. Be • ... to 

Be d lance of 26. while it .. 

ah cl only 3.� breeds d i to COild rder 

i te.raetio X tille X T t .. " - l .  AniDtal 
-· 



variazaces were -.11 for t 

Largewhi tea. 

Correlation and 
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rkshire but gl igible for the 

sression Analz •• 

Pu1 rate correlation coefficients were determined 

in a similar •anner to Rectal te perature and Re spira tion rate . 

It ri l l  be seen fr the Tabl that air temperature - pulse rate ga-.re 

th lowest r lues ind icating that pulse rate waa not as 11 

correlated wit air t peratare aa c01apared to the other thre 

variable • Pig no. 1 ahowed loweat at ate . Al though all est�tes 

were highly signi ficant it waa deb ta le that in Yiew of the air 

te perature r ge prevailing under the experiment 1 eondi tion , such 

a correlation was acceptable . en t £ was squared 1 t will be seen 

that only 3� and 4<* of the Yarianee c be explain d for 

Largewhites and Berk8bires respectively. These correlations are 

extremely high when compari on is de with other work ra ' resul ts 

i ghe ( 1949) produced for cattle and bu£faloea. 

negatiYe correlation bet n air te · perature and pul rate . 

Howev r ,  fro t present study i t  is apparent that 

pulse rate is - ciated ri t  factors such aa excitement a s  exerci 

feeding , po ture , pr gnancy , aeti Yi ty • enviro ntal t perat. e 

• 

and numero s ot era. It la t ref difficult to relate this Yariable 

to nri.ro ntal t per t effects. t enri.ro · tal t rature 

affect reapo rate ia rted t it xt 17 

diffie lt to at t t in air t rat it 

gina to rise .  

Ll ar resre io coefficients given in Table 

that on • Larpw t s, i ere ot 1 0 

be t  per DUb 1 pal le late with 1. rlM lD air 
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te p rature aa compared to a corresponding increa of 1.450 ata 

per minute for th rkshirea. Largewhi tes and rkshirea show 

conaiderable variabil ity within the 'breed than between the bree ds. 

For instance ,  in the Largewh i te s ,  pig nos.  3 and 7 show an inereas 

0 
of 45% and 17% reepective ly ov r pig no. 1 for every 1 F. rise in 

air tc perature . Such tti fference is also seen in the Berkahirea. 

However , the overal l d ifferences between the two breeds are not 

large and certainly not stati tical ly si i ficen t . In the Lar e hit a 

the rate of increas is approxblately higher than that for the 

Berkshire a .  

GRAPHS : 

Fi gure IV illustrates the diurnal ..riations in the 

pul se of the pig ;  i t  shows a similar pa t tern to respiration rat 

but the rise tends to be moderate . Evidence with reg d to the 

effect of temperature on pul se rate of the pig is conflicting . 

Robinson and Lee ( 1941 )  have claimed rises in po.l r t with 

iner aae in air t perature while Hei tman and Bughes ( 1948 ) claim 

decreases wi th increase in air te perature . Both t • of rkers 

work d in psychroae tric eh bers . 'ibe ma:xi.mum pul beat per 

llinute 

0 
was 1. 5 F. 

to a 

obtained t 3 .30 in the afternoon when the ir te rature 

Pul , like r spiration rate is subj et to chanses due 

f factors i .e .  & cie s ,  aize , age , condition , sex, 

pre&n ncy, partuirition , lactation , e cit ent , rcise ,  position , 

in ation of food n t perature . In the 

ber th t the an ls would be 

restricted in t ir •a�.ement er field 
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beei""Yati o a. In the latter case . there fore , heat load produce d  b7 

ac tiYity , heat absorbed from eolar radiat ion and metabolic rate has 

to be got rid o f ; consequently over a l ower air temperature and 

short&r durat i on th� fie ld animals would produce much more heat , 

i f  not equivalent amount to anim a l s  shut in a chamber with high 

temperatures for longer dura tion . I t  woul d appear then that pul se 

rate i s  a ffec ted by increase in air temperature , more so by solar 

radia t ion and exere i se .  e n  solar rad iation heats the skin it i s  

thought that i ncreased fl ow of bl ood to the sup r fieial layers provides 

some e ool ing e ffect . A large volume o f  bl ood woul d be requir d to 

bring about this e ffe ct and this opportunity aprears to be uti l ize d  

by the response of pul se rate - the harder and faster the b at , the 

more rapi d  the flow . 
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SkiD Temperature • 

.Aaaly ai• of Yari•ps;ec 

Skin peratare data fr Table 5 ahowa 

highly signi ficant differences tor times, day• aud day x time 

interaction tor th two breeds. Ace rding to Findlay and 

Beakley ( 1954 ) increase in air temperature causes increaae in 

!kin temperature . .At di fferent tiaea throughout th day and cm 

different days differences in skin t perature c ould be ttrlb ted to 

different weather c ditions , particularly solar radiation between 

and within days. � x tiae inter c tion can also b expl ined 

in view o f  the range in air temperature - the an di ffere ce in air 

0 � 0 
temperature was 24. 5 J'. and tbe average range waa 57.0 .- . - 8 1 . 5  J'. 

Although differences in akin t perature do a not eh ge as rapidly 

as air temperature that it doea change is shown by 'nlompson , 

McCroshery and Brody ( 1951 ) .  ..Ter . the range in air tem rature 

experienced waa not vere to c uae differences bet n anbtala. 

1h smal l  diff rene a which appear y be the result of a cb factors 

as colour and type of coa t .  Breed differences re e xpected to be 

quite marked but in view of the habits of rkshires - lyinc sr•••• 

which did not dry out until a1 o t 2.00 in the afternoon - the 

difference in skin t perat dl not show up . 

Colaponenta of Variance � 

le of eoat1DOz:ae t Y&ri ee i 

the s tor the tw 

ftriance to an 

d to rat 

a ia · ne.gll&ible for both b ds. Tlae 

• 

la lar: t 6� d wbitea 
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approxiaately 2.1$ tor both the breeds. ft interacti on animal x 

time and animal x day varianc s are negl igible bu� d� x time 

variance in "' and 1• for Large1rhites and Berkshire& re spec tively. 

The second order-interaction aniaal x time x day are bo th small . 

It is apparent from this study that the mLin temp-

erature was the direct e ffect of climate - skin temperature 

at different t ime s  of day coincides with air temperature at that 

time .  

Corre lation and Rep-e · ion Analyses : 

Correlation coefficients bet en air t perature 

and skin temperature are well-correlated ( 'labl 9 ) .  It wil l  be 

seen that this correlation ve the highest estimates in both · 

breeds. Simi lar correl tion 1• shown by Patchell ( 1951 ) for 

cattle . As for the other correlations i .e .  air temperature with 

each one of th three variables , rectal temperature . respiration rate 

and pul se rate , solar radiation se to ehow qui te a 

on Skin temperature ri ee .  It is difficult to parate solar 

radiation iD this data boom air te per ture but li would be 

int.eresting to set up an experiment under field condi tio to 

tea · rat e in docka abnal t eo 17. 

In suaae:r , pi& do ot h n Yery coveri of ir and 

conseq tly aolar radiation ia adily absor d 1 th in of 

aniaale• reaul ting grad 1 riae in akin te pe� t .. 

I ttle a percent rise in air te perature 

an aftrage pr·OCIUC:e'd O.:st0 • lDCNa e in kin t.e perature 

eh 

( .  taerac 0 0.31 .. __ la 

I e t tiNt re - asJ. a coefflcie ta si in ·Table 
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indicate an increase of 0.56�• and o.57°F. for each degre 

Fahrenheit ri se in air te perature for the Largewhitee and the 

Berkshires respectively . e breed di fferenc es were not 

statistical ly si i ficant . A signi ficant difference • s expected 

in view of the colour di fference s between the two breeds . I t  was 

thou t t at bl ack coat colour of the Berkshires would absorb a 

greater amount of solar radiation . This difference did not p ar 

becau of the behariour of t rkahires.  wb&n the animals -re 

at stres they either lay on the oist grass (dew did not dr,y ut 

until 12.00 noon ) or ag�inst the fence line .  e an i  a l s  als 

"dribbled" in sufficient amounts and they rolled over it or wh n 

an animal urinate d , others rolled •n it . These factors were 

unavoidable and errors 

GRAPHS : 

t be considerable due to them . 

Fi V illustrates the pet tern in skin 

temperature over the daylight period at the time of the experiment . 

It also shows a gradual rise from 6 �00 in the morning until 

4 . 00 in the afternoon , i .e .. i t  coincid s with the a ir t per t ure .  

Accordi n& to Ri rsc id ( 1N3a )  t e akin 

te rature i s ea ntial ly a re t of eat production nd at loaa 

and t these factors ar infl nc d by wid ran • in nriroJBDent 1 

t perature . Fi dlay an akley ( 1954 ) o t t an increa 

in air t mperat a waria ly 

• Wirth ( 1956 ) at tea t 

t.ly u n int mal b�dy t P.rat 

tJ.o of ea J.llariea. ere 

oce • in akin t peratana 

eaociated ri t incr aae in akin 

t akin t ratur 

e a  rll7 u n t 

reports 

e rtt ·; l ao 

ia ndent. 

decree of 

t 

loc 
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i ncrease occura in the Yic ini ty of loca l i zed infl 

underlying ti ssue s .  

tion and the 

It wi l l  be seen that numerous factors are 

associated ri th rise in skin temperature . Factors that cauae 

skin temperature drop are air ovement , low levol o f  nutri tion , 

l ow air temperature , l owered activity, wa l l owing etc . In thi s 

eltperiment , the pigs were poorly covered wi th hair at that time . 

Th i s  fac tor has alrea� been indicated to be disadvanta ous n 

solar radiation was intense ; 

also be advantageoua in the 

su�fieient air •ovement . 

on the ot er hand eh a c ondi t ion woul d 

SU111De1• for tb pigs , provid d th re was 

nt possibly had- aa.e effect 

on skin temperature of the animals i s  suggeste d .  For this rea son 

di fferences in the c ol our did not show up. 
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BEHAVIOUR OF ANIMALS c 

d tailed study was de o f  the behaviour 

of individual animals o that only a general di scussion of the subj et 

wi l l  be reported here . 

During the course of the trial the 

anima l s  showed ..rked activity from approximately s. :so in th orning 

when they heard the pigman or the general noise associated with 

feeding utensil s .  �•7 bee extr ly impatient , so of them 

stood on their hind legs against the gate while others grunted and 

paced along the fence in an end avour to t out . 'Ibis waa 

princ ipal l y  pparent among the Largewhi tes as they showed al l round 

general agi lity .  When they were brought in th pen and c oncentrate 

fed •  they ate greedily, c:haDging their positions in the tro ugh ev: ry 

so often . '1'h Berkshires in general tended to keep the Largewhi tes 

away. During feeding the animals trequ nted the ter trough . 

Feeding lasted approxi tely ten to fifteen minutes aft r which the 

three Berkehires se ttled down to rest whi le the Larg ites, expeeially 

n • 7 invariably li� d th trough and loaf d about . Tbey were al l 

let out of the pen around 7 a • in the paddoek. Pig no. 7 was 

always the first to t out d the others followed h r. All 

anillals tend d to -lk to the t r d of the paddoc first befor 

while the Largewhi tea, • 

.&11 an l s  fer 

R+�•- o f• die� 

f ... • 1DCll"e1UMt·C! 

The rkahires grased clo to e eh other 

cial ly .. 1 •  Wll8 always furthest ·�· 

til approxiaately to 30 • when first 

• this die •• -· 1  

• eccarred 1 1  f ar 

the 

,.. 

U"lN-1!IIMI�tin ot air te ,.rature hi et tr t perat 
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recorded at 10.00 a.m .  was on the first day with ?2°F. and t e lowest 

was 52°F. on th fourth day ;  surprisingly respirat i on rate was 

l ower for both breeds on tbe first day than it wa s on the fourth day. 

Berkshires nos .  2 and 8 both were the first to st op grazing . They 

usual �  sat down or 1�· on their sides , ge t t in� up from time to time 

and ov1ng on to new ground. This a interesting in view of the 

fact that gr ss was st i l l  slightly oist and it a ppeare d that this 

changing of places resul ted in fresh moist grass roviding heat 

loss by way of conduc ti on . � 1 1 .00 a .m. al l animals showed 

disincl ination to fora ge .  ile the Berkshiros 1 or sat on the 

grass the Largewhites paced along the fence line indi cating that they 

sought shelter from the h at o f  the sun , wh i c h  the auth or considered 

qui te intense . Largewhite s ,  it was tho ht did not se t tle because of 

the worry and i rri tati on causod by fly popul � t i on se t t l ing on the ir 

sunburnt areas. 

At 12.00 noon en al l animals WPr le t out of 

the paddock , the Largewhites raced t o  she l ter und r the trees whi le 

the Be sh ires lazi ly walked to j oln the • .All animal s  r very 

• tro�' around ·t e mouth. Th y all lq stretched on th ir aides 

and panted hard . r hir re not unduly troubled by flies and 

eonseq ntly, re inod in si tion for th rest of the �t.e . 

the other hand , the Large i tea turn d ver fro t to t 

and flapped their • 

in the • de , 1 t et , t y 

afternoon w t y re 

. . 

p tlie �-

d comfort .,.. A fter 2..00 iD 

t ut 1 ddock for the aeco tilll 
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in the day , they again foraged hard , but only for a short t ime . 

By 3 .• 15 p.m . they were again in the state of extreme stress . 

A fter the 3 . 30 p.m .  measurements, the animals were brought in for 

their afternoon whey feed which they dranlt greed i ly a t  first and then 

sl owly. Largewhi tes were t he first to se ttle down .  Al l shivered 

hard and sat in a crouched posture against the wal l of the pen . 

Berkshire pi no. 2 also showed similar behaviour hile Berkshire 

nos . 4 and 8 stood about the trough . The animals were put out in 

the paddock again at 4.45 p.m . With the exception of pig . no . 7 •  

all others showed disinc l ination t o  forage . They l ay  stre tched on 

their sides. � 6 .30 p • pig no .7 j oined them . She invariably 

forced herself in the midd le of the group . Fr 8 .00 at night . the 

animals showed prac ti cal ly no activity ( e xcept on the fourth day when 

the air temperature was low .  ani ls diu not appear to settle down 

be cause Lar wbi tes Pig nos . 1 and 7 and Berkshire pig No . 2 all 

tried to get into the middle of the group ; consequently• disturbing 

al l other ) but for urina t ion and to dung which they did awq tr011 

their sleepi ng area . 
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C B A P T B R  V 

JDdoors "' OUtd r Trial .  

Jt bas1 been ply sboWD i n  Chapter I V  that t socrs 

of the Largewhi te and �� re breoda d r fi ld C()ndi t iona had 

defini te diurnal var1at ion 1 in their rectal t ape� ture , r spirat i on 

rate . puleo rate aad n to .peratw-e and that t variables re 

olar radintiona under t e ditiona of the o r nt. tbe l.arpwhite 

and the Derkshir 

minute and 98 palso be ta per aute respect! ly. skin temperature 

variations in the two b ds were not sufficiently larg • In view 

of the large diw-nal variation 1D tbe 

to iDvosti te in 

and 6 .00 in the aft ftiOOil 

and e .o . ) in the oraing. 

(1 ) AaiiiDlS 
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to t et t ot 
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to the two groups. 

Group ne consisted of the Larpwhi tea t. 3 aad 7 

aDd the Berkshires 2 •  4 and 6 kept iDdoors i n  the test house • • 

the ir temperature of which s intai ned between &0 F. 

Group two c omprised of Lar . whites 7 • 9 an4 1 1  and Be rkshires a . 10 

and 12 and wer"!- on pa ture h re they were confine d to a small are 

by means of an electric: fence uni t to prev�nt them from exerting 

themselves WUleeeasarily. In this way it wae hoped that any 

differences between the groups wrould be due to air teillperature and 

solar radiation . Each an 1 s tea t t s daily at 7 .00 a.m. 

wi th two pounds o f  al {equql rts of barley meal nd at 

nine pounds of fodder beet at noon and a t  6.00 p • with approximately 

one-and-one-hal f gallons of whey. All pigs re in good he l th at al l 

times throug.hout the experiment . 

(11) Measurements aad Teehnigue : Data er� obta ined on four 

consecutive test s in ly pring between 27th and 3 1st August. 

etal temperature , respiration rat and pulse 

rate were determined tor each 1 at one hour interval s at t. ts ,  

and 5.30 i n  t e afternoon on each o f  t four test days. One 

observation o f  tal 

' 
pulse rates re ach 

deserib 

eac test 

et ti 

ot r spi tion r tes 

a of eea811Jl"ttment r0 similar to tho 

pter III )-.  

s wore 
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tbe r lW ta (Ap d.ix DD to XUYJJ )  

. 
reapirati.on rate pul aho d acticftlly identic 

between t nt • 
an ala within 

variables to t coDditioas ot exper at. Co �uently ali 

for Pie for each t 

days re pooled t ther t 

Data 

(a • r P• . ) tor t tqur 

d tor 

d by  os of 

tlyais of ta. 

lysis t 

Y lance . Each ana}J'sis waa of sp ial t riea as o tlined 

by il ( 1945 ) .  ftlis llo a t: pro 

the an�lysis by appropriate error 

othet·s. 

TABLE 12. 
Range and 

splration 

• Pig No. 12 regi sto 

te t in of as ta ot 

interac tion nns 9 but not o f  

rn ture , c tal ..-., .. na· 
R te - Indoor Vs 

d tr  
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Diacuaaion. 

lt te that this trial eoold not 

be carried out in th &u�acr months beea other cxporiment.s r•• 

in progress; at that t!JDB in the teat hOUtlG and su.fficlent sui table 

an imal s re not Yllila le. trial • .8 therefore c d out in 

the followin� spring. air rature t this ti tho y ar  

was not sufficiently hi - in t t ,  daJ' t wi thin 

the "comfort zone" nded for pigs by Brody ( 1945) . 'lbo 1nteae1ty 

of solar radi tion or , high but air al eo  coosid 

The night t --:poraturea war low ao t t the aYI.!rage dn Uy r of air 

t porat the experilllent period 
0 19 F. 

ble 12 shows the range and ena for each 

of the t sore s to t r wi th air t ratur • 

wi th de s of freedom, 

the three variables. 

Tabl 13 abowa the analysi � of lance 

n aqu s aad signi fi nco for eaeh of 

t 1 led anal7sis of v. i ap . r in 

Appendie�a X�XIX �nd • 

ft' Table 13 1 t will be en th· t rect 

te • ratur diffe ncen n roeda, nt ti a wro 

ignificnnt. e t i  nt , 

D 

breeds x Ua x t.imee re ala no s. • •  
al l im • i abtil tn t ir vio · 

1r t.iv of d t ti.ona 

., it will t ' 

• t • ., -
( t  ) •• ( 

' .. 1 t tar 1 p • 

-

., 

ble 
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) t tr l icnti 

zoue of tbormoneu lity for t ttening pi 

350 lb) 

tbe pre nt st 

mndo by n it n d aagnes 

vo t t of the 

( 194 ) , it would 

ta fr 

t of 

tOO lb -

s in 

pis in the st 

t t �e 410 lb to 

450 lb s would not be d ly a ft tert by tb upr r l imi ts in th 

air ter.; rature experienced er tbe condi tio b re . olar radiation 

was hi but i t  ..... err et a not very marked in view of t ·---,6 .. 110 

air raove nt . � De  ire 

temperature 

ich t • 

d 

d since ber lit r 

lac ti n. 

r etal 

t t 

hout tho trl 1 

she had xtl"e ly hi 

shown higher reet&l te 

•· Lactetin ca ttle baw 

rature-• it would be 

tlsat lactating so- also ha hi rec 1 tonperatures. Ne rt elo s , 

it wi l l  be seen from tho raw ta (Appendix ) that the outdoor 

pir;s sho d higher reet 1 s than the indoor ls in the 

afternoon. 

'lbe lo r lf.mita of t. lr rat e outdoors 

was suffiei ntly re to lower Ut ir reetal t t. • Tbat t 

animals ro not alto in pona where air tem 

8 • 

la 
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Tl"eat..ot s U••• di fterencea r expec to abow 

to t e tnt os ity of lar radiatiOD but thi tail d to r-A.I!� 

si gni ficant level t Tbia rel tiY ly 1 rectal rature 

waa considered to due to strong air o nt ace iecl by eolar 

radia t ion . Wind loeity ap d to ve had s fi'ect on tho 

abil ity o£ t 

l i�!!it of no 

sows in maintain rectal temperature thi n narro 

r ctal t perature even • n solar radi tion was 

high. Sine t an ls . re confi d 

as relat ively damp from urination and d 

1 1  nrea , the fT 

so that t la 

kept t heir body surfaeo relative 

etr e t  by increo d air oti O"n 

t pro found cooling 

iatals wlth "wet" bo aurtaco 

was s mm by llel n �d BUt[thos ( 1948 ) . 

( ii )  RESP IRATION RATE. 

From Tabl 13 it 11 be aeen that Tre tmcnts x t 1  s 

ie tbe onlj hi ,, hly sit=;nificant interac tion . a l l  other so ces of 

vat�tnt ion being non lgolti t. 

Accordint to the �s .... ouri echool ( 1953 1954 ) 

respiratory evaporation 1r ttl • acco ts f r u to 3 of tbe total 

h-at 1088 but there 

6 °F - 60° • In the 

tion • lt wo 

s a in 

Ct alace i t s t ,lands 

ppttar t . t tbe rospira 

oat por s of t. 1eatpati (B bi 

In t 41�· .. -.... 

the Yal"i 

it 

elolo 

intl aoaeed 

di tl d 

-

t 

· • ·trial to 

tJ,yt 

consi red to 

ft'Wl�..atl ia t 

• 1941 ). 

did exist in 

t re .J.ration 

· eft. 

l are  

D 



or t.ely, another WlceAtroll ble factor ere� in eo t t 

dift ncee t D t, o t.rea nt-a re solar ir• t1 nd 

veloei ty ,  the air to penatares ut. a ins t ing wl Ulia 

li.ld ts of the c tort zone of Uao I' • · P chr tric c ea 

of Ue i tman  and s a1 rature 1 reel 

nt was lucre d on ,. t" ocs. Re !ration rate has 

�n also shown t.o decrea w1 th rec t  but 1 t ie )"et to 

sh.-.wn how cl a correlation exists between t o • labl••• 

The poaai bil ity so sts • h er, t: t a slipt d Yiation in t 

uppor li· ,J.ts of noraaal rect 1 t ratur r in t pig c a 

increase in in riew t 

aud nness wi th which the respir. Uoa r11te is aceele ted . 

Dukes ( 1947 ) 1  sugge&ted that sticmlat ion ot 

afferent fibres in many n rYes aff et the depth treq ney of 

ro�:,pira tion. Sti ulntion of norvu fibres with receptors in tb · ain• 

in lightl� aaaeat.heti a, s • bo 1n tbe 

dopth and th rat 

ski ::1 temperatw·o 

of breathing . It would ap the 

Pc tehu 1 1  { 195-1 ) has 

t per turo 

t infl nee reapirat iou rat 

wn hi h c tioa (r • o. 6 ) bot 

te. l t  l wry libl7 t 

di · tion p�� an .... · ......... ...-

by ot' inere ng 

rnin i 

i aU 

rea inltio r 

• 

D 
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(iiJ.) PULSP! 

'l'hi.s variable showed estlretlrely similar 

to respiration rate J.. • onq ft e x "l'reatments s highly i tlcaat .  

'l'he bet , en t s tailed to re eh signi fican.ce 1 1 t s;� .. 

I t  waa S'Ujl!;t;e!flted in the earlier trials t t th 

pulse rate was an individual charncteriatic of animals rmd tbat such 

factors as activity. exci ent ntnl t mperature tbe 

res\Jlt of ase or decrea • the data dix XXX¥11• 

1 t i 1 1  be �n that th t.rea d identical pul r te in 

the morninp at re st . pulse r. to fel l  within the 1 ot 

6o-90 beats per min: t& (·irth 9 1 56 )  t both tre n t.e i n  spi te of 

the differences in air t mporatur • Llke · �atioa r t.e , l.o r 

air t perature d n not a£tect pul rat . en the animal la t compl te 

rest but does so when the animal is ae tive • this is probably 

sychologoical more t 

mllNH:lf!!Dts d maned 

di ff'ero-nce s  between trea taent.s and this wna xpeeted in ri o f  the 

marked iner a se in rosp tion 1'8 

respirator� evaporation ia the 

ot blood will b � to pa 

to cool t eyst< d thi�; ia elo 

pulse rate . 'Pa tch l l ( 1954 ) 

• la the pig• especial ly n 

n source ot heat dim;ipation gJ"' t 

d r to e 

� t� 1 � 

ration te rate 

r • o .. 39. Jt 1a t rt ... ,�11 t effect of air rature 

( t  

' 

) 

t 1 
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C B A P T E R VI  

Coaeluaions aad Sumna.arf• 
Tile sult of a preliminary study ah d that 9 in neral ,, 

it is possible to achieve hi repe bility of asurements of 

ree�l temperature , respiration rate • lse rate and skin temperature 

of the in-pig Largewtdtes aud rkshire sows kept under normal farm 

conditions . ctal te rature aad respiration rat st s wer 

relatively consist�nt for the two breeds . Pul r te showed hig r 

repeatability estimate I r t Largewbites. difference bet n 

the breed was difficult to relate to nriro ental t mperature 

conditions since other f etors such as xe i tement. muscular en rgy• 

feeding and position were al l associated with this variable .  Ski!.\ 

temperature asurement on th three positions ah d considerable 

variabi lity and sugg sts that � one position cannot be used to 

indicate •average ' skin tteoperature of sows. Di fferent positions 

will give different temperatur aDd the meas ents will largely 

depend on position of the a ls at that particular t�e .  

A study o f  diurnal d nt time-s that adult 

dry sows of the Lal"gewhi. te and ire breeds under signs of 

lltreas and discom1ort t aDd cold iD vi&lf of the large 

diurnalr in air $emperature • .5 • 81.5 P. ctal • 

f all.Aa�eL.&.e re ignifi 

1atlon which Solar 

� c�r in using tbls el 

ather condi tio� 

or eontributin 

animab were 

lte: d• rectal At. Di · t 

,..,ctal 

)Jei!JU!Ut.b'ly 

ir ff et 

restL 



With increase in . tal • respir tion r 

eaa alao lt tt..at t ere was a definite relat1onehlp 

n rec tal temperature el l'ltion and r·�spirttt ion r te ri • Rectal 

tom rature above o� 1 rrm is_ sugg oted as be � ng a major eauae of 

set tn. was not e tabliah�d to individual variati on i n  ree 1 

tcr.uperatur'O range. 'l'he two b ds sb d different l>ohavioural 

rcspon to be t stress. Largmrhi s ten to pace o.long t 

feneo line indicating that tbe,J ught shelter bile the 

lay on the tl>Oiet ss . tre ntly changing tl�ir posi tions . Exertion 

Lhus caused 

bebavio • 
spira ticm rat ri 9 was tb evidenced by t 1r 

re lethargic and &hosed disinclination to 

torn • resulting .in 1011 red r apirntion rate t•i compared to 

animal i s  o t  importance in respiration rate Q&� suremcnt since lo 

r tos ould be 

miaiaur.a vol ue 

�i0°F. did not 

with air 

to 

nriati 

in t 

bta d i f  -�LA. •  r ;.1  lyi�ag. There wa.s dcfini t 

for respirati rate. towering too air te rat 

ir tion rnte y fUrther . 

below 

to 

Pul 

t: 

Skin 

lower 

8 YDlllr.&.���.ble el tbo gh a hiGh eorrel tiOD 

ob 

I lffic 

ap s to be rel ated 

eh gr a 
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did not 

iD api of its t&r eapucity to ab 

proper ty in the stdn str et e that 

The I oor Vs td 

im tane or nhclt from l 

heat at ni lat f1b.cn "ir te.••per 

of the t"""' breeds sh�d ho s ani 

black 

b aolar r di� tion • d 

vcn d burn. 

Tri 1 si ' t 

tbo &d to eonservo body 

1 ll8Viour o � tho ani 

ls (Ob cial ly the r I ires 

2 and 6 )  adjusted tb mselY s to condi t ion be tter than ot ra -

Ltu·ged1ite No .  7 .  This latter t, et iDd1eat1Vi on conslcl r 

how animal 1� on 

te peratures. 

t surf; eo to keep cool t hi(!'h eDt air 

Ob rvat io on tho four phy iolo�ic 1 variables 

are not adequate to draw positive d neral conclusions, s onl7 

a �nal l number of animals re used in the various expcri.J:tents. 

la 

However , it ufficiont to ow that pib ( sows ) , 

ject both to distr duo to t and 

lter and/or do fro 

in reetal 

tom rature nnd respiration rate 1 ran 8 ro tr.ic icmt 

ovidence to conclud that t se expend great al o·t 

in order to maint · n t ical Yariable within 

norm 1 r nge . f'i'i th high air d solar r d iatlon they t 

do food intake ue 1 to cut lr 

int at. 1 ee , lq ( 1931 )  

ro t id rable 

t ltttera 

b to t 1 • 
... 

) / / 

i 
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of which is used 'to produce heat for intenance o f  their body 

t emperature s ,  so 'that loss o f  production must suffer . 

However. under New al and management conditions i t  

i s  not known whe ther such adverse e ffects a s  li tter size would be 

e ncountered due to high atmospheric temperatures . but cold , damp 

c ond i t i ons c ould cause unthri ftiness o f  young pigs . Furthe r ,  in New 

lA! aland , hot conditions are not as much a fac tor as cold , but sol ar 

radiation i s  of considerable importance . The nee d for protec tion 

against 'the direct effects o f  sunl ight i s  emphasised . In summer • 

sprinklers woul d aid considerably in providing comfort for sows against 

oppressive c onditi ons . Housing need no t be e laborate • • but they should 

be dry and free from draugh-ts . Straw or hay used a s  be dding should 

provide sufficient warmth and comfort . 

Work of this na ture on pigs has not rece ived much 

at tention in New aland . The few e l aborate pig house s tha t are found 

in the country have been constructed on Dani sh or Engl i sh plans . These 

are costly and it is not known whether their construct ion is justi fied . 

Pe rhaps the pig could perform equa l l y  we l l  in a le s e l  borate house 

desi gned to meet l ocal condi t i ons i f  in formation on i t s  reac t i on to 

such conditions were availabl . e  Informa t i on on the e f fect o f  bulky and 

cold liquid diet (a feature of New zealand pig feeding prac t i ce ) 

on various classes o f  pig stock under nor 1 f c onditions . is 

negl igible . Investiption on the e ffect of pigs k&pt under corrugated 

iron roof and on concr te floor - the re flection of solar radiAtion from 

whi ch c uses oppr ssive cond i t i ons in ide their sleeping quarters -

n ds looking into Ruakura farrowing houses are bee ing popular but 

in the a er aontb.s i t  i s  oft n observed that sows lie out 1 them . 

ObYioualy . t e in id ge ts hot and sul try d must affect the ws and 

t ir 11tt ra. 



-

ODl7 El. aspects of the envtro aa lt 

atfeets the pig. Intormatioa o the are of interest botb fl>am 

ec.:-Aemie and sei011tific peint.a f vtew. 
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( i )  

APP& IX I. 

FIRST DAY. 

SKIN 'I'EJIIPBRATURE • RIGHT B£LLY. 

19th February. 

• • •  , .... -
Pig. No .  6 . 30 9 . 30 12 .30 3 . 30 

I,Avt:ldlhl:I:BS 
1 84 . 50 8 5 . 92 92 .45 9:5 . 95 

88. 80 86 . 26 9:5 .05 94 .:55 
84.70 88 .35 92. 50  94 . 50  

3 90. 20 96 . 40 92 . 17 93 .07 
90.43 96. 80 92. 19 9:5.30 
90 . 52 96 .60 92 . 12 93. 09 

5 84 .00 96 .60 93.45 9 1 . 05 
83 . 6 1  97 . 20 92 . 70 9 1 . 30 
83 .40 96 .70 93 .00 9 1 . 32 

7 93 . 6 5  95.28 92 . 40 92. 40 
M . 20 95 . 56 92 . 96 92 . 60 
93 .65 95. 56  92. 68 92 . 10 

BERKSH IRE& 

2 83. 50 97 . 25 95 . 13 93 . 95 
84 . 05 97 . 80 95.27 94 . 00  
84. 00  97 . 65 95. 19 93 . 95 

4 89.40 96 . 95 93 .60 92 . 54 
90.50 97 .35 94 . 00 92. 62 
89.70 97. 20 94 . 1 5 93 .40 

6 89.05 99 . 50 4 .70 92 . 25 
88 . 80 99.80 94 . 33 92 . 90 
89 . 00 99. 20 95.20 92. 60 

8 84 . 95 96 . E5 95. 10 94 . 90  
85.85 96 .78 94 . 6 5  95. 22 
85.39 96 .40 94 . 90 94 . 64 



( ii ) 

.A. IX II • 
SECOND DAY. 

SKDi .PEIUTUR!: - BELLY • 
20th Februarz.. 

a .. m . - p.a . 
Pig No .  6 . 30 9 .30 12.30 3 . 30 

URGEWHITES 1 85. 12 86 . 90 9 1 .73 93 . 95 
85 . 3 1  86 . 7 1  92. 90 95 . 20 
84 . 97 88 .36 93 . 05 93 . 60 
90.39 9 1 . 43 92. 9 1  91 . 16 
9 1 . 40 9 1 . 59 93 . 08  92 . 13 

90. 55 90.88 93 . 01 92 . 33 

85 . 19 87 . 24 94 . 23 97 . 29 

85. 1 1  87 . 6 1  84 . 38 97 . 4 1 

8 5. 07 87 .. 92 94. 7 1  97 .49 
7 91 . 7 1 8 9 .77 89 . 91 9 1 . 92 

92 . 19 89 . 59 89 . 7 1  9 1 . 99 

93 . 90 89 . 42 88 . 67 92 . 93 
BERKSHIRES 

2 84 . 6 1  95. 23 97 . 36 95. 92 
85.70 97 . 18 97 . 9 1  95. 16 

84 . 90 96. 55 95. 53 9!5.80 
4 88 .63 90. 1 5  93 . 31 97 . 1 1 

87 . 55 9 1 . 20 94 . 17 97 . 18 
89. 08  9 1 . 39 94 . 08 96 .84 

6 88 .73 8 9 . 27 90 . 93 94 . 90 
88 . 6 1  89 .33 9 1 . 13 94 . 9 1  
88 . 55 89 . 51 90. 88 94 .88 

8 84 .71 87 . 18 92 . 3 1  93 . 99 

84 . 63 87 . 19 92. 63 94 . 60 
84 . 8 1  87 . 16 9 1 . 98 93 . 



( i ii ) 

:APPENDIX III . 

THIRD DAY. 

SKIN 'I'&MPERATUR£ - 8LLY. 

21st Februa!2• 
!!!!! 

••• • J!•m • 
Pig No .  6 . 30 9 . 30 12 . 30 3 . 30 

�HITBS 
86 . 53 88 .63 69 . 63 94 . 60 
86 .4 1 88.69 8 9 . 36 4 . 4 1  
86 . 5  88 . 77 88 . 89 94 . 51 
87 . 10 89 .2 1 · 8�. 16 96 . 83 
87 . 29 89.23 69. 19 � . 85 
87 . 23 89 . 29 8SJ. t9 96 .85 

5 83. 2 1  88 .63 92. 7 1  92. 00 
83 . 22  88 .73 92 .79 92. 10 
83. 19 8 . 73 93 . 08  92 .07 

7 87 . 22 88 . 18 8 9 . 77 93 . 6 1  
88 . 18 88 . 23 8 9 . 64 93 . 59 
86 . 51 88 . 22 89 .63 93 . 57 

BERKSHIRES 
2 85. 77 88 . 6 1  93 . 97 96 . 9 1  

8 5 . 52 88 . 6� 93.72 96. 92 
85. 6 1  88 .68 93 . 76 96 . 92 

4 86 . 83 89 . 50  92 . 9 1 95. 97 
86 .83 89 . 6 1  93 . 6 1  95.83 
86 . 88 9 . 18 92 .3 1 95 .87 
st . 8o 85 . 76 90. 6 1  95.73 
84 .88 85.22 9 1 . 07  95. 51 
tu . 8o 85. 22 91 . 07  95. 51 

8 84 .23 88 .73 90. 07  94 . 34 
84 . 44 88 .73 90.09 .3 
84 . 6 1  88 . 73 90. 13 M . 30 



( iv )  � 

APPENDIX IV. 

FIRST DAY. 

SKI N  TEMPERATUR& • SBOOLDBR . 

19th February . 

• •• •  !!!!! R.:!!· 
Pig No . 6 . 30 9 . 30 12. 30 3 .30 

LARGDIIITES 

1 8 1 . 50  94 . 58  92.20 93 . 60 
8 1 . 35 94 .80 92.35 93 .45 
8 1 . 20 94 . 30 92. 55  93 . 00  
85. 80 93 . 95 92.00 93 . 09 
86 .82 93 . 30 9 1 . 93 93 . 05 
86 . 24 93 . 35 9 1 . 97 93 . 50  

5 82. 93 96 . 20 9 1 . 58  9 1 . 80 
83.30 96 . (11 91 .34 9 1 . 95 
83.42 96 .00 91.75 9 1 .35 

7 N.10 96 .40 9 1 . 90 92 .62 
84 . 50  97 .00 91.45 92 . 62 
84 . 55 96 . 40 91.34 93 . 00  

BERK.SHIRES 

2 80.60 96 . 75 95. 16 92. 62 
80. 20 96 . 05 95.27 93 . 60 
79.85 96 . 65 95 .29 93 . 00  

4 79.40 5.99 94 . 94 . 60 
79.85 95. 95 94.30 94 . 48 
80. 30 95.95 94 . 50  94 . 35 

6 88 . 90  99 . 22 95.60 93 .07 
89 . 6 1  98 . 94 96 . 00  93 .45 
89.00 98 . 60 96 .40 93 . 25 

8 80.28 98 . 88 .. . . 94 .35 
79.40 98 .48 H . M  94 .32 
80. 15 99 . 02 95.40 94.48 





(vi ) 

APPE.NDJX VI . 

THIRD DAY. 

SKIN TEMPERA'l1JRE - SHOULDER . 

21st February• 

!!!! 
•• • P••• -

Pig No .  6 . 30 9 . 30 12 . 30 3 . 30 

LARGEWBITES 
1 84 . 10 87 . 4 1  93 . 22 97 . 3 1  

84 . 10 87 . 19 93 . 27 97 . 33 
84 . 10 87 . 15 93 . 27 97 . 38 

3 84 . 87 88 . 73 92. 3 1  97 . 21 
84 . 4 1  8 8 . 73 92 . 36 97 . 33 
84 . 88 88 . 79 92. 35 97 . 38 

5 83. 7 1  88 . 73 94 . 23 96 . 91  
83 . 66 88 . 76 M . 3 1  96 . 92 
8 3 . 59 88 . 74 94 .77 96 . 90 

7 86 . 53 90. 4 1  95. 17 5 . 33 
86 . 66 90. 53 95.33 95 . 38 
8 6 . 18 90. 7 1  95.47 94 . 92 

BERKSBIRES 
2 84 . 33 86 . 7 1  92 . 7 1  97 . 38 

84 . 7 1  86 . 6 1  9 1 . 8 9  97 . 38  
84 . 38 86 . 73 92 . 51 97 . 38 

4 8 5 . 80 88 . 80 94 . 22 96 . 95 
85 . 90  88 . 82 94 . 27 96 . 92 
84 . 8'9 88 . 80 94 . 29 96 . 91 

6 85. 2 1  89. 29 13. 77 95. 43 
85. 91 8 9 . 3 1  93 .79 9 5 . 51 
83 . 93 89 . 22 93 . 9 1  95. 59 

8 84 . 13 90. 89  94 . 5 1  95. 56  
84 . 18 90. 00  94 . 55 95 . 73 
74 . 23 90 . 23 94 . 58  95.7 1  



( vi i ) 

IX YI I .  

J'IRST DAY. 

SDN TENPERA'I'URE - R P. 

19th Febmar7t• 

TDII -
. .. . . P••• -

Pig no. 6 . 30 9 . 30 12 . 30 3 . 30 

LARGEWHITES 

1 o •. 25 93 . 90  1 .80 92 . 90 
80 .. 60 � . 25 91 . 3.0 3 . 05 
79 •. 8 1  93 . 50  1 . 40 92 . 6 5  

3 79 •. 20 93 . 3 5  91 . 78 93 .75 
79 .28 9� h 20 91 .73 94 . 30 
7 9  .. 25 93 .07 91.77 93 .67 

5 83 . 64 96 . 00  S U . 70 9 1 .65 
83 .. 64 ' 5. 90 90. :50  9 1 . 60 
83 .,20 95. 60 9 1 . 20 9 1 . 59 

7 84 . 95 97 . 16 90.92 93 . 3 5  
85. 30 96 . 40 91 . 34 92 . 70 
84 . 3 97.06 91 . 10 92 . 65 

BERKSBIRES 
2 79 .80 96 . 15 95. 03  93 .05 

80. 20 9 . 20 95.09 93 .85 
79 . 30 95. 95 95. 1 1  93 . 4 5  
80. 20 95.60 93 .07 94 . 35 
80. 25 95. 98 93 . 4 5  94 . 40 
80. 20 95. 94 98 . 50 94 .49 

6 85.38 98 .82 96 . 00  93 . 50  
80. 59 98 . 20 94 . 65 93 . 93  
80. 20 97 .7 94 . 94  . 50  



(vi i i ) 

.&PP&JU)IX YIII • 

SECOND DAY. 

S�IN TUIJ'UATORB - • 

2Mb F•bruarz. 
TD!B -

• •• • , .•.  -
Pig. Mo .  •• 30 9 . 30 12 . 30 3 . 30 

LlRGEWBITES 1 80. 25 93 . 22 92. 93 92 . 00  
80. 30 93 . 26 92 . 92 93. 75 
80.27 93. 80 2 . 92 93 . 00  
N . t8 85.89 81 . 80 89.70 
N . 23  8 5 . 92 87 .89 8 9 . 73 
84 . 23 8 5 . 88 87 . 8  89. 69 

5 87 . 89 88 . 84 9 1 . 25 V1 . 11 
87 . 83 88 . 17 9 1 . 20 01 .79 
81 .88 88 . 33 91 . 20 97 .18 

7 87 . 3 88 . 82 89 . 22 2 . 30 
87 . 55 88 .77 89. 19 92 .25 
87 . 59 88 .79 89 . 29 92 . 29 

BERXSBIRES 

2 8 1 . 95 95. 12 95. 73 H . 77 
82. 03 95. 18 95. 90 96 .79 
8 1 . 98 95 . 33 95.88 96 . 58 

4 83 . 2 1  5 . 18 95. 33 96 . 98 
u . u  95.30 95.36 97 . 00  
83 . :5 1  9 5 . 22  95 .39 96 . 97 

6 86 . 19 90 . 09  M . 63 96 . 54  
86. 1 1 90. 22 94 . 4 1  . 52 
86 . 1 1 90. 17 94 . 49 96 . 59 

8 81 . 23  89 . 55 94 . 30 85.45 
87 . 23  9 . 49 94 . 3 1  8 5 . 40 
87 . 24 8 . 52 M . 38  9 3 . 39 



( ix )  

APPE.NDIX IX . 

THIRD DAY. 

SKI TEMPERATURE - RUMP. 

21et Pebruarz. TIME -• ••• P•• • -
Pig lfo .  6 . 30 9 . 30 12 . 30 3 . 30 

LARG&WRITES 1 85. 1 87 . 59 94 . 23 97 . 28 
5 . 8 1  87 .49 94 . 1 1 97 . 28 

95. 88 87 . 59 94 . 18 97 . 28  
86 . 91 90. 53  94 . 29 97 . 6 1  
86 . 9 1  90 . 59 94 .27 97 . 68 
86 . 95 90 . 59 94 . 33 97 . 65 s 83 . 7 1  88 . 80  93 . 08  97 . 29 
83 .73 88 . 83 93 . 08  9'7 . 19 
83 .70 86 .84 93 . 1 1 97 . 17 

7 87 . 18 90. 72 96 . 33 96 . 95 
87. 18 0 . 79 96 . 35 96 .89 
87 . 18 90 . 76 96 . 33 96 . 9 1  

BEUSRIREB 

2 85. 17 86 . 9 1  93 . 3 1  99. 93 
85. 14 86 . 94 93 .39 99 . 93 
85. 15 87 . 00 93 .37 99 . 96 

4 86 . 63 89 . 53  95.08 97 . 03 
86.62 89 . 54  95 . 04  97 . 05 
86 .69 89 . 47 95. 55  97 . 05 

6 84 . 86 9 1 . 73 95. 27 96 .79 
84. 1 9 1 . 73 95. 23 
84. 88 9 1 .79 94 . 3 1  

8 84 . 13 8 9 . 32 94 . 44 . 16 
84 . 18 89.32 M . 44 . 16 
84 . 18 9 1 . 16 94 . 47 . 16 



' 

( x )  

IX X 

RBPBATABILift • RECTAL TDIPERATOR& 

LARGEWRI'l'ES BUKSRIRES -
!5ouree ot 
�ariati on d . t. s . s .  M . S .  F Result s . s. M . s .  ,. Result 

A 3 12. 20 4 . 07  0 .84 a.s. 10.60 3 . 53 3 . 04  N. s . 

T 3 74 . 20 24. 73 5. 13 * 2 18 . 10 72. 70 62. 67 * *  

• 3 4 .70 1 . 57  0 . 73 .s • 48 . 90  16 . 30 12.44 * *  

Ax'l' 9 43 . 40 4 .82 3 . 05 
* 

10. 50  1 . 16 0.73 !f.S. 

AxD 9 5 . 56 0 . 62 0 . 39 N.s. 5 . 49 0 . 6 1  0.36 lf.S. 

Dd 9 1 9 . 27 2 . 14 1 . 35 N.s. 1 1 . 8 1  1 . 3 1  0.83 N . s. 

AxTxD 27 42 . 57  1 . 58  17 . 00  * *  42. 40 1 . 57  3 1 . 00  * *  

Readings 128 1 1 . 90 0 . 09:  1 . 57 o. o1� 

TOTAL 191 2 13 .80 349. 37 

REPEATABILITY - RESPIRATION RATE 

APPENDIX U 

Source of 
Variation d . t s. s. M . s .  r . s. M . s .  F 

A 3 .�24 1� .. 00 806.32 1 . 1� . s .  

T 3 48Z.3S. OO  1 fY'1 .:J3 5. 1 
* 

3 7 178. 30 2059.43 0 .66 . s  . .  
9 63 18 . 00  702 . 30 o.cs:s a.s. 

20<S� . 70 227P .30 � .. 06 ... .. 
28064 . 40 3 1 18. 27 2.82 * 

27 298 7 . 20  1 108 . .99 27.41 * *  

128 331 . 40 2 .  

!'OrAL 191 143037 . 2  

N. s .  = Non-signi f i cant . 
* = Si gn i f icant at 5% l e ve l . 

* *  = Si gni ficant at 1% l e ve l .  

2234. 00  

37� . 00  

1724 1 . 20 

54 12 . 00  

218 . 46 

19&96 . 30 

12327 .24 

464 . 00  

572.20 

744. 67 1.24 

233 . 33 5.64 
5747 . 06  2 .63 

601 . 33 1 .32 

232. 05 0 . 51 

4 • 
3 .83 

sult 

N. s . 
* 

N .s. 

. s .  

N. s. 

* *  
* *  



( xi ) 

REP&ATABILITT PCLS& llA'I'ES 

JH.l� �� 

Source of 
s .s . l I 

Yariation d . f .  M.s. p Reau 1 1  s . s .  M . s .  r I Re su l t  

I I • 3 950 . 00  3 16 . 78 0.89 . s .  47 14 .70 1571 . 57  1 3 . 21 I N . s . 

'l 3 3535. 00  1178 . 33 3 . 30 !I. S .  3129 .70 1043 . 23 I 2 . 13 I 
!I . S .  

D 3 2653 . 00  884 . 33 1 .44 N .s . 302. 90  100 . 97  0. 18 N . s .  

AxT 9 3216 .00 357 .33 1 .'79 lf.S. 4400. 60 488 . 96  0.70 . s .  

AxD 9 3 164 . 00  351 . 56  1 . '76 w.s. 3829. 10 425 . 46 0.61 a . s .  

Dx'f 9 5531 .70 6 14 .&3 3 . 07  * 5028 . 80 558 . 76 o.ao lf . s .  
* *  �8787 . 50  

* * 
AxDxt' 27 5400. 30 200. 1 1  38 . 12 695 . 83 15.28 
Readintta 128 672 . 00  5 . 25 5831 . 00  45. 55 

TOTAL 191 25122 . 00  13 1 . 53 .6024 . 30 

N. S . :  Nonis i gn i f i c ant . 

* = Si gn i f i can t at 5% leve l . 

* *  = Si gn i f i cant at 1% leve l .  



I 

( xi i ) 

API'DDIX XIII 

REPI!ATABILift - SKIN ftMPERATURE 

LARGEWHITES 

P 0 8 I T I 0 N S 

I BELLY SBOULD&R 

Source 
l I 

of I M . s .  ,. Rea· s . s .  M . S .  ,. Ree d . t. s . s .  
Yaria- ult alt 
tion 

.A 

'f 
D 

Arr 
AxD 
Dx'f 
AxDx'f 
[Read• 
inc• 

3 96 .70 32. 33  0.76 • •  s .  

3 7 17 .30 239 . 10 5. 64 . * 

3 18 . SM)  49.45 1 .47 w.s .  

9 380 . 90  42 . 32 2.93 * 

6 63 .09 10. 52 o.72 . ll. s . 
6 201 .86 33 . 64 a.32 . s .  

18 260 . 18 14 . 4 :S  80. 28 * *  

96 17 . 4 1  0 . 18 
. -

2 1 . 00  7 . 00  0.61 li.S 
18 13 . 30 &01 .43 52.79 * *  

51 . 90  25. s 0.35 lf. � 
103 . 02 11 . 4 5  2 . 83 * 

17 . 30 2. 88 0.71 N. f 

432. 80 72. 13 17 .85 * "  

72 . 80 4 . 04  40.40 ... 

9 . 66 o . to 

'lO'I'AL 143 it83G�S4 252 1 .78 

Repeatability 0 . 96 

N. S .  = Non-si gni ficant . 

* = S i gnificant at �/o l eve l . 
* *  = Si gnifi cant at  1% leve l . 

0 . 93 

RUMP 

s . s .  . . s .  p ··-
ul t 

� 32. 50 - ' 17 5Q .L2� ,- ... 
�915. 30 &38 . 43 83 .� �fs 

158 . 90 79 .45 0 . 05 lt.S � 
68 . 92 7 . 67 0 . 34 H.S 

. 133 . 78 22 . 29 1 . 42 x.s 
502 . 3 1  8 3 . 72 5 . 33 * * 

283 . 19 15. 72 15. 89 * *  

. :9G . ro 0. 99 

3210 . 00  I 

0. 83 . I  



Source 
of 
Varia-

4 • 
t.io 

A � 

T 3 
D 2 
AxT Sl 

AxD 6 

• • s .  

83.70 

( xi i i ) 

APPUDIX XIY 

REPSAT.lBJLITY • S�IN TEMPERATURE 

IJERISRIRES 

BELLY 'nli.!D 

M.S. ,. a. ... s . s .  M • 
ult 

27 . 90 1 .. 95 N.s. 26 . 00  8 . 66 

RUMP 

., .... - s.s. M . s .  
ul 

0.65 N . l  • 19. 60 6 . 53 

1485.00 495. 00 34 . 51 ** 322 1 . 901073 . 96  77 . 15 * lt  3229. 00  1076 . 33 

2 13 . 20 106 . 60 1 . 36 N.s. 87 . 30 43 . 65 0. 51 N . �  • 1. 90 0 .63 

129 .02 14. 34 1 . 95 N.s. 1 19. 59 13 . 29 0 . 90  N. � • 60. 53 6 .73 

86 . 30 14 . 38 1 . 96  N . s. 127 . 16 2 1 . 19 1 . 44 N.�  • 59 . 58  9 . 93 

., 

0 . 97 

159 . 93 

o.osa 
0.68 

1 . 3 1  

DxT 6 47 1 . 50  78 . 58 10.69 * * 513 . 57 85 . 59 5 . 8 1  * lt  555 . 54 92 . 59 12 . 22 

AxDxT 18 

Read- 96 
Anga 

'l'O'I'AL 143 
r-

132. 22 7 . 35 4 9 . 00  ** 265 . 36 14 . 74 7 . 05 

14 . 60 o. 15 ao1 .3t 2 . 09  

26 15. 54 4562 . 19 

Repeatabi l i ty 0 . 94 0 . 67 

N. s • . . � Non-signi ficant . 

* = Sign i f i cant at  5% leve l . 
* * =- Si gn i f i cant a t  1% level . 

*" 136 . 45 7 . 58  9.97 
72 . 93 0 . 76 

j4235 . 53  

0.75 

··-
alt 

N . s .  
* *  

N. s .  

N . s . 
N.s . 
** 

* *  



( xvi ) 

APPUDIX XY 

* Component• of YariaDce derived from anal:eis ot Yariauce 

for rectal temperature , respiration and pul ae rates. 

Source of Rectal Temperature Respiration Rate 
Variation .ac�ua.1 � AC�118J. � 
Animal 

'ftae• 0.41 19.71 270.00 30.31 

Days 

Animals x 
Times 

Animals x 
Days 90.08 10. 11 

Days x 160.08 17 . sr?  rtoimes 

!Animals x !Days x 1 .58 75.96 368 . 13 41.32 rtoimes 

Readings 0.093 4.36 2. 59 

rrot'AL 2.08 890.88 

�peatability 0.84 0.99 

* Only posi t ive val ue s  are given . 

Pulse Rate 

Actual �. 

21 . 18 13.75 

2.46 1 .59 

13.02 8.45 

12.62 8 . 19 

34. 54  22.42 

64.95 42. 17 

5.25 3.41 

154.02 

. 93  



( xv} ) 

APPUDIX XYl 

!ERKSBIRES 

*eo ponenta of Yariance deri....ed froa analyaia of Yariance 

for rectal t perature , reapiration and pulae rates .  

Source of Rectal " perature Respiration Rate 
Variation Actual " Act-1 

A 18.32 5.35 2.98 

T 4 . 55 1.33 208.40 

D 74 . 14 

A x T  18 .89 5.51 12.05 

A X D 13 .60 3.97 

D X T 24 .70 7.21 144.32 

A x D x T  216 .7? 63.31 150.98 

Readings 45.55 13.30 3 .63 

TOTAL 

iRe peat bility 0.83 0.18 

* Only pos i tive value s are given . 

" 

0.49 

34.97 

12.43 

2.02 

24. 19 

25.32 

0.61 

Pulae Rate 

Actual " 

19. 19 6 .65 

7 .24 2 .51 

�16 .77 75.01 

45. 53 15.77 

0.83 

I 

I 



Belly I 

Source 
ot ti . J  Act- " 
Yaria- ual 
tion 

A :l 

T 3 4 . 85 32. 3'1 

D 2 0 . 27 3 . 00  

.bT 9 3 . 08  20 .. 56 

AxD 6 

DxT 6 1 . 84 12. 2S 

AxDxT 18 4 . 76 3 1 . 78 

Read- 96 0. 18 1 . 0  
lop 

� .... 143 14 . 9@ 

( xvi ) 

API'EJIDIX XVII 

LlR.GDBiftS 
Shoulder : · ! Rua� Belly 

� I 
Act- " .Act- " Act-
aal ual ual 

14 . 58  64. 12 1 16 . 92 6 1 . ()(  1 1 . 39 

0 . 09  .. :;c 0.44 

0.82 4.00 0 . 77 

0 . 55 2.00 0 . 59 

5 . 66 25. 19 4 . 43 1:5 . 80 5 .  4 

1 .3 1  5 .80 4 . 91 17 . 60 2 . 40 

o. to o.oo 0. 99 3 . 80 o. ts 

22. 47 27 .88 2 1 . 86 

Pos i t ive value s are only g i ve n .  

BERUHIRES 
Sliou""Tder au.p 

" Act- " Act- " 
ual ual 

o . t• o. 8 

:52. 14 29. 3 1  56.9? 27 . 33 72.7 

2.0� 14 . 97  : 9. 0Sl 

3 . s:i  

2.7( 0 . 54 1 . 0!5 0. 1 1  0 . 30 

'lfl . t? 0 . 32 0.62 7 . 08  18 . 8 5  

10. 9e  4 . 22 8 . 22 2 . 27 6 .0S 

0.6S 2 . 09 4 . 06 0 . 76 2 . 0  

tU . 4 5  37 . 55 



R A W D A T A 

D I U R N A L V A 

T R I A L.  

P 0 R 

I A T I 0 N 



Secoad 
lBy 

BJEKSHIRES 

6 .3 .58 

LARGEWHIT:g:; 

Third 
Dl7 

BIRKSHIRES 

9 . 5 .58 

�h 
Dl;r 

Bl!RKSHIRBS 

1 1 . 3.58 

( xvii ) 

APPliTDIX XVIII 

RlCTAL T:lillPmA!URB a,. 

Ko. 

1 

3 
1 

2 

4 
a 

1 
3 

1 

2 

4 

s.oo 

Mtd­
Diif!! 

10 .00 1 2.00 

1 01 .50 100.88 I 99 .40 
101 .50 1 00. 62 99.98 
100.97 1 00 . 45 99.98 

99.23 
101,50 100.75 1 00.87 
1 01 .30 1 00. 60 100.30 

102 .05 
1 02 . 03 
1 01 .72 

1 01 .50 
101 . 30 

100 . 55 1 100 . 23 

1 01 .'53 99.78 
1 01 . 1 2  j too.ao 

I l 1oo.51 I 99 .92 
, 100 . 20 1 1 00 .05 

8 j 1 02 .20 1 01 . 78 1 1 0' ) .47 
I I I 
I I 

1 1 01 . 65 1 00.30 1 100. 25 
3 i 102 .80 101 . 85 1 100. 22 

1 i 101 . 63 1 00.55 I 99.72 

I I 

2 
4 
8 

101 .50 98.80 
100.97 1 00.02 100.03 
1 01 .03 1 00.50 100.48 

' l i 

a .oo 1o.oo 

I I ; l 98 .73 ! 97.50 1 01 .53 i ! i I 99 .53 ! 1 00.40 I 99 .40 i 98.21 1 00 . 62 l 98.90 , 98.55 1 99 .00 1 gs.1a 1 01 .21 
I I I I 98.70 ' 97.28 I 91.35 \ 97. 1 2  1 00. 65 

I ! I 
i 1 02 .80 I 1 02 .60 1 04 . 60 l 102.85 ! . i i : t04.60 ; 1 03 .77 1 05 .63 ! 1 03.87 j ! i 

:
103.45 I 1 02.77 . 1 03 ." I 103.42 

1 ; i 
: 104 .43 i 1 03 .21 ' 1 04 . 1 0  1 1 03 .53 

: 1 04.42 ! 1 03 .62 . 1 05 .35 i 1 02.42 : ' i • I ! 

6.00 

102 .72 

' 1 03.87 
1 02 . 02 

. j i ! . 
: 102.60 \ 103 .60 ! 1 04130 : 1 03.30 ; 102.20 

104.53 i 1 03.62 ; 1 04.32 i 1 04.53 
I I 

j 1 oo .5o 1 00.33 1 1 00.55 l 99 .80 1 03.23 ! 100 . 23 ' 1oo.ao ! 1 00.20 I 1 00 . 02 . 100. 1 2  
i --��--��----�--�-

96.73 91.52 ° 99.70 l 101 .50 ! 1 01 .55 

1 02 .52 
101 .70 

� 102.90 

9�0 
! 1 00.20 I 

99 .82 101 .40 1 01 .60 ! 1 02.08 i 
99.68 1 00 .93 : 1 01 . 10 

l I I 
I 

! , ; 
! 102 .,3 : 1 03 .72 ; 1 03.95 i 1 02.93 t 1 02.80 ' 
101 .35 : 102 .23 ! 1 03 .85 . 103.1 0  j 1 02-jo2 

99.05 
• 99 .02 I 97. 05  

I , ! 1 01 .50 101 .78 i 1 01 .40 102 .52 1 02.72 1 02.92 1 02 .63 1 02 .21 

98.60 ! 100 .70 . 101 . 1 0  1 03.02 1 03.40 ' 1 04 . 33 . 1 03 .70 1 02 .93 ' 
( 100.38 i I 98.42 99 .85 I 100.50 ; 1 01 .02 1 02 .02 1 02 .90 : 1 03.52 ; 1 02.70 ! 1 02.52 ° 

i I : I j ! I 
I : ---411--��-----i-i ---- : I I I I! 
i 99 . 1 3  98.98 , 1 00 .62 j 1 00.73 ; 1 01 .63 1 02.21  1 02 .10  1 02 . 33 1 01 �98 j 102 .30 

I ! 1 00 .05 . 99 .80 ' 1o1 . 3o l 1 o1 .63 1 1 o2 . 2o 102. 20 . 1 o_1 . 63 . 101 . 95 101 .21 ! 1 02 . 40 
i I i ! ! ' 
,1 98.43 �:. 98. 33 : 1 00.53 ! 100.95 , 1 01 . 20 102.85 ; 1 00 .90 , 1 01 .70 101 .72 � 102 .52 

I ; ; i I I ,. I j 
i ! I 97.05 I 97.00 i 99.60 ! 1 00.25 1 01 . 02 

,
1 02 .98 101 .55 : 102.49 : 1 02.1 2  

I

: 1 02.20 .
. 

,I· 'I 98.92 I 98.83 1 99.66 , 1 00 .90 l , o, .cn : 101 .95 : 1 01 .40 · 101 .10 : 1 01 .5a 1 o1 .58 
99/63 I 99.55 99.58 1 00.73 1 0 1 . 37 : 1 01 .95 1 1 00.08 : 1 01 . 60 I 101 .75 11 1 02 .50 

,
, 

I I I : I ! ---+----t----+----+-1- i I ' 
1 1 01 . 10 99 . 1 2  

99 .58 
99·77 

1 I ,. � i I I I I 
99.02 gg .oo i 96.23 99.92 1 00 .92 1 01 .6o 1 05 .32 i 1 02 .06 1 1 02. 63 ! 1 03.02 1 01 .32 
97.30 96.30 I 97.43 98. 1 1  101 . ,0 ' 1 01 .48 103.80 1 1 02. 61 I 1 02.68 I 1 03.20 3 102.40 

., 1 1 01 .50 

98.00 2 
4 
8 

1 01 . 32 99. 61 
100.88 1.00.30 

. I 
�n.33 97. 23 100.07 100.45 100 .55 1 00 . 77  101 .40 100.95 l too.GS 1 02 .05 

98.05 

98.88 

99.82 

I I 
97 .o; 99.83 1 00.97 104 .60 1 02 .48 1 1 03 ·35 1 03.00 

102.35 102 .• 0; 99.08 1 00 .21 1 01 .70 103.57 1 02. 27 
99 . 1 2  1 01 .'5() 1 01 .85 1 03.67 t01 •. 72 1 02. '' 1 102•02 

I 

101 . 20 
101 .03 

J 



( xvi i i ) 

A.PMUIDIX XIX 

RUPIRA'I'XOIV RATE ( ate/MiD• ) 

fti t 

Pi.s Jlo. 8,00 10.00 1?.W a,oo 4,00 6,00 s.oo 10.00 12,00 2,00 :s. :so 4,15 6.00 
LARGEWBITES 

1 22 18 16 14 10 24 24 49 

3 34 18 14 15 12 32 44 56 

7 19 18 18 17 12 28 24 45 
4 .3 . �  
iiDISDlRES 

2 33 13 

4 26 18 

8 24 21 

LARGEWHITES 

14 

18 

18 

1 24 14 12 

3 28 12 12 

7 24 12 11  
6 . 3 . 58  
BERURIRES 

a 37 24 16 

4 32 14 12 

8 33 16 16 

L.lRG£1 ITES 

1 14 1 1  12 

3 13 13 13 

7 14 14 12 

2 14 1 1  12 

4 14 13 1 
14 14 12 

1 16 12 11 

3 13 12 12 -

? 13 1 14 

a 1& 12 

4 %'/ 14 
8 14 12 

12 
13 
1 1  

14 11 21  

16 12 28 

18 13 26 

32 48 

32 · 72 

41 61 

10 9 20 28 56 

11 12 32 25 56 

11 11 24 32 36 

12 9 24 33 57 

10 12 24 30 40 

12 8 24 36 64 

10 9 34 36 87 

12 12 34 44 94 

11 11 33 48 124 

11 tO 32 32 56 

11 11 37 48 65 

10 2 48 5 

11 10 13 28 73 

11  11  12 37 114 

13 11 12 32 128 

12 10 13 

12 11 15 
12 10 12  

24 100 

24 105 

28 87 

133 163 171 

142 166 171 

57 31 

69 75 

125 181 194 179 24 

143 

17-' 

171 

131 163 

161 197 

1 7 173 

64 120 

M a 
87 M 

108 129 159 72 37 
181 159 191 96 55 

171 181 184 116 25 

153 143 163 81 32 

138 135 136 81  36 

112 127 139 84 48 

98 

112 

136 

1 12 

103 

102 

96 56 

75 65 

48 81 

43 68 
64 72 

72 68 

145 107 

233 113 152 

281 85 5 

72 

153 

163 

1-'3 1 

141 t12 
89 92 

38 7 

56 45 

48 29 

37 43 

36 48 

48 32 

53 24 
64 20 

65 5 

56 � 23 
46 21 
52 3 5  



u 

PULSE R.l'l'E (Beata/Min. ) 
!!!!! mtiit Pis N • 8 DO  tom 12.00 2.oo 4 m  6 . 00  8 .00 to.oo 12 .00 2.00 3 .3o 4 . 15 6 .oo 

LARGDIIITES 

1 

3 

7 
4 .3 . 58  
BERKSRIRES 

2 

4 

8 

URGEWBiftS 
1 

3 

7 
6 . 3 . 58  
BERUBIRES 

2 

4 
8 

LARGDIIITES 

1 

3 

7 

2 

4 
8 

URGEI'BITES 

t 
3 
? 

s 
2 

4 

8 

72 62 60 

77 68 68 

73 72 68 

64 64 60 

97 79 78 

73 72 68 

76 80 72 

77 74 74 

83 76 72 

80 80 72 

92 88 84 

76 76 72 

76 76 

82 74 

96 86 

83 76 

83 79 

80 76 

73 

72 

80 

68 

73 

72 

a 84 76 
84 74 72 
84 80 83 

88 86 
86 4 0 

0 76 72 

55 34 S2 87 f¥1 
64 60 60 80 96 

60 60 56 70 104 

56 60 58 66 88 

76 71 6 75 109 

60 60 56 70 104 

73 76 8 8 88 
68 64 80 80 1 

72 70 76 88 8 1  

71 64 80 

84 84 88 

72 68 ,. 87 

70 67 ,6 
72 7 1  84 

74 70 87 

68 7 64 
68 65 79 

64 72 

87 96 

88 J 96 

84 92 

87 1 12 

96 1 17 

93 104 

84 104 

95 104 

88 94 

76 68 72 1 
76 68 76 80 120 
7 1  73 7 104 t23 

7 7 72 

80 80 0 1 91 

71 ' 64 61 73 113 

1 13 1 13 1 18 10� 

1 1 1  105 116 93 

121 102 1 19 105 88 

125 101 106 97 88 

123 122 133 104 91 

121 102 1 19 105 88 

104 133 163 122 94 

144 149 116 128 123 
100 151 168 1 19 93 

12 127 

1 1& 121 

104 120 

123 95 

124 102 

125 104 

107 112 

111 3 

96 

151 96 

136 96 
136 101 

93 

96 

84 84 88 ' . ' 
92 88 

8 8  88 104 

84 72 96 

96 7 1 12 

73 73 

125 tot 101 
103 103 1 90 
122 5 7 97 97 

113 103 3 

123 1 10& 

124 103 3 

100 

1 



( xx )  

APJIUDJX UJ 

SKIN 'l'EMPBlUTVRB - o,.. 

TDt& - aoon . . .. .!!!!• - -
Pig No. 6.00 8 .00 10.00 12.00 2.00 4JOO 6JOO 

LARGEifRITES 

Pirat day 1 8 5. 90 86.04 87 . 53 89.68 93 . 3 0  93 .88 9 1 . 28 
Feb.  3 8 5.82 85.95 85. 9'1 8 9 . 37 93 .87 93 .88 91.42 

7 84 .69 85. 34 85. 90 87 . 51 93 . 17 93 .84 9 1 .45 
26 .2. 58 
BERKSBIRES 

2 84 . 86 85. 10 88 . 99 90.48 93 .74 94 .65 9 1 . 53 

4 83 . 56 84 .88 89 . 36 90. 57 93 . 2 94 . 10 92 .65 

8 81 . 39 84 .43 88 . 54 90.44 94 . 19 94 . 86 93 .6  

LARGEWBITES 

Second day 1 85.80 87 .06 93. 32 94 . 36  94 . 78 94 . 66 93 . 56  

Feb .  3 84 .29 85.70 93. 54 94.38 95. 11 94.7? 3 .91 

7 84 . 50 84.89 93 . 69 94 . 57  95. 38 94 .99 3 . 68 
2. 3. 58 
BERKSBIRES 

2 84 . 53 85. 12 94 . 93 95.75 96 . 40 95.72 93 . 59 

4 83 . 45 85.98 94 . 09  94 .78 95.49 94 .76 93 . 7 9  

8 84 . 49 84 . 58 94. 58  95.53 95. 6 1 94 .97 94 .25 

L&RGEWRITES 
Third day 1 83 . 9'1  86. 50 90.22 94 .42 93 . 92 94 . 39 93 . 53 
J'eb. 3 83 . 88 86 .30 87 . 58  94 . 44 93 . 90  94.43 93 .74 

7 84 .22 86 . 36 87 . 91 94 . 57  93 . 93 94.40 93 .64 

I 
84 . 98  89. 19 90.71 95. 53 93 .85 95. 24 93 . 90 

4 84 . 86 87 . 57  90.92 94 . 0 93 . 93 94 . 92 93 .92 

8 84 . 80 88 .76 90P8 5 . 39 .24 95.73 3 . 54  

BITES 

Poarih day 1 4.93 85.09 87 .77 9.99 92.22 3 .69 3.05 
J'eb. 3 85.04 88. 6 88. 5 90.04 9 1 . 55 93.45 2.84 

? 85. 11 85.88 8 . 1  90.65 93 .21 4 .00 2.60 

1 .. 3.58 

2 84.32 88 . 95 .79 .68 3 . 24  94. 10 3.27 
4 84.41 85.8 89.4 90.97 93.80 94 .2 2.82 

8 84 .2 84 . 2 89.76 9 1 . 26 2.32 94 .34 93. 57 



T 

( xxi ) 

APPE IX XXII 

Jlloon 
Pts o::i.oo to.oo 12.00 2.00 4 . 00  6.oo 8 .oo to.oo 12 .00 2.00 3.30 4 . 15 6.oo 

4.3.38 
D.B 65. 5 65. 0  63.5 63 . 5  65.0 64 . 5  65. 3 72 . 5 75. 0 77.0 78. 5  75.0 70.0 
W . B. 63 . 5  63 .0 6 1 . 0  62.0 63 . 0  62 . 5 63 . 5  69.0 70.0 69.0 74. 0  67. 5  65.0 

6.1.38 
D.B. 66. 5 66. 0  65.5 60.0 63. 5 65.0 68. 0  69.0 75.0 79. 0  8 1 . 5 78 . 0  75.0 
w .s. 63 .0 60. 5  60.5 52.0 50.0 54 . 0  64. 0  65.0 69. 0  66 .0 70. 5 68 . 5  68. 0  

9.3.58 

D.B. 63.0 60. 0 62. 5 60. 5 6 1 .0 6 1 . 5  65. 0 70.637? . 0  70. 5 73 .0 72 .0 70.0 
• ••• 6 1 .0 57 . 5 60. 5  58 . 5 5 . o  o. o 6 1 . 0  53 .0 65.0 65.0 65.0 66 .. 0 83.0 

1 1.3.:58 
D . B .  ss.o 5 1.0 5 1 .0 53 . 5  51 . 5  52.0 50 . 5  52.0 69. 0  73.0 75.2 75.2 6 .8 
.- .B. 49.0 50.0 47 .0 46. 5 46 . 5  46. 5  46 .5 49.0 60.0 64 . 0  65. 0  69.0 65.0 



Source of 
d . t .  

Variat ion 
� 

A 2 

T 12 

D 3 

A x 'l' 24 

A x D 6 

D x T  36 

A x T x D  72 

TOTALS 155 

-

( xxi i ) 

APPENDIX XXI I I  

s.s. M .s .  

0 0 

377.30 1.44 

17.80 5.93 

3 . 10 0. 13 

21.30 3.53 

54.81 1 . 52 

50. 3 1  0.69 

524. 62 

., 

20.68 

1.67 

0 .. 19 

5. 14 

2.20 

w.s. • t at fie t ;  
* • algnitie t at • 1•� 1 ;  
** • at ttieant at '" leYe l .  

-

aul ta 

.s. 
** 

.s. 

.s. 
** ,J 
** 



· Souree of 
'fariaticm 

A 

T 

D 

A X T 

A X D 

D x T  

!A x T x D 

tro'fALS 

Souree of 
Variat ion 

� 
rr 
ro 
� x T  

A x D  

D x T 

A x D x T  

TOTALS 

( xxi i i ) 

APPENDIX XXV 

DIURNAL VARIATION - R �PIRATION RATES. 

URgE!B!ftS. 

d .  f .  s . s .  M. s. ,. Resul ts 

2 4028 . 00  2014 .0 4 . 46 * 

12 386897 . 00  3224 1 .  42 1 . 74 ** 

3 8019. 10 2673 .03 1 . 30 N.s . 

24 10838. 00 451 . 58 1 . 58  n e  S e  

G 802.20 133 .70 0.47 N.S. 

36 73762. 65 2048. 96  7 . 19 ** 

72 20520. 15 285 . 00  

1 55 3802 16 . 0  

APP�1�DIX XXVI 

DIURNAL VARIATION • RESPIRATION RATES . 

d . t .  s.s. 

2 12 .00 

12 3 14204 . 00  

3 

24 

6 

36 

72 

tM 

13052. 20 

2057 . 00  

1058 . 80 

40464 . 80 

9367. 20 

N .  
* 
** 

BERDBIRES . 

M . s .  ,. 

6 .00 

26188 . 67 23. 29 

4350.73 3 .87 

85.71 0 . 66 

17 .47 t .:ss 

1 124 . 02 8 . 63 
. 

130.23 

• t si fieant. 

sul Ui  

N.s. 
-l!* 

* 

• • 

.s. 
** 

-

• •1 
• ai 

ficant at 1 1 • 
ificaDt at 1" le 1 

' 



Source of 
Variation d . t .  

A 2 

T 12 

D 3 

A x T  24 

A x D  6 

D x T 36 

A x D x T  72 

TOTALS tos 

Source of 
Variation d . f .  

A 2 

T 12 

D 3 

A x T 24 

A x D 6 

� x T 36 

!A x 'l' x D  72 

rt'GTALS 155 

(xxiv ) 

APP.I!:NDIX XXVI I 

DI�AL VARIATION - PULSE. 

LARGEW ITES. 

s . s .  M.s. F Results 

7 9 . 00  39 . 50  o . : u  

51678 .50 4306 . 54  8 .92 

39&0 . 40 1320. 13 2.74 

578 .30 24.-09 0.43 

752 .60 125..43 2. 23 

1'7325.40 48 1 .26 8.57 

40&$.80 56 . 15 

APPBNDI X XXVI I I  
DIURNAL VARIATION - PULSE. 

SIRES . 

s .s. M.s. r 

1763 . 60 t.8o 6 . 66 

39800. 00  33 16 .66 12. 48 

2355. 10 785 .03 2.95 

764.40 3185. 2 . 14 

794 .80 132.47 8.92 

9565 . 10 265 ., 70 17 .8 

1070.,00 14. 86 

56113 .00 

N. • • ot si i fie t .  
* • ai ificant at  SJ' lenl . 

** • aignificant at 1 1 1 .  

N.s.  

** 

N. s. 

N.s. 
* 

** 

Reaults 

** 

** 

. s .  
* 

** 

** 

.. , .. --



Source of 
Variati on 

A 
T 

D 

.A x T 

� x D 
� x T  

!A x T x D  

�OTALS 

Source of 
V ria tion 

A 
T 

D 

A x T 

j x D 
D x · T 

A x T s D  
liOTALS 

d.f. 

2 

6 

3 

12 

6 

18 

36 

83 

(xxv )  
Al-PENIHX XXIX 

s . s .  M . S .  

0.50 0 . 25 

1010. 00 168 .33 

7 1 . 10 23 . 70 

3 . 90 0 . 33 

4 .40 0.73 

113 . 80 6 . 32 

15.70 0. 44 

1219.40 

A!>l'ENJ.HX XXX 

• 

,. 

0. 34 

26 .63 

3 .75 

0.75 

1 .66 

14 .36 

DIURNAL VARIATION - SKIN TEMPFRATUR�S • 

d .  f. 

2 

6 

:s 

12 

6 

18 

:se 

83 

• 

s. . ... • 

t . 3o 0. 6 5  1 . 16 

1202.80 200. 47 37 . 97 

70.20 23 . 40 4. 43 

6 .70 0 . 56 1 . 51 

1 . 00 0. 17 0.46 

95.00 5.28 14 . 27 

!_3.JSO 0. 37 

1�10. 50 

,s;. • t. si ifl t. 
• • aipific t at le 1.  

• aipiflc t at 1" leY&l� 

R sults 

N.S . 

.. 

.. 

N.s .  

N� S . 

.. 

Reaul ta 

II.S.  
.. 

.. 

N . S . 

.s. 

.... 



( xxvi ) 

.APPUJDIX XXXI 

Cor�lati n eoettieient n the air te perature 

and the rectal temperature . 

LARGEWBITE� 

BERitSBIRES 

Correlation eoettieienta. 
DAYS 1 2 3 4 TOTALS 

Pigs 

1 0.69** o. e t *·>:- 0 .85 o: -:-:- 0. 73 · . .  �k 0 . 66 ��"-
3 0. 87'"'* 0. 92 -:a 0.4g( N.S ) 0. 67 -7:-�- 0.73 ·, ·X· 

7 0. 91"** 0.87 ._:--x- 0.40(N. S )  0. 55 * 0 . 59 -X·* 

2 0 .. 95** o.so·x·i<· 
0.82 " * 0. 8 5  ·H 0.76 -;:* 

4 0. 95*·X· 0. 92 7(-i(- 0.88 7:-7.� 
0.78 -l<·* 0.76 -l<-* 

8 0 . 9 1  -Y.-* 0.-83 *-\- o. sr� "'a o. -)(· 0 . 65 ** 

• point tor r - 1 1  d . t .  0. 553 1  
1� point tor r � 1 1  .t. 0.684 ; 

N.s. not significant. 

30 d. f. • 0 . 273 
50 d.t  • • 0.354 

APPENDIX XXXI 1 

.Correlation coefficients between Air Temperature and 
the respiration rate . 

LARcmrJIIT� 1 

3 

7 

2 

4 

8 

1 2 

0. 92*-)(- o. s7 -:\·i(­

o. 8�-x- o.s6 ·x·-J<· 

0. 88** 0.83 -Y-* 

o. 90** . o.s6 -a 

o . g:J*l<· · o.92** 

Correlation coefficients.  

o. go ·x·* 

0.80 *;X· 

o. o ** 

0 
· o. ** 

4 

0.63 -)(· 

0 . 59 -)(-

0. 86 

0 . 6 5  

o.44 N. s . o. 6o 

0.65 * 

0.6 1  * 

o. * 

0.61 

o. 5 

0.70 

• p iDt tor r • 1 1  d.t.  0. 553 ; 
1" )Joint I r r • 1 1  d.t. 0.684 ; 

5.8. not si iti t.  



( xxvi i )  

Correlation c fficienta between air te p rature and 
the pul• r.!!!.:, 

Correlation coe fficienta . 

DAYS 1 2 3 4 

LARGEWBIJS 1 0. 86** 0. 99 ** 0 . 73 *"* 0.42 N. s. 
3 0. 96-x-* 0. 96 -x-¥.-

o.77 H- 0. 92 ** 

7 0. 95** 0. 90** 0.86 ** 0.40 •• s .  

MDBIRES 2 o.§.H o.8s ** 0.7 1 ** 0. 72 *1<-
4 0.84** 0 .87 '** 0. 77 ** 0. 80 ''<* 

8 o.9sH- 0. 92** 0.7 1 "** 0. 59 * 

N.s • • n-aigni ficant 

AIS 

0.47 ** 

0. 66 -J<--X-

0 . 64 *'* 

0 . 56  ** 

o. 6e ·lH-

0.66 7Hc 

-)(---)(- • � point for r - 11 d.f.  0 . 584 ; 30 d . t. • 0 . 273 
* • point: for r - 1 1  d . f. 0. 553 ; 30 d . f. a: 0.354 

APPBJDIX XXXIV 
Correlation coefficients between the air temperature and 

the skin temperature . 

Correlation coe f ficients. 

DAYS 1 2 3 4 

LARGE\fBITI� 1 0.95 ** o. SJa�<"* 0. 88** 0 . 98 ** 

3 0 . 93 7:-7': 0. 91-7(-* 0.82* 0. 92 -�-x-

7 0.9� ** 0. 92"** 0. 92*-l<- 0. 927'"* 

BERISBIRES 2 0. 96 -r.-x- 0. 93-x--�- 0.87-x--x- 0. 93 -X -Y.-

4 0. 97 ** 0 • 93-x--::- o.s ** 0. 98-x--x-

8 0.99 ** 0. 90 o --;< 0•907H(- 0. 96 -;:-* 

* -- • point for r - 5 d . t. 0.754 ; 26 d . t. 
-)(--)(- 1"_ point for r - 5 d . f. 0. 874 ; 26 d.  f. 

TOTALS 

0.87 

0. 8 1  

0. 83 

0.84 

0 . 70 

0-..79 

0.37-t 

0.478 



O U T D O O R  T l A L.  



Dal 
27.P . 58 1 

A .• M. 2 
3 
4 

A . �t . 

1 

a 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

10 1.01 
100. 08 

100. 02 
100. 39 

101 . 27 
101 .35 
101 . 53 

101.01 

99.02 
98 .64 
99. 32 
97 . 54 

101 .06 
102.8 1 
101 . 98 
too .as 

t xxvi i i J 

APP .N.OIX XX�X 

101 . 5 1  

100. 14 
100. 12 

100. 76 

101. 90 
101.87 
100.97 
10 1 . 65 

9 

96 . 76 
96. 42 
96.48 
96 . 33 

101 . 27 
102. 12 

103 . 09 
1UJ.52 

100.63 
100. 64 
100. 16 
100.26 

101 . 99 

101 . 76 
101 .93 
100. 26 

1 1  

96 • .11 
00. 30 
97.36 
00 . 18 

101 .:1E 
102 . 3E 
102 .tH 
100.8{ 

2 

100. 82 
too.os 
100. 64 
100.25 

100. 18 

101 . 16 
1>}{). 57 
10 1 . 05 

8 

97 . 5 1  
99 .66 
9A . 59 
98 . 88 

102. 1 1  
102 . 96 
b3 .03 
10;:5. 20 

101 . 03 
10<;. 16 
100. 27 
100. 72 

101 .48 

10 1 . 48 

100.83 

t OO .t:l 

tO 

9t: . R6 
9H. ,>0 
99 .66 
98.32 

101 . 10 
10 1 . 82 

102. 7:� 
103 . 70 

Each readinr; 1 the monn of five aaurt� 
( For P-" •  at hourly int.!ri�bet 

to' p.m. at bourly t nt rval bet 

100.30 
101 . 16 
100.82 
100. 36 

102. 14 
101 .97 
101.04 
100. 15 

12 

99 .36 
� .08 
99 .80 
98. 36 

104 . 9S 
104 . 

104 . 99 
104. 98 

5. 15 and 5.3o):-



DJX)OU. 

( xxix ) 

mn 

Bas�ios Bate/!&p. 

A.L at!• WtGEWHrr!B BHSHIUS 6 :UR&JNHI!:SS !l!JlPHIUI [ N'os. 1 ' 5 2 4 6 _ . . ···-···· . . "L.. .  Q . 111 _ a . 10 . .t2 �--------------------------�-----------------------------------------------

1 1 1  1 0  1 1  1 1  1 2  1 1  1 0  1 1 1 1  1 1  1 2  1 2  
2 1 1  1 0  1 1  t O  1 1  1 1  1 0  1 0  1 0  1 0  11 10 
' 1 1  1 1  1 1  1 1  1 1  12 1 1  11 11  10 1 0  12 
4 1 0  1 2  1 0  10 1 0  10 1 0  10 10 1 1  10 1 1 

1 
2 
' 
4 

'2 
2:7 
27 
20 

24 26 
26 26 
26 '34 
24 24 

2:; 23 25 
28 29 29 
23 24 22 
25 aa n 

74 
99 
97 
94 

MOH Rapmq IS fHE l$I!A! Of Jl!l 11!§1!U!Il!!S• 

56 
1 1 1  no 

95 106 
1 01;  1 1 1  

6' 51 
18 99 

12 
S1 6S 

8f 
1 ,9 
1 00  
14T . 



1 
2 

lt!t. ' 
4 

1 
2 

, ... ' 4 

IIIDOBI. 

WlGlM!l!ES 
Woe. 1 1. ' 5 

71 74 12 
67 64 66 
68 68 67 
68 68 66 

8' 83 84 
80 80 81 
84 79 � 
80 82 18 

( xxx) 

.lft.ml XUYI1 
! V L  H .  �, <AT)/1"1 /N . 

ll!RpRI!lE 
2 4 6 

70 69 72 
67 67 68 
70 66 69 
64 66 67 

82 84 84 

79 85 88 
17 19 79 
84 81 81 

., .. 
JNlCUVHI!lp 

1 9 1 1 

70 72 72 
68 67 TO 
68 69 68 
67 66 66 

104 100 1 1 6  
1 1 1  103 104 
� 99 1 06 1 06  
1 10 105 105 

.011 IUAJII! a !P JIIM! p np DU!J!l!ll!!• 

B 

e 10 

69 11 
66 69 
TO 12 
(If 66 

10J 107 
1 1 1  10, 
1 10 1 10 
104 10 

1 2  

72 
69 
77 
., ... 

112 
1� 
121 
144 



( xxxi ) 

APPUDJX XUYUI 

Air Temp&rature °F. 

1�. _OlJTOOORS. 

1 64 .0 49.6 A . M. -
2 65.4 I 46. 7  
3 64 . 0  5 1 .0 

4 62 . 6 48 .6 

P • . M . 1 64.80 55.80 

2 65 .6 58 . 1 

3 65.4 57.7 
4 66 .0 63.0 



Source of 

( xxxi i )  

APP IX XXXIX 

Becta1 fttmpernturt• 
Analysis o f  Variance . 

s . s .  d . f .  

2 . 20 
t . to 

M. s . 

eeds x Trea - ents 
48 . 19 

3 . 05 
0 . 45 
o. os 

2. 20 
1 . 10 

48 . 19 
3 . 05 

X Times 
x Ti es 
x Timeo 2S. 12 

5 
� ":.· ......... 

APPE D.IX XU.X 

Respiration Rate . 

Source of 
Variation s . s .  d. f .  M.s . 

Breeds 7.00 1 7 . 00 
Treatments 6501. 00  1 6501 . 00  
Times 1396 . 50  1 13968 . 50  
Breeds x Tr .  3 . 10 1 3 . 10 
Breeds x Times 9 . 50 1 9 . 50 
Tr . x T  es 6567 . 00 1 6 567 .. 00 
Br .  X Tr .  X Ti . 1 .60 1 1 . 60 
Error 12�'). 30 16 75. 34 

Re sult 

0.72 
0 . 36 

1 . 92 
0 . 43 
o . oo  
o . oo  3. 51 

N. s . 
" 
.. 
tt 
" 
" " 

F Resu l t  

0 . 74 N. s. 
0. 99 " 
2 . 13 " 
o. oo " 
o.ot ft 

•• 
87 . 16 

o. oo N. s . 
-

i 

All F values not signifieant · unle s otherwise shown • 
• •  

significant at t� �1 . 



(xxxi ii ) 

PUlse Rate. 

Source of 

Breeds 20. 17 1 20. 17 1.21 N.S. 
Treatments 1148 . 17 1 1148. 17 1. 19 " 
Times 4213 . 51 1 4213 . 51 4 . 38 " 
Br .  x Treat . 16 �66 1 16 . 66 t. so " 
Br. x Times 10.66 1 to . 66  1 . 15 " 
'l'r e  X Times 962.66 1 962.66 104 . 05 

• •  

nr .xTr.x Ti .  1.54  1 1 . 54  0. 17 N. s. 
Error 148.00 16 9. 25 -

TOTAL 6521.37 23 

All F values not igni ficant unless othe�tise showa • 
•• 

significant at 1% level . 
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