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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.
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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. ‘






