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CHAPTER I

Phe field of research known ss Environmental Physlology covers
studies on the physiological responses of snimals to varistions in
their fmmediate environment mnd on the adsptation of animsls to
environment. Cenorally, studics with cattie in this field have
been pursued oither in troplceal environmentc or, lately, in very
cold climatos (seo series of papers by lHacbDonald and Bell, 1958).
The use of olimtic chembore, such ss those deseribed by Brody (1946)
and by Pindlay (1950), has enubled vesearch workere to study the
effeets an snimels of a vide renge of climatic varisbles but the
results heve a restricted apylication in the fleid. The following
1. ¥ith globel trenoportation of livestock, is there s problem
of adaptation to new environmente and to vhat extent c¢:n sueh
a problem be solved by the physiologiot, penctieist and engincor?
2. To what extent is animal production affected, directly snd
indirectly, by extremes of climate? '

3, [How can animel breeders select animals thet will thrive in
a pepticular verisble climate? |

4 Is it nececsary to sheltor, or othervise protect livestock
againot the direct effecte of a particular climate? |
5. that mechanicms are employed by an animsl to regulate ite oun
"privato™ cilmate?

Excellont reviews have been published on progress in seeking
the anewers to such guections, 6.g. those of Findlsy (1950), Findlay
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end Beakley (1954)s Peyne (1955) end MeDowell (1958), to cite @
few of tho wost caprchonsive.

In generel, otadies in environmental physiology have not had
any wide spplication in tonperate countries such as Vew Zealond
and no work hes been done locally emcept for the ploncering study
by Patohell (1957, 1954) snd the studies by Hanicock and Payne
(1955) and Paymo end Hancock (1957) whieh vers made in Fiji end
worthy, in thelr own pight, of a place amonget physiologicsl
investigations, there are two mejor scpects of direct interest
to llew Zonland animal husbandwen.
mey have a direet effect on the productivity of livestock and hence,
that chelter und chade may Do valueble. The second (touched upon
in the twin papers of Hencock and Pagne (1955) and Payne and Hencock
(1957} ) concerns e export of livestock from teaperate to tropical
environmente. Ifany writers have stressed (Turbot, 1949; Fayne
and flancocks 1957; Leecky, 1949) that some individusls smong
locslly adapted cattle, in the tropics. As a genersl rulc however,
temperate-bred cattle fail upon exposure to tropiesl elimetes '
(Haule, 1952).

Pour physiologicsl vapisbles (rectzl tempersture, puls@ rete,
respiretion rate and skin tempersture - indicators of the general
physiclogical ntatus of the animal) snd one climstic varisble (air
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temperature) were studled with the following types of question in
. |

1. Whet are the bost ways of messuring, in the field, the

2. Uhat varistions spe there in these varisbles (perticularly
ddurnal and betveen snimels) snd what pelationships exist smong
them?

3. Wnat constitutes “noruelity® ss regards the physiological
dopartures from nomelity (ise. are the snimals subjected to any
direct climatic stress)?

4o hat Influencec do verdous mimel characteristics and
mensgerisl factors heve on these physiological varisbles?

Alsos is 1t possible to select on some physiclogical basis
and in Vew Zeelsnd, those snimsls that are likely to thrive if
exparted to a tropical country?

New Zealand Jopsey cattle (B, taurus) were chosen for study
sinee over §5% of the Dominion's dairy cow populstion is high-
grade or purebred Jersey, {Primery Produstion in Vew Zeslend,
1957).

Chapter I is introductory ssd explenatory in nature.
Chapter II conteins a yeview of the more recent literature portinent
to tuis study. Chapters IIT to VI inclusive descride experiments

‘earricd out in an attempt to answer some of the sbove guestions

whije Chapter ViI containg = summary of those experiments and the
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Horth, the mesn dsily renge is 15.3°F.

L4 The average precipitation iz high (30 inches per yoar) and
evenly apresd but with come very intense rain over short periods.
' 5y In spite of the high rainfall and tonperate elimate, = high
- percentage of dsys have Dright cunshine, due mainly to the

- periodicity of the reinfall and to the prevelence of winde
Palrerston North has, on average, 1,839 sunshine hours per yoap
or 1% of the tobel possiile hours.

6« A high proportion of the winds are strong.

7+ - Snow rorcly occurs but frosts are quite common.

central mountain chaing the western districts ape wetter than the
Bagtorn districts. This difference is most pronounced in epring
when westerly winds preveil most pereistently. Climatically and
topographically, the western districts of the North Island (North
Menewatu) ape fuvourable for daivying and these four lend districte
between thom pasture 85% of the Wetionsl dairy herd (Parm Prodn.
_ Statistics of New Zesland, 1958). Cattle in these dsirying districte
are subject, however, t% ruov westerly and couth-westerly winds when
no shelter ie provided.

mmmﬁuammmmhmmmm
a8 to their suitability for & perticular tyve of livestock (G«g.
ape two areas homoclimatic or heteroclimatic?). The origine of




I. Bplcbano, Austreiisy 277 28%g 153° 278; Height sbove
moen gee level 134%; Stendard 30 years® normsl (1911-
1940) mean monthly air tempersture snd 9 s.m. relstive
humiditys Year Dook of the Commonwealth of Australis,
{1957)« |

II. Gresslends Divieions DeS.I.R., Palmerston North, New
Zealend; O 23%s, 175° 57'8; Height sbove mesn
soa lovel 140%; Heun monthly air tempereture and

III. Kew Oboorvatorys Durrey, Englends 5¢° 28'n, 0% 19'w;
Tiolght sbove mesn soa lovel 18%; lean monthly eip
tanperature and 1 p.o. relsative humidity:; Your
Heather Service, (1950).
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the climogragh have been given by Wpight (1954). On = engle
geaph are plotted e meen monthly eir temporsturce ageinst the
mesn monthly relative humiditiecs and tis plots joined to form &

. figure, the position, shape snd sres of uhich reflects the sumnated
environmenial conditionte Figure 1 pictures climographs comparing
the Menewstu with Brisbene (Australian tropics) end with South
Bnglend {as an exscple of the climate from which New Zealand's
cattle originally came ).

Homeothermic or "warn=-blooded” animals, such es those of the
Boe genus, regquire to meintsin homoostssis in the face of fluctuate
by Cennon {1929) as the maintenance of stesdy states in the body

Hence, since cattle are homeothermic, their homeosiatic
. mochanisms are utilised in the meintemsnce of s “normsl” body
taoporature, the deep body temperature at which productive processes
mh;,n%uu.mmmmmm&mrm)
indlentors of the ghysiologicel status of the snimsl. Any groOS
soms form of stress with implied adverse effects on production.

Maay vowiters have used the temm “normal” rather loosely in
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been shown to influence theve varisbles, no one Tigure can be
eited as normal for any cow in any normal situstion when the cow
is not undor stresp. Poosibly, measurements tsken when air
tesperstures are within the range for thermo-neutrality (LO-60°F),
a8 dofined by Kidler sad Brody (194%) should be regarded as normal.
Beakley snd Pindlsy (1955a) have suggested that measurementsc taken
betwoen 59°F and 68% (15-20%) air temperature ave nomsl.

Por pectal tenpersture, Dukes (1953) gives a range of 100.4«
102,8% ao nopmel for & dsiry cow, with & mesn of 101.5%. Wirth
(1956) gives & range of 100.0 - 103.0% for the ox snd Brody (1945)
gives a novmsl mean value of 101.0%F. From reports of work carried
mtmmmmdme:wunmmwnmmw
vange of 4O-G0°F (Petonell, 1954s; Apwilags gb sl 1952; Bedreldin
gh gls 1951; BRiek and lLoe, 1940a; OGeslses, 1945; Regsn end
Richapdson, 1938), the suggestion is made thet Wirth's renge could
hold for the Jersey cow with posoibly, an extension of the lower
limit to 99.0%. Any rectsl temperatures falling outside the
range of 99.0 = 103.0%F would then be considered abnormsl. 101.1%
could bo rogerded a8 a wesn value of rectal temperature but, &8
will be seen later, & mean value is of little significance in this
_——

Fopr pulse rate, Dukes (1953) gives a renge of 60« 70 beats/
minute, Wirth (1056) 45-80 beats/minute and Findlsy (1950) 60-70
beats/minute. Again, from a study of the same literature, Wirth's
repge could probably be sccepted as normsl for the mature Jersey
cow with the rescrvation that reates above this range may not
indicete thermal ©.Lress.
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Por respivetion rate, Dukes (1953) gives a range of 1828
respiretions/minate snd Wirth (1556) 10-30 respirations/minute
88 & normal yange. In view of the gross changes seen in rose
piration rete at the higher air tenperatures snd the role of
these changes in ithe maintenance of thermal equiliveium (Findlay
and Beskleys, 1954), elevated rates should, perhsps, not be cone
sidered abnormsl uniess they rise sbove retes messured st 70°F
air temperature whon these cen be double the upper limit of
wirth (1956). |

Patehell (1954a) gives a penge of 80.0 = 100.1°F for the
hip skin tenperature of the Jorsey twoeysar-old heifer snd &
mosn of 93.8%P, within the sir tenperature range 36-68°P, Johneten
gt 8] (1958) found the wean skin tenperature of three Jersey cows
(five positions) to be 91.5%P, 95.1%F and 99.4%F at maximum air
temperatures of 70°F, 85°F and 95°F respectively.

antayd’mmmmuwwsmlim(m
by the themmal elemonts of the climatic environment) determines
the hont tolerance of the snimal. Stress is defined es & condition
of thinge compelling or charactericed by = strained effort and it
should be poseidle to see and messure such & streimed effort. In
attempting to discover the heat tolerance of cattle, workers have
looked for evidence of a streined effort and sssociated offects n

Loe (1955) hes pointed out that ulthough strict, guantitative
methods ere demanded in snimsl breeding, sn intuitive scsesement
might be more desirable in Judging an animsl's ability to control.




9

its intornel homoostatic environment in the face of climatic stress.
Heat tolerance is & function of all the reactions of an animal body
and thus, elthoush quantitative information might be available, the
final aynthesis into some form of index will be largely intuitive.
Payne and Hemcock (1957) heve defined heat folerance ss the
ability to maintain noemal physiological function under heat siress.
With adequate mansgement (ineluding nutrition snd disease control)
s pormal snimal in this sense should produce es well in & hot
environment &0 in s temperate environment and the guestion naturally
arises as o whether or not production per se is @ adequste index
of heat Solerence. BSonsma (1940) has pointed out thet there ie
& tendency for species to develop to sn optismum in = constent
environment, leading to adaptation. An assecsment of host tole
epange then, is =n sssessment of the ebility of sn snimsl to become
adapted to a hot eavironment, The ssme author (1949) hee stated
that the reaction of mny animel to & particuldsr environmental
stimalus is closely correlsted with efficiency of produstion. An
adspted snimel should be sn efficient producer (in terss of energy
intake )}, with cuch factors as longevity snd reproductive performe=
ance tekun into considerstion, &8 well ss, in the case of dairy
catile, milk or butterfat production. A difficulty lies in
meaguping this profuctive efficiency. FPorhaps the best that can
be dore at present is to messure production end measure heat tolere
snee, by the conventionsl means considered in the following section,
and then to use some form of intultive ressoming. Cattle do exist
thaet eonbine Doth high production snd heat tolerence (Meule, 1952).
lee (1953) hao lieted the following factors as influencing




Colour of cout and skin,

Depth and propertics of coats

Setness of cost and oweating sbilily.

In this study, colour, bLody form, age and productive
perfommnce hove been considered with bresd and sex constant.

lee (1953) hes pointed out thet some physiologists regard
changes in rectal tespereture as the sole criteris of heat
tolorsnce, assuming thet other physiologicsal disturbsnces parallel
disturbsnces to rectal temperature. Other workers have laid
siress on production as the index of heat tolersnce. Reopiratory
activity, fertility, coat chapscter snd blood composition have =1l
been pootulated s valid criteris in the assessuont of heat tolerance
in eattle and all have their proponentisc. Lee lists respiration
rates rootel tempopsture, surfece tempersture, yield, work capseity,
roproductive activity, behaviour, grovih and condition ag animal
reagtions indicating the presence or sbsence of heat tolersnce.
vhen an alitenpt 1o bLeing mede to sssess the ability of animals to
thrive end produce under tropical conditions.

Ehoad (1944) pioneered the messurement of heat tolerance with
his Iberia fHeat Tolerance Coefficlent, a field test under semi-

rdised hot conditions snd making use of chenges in rectsl
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teaperature. Tho assumption ie mede that the normal rectal
tempereture iz 101.0%%, but this ie not necessarily true for every
snimal snd later climatic chacber studies with agcount taken of
the initial pectal temperature before exposure %o heat (McDowell
ahals1955) are perhaps more valid. The field tests are not
strictly compsreble except to compere betseen enimsls within e
set of vesdings. Respiration rste is utilised to sepurate
animals which tie on the rectsl temporeture test end this idea
bas been further pursued by Bemesrs (1952) in his modificetion
which takes respiretion vete (sssumed norm:l for cattle: 23
respiretions/oinute) into scecount. The assumption is that one
mwmaammmaﬁmmm,whnmn;
well acclimaticed se unother with & Jower rectal temperature.
HeDowell gf ol (1953a) heve conclufed in 1ike manner, that in-
cvessed respiratory sctivity is & compensstory response in the
Do Albe and Sempaio (1957) have pointed out that short term
elimstic chasbor teats sre vitiated by nutritive conditions and
the genersl asdaptation of the saimsis o conditione outside the
chamber, wmental conditions during the intervals between
tests seon to be important in the ascsessment of test rosults
(Lee and Riek, 19513 MoDowell gb sl, 1953b). Dowling (19356)
has suggestod that besceusc of the high solar rediation beet losd
in parts of Australis, Fhosd's three-dsy exposure test simply
becomes & mpasure of the time tsken for the animel to lose cone
trol of temperatuve regulstion rether than & essure of sdsptive
adility. This worker used exercise to r ise the peetsl temperatures
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of catile for comparative purposes, taking csre not to push the
temperstares sbove 104°F. The results became availsble in &
fou hours and the tests vere independent of weather conditions.

the effects of thermsl stress may be seen in such physiol-
opicel characteristics as the scid-base balsnce of the blood,
biood composition snd respiretory sctivity (other Shen rete).
Husoff gt 2l (1951 end 1955) have studied the haemoglobin content,
packed blood eell (hsemstocrit), plesme caleium and plsema inorgenie
phosphorous contents of the bloed and Walker (1958) the haemoglobin
index with the ides of utilising chenges in blood composition es
indices of hest tolersnce. The pesults have been indefinite
although the latter worker found an sesocietion between a high
heemoglobin index end s high heet tolersnce. Bianca (1955a)
has studied the blood volume, plsems volume, blood cell volume
and pissme total solids of calves in order to ascertsin the effects
of moisture loss during exposure to heat but ocould find fow
appliontions of this work to heat tolerance studlies.

Pindley (1955) and McDowell gt a) (1953a) hsve suggested
that the ability of an snimel to decresse tidsl volwwe with
inereasing vespiretion rate under hot conditione is e sign of
hoat tolersnce sinece this results in less disturvence to normal
slveolar ventilation and s reduced risk of inducing slkelosis
of the bleod by the “washing out™ of carbon dioxide., DBisnce
{19550), in =« study of the seid-base bulance of Ayrshire calves
under therael Biress, concluded that incrossing respirstion rate
causes & deficit in the blood csrbon dioxide which is compensated
for by & rise in the pi of the wrine., This compensation is not
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affected by incresses in lactic scid production by the respiretory
HIBCLOB e .

HeDowell gt sl (1953a) have suggested the use of respiretory
volume &6 an index of heat wlersnce rether then pespiration rate
. because of 2 high positive correlation between the former and
‘rectal terperature changes. lowever, rectal temperature 18
comparatively easy o meapure and sines it relleets the mean
body tesperature of the snimely it 18 & reasonsble eriterion of
heat stress (Beskley and Pindlay, 1955a).

Bonsma: {1955) hes otressed the use of coat charascters md
pigmentation s indicators of sn snimal's adaptebility to a hot
olimate. ‘




individusls within breeds, in the adaptebility of cettle has
been stroscsed (Phillipe, 1953; lee, 1953). Ileny studies

have proven the ability of the Jepcey breed to withstond the
effocts of a tropiesl climste without undue physiologicel stress.
Phillipe (1953) hes peviewed some of the compsrative host tolepe
“anee studies shich confipm this conclusion.

Under nstursl troplesl conditions, the Jersey hes Leen showm
to be the most heat tolorant of the Suropesn breeds (Bsdreldin
ghoals 19513 Areilage gt al, 1952) and consistently move tolerent
than the Friccian (Holstein) as Juiged by reecial temperature
cheanges {(Brsnton ot aly 1953; Guasi and Shrode, 1954; Sesth
and ¥2ilepy 19478}, by chenges in milk production (Ittner gt als
1954b) and by the use mede of artificisl cooling (Miller gt ol

. 1958 ).

sobnoton gt al (1958) have reported dets from chamber studies
that indicate thet the Jersey is superior to the Friesisn in
tolepance on sccount of &« lower heat produstion por unit welight
and per umit cupface sres, the difference being ssseciated with
bagal heat production refher then with lsctation. RBobineon v
and Kleem (1953) comared four lsctating Shorthorn cows with the
four comparable Jerseys studied by Risk =nd lee (1%hB8s) two yesre
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the Jersey was more hoat tolersnt under nll combinstions of wet
and dry bulb temperetures, which they attriduted to a grestes
ability to sweat snd to remove heat from the interior of the

body o the skin surfece on the part of the Jersey.

Nest tolerence eoefficients (Rhond, 1944) have been deter—
61% to 928 (Osalaas, 1947; Hhoad, 194k; Asker gt al, 1952).

. In & elimetic chasber study, Robinson snd Klemm (1953) caleulated
heat tolersnce coefficients in the range of 66% to 94% from the
data of Rick and Les (1940s). These results esphesise the
variation found within the Jomsey breed, stressed by Gsalsas
{1947) and by Jolmeton and Brenton (1953).

Beltoville workers (MeDowell gt al, 1952; 1955) have chomn
the heet tolerence of the Jersey to be inforlor to thet of Bed
Sindhi (B indicus) - Jersey (¥, ) crossbred csttle but that some
individu:l Jersey cows hsve a higher tolersnoe thsn some individusl
crose-bred cows. In relstion to this, Peyne and Hencook (1957)
heve pointed out that individusl temperste-sone cattle may possess
hoat tolersnce coefficients of ss high or higher value th:n many
tropicul=sone cattle. There ic some doubt as to the velldity of
nunbere of eaimals to cover shole populstions. Haule (1952),
Loocky {1949) and Turbet (1949) have all recommended the use of
the Jereey breed in tropicsl elimates.

Peble 1 swmmarises some of the informstion from a breed
compaprison made during the course of the Missouri climasie
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From Hissouri Work (Worstell and Brody 1953)

¥ mopiticsl Temperatuvre® refors to the approximate
environmental temperature at vhich marked changes :
occur in the slopes of the cupves -f the physiologiesl
vapisbles in snimale subjected to rising environmental
temperatures from 50 - 105°F.




chesiber work {Vorsiell snd Brody, 1953)s Although these results
miy not Be applicsble ss ouch to field conditions and ere bused

on emell nusbers of sndmsls, the generelisation can be made thet
the Jewoey 15 more tolerant then the Friesisn but not ss tolerant
as the lpown Swiss or Drahman (Zebu~type cattle) on the basis of

The Jersey is smong the most heat toleyent of the Suropesn
breodes of duivy cattle but there is a wide runge of tolerance
among individusls within the brecd. Individusls end stesing

o

m&mmwmummwammmm{mm
Patobell {1954e) hes reviewed the literature prior to 1950 snd
has concluded thet the rectal tenpersture of catile is high in
the early evening and lower in the cerly morning.

stehicon and tebon (1954), studying ten adult Zebu~type
m,MaWWMRMMctW
tenperature made at 7.30 s.me and 5.30p.m. The afternoon peads
aifference of 12°F in air temporeture. Part of this vepietion
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the season of poor nutrition, causes a priority demsnd for calories
‘resulting in sn Inability of the cattle to msintain body tesporature
variation apresred to be lower in the aftermoon. This type of
hypothesis could only be investigeted on a tworeticsl energy
inputeoutput besis at present snd it will have to remein a8 &
possibility only. Vorking with similsr Zebu snd Zebu-crossbred
cattle within a mesn air tempereture range of 59,0 - 103.8%F,
Pagot {1956) found @ifferences of 1.19 = 1.21°F between mean
morning and afternoon rectal tompersture readings. Ho further
Hendall (1948) has reported differences of 0.5 = 1.6°F between
the rectal temperatures of Buropesn~type cattle as recorded at
5,30 .. 4nd 2.30 pen. when alr tecpopatures averaged 68.6°F and
80,6°F respectively. Diffevences of up to 2.1°F were found when
pir temperatures aversged 70.8°F and 86.5°F., Similarly, Ittner
gt 5l (1954b) have reported differences of wp %0 1.7°F between
the rectal tenperatures of purebred Fricsisn cows as recorded et
3+5 s, snd 85 5«5 pm. with the higher tenperstures in the after-
noan. Begpiretion rete wab, on average, higher at 10=11 a.m.
and @t 1« 2 Doty thon a8 3 = 5 aum, OF 3 = § petie’  Alr tcuperature
runged from 50°%F to 112°% auring this triel. |
In genersl, these diurnsl changes take the form of gradusl
trends, following sir tempereture trends with a vapieble degree
of lag. In the course of a study on the effects of diurnel
temperature oycles on cattle cerried out in the Missouri psychrometric
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lsboratory, Kibler and Brody (1956) found that in the 50%F
air tempereture by up to three hours when sir temperature was
rising, Then it wes fulling, rectal tempereature returned to
normal after Tive to nine hours. Hespireiion pate also followed
air temperature with & varisble time-lag. Although pulse pate
also tended to follow air temperature, the diurnal patterns were
confused by tho effects of feeding and by rendom fluctuations.

Hutchison and Hsbon (1954) found thet the rectsl temperstures
of ten Zebu cous, recorded every two hours from 2 s.m €0 9 peitey
followed air Seupersture with a lag of about four hours. Minimam
rectal tamperatures were recorded at 7 s.m. and saxionam st 5. p.de-
Bain caused a marked temporapy depression in rectal temperature.
every three hours, Minott and Sen (1945) found thst in most months,
mesn rectal tenmperature rose from 7 a.m. wntil 7 p.me after shich
tize it foll wntil § a.me These workers have shown by weasns of
graphe that these trends largely follow air Somperature trends
with a luag of about three hours.

Dowling (1956) found that the rectal temperatures of 4O
Shorthorn bulls in the shade rose steadily from € a.m. until
3 pem. then fell until 6 p.m. (recordings every hour). At these
times, air tesporstures weve 70°F, 101%F and 84%F with relative
humi@ity st 558, 34K and 48% respectively. The seme general
pattorn ocourred in the sun but at a higher level., This stady,
and the one mentioned lster by Patchell (1954e), would suggest
that air temporature is s more important casusative factor in
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shysiological @iurmsl cycles then solar redistion.

It ie impossivle in those studies to separste out the
other factors known to affoet (he snimel vapiables (e.g. feeding,
watering, sctivity) snd fron sny innete dlwmel phythes. Seakley
and Findlsy (1955a) mention that a lewge number of physiclogical
varisblos shov relatively fized dluwmael rhythme. The question
arices ss to whother or not these are independent of sir tempereture
changes, Minett snd Sen (1945) housed ten Numauni Hill bulls in
& ohed st a constent alr tempereture of 70-75°F and recorded rectsl
temperature st hourly intervais. The mosn rectsl temperatare
begen $0 rise at sbout 6 s.m. snd folloved an upward trend until
late afternoon when it shlowly fell to resch s minimus in the
carly morning. Thompoon (1994), working in the Missouri psy~
chrozetric leboratory, has calculated the heat production per
hour of @ix cowe over three 24 hour periods. The heat produced
was pricspily due to the snimsls, litter and bedding. Alr
tenperatare wes hold constant at 50°F acd varietions in redistion,
air movement and humidity vere minimised. Heat production
reached & poalk st 6 p.ms (after feeding at 3 p.m.) and resched a
minfoum ot 6 s.me (in spite of feoding at 5 a.m.). These wWwo
etudies appesr to be the only evidence of diwrnal rhythme in
cattle indejondent of air tempemture fluetustion.

Host of the above wopkers have utilised mesn values for esth
tice of dey in describing their resulte. In view of varietion
botweon anluele and possible intersetion it seens desireble to
use move refined maslysie to investigate mything other than
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gonevel trends. Patohell (1954e) investigated his results
from sn indoor trlal, using three psirs of identicaletwin
varishoe and by meens of graphe. His grephs showed distinet
diurnal trends with all heifers having s pesk rectal temperature
at sbout 7 p.m. and & minimum about & a.me Respiration rates
fluotuated about & common lovel from 11 8.m. until after midnight
but appeared to be low at § s.m.. Pulse rates rose from 8 a.m.
to 6 pem. then foll until 6 s.m.. The anelyeis shuced significant
differences botwoen the meens for the different times of day for
the three varisbles. Interections bLetween readings (times of
in pone cases suggesting that the dlurnal patterns were not
been noticed in graphs dretn by plotting average values for the
variebles sgeinet time of day. Alin and Ahmed (1957) csrried
out a similsr stady on ten buffelo cows and slso obtained
significant differences bDetween the means of the timos of day.
In this ocase, the diurnal pattern was slmilar for all enimsls
but not for all days due to Aifferences in the climatic conditions
at any ono time on different days.

In both of these studies there were significant differences
betueen the weans for the individuel animals and a study of the
data fyom some of the other investigations shows some variation
botueen snimels; €.g. Eries (1921) attributed unexplainable
fluctuations from duy $o day to the "individuslity™ of the cous.




There eppesrs to be an innate diwmal rhyths in cattle,
at lesst for the verisbles veetal tempersture snd hest production,
and thiec rhythn is eugmented or subjugated by veristions due to
clunges in air tomperature and soler radistion. There is a
distinot dlumal trend in rectal tempereture, respiration rate
and pulse male with generally hipgh velues in the afternoon and
low valuecs in the early morning, These verisbles tend %o follow
air tempepsture changes with & certain time-lag. Individual
snimsls may @iCfer in their atummal rhythes.

fucted on the relationships between the climetie vericblse
on the one hand snd $he physiologicsl vapisbles om the other.
Intererelationahipe among the lstier veriables have also been
and field studies on those subjects huave been comprehensively
reviewed by lee and FPhillipe (1948), Findlay (1950), Findlay and
Bealtley (1954) and most wesently, by MeDowell (1958).
sbove about 70°F with & much grester effect avove 80°F. The
degree of effect ie dependsnt on breed, age, production level




tolerant animuls and in culves. Adsptation to climate secus
to be an importsnt feetor influencing the recponses of rectal |
temporature to heat. Significant positive correlations between
air tompereture and rectsl tespereture, of variable magnitude
depending on tiv conditions snd cless of mnimal, have boen
reported by Seath snd Miller (1946b), Johneton snd Brenten
(1952), Ossluas (1945) snd Asker g§ al (1952) from recent field
studies end Yy Riek and Lee (1948e), Casady gt sl (1956) and
Beslkley end Pindlay (1955-) from climetic chembor studies on
deiry cottle. Osalsss (1945) only obtained e significent
corrolation when sir tompersturcs wore grester then 70°F.
Putchicon snd Mebem (1954) end Minett and Sen (1945) have
reported s leg phease between chunge in air temperature and
rectal terporature response of three to four hours.

Hebowell (1958) hee slso pointed out tat an inorease in
poopiration rate is one of the firet vicible responses that
cattle mele to incressing air temperature. Respiretion
becomes very rapld snd shallow (panting) above sir temperatures
of 70-80%. It is generelly sgreed th-t the function of the
incresce in respiretion rete is to increase evaporstive cooling
from the respiratory mucosse., Kibler and Brody (1950) reported
& slov rise in the respiratory eveporation of cattliec ap aip
temperuture pose from 5°F to 95°F, secounting for from 4% to
304 of the totsl hest dissipstion. This cooling msy be somewhed
countered by incressed heat production from the work of panting
(Brody, 1956). Panting may sloo lesd to the development of a
respiratory slkalosic with s decline in the cerbon dioxide
combining power of the blood serum snd & lstent ketosis. A
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high respiration rate may be an indication of lack of thermal
control endy i ponting has resched sn extreme lovel, there may
thereafter be & decline in rospiratory sctivity due to musculap
ratigue (MoDowell, 1958).

Sipnificent positive correlstions between alp tempersture
and respiration rate have recently been reported by Gaalaas
{1945), South and Miller (1546b), Jolmsion and Branton (1952,
1953)s Mullick and Hehar (1951), Alim and Alwed (1956) and Asker
et al (1952) frem field studies end by Riek snd Lee (1948a),
Cenady gt al (1956) and Deakley and Pindlsy (1955e) from chamber
studlecs on dalry cattle.

Kibler gt sl (1949) have reported that the pulse rate of
. gattle tendns %o decline elightly with incrcase in chamber aip
temperature up to 90- 105°P vhen the rate might ineresse in assoo=
fation with sbnormall, high reetal tenperstures. UeDowell (1958)
has stated that most weports apycar 0 concur with these findings.
Seat: and Millor (1946b), Avrilaga gt a] (1952), Riek snd Lee
(1948a), Csoady gt el (1956) and Acker gt sl (1952) found that
pulse rate was onily alightly end inconsistently relsted to sip
tenyorature wvhile Beskley and Findlsy (19554) found that pulse
rute inoressed with sir temperaturc sbove 68°F in the Ayrehive
sbove 77°F. Johnoton and Brenton (1952) found that the pulse
 rate of the deipy bull was signiTicantly correlated with mesn
dsily tespersture only st tenperatures above 85°F,

Ingressing alr tomporature gauses an incrcsse in skin
temporsture (HMebDowell, 1958). Deakley and Findlay (1955b)
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found that the trunk skin terperature of the Ayrohire ealf
riscs with incressing temporeture, humidity =od time. (Cesady
gt 82 (1956) have rpeported high positive correlations between
the rump oliin temperature of the dsiny bull end air temperature
The offect of humidity on the physiology of cattle is not
so clearly defined but at high temperstures, high humidity is
no doubt an sdded fuctor causing diotress to the snimsl (MeDowell,
1958). Many recont workers have pointed out the smaliness of
the affect of humidity on the physiclogicel varisbles (Seath and
Miller, 1946b, 19473 Arpilags g8 als 19523 Riek end Ieo, 1948e; .
Dovinsony 1951). Othors have strecsed the point thst humidity
can be importunt in certsin eitustions (Johnston and Drenton,
1953; Acker gt als 19523 Robinson snd Xlemm, 1953; Beskley
" and Pindlay, 1955aded) |
scker gt al (1952) found a significent correlstion botween
the pectal tomperature and respirstion rete of cattle at high sir
tonperatures. Cesady gf sl (1956) found only smsll and incon=
sistent relationshipe between rectal teuperature and respiration
and pulse rste of dairy dulls, even st high air temperatures.
They aloo found that incrcases in respirstion rate, pulse rate and
terperature which wes spparently controlled for a time.

Sumary

A1l four physiologieal veriebles are aspparently related to
air Sesperature, at least above certain “erlticel" air tesperatures.
The effects of humidity changes on dairy cettle are considersbly




should be stresped that there is always s conbination of wvariables

mmwumﬂm«m:m
in that it determines, %o a ceptsin extent, the proport-
ion of the sun's pedietion falling upon the snimal which
is sbsorbed.”  (Lee, 1953).
Banows (1949) hes pertitioned solar rediation into
fs Long wave rays - the infre-ved or hest raye.
Hedian wave rsys -« the light or visible pays.
Short wave rage = the ol ot reye.
e proportions of these components in the totel rediation
varies with clizatic conditions, lstitude end altitude. Pindlay
»mmwﬁmimmmmmzmmwmm
in the solap spectium is in the visible portion. A white surface
may aboord only 20% of the visitle radietion while & black curface
may aboord up to 1008 of the enmergy. The role of cost colour in
{(1950). 1o hes suggested thet a white, yellow or red cont, with
emopth or glossy texture will result in s minimel hest loed.
Bonsma {1949) hes pointed out that long infreered snd light reys

e




of shovtesave rediation. Theoreticel studlies made by Stowsrt
(1953), Stewart and Brody (1954) and Neleon gt a) (1954) have
confirmed the above findings.

Upight (1954) hss referred to the principle that snimals
inhablting warm and humid regions show grester melanin pigmente
atdon then the seme speeies in eouler wnd drier regions snd
that, in srid desert regions, the skin ie characterised by the
as Gloger's rule, ave not clear but a dark hide may be protective
and elvoy as Bonoma {1949) and Badreldin end Cheny (1954) have
pointed oul, & Dlack pigmented hide sids in hoat disposal when
eloud or shade shield the mimsl from direct rediation.

Stevart gt sl (1951) have discussed changes in coat colour
on exposure o hot stuospheres. They found that the reflectivity
of the hair of cattle increased with rise in environmentsl femp-
erature and tinme. This seems to be an adsptive mechanism with
similsrity %o the chsnges in cost chepacter discussed by Yeates
{1955).

Three studies have boen made on the effects of cost colous
differences on the responsos of physiological varisblss o temperw
atare. Sesth snd Miller (1547s), working with Friesisn cows in
the milking shed, could find no consistent relstionshipe between
mnmmmmw;mﬁanwmﬂumﬁ
Ittoor gt 8l (1954b) however, curried out trials in the sun st
an air tenperstuve of 102°F end found that nine cows: which were 80%
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or more white hud an average respiration rete of 105 per minute
while five cous which were 80% or more black had en aversge rate
of 118 per minute. In the shade, the respective rates were 76
wright (1955} in 2 climatic chamber study on beef cattle, tried
to correlate coat colour (scored subjectively from O~ 400) with
the other physiologicsl varisbles studied (such as chenber rectal
tenpersture snd chenber respiretion rete) dut could find no
significant relationshipe with the availeble varishility in
golour.

Patehell (1954s) eould find no sigmificent differences
between the meen skin temperatures of individusl Jersey heifers
of yariable coat colowr. He stated that:

"iny difference there may e due %W colour and type of
eout &id not show up on the basis of this evidence."

Bunmgezy

Cont colour seans to be importsnt in determining the heat
balance of cattle exposed to @olar radiation but colowr differw
ences coniribute to the variation between animale in the wapiables
ences are extreme.

Studies on the influence of climstic factors on yield in
dalry csttle heve been sdequstely reviewed (Pindlsy, 19503 Hencocky
1953 Johmeton, 1958). However, information on the contributions
of differences between cows in level of production, stege of lsctation
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and lsotational state (i.¢. laetating or dvy) to variations in
Brody (1948) nas cited obobervations that resting dairy cows
produce heat at the rate of L00-500 calories per hour when dvy
and about double this amount when lactating. It could thesefore
be expocted thet lectating snimmls would have higher rectal
temperatures, pulse snd respiraticon retes when under thermsl
strecs and might even have different resctions rom dry cows
undor normsl conditions. Iee (1953) hes otated thst rectnl
&t timee of high milk production thet at tises of low milk
a stendard hot atoosghere, BDelteville workers (MeDowell gt sl,
1955) found tiat stage of lsctation had Jittle effect on the
responses of reotal tespereture to air temperature. Although
to the hot atmeosphere in early lactation than in later monthe,
it rose to higheor levels on uxposure resulting in & similar rise
at all stages of lactation. Iy contrsst, level of produstion
hed & sigmificant influsnce on both the mesn rectal tempersture
during exposure snd he rise In rectal tempersture in both breeds
althoupgh In tho eroceses, there wee no additionsl effect sbhove &
lovels but lactating cows hsd higher initial temperatures then dry
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coms. | The only significent cffect on respiration rate wes o
relative humidity), respirstion rates had resched ceiling valuss
and @ifferences dus to differences in production level msy have

In » similsr study, Schein gt o] (1957) found that there
in initisl pectel tesperature snd respiration rate but that, on
in pectal temperatuve from 2,6°F in the 15 lbe. P.C.M. per day
class $o 3.1°F in the 45 Ibs. P.0.M. per dsy clsse (Jerseys).

Ho similap trend was noted in respiration rate.

Gealaas (1947) could find no significent differences betwsen
the hout tolepsnce coefficients of 29 mafure Jersey cows detormined
8%t various stuges of lectation and when the cows were dry, indicate
ing & stable recial tamperature response to hest stress. On the
other hend, Ittnor gt al (1954b) found that vhem air temperature
renged from 74-112°%, high producing Priesisn cows had consistently
higher rectal temperstupes (0.3 = 0.8°F) than low producing cows.
There vwere no definite Qifferences in respiration rate, . However,
when aiy tempersture ranged from 50 - 86°F, the two growps diffeved
11%tle in eithor verisble. They cascluded that dry cows (or low
during the hotter months sithough they sdmitted thet their dats

Twe brief reoports from Russian workers suggest that pulse
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snd respiretion retes could be higher in high producing than in
then in dry, noneprognent cows (Sementovekejs and Gerkavi, 1950).

Sucony

 Lavel of production (including lsctational state) seems to
be an important contributor to differences between cows in the
levels of thelr physioclogical variables and the responses of
includes an element of produetion level since cows in early lec-
ﬁﬁmmMn‘W&m&aMhhﬁrhﬂﬁm
seexs to bo of lesser importance slthough there are soms incone
sistencies in the reportas.

Lee (1953) hee suggested that not only may body weight be
affeocted by the environment, through growth snd the gein or lose
of condition, but mey itself inrfluence sn animal's respomse to the
climetic environment. Brody (1948) has pointed out that the
larger the surfsce ares of an animals; the grester the rate of
heat dicoipation Dy sll avenues of physicsl heat loss {conduction,
conveotion, evaporstion end radistion) when the snimel is under
heat siress. Since geompirically, the smaller the animal the
larger the suifece area per unit weight, it is logical to assume
that amall (and more anguler) animals would be best adapted to
tropical environuents, other fuctors being equal. The conductivity
of the tiosuse o involved in the transfer of hest from the internal
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1954) which suggest that homeotherss evolved in colder climates
tend o be lapger then steains evolved in hotter climates, st
lesat within & species (Bergmeon’s Rule).

On this basin, body weight should have some effect on the
genepal level of rectal temperature, respiration rate or pulse
rate in caitle, espocislly when under climstic stress. Apjarently
no setisfactory studies heve been mede on this subject and this is
s serious deficiency. Arsumenjen {1550) studied 311 cows and 200
heifers of deizy breeds snd found thet liveweight had no epsreciadle
effect on pulse or respiretion rate. This study mey have been
inportant but no statistical an-lyses or climetie date were given

the mw {900 = 1,040 1> ) were lower then those of the
threoe smalilent (700« 740 1Ib,) throughout the day, but the difference
wes not statistically significant.

Although an adapted snioal might attain larger size than a
less well adapted snimal through better prowth, smsll strains of
animels spe likely to be more heat tolerant than larger strains
within = speoles. Hovever, it hss not boen shown thst body
tveen animelc in the physiologicsl varisbles.
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reverse was true in the shade. The heifers did not avail
themoelves of the ameliopative treatments to the ssme cxztent
a8 the cows which seemod % suggest that the former were not
wnder the sene heat otress =8 the latter.

MoDowell g% a1 (1955) end Schein gt al (1957), vorking with
Jersey and Jersey-Red Sindhi crossbred heifers, have reported
higher rectsl temperetures boefore exposure to heat among the
pates, The latter group of workers reported higher test rectal
temperstures and respiration retes saong the younger heifers &g
well. Arsumenjsn (1950) veported higher pulse snd respiration
further details were given in the sbetract of his paper. By
grouping thelir fevale ecsttle into age groupe, Badreldain gt sl
{1951) found that rectal temperature, pulse and respirstion
rate decresned ue age incressed within the aiy temperature
renge of 51.8 = 82,0%,

Sumary

There is some controversy as to whother younger animals
are more or less heat Stolerent then older stock but many workers
have produced evidence that suggests that hest tolersnce incresses
with age avong heifers (Bonsme, 1949; Klemm and Eobinson, 1955;
Asker gt sl, 1953), cows (Gsalass, 1947) snd bulls (Cesady gt sl
1956)« Young snimals such as sctive, growing calves appear to
have higher reoctal temperatures, pulse and respiration rates
under nopmal conditions then older eows and this could be mis~
lesding in sn assessment of heat tolerance.




The pregnent condition and the onset of parturition would
be expocted to have some influence on en animsl's physiological
reagtions to fiuctusting air tempereture, but only three studies
that the hosrt rates of forty dey, pregnint cows incressed rapidly
a8 calving tive spproasched. The aversse rates were 65, 72 and
92 besto/inute at 70-90, 30-50 snd 0-10 days pre-portum respectively.
lio farther date vore svallsble in the abstrset of this paper so
that it is not nownm whether or not my other fectors were involved.
wipenn gh gl (1958) followed the changes in reétal temperature of
terperature for the poriod 10«3 duys pre-c:lving was in the
ovder of i°F higher thsn that of normslly cycling cows, but the
were obtuined from seperate stulies. There wes = charp decline
in rectsl teoperature daring the period i-2 days pre-calving of
over 1°F wod recovery within a day. Gasless (1947) eould find
no sigaiticant differences betueen the heat tolerance coefficients
of 29 Jereey cows dotermined at different stages of pregnancy.
gix pairs of identieal twin heif'evs over a three month poriods
Patchell (1954a) found significant differences hetween the mosnd
pregnancy pathor then on climatic effects in that =ir tempereature
venge (37«67°F). He suggosted that @ifferentisl calving dates
smong his saimels could expleln his significant intersction
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order on Successive days., Hickey (1955) eclited Patchell es |
aseribing his high average respiretion pate and range of respiration
retes to the effects of sdvencing pregnuncy but this is sppevently
& misguote. He {(Hickey) suggested that sdvenecing pregnancy could
by Patehell but, since Patohell's helfere were supposedly within s
month or tvo of calving, pregnsncy could have had s Dig influence
on pulse rate if sccount is taken of the above stuly by Thowsg
(1949).

The only available comparative data between pregnsnt snd
e dawme or B Andigus) by Alim and dhmed (1957)s These workers
found ihet pregnant, dry cows had higher rectsl temperstures and
respiration retes than open, dry cowe when air tenperatures renged
from 77.0 = 100.4°%,

Sulg sy

Pulne rete probably rises consideradly over the last three
monthe of pregnency in cattle but it is likely that rectal
respond more to heat stress than those of enpty cows,

The lmportance of the provision of chade for cattle in
W&m:&smmwn&mmmmmﬁm
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hest load (Findlay snd Deskloy, 1954) and its effect on the
shysiologiesl verisbles {Stewart snd Brody, 19543 Kibler end Brody,
1954).  Dairy cettle normally soek shade when subjectod to hots
sumy conditions.  Seath and Mililer (1946s), Payne gt 81 (1951)
and Levkin (1954) heve demonstrated that cattle graze more at
night whem tomperatures are high and the total grezing time may
be reduced. It i 4ifficult to assees the velus of shades since,
during tho daytise, tho snimals might have been more comfortable
in the chede but Shey might have spent the time move usefully
if grasing. |

4 considerable body of work on cattle shades has been
published by Californisn workers (Ittner gf al, 1954a) end Payne
(1955) hes reviewed much of the work on practicsl sspects of
sheding cattle. Ittner «nd Belly (1951) found that sir tempere-
tures were of tho same order under all types of shedes that did
not utilice evaporative coolers und they enmphasised that the
ehief function of shade 16 %o reduce the heat losd incident
to the sboorption of redient emergy. Seath and Miller (1946a)
found that the sverage rectal temporature of cows when they
wilifully entered shede was 102.4%F, average respiration rate
(1954) have suggeoted, em the basie of Belteville work, that
on two suscescive dsyo exceed 66°7.

In pemersl, two types of studies have been made on the effocts
of sheding on physiologicsl varisbles. In the one, the effects
are eonfounded with diurnal itrend offecis. For example, Seath
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and Hiller (1946s) found that in spite of the provieion of shade
 their cows continued to rise wntil 3 p.m. when air temperature
ves af » maxisam, There is no way of telling what the vapiables
would hsve been without shade. The same authors (1947b) held
four grade Jercey cows im bright sunshine (shade tempersiures
vanged fron 83~90°F) from middey wntil 2 pem. and then pluced
two in the shade. The other tvo 4id not set ss controls but
underzent another treatment. Although sir temperature continued
to rise slightly, there were declines (of apparently significsnt
magnituds) in rectal tempersture, pulse snd respiration rate
after one hour in the shade. 4 study by Rhoad (1938) wee also
gonfused in this way but he noted in sone ceses,; a fall in restal
tonpereture and respiretion rete when his cattle werpe shaded in
gpite »f continued rising air temporature. DBadreldin snd Chany
{1954) found that the rectal temperatures and respirstion rates
of their cows Pfell when the animels were transfered from direct
ounlisght to shade &t 12 noon and a8t 2 peus. Pulse rates appeared
to follow a diuwnel pattemn regardiesss of sun or shade.

In the other type of experiment, direct comparisons were made
between shade and noe-shade troetments. Fhoad (1940), using
purebred Aberdsen /ingus eatile, found that for two temperature
ranges (86957 and 76~ 85°) mean rectal temperature and
respiration rate were greater in the sun than in the shade. Al
| 89,0 89,7° air tempereture, Osalsss (1545) found thet the rectal
temperatures of Jersey eows aversged 0.7°F higher and respiretion
rates 20 por minute higher when the cows were recorded in the
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sun then when recorded in the shede and had sccess to shade. In
& reversal typo experiment, Seath and Miller (1948) compsred two
groups of Jersey cows, one with sccess to shade from 8=8 s.m.

A% 9% 6.m.s Uhen air temperatures were 87-9:°F, the mean seectsl
tenpereture of cows in the sun wes 103.93°F end that of cows in
the shade 101.91°F. The respective respiretion rates were 109,17
and 85,2 per mimate. The Panges of the two veprisbies im the two
less group.

Dowling {1956) investigated the diurnal rectel temporature
cupves of Shopthorn bulls both in the shede and in the sun.
Although shsde temperstures were lover on the day thst the bulls
were in the sun then on the day thet they vere in the shade, the
rogponcee of rectal temperature to air temperature were greater in
the forver case then in the lstter.

Suooary
Shade io of proven benefit to cattle when aiyr tenperatures

are sbove gortain limite and when solar radistion is high. At
high air temperatures, rectal tempopstures, respiration rates
and possibly pulce rates apre reduced whem the cetile sre shaded
compared with vhen they sre in the sun.

Studics on the use of sprinkled water to lessen the heat
load on cattle by incressing the aveilability of water for
evaporation have boen reviewed by Findlay end Beskley (195h),
Findlay (1950) ond Peyne (1955). In gemeral, sprinkling hes a
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beneficial effect on Buropesnetype cattle in the tropice shen
pesults in & decline in rectsl temporeture end respirstion pete
and Seath and Miller (1947b) have peported s lowering in pulse
rate as well. Host of these studies heve been made at alp
temperetures of over 80°F., Minett (1947) hes reported signife
fcant decrenses of 1.6 = 3.8%F in the rectal temporatures of hill
bulls standing in monscon rFain at sn average sir temperseture of
59%, ‘he temperaturs of the rain water wes 48 - 82°F. Contrery
evidence has been given by Bagab gt al (1953) who eould find ne
notable delines in the pectal ftemperatures, pulse or respiration
rates of Sgyptian cettle and Shorthorn cattle as a result of the
sprinkling methods useds

Speinkiing will generaily result in a lowering of rectal
tenmperatures, rospiration rutes and possibly pulse rates when
these vsrisblos are elevated because of high alr terpersturcs.
Insufficient information wes availsble on the work of Rsgab
£t sl to suggest a poselible resson for their resulie.

The various methods availsble far the measurement of body
and skin tempevature, pulse and respiration rate, end the environ=
mentel veriasbies have boen dliscussed by Findlay (1950) snd by Lee
{(1953)« Sinece the methoSs used in this study ere discussed in
Chapter III and the messuremont of skin tepperature is discussed
in detail in Chepter VI, this short review will only deal with
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Bligh (1955) bas steted:

“In the W Eninal. ... .00 restel tenperature

11y sccepted 5 & mossure of deep body

Wsmu*

To what extent does the relationship between rectsl
tenperature and doop body temperature vary when envircamental
difforent depths in the rectun and also the decp dody tempersture
isaving the hesrt. At sny other then the most severe air temps
erature conditions, rectal wae olightly higher than carotid
rectal tenperature in response to heat strees paralleled changes
of eimiler segnitude in deep body tespereture. Brody g§ sl
{1955) found the reotal tempereture of & Jersey cow to be highey
over 15 minutes (by 0.81°F) than the temperature of the blood
(catheter through right Jugulsr to right ventricle).

Krios {1921) found a tempereturs gradient in the rectum
with e difference of up to 0.8°P botween depths of 4" and 7".
Although this worker hes supgested that it is unrelisble to
meesure rectal temporsture at & depth of lese then 6%, most
workers have taken readings at 3=4”. Minett and Sen (1945)
also found s temperature gredient in the rectum but Bligh (1955)
eould £ind only slight and rendom variations vith depth. Kibler
and Brody (1951) congluded that = noreury thermometer st = depth
of §* from the snal sphincter gave satisfsctory resulic.

Patohell (1954e) hss pointed out that the standing cow woald
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be expected to have s higher restel temperature then the lying
animal since she i expending more energy but he found s higher
reetal tempersture in the latter. He offered the expl-nation
that the abdominal organs, with high teaperatures, were possibly
displaced towsrds the rear in the lying snimsl. It could be
cooling of the snel regiem, The differences found (0= 0.6°F)
were small snd Eeiss (1921) could find no effect of the position
of the animsl on rectal temperature exeept, possibly, imsediately
following « shange of position. |

Deskley snd Pindlay (1955a) observed sudden rises in the
rectal temperstunes of their calves of 0.3 = 0.4°F due provably
%o ohenges in the position or surroundings of the thermometer.
Defepcution wes found to be sssociated with susll chsnges in
rectsal tempersture end Winett and Sen (1945) found @ifferences
of Out = 0.8% betwoen reotsl temperature resdings teken
immediately pre- snd post-~defecciation. Hriss (1921) could
£ind no consistent effect. It is cuggested that the pessage
of the cooler feteal mess over the mucosa could momentarily
lover ite temperseturc.
Sumyeny

Bven if the pectal tempersture differs a little from the
dedp body tenperature, changes in the former would be expected
to reflcct chmnges in the latter sufficlently well for the
former to be used in experimentation. If the rectal tempersture
is taken at s constant depth in the rectum, if it is tsken when
the animel is conslstently lying or stending aad i temperature
taking Guring defsecation is avoided, then variations in rectel
temperaturs due to these factors should be minimised.




mammm&ammmmm
pioneering vwork has been done, are at the University of Hiseouri
on the pelstionships among the vepiebles {physioclogical and
envisonmentel) as related to heat tolerance are best done initielly
in the lsbopstory but field studies heve an importent plece in this
vork provided that adequate technigues and plans of 8iudy sre
establiched. Theze mst be elose liaison between laboratory snd
field vorkers «nd also between Lield workers in different parte
of the wrid (lees 1953)

The advantages of field studies can bo listed as followss
are ospected to perform and “productivity” ocan be studied in a
3« Inimels can domonotrate thelr degree of seological adspilation.
4, Yairly lerge numbers of enimals csn be studied under & wide
5« Papceys snd bpeeders are more likely to teke sn interest

However, theve are difficulties inherent in field otudies
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which must be overcome. Some of these can be listed as followss
1+ -+ To control is exercised over the climatic veriables end =
singlie clinatic vapisble cannot be studied on ite own.
2, 'inime) beheviour is likely to De more varisble end ungredicte
able.
3. mm@matmwmznuaumm
%muwm:mmmmmnuwmmm
mummwuammmumm .
mumdhmmﬂmmwmﬁoﬂmtnw
the peychrosetric room. mmamwmmm
mmmwtmmmmrammummnm.
The first concerns yeuﬁ.h:a interforence with the menifestation
Mmmlmwmmwsmt(»gm
m @msm ct a m:. an measuring device to the
Md&u‘ﬁ&ﬂt mmmmt locclised area?). The
second concerns any possible physiclogical effects of psychologe=
ical reactions and mﬁqmt behaviow patterns (e.g. the effect
of excltement on the pulse Pate).




College "Production per icre Frojoct” herd were used in thie
tricl. Theeo covs, described in table 2, were selected at
rendon from the herd except that, in order to ensure that the
eows were as nopnsl a8 possidle during mesgurement, only natuprslly
quiet cows wore considered. The herd was gresing freely on &
mmwmmmmmwxm
ifioran) and white clover (Ipifoliw
rate of 0.9 cous por sere. M&MW&%MM.%MN
ummmw-snmmhh(m_m)
e8 suprleventspy feeds. Uilk recording and butterfst testing
were carricd out once every month and the cows were weighed every
wook at the same time of day &8 a poutine prectice. VWater ad 1id
and shade (in some paddecks enly) Were available to the herd.
IZpctal temperatures, pulese and pespiretion rates were
recorded on four Suitable fine duys between 11/2/56 and 22/2/58.
Readinge were obtalned nine fimee on esch day - at 10 a.m., nown,
2 Polieg 6 Pomm.p 8 p.muy 10 pum., midnight, 2 a.n. ond 4§ s.m.
6 s.me and § pews readings were not tulen becsuse the herd was
being milked st these times. € a.ms readings were teken om
three doye only 80 that these dute were used in the grephs but
not in tle ststisticsl snalyses. Skin temperstures were recorded
on three sultable days between 21/2/58 and 5/3/56. Readings were
obtained five times cagh Qny » at § A.m.y 10 a.m., DOy 2 Py .




Chapactoriotics of the Catile Used in the Diurmal Trial

Nasber Hems mw«:mmhummm |

3 lLove 2ps G0BNs 69 Ide. 224 13/7/58 Pomnegrey

21 Joybell & 853 72 198 27/6/58 Dapk browm
§ Juggler & 842 96 216 29/1/56 Trom

74 Corbers 6 935 85 201 11/6/586 Light famn
1 Bl 8 Tt o 197 28/7/58 light fawn

29 Dovothy 9 863 86 204 2/1/58 Iight Lrow,

EQhsht  Mean of four weighings (u/2/58, 11/2/58,
23/2/56 and 4/3/58)

ixeduction 1bs. butterfat for GO days ending 21/2/50
Rewe a0k ot 21/2/58



ond 6 peite. Tight readings wore not taken becsa se dew interfered
taken on separete days from the other physiological varisbles
{exeept on the 21/2/58) because the messuring spperctus snd
labour were not elwsys sveilable whea required.

Seven preliminsry sels of recordings of reetal tempersture,
pulse rete and respiretien rete, and two sets of skin temperature,
wore mede betwsen 3/2/56 and &/2/58 in order to sccustom the
- animsls to the routine and to perfect tlo messurement tecimigues.

Sash sot of reedings (et say one tise of day) took approximetely
40 minutes and air temperature wse pecorded st the beginning snd
end of sach 40 minute period, the two temperatures being averaged
to obtain s mean sir temperature for the particulsar set of readings.
fhe Fegordings were made with & mepcupy thermometer (0-240°F) hung
in & sheitered, shady spot at the site of operations. It was
and pelotive humidity ueing & clockwork bi-metallic thermogreih
and hair hygrogrsph {Middleoton, 1942) but this apparatus failed.
eteorologicsl dats for the days concerned were obtsined from
the @resslends Divieion, D.8.I1.R., Palvmerston North, situsted
within 300 yapds of the sltos at which the animel measarements
- Beectal temperature wes messuved with s 4%, cevcury in glebs,
elinical thermometer (certified correct to within 0.2°F) inserted
in the rectun %o a constent depth of 3" from the ensl sphincter.
A 17 long cosis on the end of the inetrusent ensured this constant
depth of inpertion. Although "j minute™ wes given by ihe mskers
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a8 the ptandsrd #ine for eguilibrius to be resched with this
type of thermoueter, it was found desirable to leave the
instrunent in position while pulse and pespliretion rate were
being recorded (on sversge 1} minutes). Resdings were tuken
to the nearest 0.05°F. |

Respiration rate was measured by counting flunk movements
{conplete reppiretions) over 30 second intervals, timed with
the second hand of & weist wateh. Since interruptions to
vespivation such =8 pwallowing snd sructation were irregular,
it was thought desipsble to eoteblish a rhythn in counting which
- wae continued through sush interruptions in order to have the
regeatability se high a8 possible and to estsblish a uessurement
more indicetive of the respiratory status of the snimal then of
ite digestive status. Pulse rete wes detomined by masnusl
palpation of the ventral soccygesl aptery (Wirth, 1956) and
timed in & similsr way to vespiration rate.

‘Skin tenperature mousgurements were made using a copper—constan—
tin thermocouple and a Cacbpidge Fortable potentiamter with the
reference junction =t 32% in eruched ice in s thermos flask,
The couple was held in 2 bow-type holder described by Patchell
{1954b) (see figure 2) snd, in sccordsnce with his findings,
appliied to the skin surfagce beneath the haire in the region of
the hip bone., The erea wes shaded with the hand while the
potenticmeter was read. The thermocouple had been calibrated
in a water both by several Pune (up and down the temperature
scaie) over the tempereture vange in which it wes to be used
and the regrecsion of temperature (°F) on potentiomster resding
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¥(%?) = 35.363 + 42.386 X (mV)

This regroosion line (highly significant by “F” test for 1 and 29
degrees of freedom) was then used o convert sll potentiometer #
readings to the tempepature scale. Mwmh&uhﬁ,@'&

423 four of these messuring Systems heve & scale which 18
additive and monotonic and all are ressonably simple except the
mothof for skin temperature messurement which is discussed Purther
in Chapter Vi. _

The six oows were se;arated from the herd 5-10 minutes befove
. pesdings were commenced snd enclosed in a emall, portsble netting
pen erected in the paddock. Hach cov wae haltered and tied
the fence before resding. 4All care was taken % see that the
anisals wore excited as little se possible when walking to the
pen, when penued and especially when resdings were teing msde,
Theore wae however, & degree of excitement and restiessness which
must be allowed for in ihe interpretation of results. Ihe cowe
wvere fealt with in rendom order &t sny one time on & day with
the restrioction that the ssue rendos order wes repeated on
succsssive dege. All readings of rectal femperature, pulse
suthor and a nupber of different apsistants were used to work
the potentiometer for the skin tesporature nessuremente. The
night readings were taken by torchlight. The difficulties
eaused by flies sre discussed in Chapter V but this wae & factor
causing resllessnces in the snimsls and ogessionally making sone
readinse (pulse rete in perticuler) difficult to obtain,
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hroe ropected readings were taken for each variable om each
cow at cach time of duy. If one of these three was six beats
per minste (pulse ond vespirstion pate) or 0.,2%F (rectal tempersture)
opr more dirferent from either of the other two it wos autommtieslly
discarded so Deing the lesst scourate indicmtor of the state of the
animel. o such arbitrayy lenhmrBMfW-&mmmm
If all theee readings were within the limits, the 0dd mesber of
the trio was discarded at rendom.

This rendomised block design (with cows e blocks) replicsted
in time (dsys) wes enalysed in &« similar msmner to the exsmple

. given by Wilm {1945). ‘The design is snslogous to = “split plot®

design with & mumber of splite (deye) within esch time of dsy and
CoWe mmzmmummmmumntsmn
the second crder intersction or residucl error term. The sipg-
nificonces of differences Detween cow mesns and between tine of
dsy mesns were tested dy the interaction between cows and times
ghich is sn eatimate of the fuilure of the diurnal pattern to be
repouted fyom eow to cow. If only one of the firet order inter-
aotions involving daye was significant it wes used to test the
significenge of diffevences between days. If both or neither
were gignificent, the anslysis wes handled in the msnner which
peemed most apyropriste from ane zaminstion of the mean sgu Fes
{see discussion on ssch individusl snalysis). Although the
stendaprd procedure in = eplit plot experiment is to iest the meen
sguares "within ploia™ Ly an erroar compounded of one of the within
plot first crder intersctions snd the second order intersction
(snedecor, 1955)s this mey not be valid if either of the first
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orter inteveotions “within plot” 1s of sny magnitude in relstion
to the residusl orrar term. If the intersctions are pooled to
give & compound orrop term there remains the problem of how many
degroes of freodom %o use. Aguin, If the eow penkings or diwmal
pattern ave different from dsy to dsy, then the significence of
differences between dsy meens is prodably of little importence
mmuwgmm&(wﬂmh

A similar type of anslysic has been used by Patehell (195h4a)
and by Alim and ihwed (1957). The component of wariance temed
"within resdings™ in this enalysic is sn estimute of the error
introduced by teking the two repested readings on each cow at
esch time sod 18 therefore s measure of the repestsbility of the
seagurerent sy tem,

feadings for Cow & at moon on 19/2/58 were mot cvtained
begeuse of an inotrument breakdown. These missing plots were
£1lled by cotimates derived from the following formuls supplied
by Glenday (1958):

- Sum of § readings for same cow and day.
Sum of 5 readinge for saw time and day.
Sun of 3 readings for osme tine and cow.
Sum of 35 readings for same oow.

Sum of 53 readings for same day.

Sum of 23 readings for sepe tire.

Sum of 215 readings

worked an the mesns of the repested rcadings.

DHUDaONw e
B S B N A B



we o

» Lo
(]

D I 1 g =
3

B & © «

AAQA AR

NVEH GV SXVd TVAGIAIANI -« MEIIIVd TUNIVIEINEL IV TVIEOId
. HHODIA

08



feg Jo oWty

9 e Mg 2 e PR
k] L i 5 ] 1 O 14 ! : 7 - 5 . b Ok w's g
§ ! L] ! 1§
.. G"66
~
B AN g ¢
% MasH 0°00}
w® lg mop ~—H+H++*
i W) WOoS: SromreTE
- ™ el T e
- TN G2 MED TTTETTTT G*00 L
™ o - o U O v B - :

HVER IV SMOD
TVRAIAIAGNI = HEIIVE TUNIVENINES TYIONY TVIHENIC

T sunoid

- e > e W ween o ST

o

-
".,
S~

-~
-
-~

G*20L

Rectﬂ‘} Temnens tiana {Om)\




i

--,«_“.-.‘a‘
LBl VD

o LU )

{

> TAA ST

FIGURE

- .
-4.1’) [ =

il DIURNAL RECTAL TEMPERATURE PATTERN » INDIVIDUAL DAYS AND MBAN

—
”
4 04
‘v“—zb /
M4
}'w‘ic—eb
4
i
(9]
=
AOO‘::;‘- _j
}
LSS
Meor
—ﬁ Ol \
i oA N
L o\

ae '~

AT a iy )
Q -~ A D N ton o = - [e] Fa 40 ) - |
O a., h”zs i O 1 r & Me IMe o 6 (¥ ﬁ & & ille (R
m4

o
Mime of o
& A LIS e LISy



£8g JO SWTL
i ‘W B 2 Gl otk 8 9 H swed Z >l oL cwew g

[QMS

DIURNAL RESPIRATION RATE PATTERN - INDIVIDUAL DAYS AND MBAN

¥ Y 1 ] Y Y

ween 6= / \\
6T TROD T T H
IR =) [ g /\\!\ 406
C HOD e / |
L2 Gen e

Qleen ST =
I i S

<041

10¢1

Respiration Rate ( /min.)



O
(®)

( /min.)

RPa te
PSS

U =

ion

+4
t

oira

-

J

Pacr
ERAE )

FIGURE 7
DIURNAL RESPIRATION RATE PATTERN - INDIVIDUAL DAYS AND MEAN

Day 1
2

— — - DEY 2

— e e E]
A y 3

Time of Day

{0
®
b
=
®
=L
o
=
N



£8Q JO SWTJ

L b i el Ol 8 g foooewed g A" or ‘w's g

L ¥ L ] ] 1] T 1] T ﬂ
B O@
0L
= 08
06
§
§
i

}

62 moD , 4 oot

¢ ~ BOD " *TiEraemee NVEN NV SX4¥d TVAQIAIONTI - NSELLVd HLVE EST10d TVRIAId

+~ goo i e sm/ﬂ] S— cemm————

= 9 TENDIH

Rate ( /min.)

Pulse



we's g | Ol 8 9 T wed
| & T L T 1} [

NVER OGNV SAVA IVACIAIGNT = INILIVd SIVY 97104 TVENOIQ

08

( /min.)

O

et

o

sS¢

Pul



DIURNAL
N3

Skin Temperature ( OF)

Skin Temperature (°F)

Temperature (°F)

Air

LB

92
ok

90

95

93

Q2

91
90

70

65

SKIN TEMPERATURE PATTERN = INDIVIDUAL COWS, DAYS AND
AI'D DIURNAL AIR TEMPERATURE PATIERN - INbIViDUAL SKIN
TEMPERATURE DAYS AND MEAN
!
j A Py - MEBH
f /}\! P N £ W ey
e 4 ; R ae—s ! Daw 2
:: /x x e . Dey 3
- !/ A\n
77 N b
& / “‘\ s
o % A \‘-f= ‘\\‘ 7
/" / ~‘i\\. ‘\\ 4
o / O, \-»L.\_ N T o
.“ ¢ // i ‘// \\‘\:\:\‘ - ’
TR ki //,/ R S
o . = o \\ s .:,\ v
'\\ e o N \\\\
ke \‘ / v '\' -
% N
e 2 % B e & ¥ %:h 2
Cow 4
™ Cow 3
" Cow 29
- Cow 1
Cow 74
% Cow 21
Mean
po
o
e
s o 0 LY ]
Day 2
Day 3
- Mean
e
=
g § e 5 g i
8 a.ms 10 12 2 p.m. L 6
Time of Day



LBL 3
Results of the Amslyses of Verience of the Diurnal

Trial Dsta f
Lo . ,;.-»._\; %3 : @ : m : J m m m P

Bot. Cows 5 12 W 8 e P e = BB NET LGN A S %
Bet. Times 8 1 2 e & 42 9+ 8 =« 63 2T 14,1060 2.3 1.5 a2’
Gows x Tines » w 1 2 - & - Cow - ”’ 2.07 49,6 e 0.27 1."
Bot. Duys 3 4 2 % & 12 = = W 250 ". 595.5 “‘”'0‘9’? v 5
Days x Gow 8 48w e NS 256 175 M8  3.72 O3 247
. Deys x Tines 2 1 g & » B B & 852.4  5.68 180.1 5.83 0.45 2.27
Within Beadings 216 1 =« = & = » e - 6,6 - 45 -~ 0,008 =

Sourge o pf po® o o O P P = npn
Bets Cous $ 4 2 W & » B + & BN W
Bet. Timeo E % 2 » 6 2 + B = 5 "
ex? § N U Coe e T8 o B 5.99 1.4
Bet. Days 2 1 2 10 = 12 « = 60 650 2.26
B0 w9 2. e & B W - 6.80  1.92
PzT $ 1 2 % = S % 5 5 BB .
DzxoCant 40 1 2 = - - o - - 354 -
Total | 179

Ade Temp (4 Mein Degg)  Alp Zeop (Skin T, days)

 Source ar M8 "P  ar m__ o
Bete Dags L3 N3 N R e AT 8. See diseussion
Pet. Times 8 4243 157 5 ek 25.04"° . *  Significent (p < 0.08)
Epror 2k 9.4 - 8 1.7 - *®  Highly Significant (p< 0.01)
Total 35 - - e - ’
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Hesults

The results of the trisl eve presented in the form of
cow graphe for pectal temperstures pulse and respiration raie is
the mosn of 8 presdings (two repeats and fowr days) ezcept for
the 8 a.ms points in esch of which only three dsys were invoived.
Similarly in the other five grephs of the snimel variables, esch
point is the nean of & nuuber of resdings. The mean graph lines
ape dpawn through the means of 211 readings for the partioular
time of day. The eir temporature grephs for the individusl daye
- sre aingle plots. The skin ‘temperature data is plotted to
0.1%F only. ;_

The results of the snslyses of veriance sre civen in table 3
along with the components of vapience contained in each mean
sguire. From the latiter were cstiosted the variances given
in teble 4. Ao mentioned before, the "within resdings® component
is an estimate of the varisnce within the plot made up of two
repeated readings on the page animal st the same tims on the pace
day. Tor couparative purposes, repeatsbllity eetimstes were
derived on the following basiss :

totsl "unexplsined™ error veriasace.
| The estimstes obtained were:

Reopiration Rate 0.9
Puise Rate 075
Rectal Temperature 0.92

Skin Tempereture 0.58
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Meaxs end variences for the individusl times of dsy wnd
animel wvarisdbles spre given in table 5. These statistics were
vapisnces do mot include this sdditionsl source of veristion®
Individusl tioe of day und individual dey mesns for both sets
of sir teuporeture dets spe given in table 6. Overall means,
renpes ond veprdances from the complete deta for sll five variables
are given in table 7.

Relative humidity dats, teken with & wet sad dry buld sling
peyehroneter (Uiddleton, 1942), were obtained for twoe of the
2lwhour periods. Diurnsl pattemns of reletive humidity apyesred

ranged from 626 in the afterncon %o 92% in the esrly morning.
D.B.1.Rep and genersi comnents on climstic conditions mude in
five varisbles are given in sppendices 2«6 inclusive.

In onder to asseas the usefulness of o meesuremsnt system
for blologlesl investigations it is necessery to determine its
scewracy. A repestsbility estizate is s msssure of the close~
nese of sgreouent belween repoated observations on the same
individual sepuming no vesl chenge in the vapisble over the time
involved. Bven such objective messurements s rectal temperabure
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~ been widely used, mo sooGunts of repeatability trials in which
literatare. It was therefore nocessary to a8ess the scourccies
‘of the ayetese in the hands of this observer.
A obeANE JRNSENLF, (s Jayested resdings vers Sl 8
‘mwnwmn«mmwmmmmmm
The pulse rate sometines decressed markedly over the three
readings if the first resding wes elovated becsuse of the effects
 of excitement (Wirth, 1956). In such s esse the highest reading
was deleted but his could huve been & souwrce of error »nd
in taking pulse pates if the cous were dlsturbed, to thy lower
repeatebility estiwis obtsined for this vaplsble compsred with
- that for pespiration rate. The estimntes for rectal temperature
. and pospivation rote were sstisfectory but the skin temperature
estizate ves lov, This could have been due to imadequacies in
mwrwmmmwumamum
mmmmmmuﬁm,u»mmtmt
m#mm%mmu&inﬂumhummm
The effects of cuiden excitement on the rectsl temporstures
‘Wmmmmusuwuwmwu
in order to assess the possible influonge of this fector on the
repeatability estimates. The pulse rate rose sharply from 83
to 52 beate per minute after the cow had boen chesed twice spound
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the yard. After five minutes rest, the pate hed declined to

82 beate por minute. This sbrupt rise seemed to be cleardy
an effect of the disturbence. The pectal temperature rose

steadily by 0.55°F over the whole period while the respiration
drasticy pulse rate (and possidbly rectul tempepature) could be
sffected in & similap way during normsl experimentation.

. (v} Zulse Bste

‘The grephs show o diurasl trend in pulse rate both for cach

mmmmammmwmmmmxm

The main feafure wss & steady a1l in mate from 10 pem. until

4 s.m. when the gova were quieseent =nd uwsuslly lying down.

The greatost varistion in rate occmved at around 2 p.ns and

a8t 10 pema (table 5). The greatest varistion in sir tempersture
also ocourred st 2 pe.m. Dut the general rise and incrosse in
varistion at 10 p.ame is 4ifficult to explain. There could be
the conplotion of milking st 5 p.me wntdl 9 pome. (Hancock, 1948).
Since air tagperature is normally declining at this time, any
effect of sir temperature on pulse rete would have been unlikely
to obsoure any "metabolic effect®. '

The results of the snalysis of variance show significant
differences between the meene of the Six cows, between the times
of day and between the different days. The diurnsl pattern of
pulse rate seemed to be different for osch cow (sows by times
interection)s the cows rescting differently to the variouws fectors




She

signifiomst whethor tested by the highly significent failure
nighly significsnt failure of $he diurnal pattern %o b8 repeated
from Gsy to dsy. Veristions in the influences of olimatic
mmmnmmmwmmwm
the megnitude of these intersotions.

Wil {(1945) proposed a method for snswering the ty;e of
the components of varisnce derived from the sn-lysis of veriance.
1o  On other days, similar to those of the experiment, is e
psmo Adurnsl pettern likely to cceur in other cowe fwem the
population of which these oows are « semple? |
2. With similar coss to those used in the experiment, is the
mmlmmmwmmMrwmmuﬂ
populstion of which these days ere & sample?

mmm,mmarmmmnmwa
being guestioned. The procedure for guestion 1 involves sube
by tises intoraction mesn square in the nomm:l way. s&w&r
for question 2; the cous by times component is subtracted from
mwmamﬂaammw'mﬁmmnm*
terminology. Wilm . hes pointed out that these celeuluted valuss
for "P* will not follov oxactly the mathemetical distribution of
"F* und he therefove reduced the muber of degrees of frocdom -
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ocuteof~doors when the catileo are on pasture since no similsp
effect wes dlsgemmible in Patchell’s indoor dsta (19%he).
The rate wme lowest sround &4 s.m. |

The results from tle analysis of veriance sre similsr %o
thooe for pulse mte excopt that, if the meun square between
deys is tested by the felluve of the cows to rank the same
fronm day to dsy & highly significsnt pesult is cbtained but,
Af it is tested by the failure of the dlurnal pattern to be
repeated from day to dey e pesalt is not significant. It
is Qifficult to interpret this sort of result except to say
that, because of the significant sizes of the intersctions
involving deaye, differences between day means are of doubtful
in subsccotion (b) on pulse rate, the two "P's were again
highly significant with the Seve numers of degrees of froedom.
Variation between individusl cows wes the largest contributor
to the totsl veristion and this factor is discussed further in
section C of this chapter. The greatest variation in respiration
rate ccourred during the hotteet part of the day as would be
expected if it is asoumed thet the eows differed in hest tolerence
and would therefore respond to air temperature chenges by changes
in rospirstion rate st different levels of air temperature. Thus,
the more tolersnt cows would have lowerrates at the higher sir
tesporetures than the others. On days 3 and 4, waximum respire
. ation rete cccurred at nowm s 4id mexiumum sir temperature while
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that there wes no significent intepagtion between cows =nd tizee.
pegardless of which of the two significant intersctions involving
dsys was used to test the sismificsnce of the mesn square between
dsys. Over ome helf of the totsl variation wes coused by e
differences betwoon timos of dey (teble 4), emphesising tie
strong Giuwmsl trend in rectsl tempersture moted in the review
of literature (Chepter II).

The greateat variation in rectal tempersture occurred at
2 pelay Guring the hest of the day, end at 8 a.m. but the latter
optinate wis besed on 2 smalier sampls. As far as the two
guestions yegarding ssmpling sre concemned, again both "F"s were
highly significant.

The oversll mesn rectsl tempersture wes 101.1 2 0.03°F with
a total vange of 99.1 ~ 103.3%F. This corvesponds very closely
with the renge and mean given ap “nommal® in Chapter I.

The diummel pattern of ekin tempersture sppesred to be much
more varied from day to day. Day 1 wes cloudy ot 9 a.m. but the
yeok akin tonpersture st noon vae probably due to subsequent bright
suns  There wes & moticesble affect of shade on skin temperatwre
on this day at 2 peme The low 10 a.n. skin temperstures on dage
2 snd 3 sre not explained and neither is the low general level

of skin tenperature an day 3 in spite of the high sir temperstures
on this dey {see review, Chepter 1I, for effect of temperature on
the skin tenperature). Nearly onme third of the total variation
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in skin tempersture wos coused by the interaction between days
snd times which wes significent eonfivaing th=t the dlumnsl
pattern wse different from dsy %o dey. The skin Sempersiuve

i prodably sensitive to veristions in climstic conditions from
day to dey but, within the days, vapistion wse similsr st each
of the five times. There wore significsat differences between
the meanss of cows =nd of tiues of day and there was no significent
interection botween cous and times. |

the caloulations mede, & highly significent "P" is obtained fer
the firet guestion with 2 snd 15 dogrecs of freedom, However,
for the second question, with 2 and 6 degrees of freefom, the
caleulsted “F" was not simificent suggesting thet there is @
lessencd likeliticod of obtaining the sanme diurnal pattern with
these cows on other dsye from the saze population of deye =s tivee
three.

Kibler and Brody (1950) noted = sudden rise in surface moisture

sveporation in European eattle between 65°F snd 80% air temper-
ature. lore recently, Johnson g% s} (1956) found thst Detween
65° =nd 85%F sir temporeture, the evaporstion of meistuwre from
the body surfuce of cattle incrcased by 75%, snalogous to the
onset of swosting in men et 80-90°F. Klemm and Robinson (1955)
found thet o8 air temperature approsched 100°F with sbsolute
hamldity at 12.5 grsins/eudbic foot, the skin tempereture of the
Zebuwlereford crossbred dull calf fell with inorcased eweating,
after huving been rising stesdily. These workers have stated:
"Ihore i= « close polationship between skin teaperature
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setive at a skin temperature of 96°F which mey be consid-
ered the threshold for sweatding in this breed.®

There wes a otesdy decline in the mesn skin temperature
of these ecrossbreds after it had resched 95°F in epite of
inoyecsing air temperatures. Inapp and Robinson (1954) however,
eould £ind no sudden fsll in skin temperature associated with
the onsot of sweating in & single Jersey cow, Apart from this
ummmammwmtatguww
atures spprosching 80%F, with skin temperature over 90°F, there
aammmmmmamwmm“
in the fuce of & continued rise in air teagpereture. The
threshold temporatures would be & 1ittle higher in crossbrods
{Zebu x Hereford), probably Decsuse of higher heat folersnce.

The suggestion is made from & study of figure 10 (along
with date in appendix 6) that en days 2 end 3 in the prosent
study, skin tempersture fell before eir tomperature hud cossed
to rise and $hat this fall took plece ot sbout the skin tempersture -
in thic otudy end becsuse the asbove pattern was only evident in
& out of the 6 cows on both daye (only in one case, cow 29, was
the odd cow the sume on both deys), this might not have been &
genorsl psitern. Cow 29 could have been & poorly sweating mimal.
On day 4, all cows had a meximum skin tempeprature at noon when
air temperature was at & maximum.

The overell mean skin tempersture wes 92,1 % 0,19%F with e
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pange of B6.% = 100,6°P. Thiec corresponds with the renge
given by Petchell (1954a), taken on the sems body position,
emocpt thet the Jower limit is higher than Patchell's (80,0°%),
(£) 4iz Zomporsture

(1) Fogr Hain Joys. The dlumal psttera of sir tempereture
was veried but the geuersl trend wes distinet with & pesk air
tempeprature ot noon or 2 pJan. and & Jow tenpersture st midnight
or § a.m.. Differences between dsys and Detween times of day
were highly significent from the resulte of the anslysis of
varisnce. The mesn sir tempersture wes 67.0 % 1.03°F with
& pange of 56,0 = 79.8%.

(11) Ship Jepporsture Days. The resulis of the sanalysis
of variance ahowed sirnificant differences between the means
for individusl days and between the means for the different
times of day. Mesn sir temporeturs was 71.1 & 1.07°F with
awwi&iwﬂﬁﬁﬂm”ammsuml




There ic & tampersture regulating centre in the hypotha-
lsows which is poesidbly under even higher nepvous control from
setivated by the temperature of the blood bathing the ceatre
{Dukes, 1953).
sush ae the heert varies, within limits, aluost linesrly with
the Dlood bathing the heart (Dukes, 1953). Thue a rise in
blood tenpoprsture gen cause a rise in heart rete provided that

Jominhibitorys srobsbly the mein regulstion, while the
syoten i under sowe control from the "heat centse®. in incroase
in heart rate with temperature indicates sn iscreszed minute
volume (output) only if there is sn sdequste venous retum dubs,
with periphersl vasodilstion and weter loss under hoat otwess,
there may not be a sufficient conpencstory incresse in blood
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volune. (lee und Phillips, 1948). Mence, with & blood defieit,
stroke volune mey decresse and ony increases in rete to ineresse
or even meintain output mey Decome lapgely futile sttempts to
supply move bicod to the periphery for cooling,

Wﬂum%xm'mtmmm
of the pespivetory centres in the medulls obloagats snd bping
sbout changes in pespiration rete and charscter through effects
o the rospiratory musculature. Mm,unmth
hes$, is undor nourel control (Dukes, 1953).

Agsording % Bismoa (1958) the heart rate of his dairy celves
inorossed with time from the beginning of exposure to heat. A
{(senting). Vith sentinued exposures; Pespiration becams slowor
that in both steges, heart rate rese with blood tempersture but
seeond stege Lresthing still resulted in sowe cooling of the
body but pleced & atrsin upon the heart w8 well as adding tie
pisk of induced slkslosis of the blood.

The proiable seguence of events in the relationshipe smong
these vepicbles is «8 followss

the tonpereture and humidity of the embient air influence
{slong with other climatic fuctors) the efficiencies of the
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rediation)s  This hes the effect of reising or lowering dody
terperature.  Heat may be geinod by direst hesting of the tisswes
' as well ss by the metsbolic sctivitiss of the snimsl., The skin
tonperature is sffected by the Semperature of the peviphersl .
by the reflex nervous regulstion of respiration rate. A rise
in blosd tenpereture sffeets the hest centre” of the central
called in to cantrol body tempereturs, The relative lmportence
of cach of the two paths of influence on the "heat centre® is
ot elosp, Appevently the influence of the "heat centre”

the hourt since most work suggests thet heart rate declines
with sios in tenpereture (see Beview of Literature, Chapter II)
until s criticsl temporature is reached vhen severe heat stress
(Bienea hold his culves st 1C4°F sir temperature) csuses the
hoart vate to incresse, probubly coineident with  steep rise
in pectal tempereture (i.e. when the cobling wmechanfems fail
to meintain homecetesis)s Hespiration pate hes sn influence
mmmaimsm}mamnummmw
model {figure 41). This is 2 sisplified model and no sttompt
hes been mede %o inclade all the possidle mechmnisme operative
the vhole systom is self-bslancing ensuring the maintensnce of
mm»
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Tho @ets used in this covariance snd multiple correlation
snelysis were obtained fyom the diwmel trisl (Sectien A of
this chapter). Por pectal temperature, pulse rate, resyirstion
rate and air tempereture there were nine sets of readings on four
days plus data for 8 s.m. on three deys and sn extra set of
readinge on 12/3/56 meking 40 sets of resdings in all. For
skin terperature and air temperature there were five sets of
resdings on three days plus four sets on dey 1 of the diurnal
trial meking 17 oets of vreadings in slls Simple correletion
variables (rectel temperature, pulse rate, respiration rate
and aiy tempepsture) were used in multiple correlation an<lysis
and wnfortmetely insufficient dsta were available on ckia
temperature and reletive humidity to be able to include them
also in this enclysis. The raw data used in these analynes
ere given in ap.endices 7 and 8.

(Reetel Terpopature, Pulse Rete, Hespiretion Rate, Alr Tempersture)
he data for three of the variables were soded to simplify
the calouletions. Coding wes ss follows: pulse rete (X - 50 beats

per minute), rectel teuporature (X - 90%F), air tempereture
(x= 50%). These data (respiration rete not coded) were used
 of the four wsrisbles on & within sow basis., The significences
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by entering the apyropriste tadble of Snedecor (1955) with 38
presentod in table 8. In order to test the hypothesis that
the six {individusl cows) coefficients from any one combination
of vaplables were dorived from the sume population sndy if
possible, to cosbine them into an estimate of the populstion
eoefficient, the coefficients weve trunsformed to Fisher's 2
quentitics. OComutations were made sccording to the methods
of Snedecor {1955) to obtein values of chissquore for 5 degrees
of freedoms If the probability of obtaining & larger value
of ehj-sguare was high, it wes concluded that the six ssmple
corrolstions weore drawn from a common populsation correlation
and an sversge 3, snd hence wn average r, cslculated.

simple rogression bquations were derived for two of the
siz combinations of vaprisbles (the regression of rectel tempepe
ature on air temporeture snd that of respiration rate on aip
temporature). The constents of the twelve equetions (6 cows)
ape given in table & ("a™ constants from uncoded data) and
the lincor regrecslon lines ore presented in figures 12 and 13.
{be 8ixy) snd one due to residual variance (8S8y - b.SPxy). The
resulting “Fe for 1 end 38 degrees of freedom were highly sige
nificent {P<«01} in all cases.

Rectal teapersture (Y) weo selected oo the dependent veriuble
and eir terperature (X,;), respirstion rate {X;)s and pulse vate
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X, .nbu,x# ks ‘azg - h,x, .
since it wes spsused thet the maintenence of & momsl body
tonperature is & priority function in homeotherme.

. The sbbreviated Doolittle sethod for the solution of
normoel equutions was used to derive & setrix of Geuss maltipliers
this satrix sceording to the method civen by Goulden (1952) end
these are presented in tadle 8, along with the psrtisl regression

Gosfficients of multiple determinstion (2°) (Hoekied, 1541)
were caloulsted from the farmuls given by Snedecor (1955).
Theee were sdjucted hy the formula of Nzekiel (1941) for size
of sempie to give unbissed estimstes of the correlstion (¥)

4o sete of cbeervations were but a sample. Coefficients of

maltiple correlation were obtsined (1) end the significwnoes

of the sdjusted coefficients (W) tested by entering the upprop=
riste table of Smedecor (1955) with 36 degrees of freedom.

The signifivcences of the partisl correlstion coefficients were
tested by entering the same table st the column for two veriables
(B = 2) and again with 36 degrecs of freedom. Values for all




& ;

Boekiel {194%) has given the following formula for the
stendupd error of & partial repression coefficient byhzst

5.
— | {4 = B _o3)
s T s d o =Tz &9

waoms By = 1 -0-2 ) @Y

hence ﬂhm = sxse 193
and . uiY‘n” - P “2)

S -l?g,} (n=m)

vhere n = muber of gete of observations.
B = Sotal nwber of variates.
¥ 403 = umadjusted coefficient of multiple
detormination.

» x 1
@i H gy = (g5 Pyp) ¢ (lgq - #yy)

 Formulss (1) snd (2) were used to ¢aleulate stendard
errore for the partial regression coefficlents and the standard
partisl regrocsion coefficients respoctively. The significances
of these statistics wore tested by the distridution of "i¥.
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The X, variste (air temperature) wse deleted from the
matpin of Uow T by the method given by Goulden (1952). The

resulting statistics are presented in table 9.

ALl of iwse coefficients were of significent size
{r<008 or P<0,01) excopt for those between sir tempersture and
pulse rete W.iuh were significent in four of the eows only. The
three physiologicsl varlables are presumsbly intererelated
viologically and esch related to aip tempereture through the
balence of body heet gaine and losses. There seens to be a
general sgrecment thet pulse rete is not hiphly correlated with
air temporatwre (sce Review of Literature, Chepter 1I), probably
beeause o complex of factors affect pulse rate vith aly temperature
(mors than is the ssse with rectal lempersture snd respiration
rate) only « ninor cosponent of the complex. The differences
betwsen cows in the relative sizes of the different correlations
may be exprespions of physiologicel individuality, meaning tind
any bviologlesl model is only & geneprelisation with different
emphasie belng pisced on esch pathwey in difforent cove.

in enly thres of the sets of correlations could the coeffiow
iente be legitimetely combined into & common populstion cosfficient.




Effect of Deletion of Veriable X, (Alr Temperature)

TR VRO LR OGN R S
0.1815 0.0051 0.5060"" 0,0578°° 04037 0.3714 0.6094""
a8 0.1625 o.0046 0.1625 0O.0122 '

*® (P<0.01) mighly Significent
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Reetal Temperature X Alr Tompersture P = 9%
False vate X Ay Towgperature P = §f
Respiretion rate X Alr temporeture P = 608
Regpiretion rete X Hootal temperutmwe P = 6O%

Sespiretion rete X Pulse rate P = 608
Bectel Temperature X Pulse rate P = 158

the average eofvelation coefficients for the three sets
(P = 60%) spe given fn table 10 along with the vange of coeffricisnts
tesperature and the copresponding coefficients obtained by
Patehell {1054s), Sesth and Hiller (104L6b), Csalues (1545) end
by Asker 94 .s) (1952) from Pield studies With Suropesnwtype
csttio. |
(v) Linese fegregooion

The linser regresaions of rectel temporeture on air tempereture
and respiretion pate on air temperatwre (all highly significent)
for Gow § snd thds i @iscusced in move deteil in section ¢ of
this chapter. These regreossions mesn thet for cows of this
populstion, agouning = linesr relationship over this air tempers
ature reage {5640 = 79.8%) (which mey not de Justiried), & 1°F
change in air tempersture results in a change in rectal temperature
of from 0.04°F to 0.09°F end in respiretion rete of from 1.0 to
3.2 respivetions per minute. Patchell (1954a) found the average
regrenaion of respiration rate on air temperature to be 1,21, slil




Averege Zero-Order Correlation Ucefficients Obtained Prom Various

Author Present Study Petchell Sectha Milee OGealess Asker gf al

o 6 12 52 68 17e3% W
wg 56.0 = 79.8 360672 659 B-N 33 - 95 vean WP

—a
fectal T. X
resg 0.525= 0,029 0,526 Ou7h O  0.57 0.235
T 0,603 0.613 OJ77 O 077 0,395
Reetal 7. X
Respiration 0.531 0.359 0.310

E Tetas 0,535 0u439 0.323
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;vammummmammum
rate to changes In air temperature would be expected in Patchell's
stady since there were mo air temperatures sbove °F and only
above this teperature doss the rate inoresse groatly in respomee
to incresges in aly tenpereture (Kibler and Brody, 1949). Above
7%, the response would be expected to be different in cows of
aiffering hoot tolersnce.  Asker b sl (1952), with Shorthorn
Waawmm{“hﬁhaum :
were lower #1eo = teble 10) ae foilowes

Regression of rectal tenperature on air temperature 0,018

Begression of respiretion rate on sir temperature . 0.8%6
one posoible peacon for these lover scefficients is tint relstive
humidity wes low (mean 47%) during this study snd hence evaporative
eooling would be more offective then if humidity had been high ap
15 ususl in Now Seeland (see appendices 1 snd 2).
body tempersture end sir tenpersture and between respiration rate
mmmmawmmmmmmm
range oF 33 - 95°9. However, his graphs were nesrly linear
over the range of 50 - 80°F snd my errore inherent in the ssswmpt-
fon of nsarity over this renge would probebly not be largse
Patchell (1954a) found no evidence of curvilinearity in the




L

that biologically, eatile ettempt to maintain o gonstant deep

boly tenporature snd thai rectal tespereture is o function of
the conbined snd separate effects of the other physiolosical

' e 4 f{l‘t x,.a swes M8) |

In opfor Go obtein o mouwsure of the sotusl influense on ¥
of ¢ change in say one oF the X verisbles, a multiple regressiom
equation we set up «e given previocusly (see Nethods end Hesulte).
The set of vimulteneouws equetions evolved Ly the methol of losst

Thore sre teo bagic sssusptions in this type of anslysis:
fe« That the relationships are linear.
& gonpideration of the biological model (figure ¥1). The model
is provably & rathep dolivate balance between inter-related
veriabies. Homoe, the value of this type of anslysis in thie
situstion con bO questioned. Partiel regression mey e move
put is in the prediction of rectsl tempersture responses from &




the correlstion betweon ¥ and ¥, (¥, being the Y es eatimated
frem the X wardables), ranged from 0,719 to 0,847 for the aix
indopendent varicbles on the dependent and were =1l highly
significent.

The adjusted evefficients of multiple determination (B°)
meugure the proportion of the veristion in the dependent variable
which i "explsined” by veristions in the independent vapisblos.
These renged fron 525 to 728, meaning timt a fairly good prediction
of pectal teuperature responses csn be obtained by a consideration
of changes in alyr tespereturs, pulse snd respiration rete. The

obteined by @ considerstion of pulse and respiration rete alons?
Gow 74 was chosen &5 DOfe tn "aversge” cow end varisble X,
determinntion of 37.14%. ‘The previow wvalue of this statistic
for Cou 7 was 57.29%, the reduction ewphesising the importance
of conpiderstions of air tespercture in predicting rectal

In opder to conpare the relstive potencies of considerations
of gach of the independent verisbles in predicting rectsl
tempersture it is nogessary to consi.der the standard partial
regrecsion cosfficients within esch cov rather thsn the paptial
rogrossion cosfficients which contain cstlmetes of the vapisnce
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chonges. This wes in gomersl sccordence with biological
 On deletlion of tho verisbie X, in cow 7hs the pertial
regrescion coefficients involving pulse rate and pespiration
rectal tenperature, An interesting festure was the increase in
the standexd ervore of Doth coefficients efter deletion of X,
which is unuouslde The partiel correlation between Y and X,
with % conotant, becsse comeidessdly higher and positive while
that botween ¥ wnd Xy, with X, constent, aloo became higder.
mm«amumxzmx,.um:mm
mmmmmummunmcxx,,m
e more dircet snd steble relationship detween pulse rate snd

aemite snk Blassnais
(Skin Tomperature and Alr Tempersture)

The ekin tespereture dete wore coded (X - 80%F) for esse of
11, were boced on 19 peirs of items end renged from 0.235 to
significent {p<0.,05) (Snedecur, 1955). Alr temperature ranged
fran 65.5% %o 76.0%.
takon of the lapg pheses between mesn air fenperecture end the




of Skin Tempersture on Alr Temperature

0.4089 0.2767
0.4002 | 0.231h
0.3962 041998
0.5607" o.4273”
0.2349 0.1735
0,3267 - 0.1002

o— 0.3927 0.2364°"

wd BB

& (p<0,05) 8ignificant
s (p<0.,01) mNighly Signiricant
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are probably more inmportant in considorations of heat guins and
the hypothesis tint the soveral coefficients were derived from
the same population was tented snd the probablility of obtaining
& lapger value of chissquape found to be 93%. Thervefore, the
hypothesis was not rejected and an average populstion goefficient
was derived but it ves not eignificent. It wes wnfortumte thet
there was not more dats on which to base this correlstion as there
is resson to delieve tint & real corprelstion doos exist. Hoet
of the six correlations were bordering on significance in the
prosent study and Patehell (1954s) cbtained e highly sisificent
average correistion coefficient of 0.640.
tesperature were calculatod «nd ere alse presented in table 11.
Teste of significance were carpied out by analysis of variance,
deriving & moun square due to regression (b.8PXY) and e residusl
mesn sQueres The only simiricent regression wes thet for cow 1
("P" = 7,79 for 1 and 17 degrecs of freedom). An sverage
vithin gow regression coefficient (0.2361) was ealeulated by the
mothod of covarisnce given by Snedecor (1955). This analysis
is given in table 12. Since the msan skin temperstures did
not Qiffer significantly between cows after sdjustment to &
comon air temperature basis, then veriations in alr temperature
explain to a significant degree the differences between cows in
their mean ekin tenperatures. Again the sum of squares of ¥
* (p40.05)




Anslypie of Coverience snd Test of Significamse of
on Alr Temperature. :

8x? axy ‘+ ‘88 |ae | ws|®
Total 113 | 1751.00 513,69 720,95 | 683.26 142
BetvomCme | S Gha61
¥ithin Cows| 106 | 1751.88 413.69 666.34 65 107 53
| | She61| 5 90.2 206

Average Within Cov Regresaiony b = 0.2361
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wep paptitionod to test the significsnce of the reduction in
for 1 and 107 dogreee of frecdom was highly significent ("FP" =
18,39)s Apyavently through comdination of the individual cow
estimatens of resvestion, s much more yrecise estimate has been
obtained which wes significant.

The individusl cow regressions and the average within cow
regression spe presented in figuve 4. A 1°P inercsse in sir
tempersture produces a rice in skin tempersture in the order
of 041 = 0.,43%. Patebell (1554e) found that a 1°F insresse
in air texperature produced an ineresse in skin teapersiure
it love and less possidle for the mimal to lose heat by mone
evsporetive cooling and ultimetely resulting in virtusl identity
between the two tempevatures at 100-105°F (Brody, 1956). 1In .
the present study, identity wes reached at 99°F if the average
regreceion i considereds This acoounts for the findings of
Kibler and Srody (1950) that at 0°F, non~evaporstive cooling
in Buropoun=type cattle -amounted to 90% of the total heat
dlesipetion while at 95°F, this type of cooling only smounted




100

(.g{o) oangsaadwa], UTYS

90

THE REGRESSION OF SKIN TEMPERATURE ON AIR TEM

INDIVIDUAL COWS AND AVERAGE WITHIN COW REGRESSION.
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A gtuldy of the results from the snalyses of variance of
the @iuensl trial dete reveals that there were highly significant
differences betweon the sesne of individual cows for all four
vericbles «dthough the cows did not alweys yunk in the sume
order. The components of verisnce show that (except for
skin tenpopature) the diurnal petterns and variations between
cows were the greatest contributors to the total “explained”
varistion., Tho individusl cow mpans and stendard deviations
differed mmrkedly from esch other.

The total vaplation in any one physiologicsl vapisble was
Mm greatest at 2 p.m. when, on average, air tempersture
was at & meximun. Somsma (1540) desomstrated a diurnsl pattern
in the reopirvetion rate of the calf’ with little verlation betwoen
calves in the cooler morning but much veriation in the hotter
reactions may be greatest st the higher alr teuperatures wien
the animals, presumbdly of differing heat tolerance, are subjected
to soue thormsl sipesc.

The reapiration rede graphe show that eow § had a rate
elevatod stove those of the other five cows throughout the whole
2 hours {four day sversge). lot only was there this consistent
elevation but this cow also had = rate vhich responded most to
changes in alr temperasture (b = 3.185). This regression line
was considerabtly steeper then any of those for the other cows.
Cow 74 bad an eleveted rate during the hotter papt of the duy




“MM‘WWM(&-&WMN'
of thove for the other cows easept oow B

The rectal temperature graphs show that between the hours
of 10 s.my afid 6 Deiiey cows 3 and 4 hadl higher temperstures
than the other four cowe. A 2 p.m. these two gcows hed rectal
tenperetures which were respectively 0.70°F wma 1.05°P shove
mmmmeMmmm:mmmm
within 0.25°F of each other. Also, porheps stangely, cow &
again had the steepest regression line with air tempereture
{b = 0.09k). Cow 3 4id not stand out in this respect.

The following ressoning csn be applied to these fscte with
some rescrvations Cow L's rectal temperature wes readily
affected by changes in air tempersture, probebly because of em
inercesed her respliration pate in an attempt to reduce rectal
tomperature but obvicusly failed in this pespset. Cow 74
contyolled her rectal tempersture by sn efficient use of
respiratory evapopation. Cow 3 had sn elevated rectsl tempe
erature but this 4id not increase much with air temperature
ineresses, probubly because of an efficient use of heat loos
wmechanisme other then vespiretory. Biologieally, the sbove
ressoning erphssises the belaneing involved in the maintensnce
of thermo-neutrality and the different weight placed on different
aspects of the belsncing mechaniesm by the different cows. Results
from the partial pegression snslysis do not contrsdiet this

Did these cous differ from one mmother in heat tolersnce?




e aagaiily of worbuse Shé hovs aRadiad Nest ierence heve
slthough lee (1955) considered this o be $00 nerrow & view.
which is maintsined homcostetic s5 fap &8 is possible, Fluce
tustions in rectal temperature should indicate the jresence
in s oliswatic chasbep with one calf obvicusly eapsble of
This gelf hed the highest “normal” rectel temperature st 59-68°F
air tempeseture, Kendell (1948) suggested that large diurnsl
fluctustions in veotal tespersture (more tham 0.7°F) with
fluctustions in air tempersture indicated sn inability to
Beakley and Pindlay (1955a) heve stated that:

"esenstho messupemsnt of the nommel (15« 20%)(§9-68%)

 pectal tempersture of mimals end the extent of their

indieations of the ability of mimsls to withstend thepmel

stress.®

on this basls, couws 3 and 4 were likely to be less hest
above aversge during She hotter part of the dey. Regerding
"normal" pectal tempepreture by the sbove definition {i.e. the
avepeps of all rectal temperatures taken at sir temperatures
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betwoen 59°F mnd 68%F in the dlurnel triel of the present
study)s the renge was culy from 100.7°F to 101.0% with
eows b4, 3 snd 29 sll heving an average of 101.0°°. cow 29
howover; had & uniform and lov rectal temperature penge and
also a very flat peaponse of rectsl temperature to air temp~
erature changee (b = 0.042). The presults for cows 3 and 4

ecntradict the eonclusions of Beakley and Pindlay (1955a)
regarding theolir calves, All six cows hed diurnal fluctustions

{taken over approximetely the same poriod of the day) greater
than that shich Kendall (1948) suggested indicated inebility
to thrive, These fluctustione renged from 1.0% for e 7
to 1,8% for cows § end 1. Cow 3 hed the next highest renge
with 1.6, Iutchises end Mebon (1954) found dfwmal fluce

‘tustions in Zebu estile of more than four times the 0.7°F of

clopely with those of Kendsll. The present study showed s
similer wide veristion with low morming rectsl temperatures
ecattle thrive well in the local climste on all available
ressons othor then because of the fluotuations in rectal tempw
Pephupe the only conclusion that ¢an be made is that no
one aspeet of rectsl tempersture response is & good messure of
hoat tolerance slone. It iz poosible to generalise and suggest




that cow 4 wes less hoat tolerent then the others and might not
thrive in a tropicsl environment but, on the other hand, this
youngest cow in the group, and young snimals generally have

conditione (see Review of literotuwres Chepter II). Cow 74 was
& large cov with, therefore, s low surfsce ares to volume patic
S0 that she may heve had to use respirstory cooling st » lower
either she wss physiologically sble to live and produse with
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THE INPLUENOE OF VARIOUS ANINAL CHARACTERISTIOS

dfurnal dete (Chepter I11), it wes decided to investigete some
pulse rete; resyiretion pate and skin temperature) between the
eid in oxplaining some of the varistion between cows in the
four physiological vapisbles studied in the previcus chapter.
The cown wepe divided into groups on the busis of these characteore
istics und the between~gow sums of squ«pes from the diurnel
anslyses of variance each divided into two portions, one botween
groups (with 1 or 2 degrees of frecdom depending upon the nuwber
of groups involved) and one within groups. The significsnce of
the veriation betwoen grouss wes then tosted in osch csse by the
distribution of "F" (Snedeecor, 1555).

The characteristics chosen, af'ter reference to the literature
&nd after consideration of the availadility of data, were coat
colour, production level, body weight, age und stage of lactation.

(=) goloup
This was & purely subjective grading. Three groups were




eotablished ag followe:
Daplk OCows 21 and §
Hi0d3e Cows 3 and 29
Light Cowe 7i and 1.

X : gmmamztmnmmmmwm
mwwhmtmmmmmmmm
ending on 21/2/58. Two groups were established as follows:

Low m Cows 9 5 sod 21.

{e) Body vieight

L/2/56 and 4/5/58 wes used to establish thres groups as folluwwes
Hodium Cows & and 21
Idght Coms 1 and 3.

(@) ige
Yormallys all the cows (except the twosyear~old Cow 3)
would be classified as mature, Two groups were estsblished
014 Cous Thy 1 and 29

Young Cows 21, 3 snd

mmwms&nnnmfwmmmnm




mMn&M
fiaply Cows 21 and ¢
Hiadie Cous 74 and 29
late Cows J and 4.
&hummmmnammmuum
in table 2+ It is porhsps a significant fect that no two cous

Resulte snd Diseuseden

are prosented in table 13.

(a) gest Coloup

begause of the sasll punge of eont colours present in this sanple
of pedigrec Jersey cous or becsuse of sn overriding meking offect
by other factors. Contrery to the findings of Patchell (155ha),
there were significent differences betwoen the mesn skin temperstures
(Dfupnal Trisl, Chapter I1I, Section 4) of the cows in the present
study but these could mot be atiributed to differences in cost
golour on the bepis of the above evidence,

(v) Zroduction igvel

in view of the reactions of the top producer, cow 4, nentioned in
Cheptor 111, Seotion ©, it was thought thati sueh differences might
explain a significant portion of the variation between cows in the




nffect on Differences Petweon Animals ummwumm
of Differences in Verious iAnimel Chapacteristies.

Dark a5 5he8 101416 Pl - Coat Colour
midalie 773 36.2 101,20 92445 Botween Croups 2  1030.5 O.48 12736  1.46 2.5 0.94 7.6 0.26
~ | Total - 5
Production Level | Peetastion Seved o
High 77e3 30,0 101,43 92.66 Botween Groups 1 0.5 00002 11823 1,19 0.8 0.26 628 6.31
A Ve 333 10 947 "ithin Gwoaps & 2133.0 9948 3408 9.95
Body Weight | | Body Weight
Heavy 7549 1.0 101,01 92,65 Botween Groups 2  1835,0 .13 19183 1415 1.35 0,39 15.35 0,64
Hedjum T Sh.8 101,16 M7 Uithin Oroupe 3  1620.7 979 - 343 23.97
Light 813 384 101,46 91.80 ‘ - e |
| . sge - | ~ Botween Groups 1 520,0 0,26 6BLE 0,61 3.9 .71 19.8 0.96
o1a 78,3 0.7 | 101,02 92..40 @ithin Groups 4 2003.0 11191  2.28 20.7
Young 7641 N 101.20 91a72
| | | | | Stage of Lsctation &
Stage of Lactation Dotveen Croups 2 646.8  0.27 6097.5 046 5.1 S5.48 25.4 1.47
Eorly 7604 ue0 101,00 91.36 WAk vws 3 W 1310 0.93 1.3
uiddle 7569 . o 101,01 92.65
Late 797 = s2.2 101,32 92,18

a, Significent (p £0.10)
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earlier stage cous {p<0,10) vhich is contrary to any suggestions
from corlicr work reviewed in Chapter II. Frobsbly with such
a gmall penplo of eows, this could have been a chance event.

vapietion o6 ctulled in the diumal trisl could mot be sttributed
to any one charscteristic on the busis of the sbove results, these
ehurastors could still have had sn influence either singly o@ in
probably eid her in the maintensnce of homeostasis. A larger
sample of cattle differing widely in = single charegcter or small
group of charecters would heve o be studied in order to gain
an insight into the likely infiuence of any ons cheracter or
become more ovident under severe heat stress than under the
conditions pertsining to this study.




replagod, This step was thought to be Justified becsuse data
oblained on cueh an animal would be of little wvalus. These
gows are described in teble the

The covs were gPazed together in « single peddock of = simllar
mmmmmmmm:&m
all ceasuremenis were taken. The cows were peired ot rundom
(hi#;&m'maum)mmwdtmm
recorded three tises between 16/4/58 and 21/4/58, Bither e
dry or s lsctating cow van recorded first (initislly determined
at pandon) and the others followed in either of the two sequences
Dry~iactating - Lactating - Dpy or lLactading - Dry« Dpy - Lactating
throughout the experiment oo that if & dry cow was pecopded Tirst
in vepeat 1, hor lectating purtner would be first in repeat 2 and
80 on. Four cows weve brought 1n%o the yupds ot one time end
although the sessurenents were leken in the weighing chute which




S ldeste 2 72 s 57 24 21/1958° Brown
93 iilsc 2 76y 57 261 15/8/58 Dark brownm
79 Giisten € 107% 79 223 6/41/58 Paun
42 Gentle 6 954 57 235 18/8/58 Pawm~grey
60  Jade L ey ho 261 @ 13/8/568 Light fawn
St Gertie 6 809 109 278 3/6/58 Brom ‘
By -
85 niliam 2 826 19/6/58 Dork browm
98  Lexia 2 &% 22/5/56 * w
7% Bwsce & 2 960 Brpty » -
7 e 7 9 22/7/58 iight brown
49 Jecket & 820 | 2/8/58 Derk brom
7% OGlende 6 10 ' w/s/s8 "
Helght at 21/4/58
EBeoluction 1bs. butterfat for 60 daye ending 22/4/58
Bags jp Nilk ot 22/4/58 |

* Hotimeted from mating records because animals
s0ld or culled before calving.
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)

Hessurements of pulse sate, vespiretion pate, rectal
but if theso differed greatly ome from the other, s tuird reade
were done on & 5pliteplot besis with three splite (repocts)
mmmwmum&mmmm&

e The residusl error

to tent the significences of differences between puirs and
botweon clasges, If one of the intersctions mxmamum
mmmmmmmmu mx—mm

Pelr; clesp and repoat meomns, ond the resuits of the =mnalyses

of variance are presented in table 95, snd the mesn rev dete ave
given in appenillix 9. The mean adir tempepsture over sil resding
Mmmie.&i%ﬁﬁawwmamﬁ, These
air temporature dats ure given in appendix 10 and "Gresslsnds”
meteorologicsl date and general comments on the dsye concerncd

X




Claspens lactading 101,69 8146 29.8

bry 101.46 753 26,6
Palres % 101.98 T7e7 277

2 101.70 80.5 3.2

3 101,17 363 2.2

& 101.54 750 2642

- 10140 76,0 29.5

6 101.66 88.2 350.3

2 101 .61 76.9 27+6

3 _ 10143 75.8 28.3
Sowee  af ws v W v w0 ¥
Betwecen Balie 5 0.466 0.986 171,98 3.11 542,86 047
Betwoen (lsgoes 1 O.Ll0 0.93  3uB.ih 6.30: 93.40 .02
falre x Clsass S5 Ouhi7h 5.7% 5531 5-3‘ 9&53 919
n-mmk 0.220 168 16453 1.32 3.25 Oeily
Pale x Begests 90 0.131 1.58 16,80 1.63 23.32 2.34
Olacoes X Bgess 2 0,060 072  125.04 12.45  S.05  0.9%
PECXR 10 0.083 - 10,29 = 9496
Jotad 3 LIS

a {(p<0.10)
®  (p<0.05) Significent

#e  {p <0.01) mmumms



(=) Zogtal Jemvepsiure |

There wes no outstsnding source of verlstion in these data
sratures thon the other over all paire of cows. The lsctating
cows had higher temperaturce on the means of the three repests
but these differences were small. There were no significant

(v) Zulse Bage

There wse more veriation in these data, The lscteting cows
had higher meun pulse rates then the dry cows on all repeuts and
for all paire excopt for pairs 1 end 5. This difference wes
only approsching significance (p<0.10) hovever. In old csses
{o.ge cow 54, pair 6, vepset 1) the lsctating cow wne move cxcited
than her dry counterpsrt end also Gry cows 76 and 7 (pairs 3 and
L) bad lower pates then all other cous. In spite of all this,
the interections involving clssses were both significsnt. It
might have been expected that producing cows, having & grester
mm&»mﬂmn@»@aﬂm;mm
metabolic rete, would have had a greator cardisec asctivity than

dry cowsy especially in conjunction with a greater feed intake
(Thomss, 1959).

in intoresting feature wes the diminution of pulse rate with
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Deifers

114  Nolra 1 743 1bs.

192  Mina T 75
63 mistletew ¢ 827
10 Meggle 1 729

408  Makoko 1 76k

#18  House 1 68
8  masp 5 102

and Uows 85, 98, 7y 19 end 78 of Table 4.

¢ Woighod on 28/4/58

26/1/5
22/1/56
14/1/56
30/1/58
25/8/56

21/1/58

Redsbrown
Brogn
Grey
Brown
Dark brown

Iight fawn

Hedmht ‘Yesn of two weighings on 22/4/58 and 29/4/58




eIz
Gomperison Detween Heifers snd Hature Cows

Egotal Jemporsture Reppirstioniute Pulse ‘mto
Age Croupst
Heifere 101.86 ‘3645 SHe2

| Cows 101453 27.7 8105
Pairos 4 101.69 355 817

2 101,70 3262 8565

3 101.83 36, 85.5

5 101.53 “07 82.7

6 104 .66 28,7 86.3
Ropoates 1 102.23 37.8 92.7

2 ‘MQ“ ”‘2 ”&3

b § - 101.07 28.4 ?702
Source ar | us P M8 P
e . - . > . a3
Botueon Palie 5 0,086 1416 - 6k 6.22° 167.96 0.80
Botuwson Apes 9 1,130 4 © 693.44 - 29.84 850,70 M?"
Paive ® Ages 5 007k 0 0,96 2@ 0 534 @ 0,96 200.90 K77
Botwoonlgaite 2 L4155 5596  205.37  8.93  795.85 8,50
Peiro xTgpoats 10 0.058 G449 = 35.06 .40 93.65 2.4
Ages x Bogoats 2 0.000 - 20,36 0.86 2. 70 0406
PrAxR 10 0.077 e 23066 ~ B3.79
Toted »

¢ {(p<0.05) Significent '
s (p<0.,01) Highly Significant
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57.4 £ 0,23°9, but tesperstures were uniform with a rengs of
only .5 = 59,5%°F. Oomeral meteorclogical data end comwnto
on the three days ape presented in aprendix 1.

——

(o) Boatel Tumroture |
wioth (1956) hes ststed thet young snimsls hove & higher

body tempoputupe than oldor wnimals (precunnbly meaning within

s opecles or bresd). This may be & owesping ststement but 1%

16 probebly trus in geneysl (soe Review of iitarsture, Chepter IL).

The yessling cou ic groving end i also gemerelly more exeitsble

then the noneproductive (excopt for pregnamey) dey cow. Among

than the meturs cous {e.g. heifer 104 pulr 4, repeat 2) and had

within & clens of cow at timee air temporatures.

A sisflepity o the previous cemparative trisl can be seen
secutive repeats. Although daye (veyeats) 2 end 3 were = 1ittle
golder, end dsy 3 cloudier, then dsy 1, these differences were
botveen pepests snd once agsin & "training® effeet o postulated




o

a8 sn oxplanetice. mam)mmmsmm
ean elovate reotsl tempepsture dy uwp to 19%. |

An $ntopesting fostwre of the results of the analyees was
the sero yelue obtained for the intersetion between repents snd
sco groups. Thic emphesised the uniformity of the Aifferences
botucen repests md of those between sge gPOUDS.

thie are mot clowr dub the younger animal could require & greater
supply of oxygen for metsbolie processes then ths dry cow or

part of the AifTorence couil heve been due to exeitement, There
enizels eophesising the individusiity of besie respiration Fate

Although the pulse mates of the heifers were generelly

between puirs and age groups and in pair 6, eow 78 (= big & year
m}m:mmmmmmiamnmmt
wmmmwmwmmm
did not resch statistioal significance . mmmh:m

dus to excitement. Wirth (1956) hes stated thet excltement esn




95e

of up to 105,

seen in the aignificant differences betveen repeat means. The
mesn petes for the three successive repeats were 92.7, 89.3 and
T7«2 bents per mimute respectively snd this sequence was conw
exoept that in paive 2, 3 end &, the mesn rate for repeat 1
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and emuleifior .58 w/v or 4.45 1be. por

in esulsion wes mede with weter end the spray spplied by sesns
flies settlod st & given inotant on one half of the animsl snd
doubling this figure. DBeanie (1956) wsed the same method but
‘obaerved that it was not yossidble to obtain exsct counts due
to the coming and going of flies., [However, this method probebly
gave s gulficlently exact getimate for the purposes of this study.

Ihe spray was used in & reversal or switchback trial with
throe twostoent periede (4/3/98, 6/3/50 end 7/3/58) secording
to the mothod of Bpandt (1938) in which two groups of cows were
each subjected to two treatments, X and ¥, simultaneously but
in the order ZeY-X in group A and YeX-Y in group B. In the
present oxperimeant, the trestments vere spray ond no-spray and
there weye fbur cows in cach group. The snimsls were pedigree
Jersey cows from the Productione=pereigre-~rroject herd, described
in teble 18, These cowe were aspigned to the tuws grows st
rendom and there chould have been no bies sssocisted with the
seloction of the animele for the groups since it wes not known
mmmstmumnbM‘am'mmm. The
the cows of tho two groups wore doslt vith altemately in each
roriod. & Qifferent rendom order wes used for each of the three




Cheracteristios of the Cattle Used in the Fly
Sprey Trial.

ACRTGR e

72 Bloet & mm. 97 s, 48 ?ﬁm Dark brown
335 Dulcie 9§ 990 97 193 25/1/58  light fesm

~eight Nesn of 2 weighinge (W/3/58 and 11/3/58)
Epodwotign  1ve. butterfat for 60 days ending 21/2/58.
Roge do Ak ot 21/2/58




snd one not sprayed)s The measurements wore taken in the portable
rate, respiration pate and rectel temperature recorded in the
sere menmer (Ghspter III, Seotien A). |

The means of two repeated readings of pulse rate, respiration
vate and pectal tenperature, sad the fly counts themselves were
utilised in the malysis. The form of the analysis of vapiance
has been given by Snedecor (1955). If the three treatment pericds
are reprosented by &, b and ¢, then the difference between the
compapiisans & « 2b ¢ ¢ for the tw grouwps of cove gives a meaBure
of the change in the varisble attributadle to the trectment.
These differences for cach snalysie vere tested by the distridution
of "P* woing o8 error varisnces the pooled cums of sguares from
the two groups of compspisons in cach cubo.

The trestment mosns end the results of the anslyses of variance
mﬁm&hhkss,mm:ummhhmgzmm
appendix 13. Throushout the trisl, the air temperature renged
from 73.0 to 81.5%. "Gresslands” metecrologicsl data and
.mwmmmws,

The spray treatment had no significant effect on pulse rate
aither begause the flies were not causing enough disturbance to
nusbers @ue to the Byrey was not sufficient to Peduce sny dise
turbance that tiepe might heve been. One resson for the relative




Sowse Of WS ¥ W ¥ W ¥ wm ¥
Trostosnt 1 a5 004 378445 12,63° 0.31 0.65 3003 11,09
Ervor 6 115.5 29946 048 2707

®  (p<0.085) Significent
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night be beceuse the Dlood-sucking flles were difficult to
detach and ocould remein on the covw for some time after epraying,
even if dead., THowever, thore was & definite lessening of the
genaral £ly load snd nuisance for up to twe hours from the time
atmﬁmao The significant effect on respirstion rate wes
probebly dus to & coocling effect of the spray Since reductions
in seopiretion pate have been noted following eprinkling of
eattle with wetor (oo Review of Litersture, Chapter II). This
gooling wes aprerently not sufficient %o affect rectal temperature
to any great extent.

enimals into the shed at milking time. From a rendom sanple
of 14 flies cought amonget the cowe in the milking yerd on a
wapm, humid dey, 13 were identilfied ae Stomp: '
mhhmamam,utnmm
comany houne fly which could have been in the shed before the
enimais were brought in. mmm,mm
present in nwibers in the fiold wes identified as Sareophege Spp
Ww.mmmmmmu
bite and probably ceuses as mich discomfort o the obeervor ss
to the cattle.

MASSEY AGRi

Cu
LIBRARY PAL LTURAL COLLEGE

MERSTON NORTH, N.z,




A)s fiy coumnto vere made on the six eows on twenty occasions. Om
thres of $hese occasions sll of the cows were sprayed with the
was sprayed in an sttenmpt %o repel flies from the srea. Although
it was not poosible o etetistically anslyse these data {(given in
table 20), the following cboervations were mades

{1) There were differences between cows in their tolerence
tovapds flios. For instances; cows 29 and 21 often capried the
lodge and repel flics than the other cows., Consequontly, these
gous were ossier W handle when flies Wore NuNerous.

{2) It wsc not poosible to test the effectivencss of the fly
gpray sinee all gows were spreyed st sny one tice but the counts
did not seen %o be reduced veory much with treatuent.

{3) Gn days when flies were numerous, fly nuisance wes reduced
af 6 p.m. when @usk was falling compared with 8 S, 10 8y
noon OF 2 P.de | |

() I% 1o possidble that there wad a reduction in fly load at

2 pema OB 19/2/58 when the stmospheve was wets

{s) A stuly of the repested counts would suggest that the
repeatability of the counting method was pessonsbly high
considering the rapid coming and going of fiies.

There wes a suspicion that wutor alone eould reduce fiy
comnis wlen used 8 & spray. Proliminery investigstions into
this question gave results thet Indicated thet this wes true
but the data on which this wes baped were neagre.




Fly Gounts made During the Diusmal Trisl
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4. Sprayed 15 minutes defore counts started
2+ Oprayed 1 hour before counis stsrted.

Totals




detepials end lethodp

Besause of the possibility of m effect of shade en the
rhysiological verisbles in the dlurnal trial snd other experiments,
end also oo a generel evaluation of shade in reducing eny hest
load on vattle; & reversal type shading trisl ves condusted
duping the sunmor of 195859, Eight cows were chosen at random
{with the reotriction et the highest producers were not cone
sidered becauss of the possitility of upeets to production by the
experimontal procedure) from the sene herd as the cows used for
the diumeal trial (Chepter III, Seotion A). These eight cows
ape described in teble 21, They were separeted from the herd
and troskegrezed on a paddock of the Productioneper-icre-‘roject
fagm, bandy to the milking yerds where the investigstions were

Jruse L L.} were fod to the group in the

mmmmﬂm
Four daye were chosen between 9/4/59 snd 15/4/59 end slthough
there was not continuous bright sunshine on all dsys, all were

paired on ege. On the day of reading, two pairs of cows were
brought into the yerds and one of esch pair penned in the sheded
open frent of an ironercofed calf shed. The other member of

gach pair was left in the sun in an adjoining yard. The cown
remained yenned for oneé hour defore recording wes degun. Since,
on average, oach set of readings (4 cows) tock 45 minutes %o

ahm.vmmmamwmmbmfmmkqmm




Jenot 5 o7 109 ,
Gpegie 7 0% 2N 156
Fin 8 979 77 165
iave 3 6 W 185
m & 94 7 L
Gerbora 7 960 w456
Dulete 10 1045 7

13

i Calving Dits

1‘%
31/1/99

/8/59

10/1/59
21/8/59
ﬁﬁ/ﬁ’

fg,ga

EpH §

Heseht Hoon of 2 waighings (7/1/99 wnd 21/1/59)
m vs. dutterfat Cor 60 days ending 17/1/59

Dege da Uk ot 17/1/59

Galying dute estirmted from mating records.




after the firet two pairs or 15 minutes Defore recording

for one hour before they were dealt with affer the firet

peirs were finished with, On dsys 1 and 4, both grows

and this order wes inverted on deys 2 and 3. Trestmenta
wore reversed within s pair of cows esch Suceseding day 80
that 1€ & cow wes in the shade on day 1, she wes in the swn
on day 2 and co on. Pinally, eoch cow within a group of
four was rocorded firet on one of the four days.

Sefore recording, the cow was hsltered snd tied to the
yerd pails, lNessuresments of pulse rets, respiration rate,
the dlugosl tedsl except that two repeated resdings only
wore not telken tut the themmocouple was kept in place and the
reading checked over e few seconds to ensure a steady resding.
This letter virteslly sesnt obtaining perfect repeatsbility,
without teliing separate readings by removing the couple from
the ekin snd peplecing it as had boen done previously, The
eouple wes spplied to the skin in o smeller holder then that
uited previcusly. This consioted of = lopge cork (2% scross
and 1" deep) through which were led (psrallel to esch other
snd 68 fap spart ss the 2 inch Qlameter of the cork would sllew),
tvo glsse tubes sbout 3 inches lomg. These tubes were esch
tipped at one end by & small piece of rutber tubing. The
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plece of rubbesr $o the other, and back through the other tube
nmmmm&mm&mwwmm»m
of pubber which ensured a cerdain smount of spring. The ends
of the wire were enchored to the cork before being led away to
the potentionoter.  Singe o new thermocouple was used, & new
ecalibpation curve was obtained ss followss

T (%) = 308.96 + 46,15 x (millivolts).

and used to convert all potentiomoter readings to the temperature
serle. ot ’ 4

Aty temperature wes recorded with esch cow by mesns of s
meveury thesmometer hung in the shade snd wet and dwy buld
temperature readings wore also tsken wsing a sling peychrometor
{Riadieton, 1942). |
the exporiment sss commenced. The experimentsl results were
enslysed by anslysis of varisnce on & time-peries, splite-plot
of difforenves between puir of cows mesns and treaiment means
uwere tested by the intersction between puairs and treatzents.
The significence  of differences between the dey means was
tested by the lerpest of the interection mesn squares invelving
deye, The meerg of the two ropeated rcadinge {pulse rate,
respivation rete, rectsl tesperature) were used in the analyses.




it

wmmmmmm MMmht&mg&m
in ap endix 4. ‘

mmmmmmmwxmmftmes‘r
with & renge of 71.0 = 85.5%P. een relative humidity wes
58,5 2 0.97% with o vange of 48=73% These air tempersture
and hunidity dsta ave given in appendix 15 and the "Crasslands”
metecrologicel date snd generel cbservetions sre given in
sppendix 1.

(a) Lulge Bste

‘Pulee putes wore relstively unifopm during this trisl and
were high, even in the cows (eows 3, 74 ané 33) which hed been
middle houre of the dey when velues for sll four veriables would
be expected $o be the highest in the dturnal pattern (see figures
b to 10 inclusive). There wes a gredation in pulse rete from
dag 1 to fay by being highost on day 1, and although this gradw
ation did not ehow up 8 a significant difference botween dayb,
it could have been an effect of treining eince the preliminary

»‘.]‘.f..“d'mmmmmwmmmm
mmummmumsmamammm
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Svsatimsie m e 374 $01.78 95,56

_ sum b k2 101,95  97.69
Paivos L 88.1  3hak 101.93 95.63

2 85.5% 39.0 101,69 96.55

3 853 b6t 104,89 k.25
Dayes | 87.9 L0.4 102,01 96.;9

3 85.% L5.0 1@!*% oly. 64
b 9 360 10182 95.00
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mmmnmnmuﬁammnﬁwnam
cow with s high rate. In the present study thore were no signife
effeots or reduction of heat losd due to shading may mot have hed
time to affect pulse rate but there wes no significent treatmont
effoct in this mmalysis.

- {v} Bespivation Bal

of the differences in the snalysis were of significant size. In
menifestod oven In the sun, and it is likely thet this group of
cous wee wore wmifomm in heot tolerence them tle group used &n
the lomel trisl which Sncluled cow b, o cow whose respiration
higher then the shede trestuent rates on dsy mesns =nd on peir

dmm,mmnmmmtmwmmmm

s "Mmmdmmnmdmimm

‘The rectal temperaturcs of the shaded cows were consisiently
lower then these of cowe in the sun within all peirs end on all
dsye exeept day 3 {the day of highest shsde temperatures). In
this cape the difference more neeriy reosched significance {p<ﬁd&}
and it 8 likely thed thero wes a real effoct of shade treatument
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okin and 1t body-hest balaneing mechenisms, it might be expected
that rectal tespoprature would have responded to shade treatuent
before pulse or respiration rates which would respond to the rise
or fell in blood temperetures This ascumes that the influence
of the blood temperature on the centrel nervous "hesat ceatre®,
and thence on gardio-respiratory sctivities, is more important
than direot norvous psathe from the skin to the “"heat centre”,
which ia poseidly true.

It is possidble to postulste that shsde did have a cooling .
effect or the enimals bat 1t is doubtful whether this effect wan
great encugh to be really deneficlsl under these New Zealsnd
swmor conditions.

(2) Skin Jemperature

A mentioned above, the main effeet of sheding wes probsbly
to reduce the effects of soler radiation and it wes therefore
thought that the grestest effect of the trestsent would be on
skin temperature. This hypothesis wes supported statisticelly
by the obteining of s highly significant difference between
treatmont mpans. This result suggests that care should be
taler in the interpretation of skin temperature field deta when
alternating peviods of oun and shade (cloud) are present. In
were fairly large {although not significant) suggesting differences
between dsys in the effects of shading and since the Jays Aiffered
in the smounts of cloud present, this was not unexpected.

Quinlan and Riemepschmid (1941 - cited Findlay, 1950) found
that the meen flenk skin teupersture (shaved) of = Sussex bull




wes 96.6%F in the sun and 96.7°F in the shade. The corresponde
'mmmmmmmwﬁmn&‘rmﬂm
mmmnwmwmmmm
were being Saken, but enly to ewoid a direct hesting of the couple
by the sun. The emeller spplicstor proved essier to use and
wes spparently Just s efficient w6 the bow type holder of
Patohell (1954b), used by the present investigstor in the diw
urnal teisl (Chapter III, Section A).
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CHAPTER VI
mmwmm
Antroduction

By “skin tempeprature” §7 ususlly meant the tempersture of
mont come into contsct one with the other. By "surfece tempers-
ture” is aften meent the teuperature of the outer heir surfece
in heipy animals cuch a8 the cow, snd this dlstinction cen csuse
some confusion. .m(fm)muamummw
may be & conpidereble tenperature gradient between the two
(Thompeon g% al, 1951). The latter is casier to measure and
lee has actually stetod that he messurement of skin surface
tempersture is not recomnended ss & genersl field procedure.
Howevar, it scoms that skin tempereture is physiologically as
important o8 coat surfece temperature (if not more so) and
should be moesured if suitable technigues are availedle.

The tempersture of the ekin depends upon the thermal
conductivity of the underlying tisgues and on the wolum of
the cutencous blood flow (lee, 1949). FPoripheral vescconstriction
a8 a pesponse to cold is under eympsthetic nervous control whils
vagsodilation as a pesponse $o heat 18 probedbly a gensralised
vagculapr relszetion brought sbout by both sympathetic and .
parasynpathetic impulses (White g al, 1952). The themmel
conductivities of the tisouse are controlled to some extent by
the sddition or ramoval of water and tiese and othep fectore
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{0ege Cordise notivity, fut deposition) affect the themsl
gradient between $he "decp body™ and the okin surfece. Loe
(1953) hee polnted out that skin tempersture is less constent
maintein eguilivriun in the latter, Heat loss from the body
by physicsl svenues (rediation snd conveetion) depends on the
meinienance of o thermal gradient botween the skin surface and
the asbient air which disappesrs at sir tempepatures of 100°F
to 105% (Drody, 1956).

1. The climatic verisdbles (air temporsture, solar radiation,
wind velooity, homidity).

2, ‘The cupfuce evsporaiion of molsture (swsating, diffusion,
L. The body metebolism mnd the deep body tempernture.




Four different types of imstraments have been uwsed in tho
5 of shdn SenaoEntns

4 Hercury thermometers.

Hercury thermmometers can nommally only be used to msasure
 hair surfece teoperatupes. Mscfurlsng (1957) recommended &
small, low heat ospacity tlermometer which gives contact over
‘meny halve when potated sbout 116 long axis end heats' fairly

uniformly, PFindlay (1950) sdvecated only resistance thermometers

op thermocouples, Loth of which typee must be applied to the skin
‘and therefore give readings which mey be subjeet to the following

errores

1. Abonormal physiolegical resctions may be caused by contact,
2., [lHeat ezchange might be phyeically disturbed.

3. Temporature oguilibrium betwoen instrument and skin mey be
difficult to obtain, depending upon the ares of cantact.

Llee {1953) pointed out thet thermocouples mnd thermiotors
(resistance thermometer "heat semsitive™ eleoments) mst be fine
enough %o 1ie in close contact with the skin, with minimon dioe
turbsnee to the overlying hairs. Resistance thermometers (ine
corporating thermictor elements) sre usually more robust than
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thormocouples. Patechell (1954b) otated that the most sccurate
method for messuping skin tenperature ie by means of a radiow
metery ut he apparently d&ld not differentiste betwesn the skin
temperature i outer-coust surfage tempersture since tho redio-
meter only messures the tempersture of the surface “seen” by the
seotion. lowever, this Sype of instrusent would be idesl for
meaguring coat surface terperatures if the various surface
emissivitics could be detemmined. Burton (1948) hes dram up
a table giving s cosparative ovaluation of the eleetrical methods
for dtin tenpersture meusurement. _

Patohell (1954b) found thet his boweiype thermocouple holder
(88 used In the @lamal teiel of the present study) geve the most
consistent results of the four types tried. Good repeatable
ascees. Clipping snd shaving both significantly reduced skin
tempers ture and were not recomnended ss gemersl practices.

She instrument used in the dlurnel trial of the prosent
study hes been described (Chapter III, Section A). The disedvants

sges in the use of this spparetus weres .
1. Twe men were required to work the appsratus {applicator ond
potentiometer). | |

5. The ice of the refevence junotion hed to be replaced dsily.
be The thermosouples were susily broken and slthough they were
fairly essily sended, the calidraiion curve had to be checked.

5. It wug @ifficult to achieve and maintain good contact between
the couple ond the akin surface.
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pange of the thermistor at the temperatures used and with regerd
to the need for keoeping the cireuit current under 0.8 mA to avoid
undue 0ol heating (internel host) of the themmistor. The bridge
wap balancod o a nil reading on the micro-aummeter (centre-zeros
0e25 micro A) by mesns of the vapiable resistance so that the
tenpevetare eould be resd off at loisure from the scale attached
 resoved from the okin, Jo componsating leads were required
{one of the main probless of pecistance thermometry) since the
thermictor had & high tempereture coefficient of resistivity.
in & water bath, up wnd down the tempersture renge for which it
was to be used. The type of Gesle used overcsme the provlem of
non=iinesprity in the relstionship between teupersture snd resietence.
It would have been desirable to age the thermistor before use
sccording to the method of Fleming (1958), and also to check tie
calibeation fron time to time, dut Fleming's paper wes not seen
Although the instrupent reguired two operators it wes portable
snd pebust and good gontuct betesen instrument and skin (and hence
thermal oquilibriws) wap cesily schieved. The main disadvantages
(apurt from sny erpore Gue to the relatively crude construeticn
of $he pilot model) wepe the difficulty of replscing s broken
thermictor element and the need to recalibrete the instrument after
any such yeplascement becsuse of the wide menufscturing tolerance
lmite of thermictors (Molesn, 1954). |




was used to Seke seven sets of readings on two cows on the 25/11/58
and 26/91/98. mmmmmmmmw
positions {shoulder, mid-side, hip and upper thigh) on esch cow,
and two repoated readings (immedistely following one another) were
obtained on oach position, each cow and at esch of the seven times.
shade, and 8ll pesdings within a set were tshen in the cene order.
herds In one (cow 83), & brown mnd white cow, all four positions
were on white areas while in the other (cow 82), a dark brown cov
with sore white pafehes, all four positions were on dark arces.
Het and dpy bulb alr Stemporature readings were tsken, using = sling
peychromgtor, &t csch ypeuding time.

The data wore amulysed by analysis of vapience on the splite
plot Dasis in a similar way to the data of the dlurnal trial
{chapter 11X, Section A) exeept that the significance of the
timen.
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Heaudts
Hoans for positions, positions within cows, cows end times
are given in tableo 23 together with the results of the anolysis
of varisnoe. The rew data are presented in sppendix 16.
Hean dry buldb air tempersture during the trisl was 69.8%
with o penge of 65.5 = 7.5, Similerly, the mesn relstive
Mumidity wes 67% with @ venge of 61 - 85%. These data are given

in appendix 17.
| Riseveaia
Although the brown and white cow {ecow 83) had the higher

%WMﬁmtm; the difference was too small
or the sample too emall for the diffevence to reach significance.
iny diffepences between the meens of the times of reading were
each eow, |

{a) VYapiotion Det: e
over the body ecurfsce In cettle. Heskley snd Findlay (1955d),
using thermosouples on Ayrebire bull calves in s peychrometric
room, found thet the skin tempersture varied over eight positions
on the trunk but thaet no one position was significently hotter
than eny other when sll results were pooled. Thompson gt al,
{1953) meseuped the skin temperatures of Suropeenstype cattle,
also wing thermocouples in & climetic shasber, at 23 body
positions. There were large differences between positiom in
these data, esjecially in the lower air temporature range up to

9 S, &
b o ) . S
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m’nmﬁmmmmmwmwmu
the ears sod hoof ¢left. Robinson and Kiesm (1953) investigated
seven different positions on Shopthorn cows at high air tempersturcs
(86,0 = 108,5%) aud found high groin snd belly temperetures which
these sress, The other positions, including the legs, were all
at similer torperatures, Patchell (1954b) veported that the skin
tespersture of the extremities of the Jersey heifer wes lower than
thet of the trenk but theve was little variation between trunk
positions under moderate sir tempereture conditions. Finally,
lee {1953) hes suggested & gradation in skin tempersture down
the legs with the higher tesperatures nesrer the trunk, and thet
hmmmmm«ummmmum,
even on the truni.

Although there were no significant differences between the
overll mesn skin temperstures for the different body pooitions
in the present study, within esch cow suwch differences were highly
significent. Tho four positions rsnked differently in the two
cous, the only consistent factor Deing the temperature of the hip:
position which was the lowest temperwture in both csses. The
possons fér this letter finding are not clesy since it is Aiffioult
hm&mmmmmmmﬂtnmmuuwm
tive sooling them the shoulder or truly cooler them the thigh. On
the bagis of the previous work reviewed above, it wae not expected
position %o position on the trunk, especially since the measurements
vere mede in the shede., THowever, because of the difference between
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found in the present study, it seems wise o use more or less Tized
worke

() Jovestebility
A pepeatability eotimete was obtained for the resistence
thermometer In the ssow mannor as was obisined in the diwnsl
trial for the thermocouple (Chaptor III, Section A). Thic cetimate
wae onleulated from the components of varisnce as followsi

.51 + 0,48

= Ou7h
This eotimate of 74% is considersbly higher than the estiuate
of 5% obtained for the thermocouple. This suggests that the
this, two fagtors have to be taken into sccount. Firstly, the
and secondly, the pesdings wepe obtsined over e ehorter period
with a sinpgle sssistint operator which probably meant that grostor
cere wao taken with the resdings. [lowever, even if this improvement
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in repeatability is not =1l truly sttributedle to the instrument,
the resistance thermometer wes much casier to use then the thermo-
mﬁi tiometer, particulsrly as pegards the application
wmwmunmswmm
4 poosible source of veriation considered important by Patchell
(1954b) was Qifferences in the pressure of application of the
thepmosouple to the mkin. Using the resistance thermometer in
the present study it was found that extrame pressure differences
caused fluctustions in skin temperature of wp to 0.5°F either
way £ras norral but within the renge of pressures used in normsl
eureful messurement, there were no fluctustions in ekin temperstuse
In & provious section (Chapter IIX, Section A) it was stated
thet no repostability estlmstes of the type derived in the yresent
tm (1.8, ropented peadings immedistely following one snother)
could be fount in the literatare. Putehell (1554b) derived
on Jersey heiferc =t nine different body positions but it is mob
elesr which figures pelate to vhich positions. Also, the positions
were teken in sequence and the sequence repeated rather than the
resding for esch position being repested imsedistely. Finally,
the positions were shaved so that, oven if it were pessible to
toll with any degree of certainty which figures related to the
positions wsed in the present otady, the estimates obtained are
not striotly campareble with the present one.




canpared in & closed vessel imwersed in a controlled temperature

to 105°F ot = rete of rise of spproximetely 0.5°R/minute.

2% steps. The order of resding wess

1. Hercury thermometer (°F)

2+ Comssrelal "Thermophil" resistence thomometer, the probe of

3. Tho suthor's resistance thormometer.

5. Copper-conbtentin thermocouple =& used in the ;resent study.

5. Repeat of mercury thermomoters
mmmwmmaﬂmmwamaw

mwwmmmnmumnuumtm

mw&»mmmwmrhmmwm

vesoel. Bocaune the change in tenperature was a steady rise

and all four Instruments could not Do read simultaneoualy, it wes

not thought ¥ut the trial would give an acoursie comparison but

merely give an indication of any gross inaceurecies in any of the

on seourate meagure of temperature with which the messures given




m&mm(mmm}uam
Imnersed in a Controlled Temporature Water Bath

Inetruments DAfferences
F B (4] » B Hewli  Desf Cwi Bed

86,8 05,9 86,0 88.0 B8 07 12 = 0.8 = 0.9
878 86,9 0872 89,8 88,7 0.9 20 =~08 =0.9
89.6 879 893 9.7 96 1.0 24 =03 =17
91s9 89,9 908 93.0 923 Odi  1el =1t = 2,0
93.2 92,0 '!ta’ 95,0 9he0 08 1.8 = 1.3 = 1s2
G 950 SHat 95,9 973 95.8 08 2.3 =11 = 1.9
T 92 95,0 95.5 997 96.0 08 2.5 = 1.7 = 2.2
8. 994 96,8 97.7 1020 100.2 0.8 2.6 = 1.7 = 2.6
9« 100,48 98,1 98.5 103.0 101.0 0.6 2.6 =1.9 =23
0. 102.2 96,9 100.0 1042 102.8 06 20 «2.2 2.3
e 10,0 100.9 101.5 105.7 104.8 88 1.7 = 2.5 « 3.1

PRV P

e I i UL e Sy SRR, m ESTRIRDIHETS COWRMCTETS m amwasswery

172t 150" 155t ' 13t 0u75® 1.997 - 1.38% 4 1,92
m R I e R L i enmeaatey teupvsoses e R Ty
1« Teaporature Rise he  Hereury thermometer

2. Hesn Difference B, "Thermophil®
| C. Resistance thermometer
D. Thermocouple.
B. Bepest of Hercury thermometer.
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the reading of the nercwry thoermonetor at the degimning snd that

{8 « 4) These sssumptions mey or may not have been completely
valld, On sverage there wes 2 0.7 = 0.6 rise in tempercture
higher than the mercury thermometer by = relstively constant
smount (D= A; + ve becsuse of the order of reading) but the
total rise in temperature (17.7°F) over the whele trial ap
given by this nstrument ves in close sgreement with thet given
by the mercusy thermometer (17.2 er 17.3%F). This suggests
that the tlormocouple messured change in tempersture equslly

&z well as the morcury the rmometer, even if the readings were
not identiesl in absolute terms. o check was made ss to wheiher
or not tho instfuents cane to the sume resding if left at a
relativily comsteant temporature for o tlow {(se is the cese in
skin tempopatare messuremont)s  However, within the limitations
of this tvial with a steadily incressing Sompepsture, tle findings
seemed to oupport the use of the thermocouple as an instrument for
meaguring chenge in tempeprature and it was this instrument vhich
was used for mont of the precent study.

thermametor by an emount which incrcssed se temperstures rose
(Bed and CwA). In othor words, it ceems that they were slover
to vespond to changes in temperature snd never cought up with the
moroury thermonotoer at thet rete of temperature rise. The
“Thermophil® resdings were higher thsn those of the asuthor's
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the sane rise in tempevature over tho triel period (15.0 and
15.5%) which suggests that the two were of similar use in

hest awey from the element. The couple hed wires that were
exposed to the vessel tempersture for some distence on each
instruments lies in the faet that the suthor's resistance therm-
therponetor in a water bathe Could the csalibration curves have
chenged when the instruments were used in a difforent medium
such 2o alr? The answer to this question is not nowm but for
the purposes of the prosent study, it was felt that the couple
ﬁmmwmumhmhﬂm
with the meveury snd comerelsl resistence thermometere) of chenge
in tempersture even if sbsolute mpasures of temperature would not
be strictly comperable Detween instrunents.
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| In muny ceses during the dlumal trial end the sheding tried
{sun treatmont), akin tecperuture readinge were taken when there
bright oun snd chade. Patohell (1954d) noted that if clouds
passed acpocs the sun there followed = fall in skin temperature
of this end of the effect of shade en skin Sempereture scen in the
shading trial over s long temm, it was thought desireble $o
investigate the effects of altoernste shade snd sun in the short
term in onder to judge the poesible effects of this potentisl
souree of variziion on the skin temperature dats ss obtained and
on mmm mmm {on repeatsbility). To
this end, the thermocouple snd potentiometer were used to take
under verying {(recorded) sky cmiitiens. The first series in
tablo 25 were taken st 1 peme over & 10 minute pericds In this
case thore was s steedy decline in temperature over the 10 minutes
with 1ittle veriation cbviously stiributsble to sky conditions.
The second series in teble 25 wss & series of continued repeated
tenperatups sppesr o be assocliated with e change in sky conditions
from eloudy to bright but it is Qifficult %o seperste the effects
of such fsctors snd real chenges in skin tempersture from flucw
tustions betweon vepest reedings due to sources mssceisted < -




ipproximetely 10 Minuten on a Single Cow.

Bright

mmz:mmmwwm

Mam

970
970
96.5
5645
96.5
955
- 1.4
95,0
3.0

Temperature.

' 96.0%

97.8
97.8
97.0
973
9645
960

clout
Dright
Semd oloudy

Renges 9640 « 97.8%

97,0
9740
96,5

970
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with the agparetus snd observer. Probably, however, at Ivast
& portion (if not a large portion) of the veriation botween
repeated resdings in skin tempersture could be due o real
chenges in skin tonpersture sose of which could be aseoccisted
with repid chenges in the cloud cover of the sky.
Intormittent brecze was moted during the second series of
readings vontioned sbove. Since sn ineoresse in wind veloecity
from 0.5 %0 5.0 m«p.he meduces the hest load on cows when air
tenperatures ere between 75° and 95%F (Brody, 1956), the inter—
mittent breese could have vontributed some veriation to the
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Definite positive relatienshizs were found among tho varlables
and the four yhysiologiesl veristles were ponitively relsted to
air tempereture 0 @ varying degree. There wers importsnt
differsnces between cows in the emphsscs plsced on the different

A good prediction of sectel tempoPatume PeSpomEes c:n LS
obtained by considerations of pulse mte, respiration rete wmd
eonsiderntions of pulse and respivation pate slome. Pulse rate
aprears to be more importsnt in this pespect, under these conditions,

J. Homeostasis, heet tolersnce :nd “normality" have been
efinod. The renges for each of the physiologiesl verisbles
were probebly not cutside the nomuel prange clthough there was
mmw;mea(m&ﬂnmwwf’iM}g The
re pangs of 99w 103°F probably borders on the
:muasmammmxmm Some thermel
;mmmpm&mmmmmm
102+ 103%F level. Low pootal temperetures down to 99°F need
A3l the cows were high producers snd gresing in the field
snd these factors could heve influenced sny sesessment of hest
then the Priesisn end some work needs $o be done on the lstter
breeds but it io cuggested thet sny possible thermal etrees an
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m&' i skin and body tempepstures. It is doubiful vhether
i3 : %o e sconomic under
W m'ﬂmmmumnm.msn ‘
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Adp Tonporature and Relative Humidity - Resistance
Thermometer Rereatadility Trdial

Tice : Wm Relative Hunmidity
1 £ 2 pem) 71.5% 55’ 7
2 (10.300.m ) 690 6l
.'5‘_ { 11 aum) 65.5 | 85
& {(11.308.m.) 70.0 65
5  (9.30 pems) 71,0 61
€ ( 2 pam) 715 61
7 (2.30 pems) 70.0 65






