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SUMARY

Researeh was undevtaken $0 examine the feasibility of rmafing
bhought~in calves in olimatic oalf houser in the Vest of Scobtland,
AnrexaminatiOn waa'alsa undartaken of the individual effects snd
the interaciions hmtwean-éiffewant iavels of nubtrition and the degree
of protection afforded by olimadic calf housing on the perxformance of
Medooion %ypé calves from approximately 6 to 160 days of age.

Setisfootory lovels of perfommance end daily live.waight goains on
a pay with those achiévéd by calves of similarn bype rearsd under
similar management conditions in other ayeas of Grent Britain were
aghioved by tho elimatically housed ocalves. Overall calf losses
voprosenbed 12% of the toltal puruhém@d' When cerdain of tho sxperi-
mentml_ﬁfia} gonditions, vhich would be unseceptuble in practice,
wore bolwa into neeount onlf mortaliﬁy waH 7.9% whioh whilsb not
iﬁaal was alope to the m@mh level of 5.8% nchieved by specinlist
Bought-in colf resrora.e Climatic calf housing was thus considered
feansiblo  for rosring young bought-in calves in the Yast of Seobtlond .
areie

biffering denigoes of oali housing incorpovating varying degrees
of insulation raised the mesn intewrnal house fomperature above eubient
by o maximun of 3%, In@ulmtioﬁ vatsed the wean internel tempereture
and raduced the intdornel ronge of temperature compared with the external
mean and temperature rengeo. The Intornsl temperature ronges of the

two non-insuloted houses as o percontegs of the exbernal vange wero
- 94 and 87 por denﬁ compared with 73 and 40 pexr cent in the insulated
housna, Alr moymménf within the hounes was directly relabted to the
degroe of enolosure of tho house and the oexbternel wind speed. Only in
tho complately enclosed house and during one intake wexre leovels of

rolative humidity recorded which were considerod detrimentel to oalf



health. The instantencous environmental conditions within the four
‘houses wera almost’totmll& d@pandéhﬁ on the>extarnal_envixonmental
conditions ot that instant..

In no ﬁiﬂéi@ house did ca1V%s-ﬁohmiﬁ%@ﬂtly perform bettor, vere
| hémit@iar or was quﬁali%y'iowar betwesn, arrivel and wemiing or
arpival and sole. Gompletely enclosing the house wos detrimental to
maif‘h@&lﬁh. Phore wéa afmuy@@ﬁﬁion that h@%%ar-eélﬁ Hiealth, 1awer
| mcr&ali&y qu&.heﬁtur warf@rmanaﬁ Gaulé be abtained by & dogroe of
inaujmtion in ax epan fronbed bu*ldlng.

Lavalﬂ‘mf muﬁ@ition ?ﬂﬁﬁiﬂﬁ'ﬁﬁﬂm 1446 to £2.,09 % mainbensnee ha&
o ?aw 53@&10? affeau o the dﬁiﬁy 1iva-weighu Hadn, homlﬁh sl
' maz&alivy off th@ @alvaq bhan amy af the ;waaraad énviﬂwnm@v%m*
ﬂigha? auld mart&lx%v/qaa u&aaoﬁe&aﬂ with low levels of f@eﬁlnﬁ and
vhy‘fméﬁing 300 aamyaw@ﬁ vith 600g of milk zeplacer per day. Incressed
eaif seour was pbﬁitiVely sawwmlﬁﬁé& with fﬁaﬂingifﬂﬁ@'of millk réplacer
yar d&y. ﬂﬁﬁ&fzb uag acorusd in Lﬂxmm of betier porformance by fecding
466@ mf Ll em1acaﬂ e dﬁy'compara& with Tedéding wither 300 o (Qng
ﬁ&y; ﬁlim&tiaally'heuaaﬁ,q&1Vﬁﬂ'h§ve’a @aquirament for a higher level
of milk replacsy fvadmng on a once daily fsuding system than do cazlves
Thoused in wanurvllm& ﬁnvimﬂnm@n$ buildings. Celves wenexving aguivalant'
ﬂmounhm of mahabo?iwahla Lﬁergy had bettor dailv 2ivg~uaiph$ gaing and
<lcwer msrtali%y wheén rea@iving 600 compryed with 300p of mill woplacor
ner &ay plus oanaantra%eq.  %he 0pﬁimum'iﬂval‘of Teading for olimate
_ jiaully hmuwed eulvas wa s om%imat&d un be dn ﬁhm peglon of 1. 7 % mainbe--
ARNGS » ‘

ﬂ@atri&tin@ %kﬂ lavel of mill veplacer feeding increased the calves '
app@tiﬁ@ Lo a@ncengr&ﬁeaﬁf«kms«mﬁstimg the lovels of wilk yaploger ond
aémceutm&%m‘f@adingﬁb@ih'in@i&idu&lly iﬂ@f@ﬁéad the malvvsf appetite
fﬁm‘h&y‘ Thore waw no affect of cold on the appetite for concentrates
Ef qalvnﬁﬁréédiving“éﬁﬂg of'milﬁ roplacer poy day. Colves receiving

3008 of milk replager yer day. incveased their conoentrate consumpbion
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In ylamng huuaes fcr &sﬁwa u p 1] zmruouzarlzr imxm-tant tu o
ammmar the pmauatm,w ma Tmalth of the mim&l. x:: a remmt
E amxaz,r of the :!.wela of mrmlmy in. mr and brieg unﬁa in Great
- Britein the avarag:;a oulf mortality on apaamlmt onlf mmng nni'ba
: ‘mhem mlves ware reered to thma ey t:»f cpe wos 587 (ra.&.ﬁ,
1976).. The 9@,& rHNDS WO rxm 0= wmw. '.t*ha average. moﬂeauw
© cout per hood sold on these units. wos £2.39 and the anwgv
mtar:imw,y and me&ia&l conts ney hend Aold £1,33 xt aan thus ba
soen t!&at ol m heﬂlth and mnrt Mty mx mriwaiy srode the
gatmtml ;;mﬁm :&‘rom n oolf m&rinf mte}wrim. A

ok gamamem‘b},a amount ,of mmaamtz- T Mgr; -_:qﬁwm@" oul t'nA

eptablich incgsﬁ factors which reduce ?;n@: abiltty of ‘t;;ié oolf to
ourvive. It o hesn verifiod thut the environment in whioh the
calt 48 renred, ‘é&.& lsvelana typo of nutrition mnd the manopenont
of the anduuls: are oll faotors which ney affest cilf viahﬂ&ty.*f -
f’hﬁat anch of. *um "mma iaatam mantibma in nzwamﬁ of wdueing
ﬁhe via'buuy of the colf there is the. pomi’bﬁlﬂy of mtamctima o

. _oumrrim batwum tw or tore w‘tzich may e more detﬁmmtzﬂ im their

‘sffmt thm m\y ma M ’eh« Mngg;l# mmmmtm *”’*ham m alm the
pmmuw tmt an amwr“ mmmﬁ of mzy mmo teatm may 'lw cmpen*
Aanted hy more mvmrabln «mnai.tiann in rmy of tha utim‘ mntors |

 '. ramting to amu marin,ﬁg» : o |

*?x‘ha mwiromm in nmch *kha tmlf if% Méawd stohmm mt be 50 ¢03.&y
~ so hot or 8O unmmmrtv‘tﬁ.a ae to mﬁmm wza rms.mil.'s wtghﬁ gain or
't‘ma amwam&on dtxiﬁimcy. : iKt shmam alm supply m:fxicimt fresh
aiyp tq ngi:;%m&aa the riek. pt;‘ mfontims dmu_aae.. Hont treditionsl
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.

'leuﬂcanta of whwt QOnstituta the thermal anpiramentg of 1ivestoak

tth@ bcen bamed upmn anthropamorphia thinking, which ia unfartnnateu~

' hacauae mnn in uniquely wansitive to uold for &n onimel so. 1arqe.

Qn the avi&enc% ai ﬁtlﬂrlmemnc aat& abutar (1977) mtatud that

%ho air tmmnprdtura flnatu&tiona in unhaated Giry huildsnma, likaly'
'fao hw omcountar@ﬁ in tha hnited kinpaom, are %o small a to havu o
_::nagliﬁibla @ff@aﬁ mn thn produatlvity nf Balvea."whe directyy '

harmful oifbctm mf 1uw aﬂr tamporuturea en G?l?&h Treow mme weak of

ke uﬁuardb waulu he bl that the b@ueféciﬁl affeeta ef fraah

fair in rmdnaing the.. urviVal and apraad of nathagana woula e evarw o
'whaimiﬂ* Ty comrariscn. Ona mdy queﬂtien whﬁther it im napropri%te
s;;ta aftrapmlnt@ rrom rebﬁlﬁs 3nnh as tha&a nbtdined in calorimeters,ii
-1§uﬁ¢n fn& haalbhy cnlvea, &here thara 15 no diurnﬁl vnwiation Of

»hhm Jntﬁrnﬂl anironmant nn& na necovnt im tnken of the inter&nt&anu"

'batwemn tempmraﬁu;a, rnlv&xvn humidﬁty nnd air mavement, to sugge%ﬁ

‘7ayyr0priata ranyﬁq ot candxtinna und@r which czlvam ﬁhould be reared.
ww-ywx ﬂjdl stmdlea hava baen maae on th@ poaﬂibility of climatia

. bﬂlf houalng. in thia Btuay Glimttia oalf hnuaing im takan to mennf§‘l
:Ena%urstiy vpntizatud huzlﬁinga in whzeh ahera ia no aupplemantary
4‘Mourun a; henﬁ.‘:Tbe ¢on:ennua wf npinion fxom atudieﬁ maaa in tha ‘

,;133“%11 h ILJ.em au tsa ’thwt ali.matic cmli‘ howses provide a au:ltn’bla’l

g anv;runnont f@r theﬂrearzng af caivas. In all the atudiaq mada
hmwevur thn re&ultu nertﬂin to alimatic haur&ng of the partiﬁular

.[typa used and tu tha peographical region 1n whiah tha exparimenta 5

¥ ra‘cé ‘Led out s thore 16 however & 1ok of definitian in the

f:lltawntura nn th@ aanrae of prntection which ahau&d be affcxdaa thui,:j~

,:;caif wh@n hounad in ulimatiu huilﬁinpa; Th&re iB alno aonmiﬁerablo: e

o Vqrimtion thhin the ﬁrltimh Iﬁlﬁ% in the elim&tie canditinns

ﬂ‘uharaﬁteriutia of cart&in areaaa




“Peom thn mavlew nf the 11%erﬂture it wan nnt pnmﬁibla $0 define
~@hat effcch thﬁ luvat of feeding, or feeding managvment mould have
on elammticﬁlly.houqea-valvus. Jf 3he emount of hent reguired by
jthu amlf to maintxin 1tb93f 18 increased. ss o ropult of suboritical
LonpaRaturen then the- maintenence requiramant of the culf for enorgy
_;ngxeas&m,v It ﬁaﬁ-pastmlétad that in thin aituaxicn mn iﬁareaae in
diataxg anoxgy ey be benaiiuial. Thus it waa cgnaidar&d th&t should
tha olinetic hauaxnﬁ yiold a. sub optimal- envivonment for rearing calves
the effect of high &avala:af nuﬁri@icn should be exemined no & meuns
of. uvuroaming the environmantal ﬂtraﬂu. |

Et waa docided ﬁhau an attenpt ahﬁulﬁ bhe made to claxify the
cxequirenents of nlimatic housgng intended for thuyre&ring of éalvan.
Alaé it wen decided to exemine the expediency of climatic colf
hﬁp&im@'in‘the South Vewst of Sﬁoti&nd, on ares which tende to have a
higher TﬂlétiVﬂ humidity than other sveas in the British Inlas. In
view of tha very high incidence of respiratoxy disensen in young
ﬁnlvaﬁ,.reapirutomy pilmontn baing the largﬂét gingle g&hﬁe of death
in esbble under twelve wonths of age (M,L.100 1976), amphasin wap
placed on fthe noed for adequate ventilation. The building design
and &egreg of insulation wera cbﬁmiderad $0 be the main features which
sould be monipulated iﬁTérdar to produce different snvironmenis in
which‘ﬁha bﬁlvaw could he reareds It wos decided that thews factors
vshould ha axaman&d by huliﬁing four calf houges of two different
aemig@s, oach desim incmrmor&ting twu levels of insulution. Brick
QQgétrucumon-designs were uﬂed in ordar to prhﬂide'hnusas nuitﬁble
for long temm uge. .

The effect of an ;ﬁoiaaaaﬁ 1@?&3 gf feeding lowering the Qritieal
Lamporature oflstook-ig well documented (Webster 1974). Both an

inmraama'in‘theEQﬁanti&y°anﬂ & roduotion in the quality of food offorsd



‘ jbt:: s::lslm*» m‘;om mt\;f im.rame tfuea ‘bhexmanentml hent pm&uetim and'
T'jmﬁm Lhﬁa m:fi‘b‘ical tampamturm Fhe comllm'y aloo agmlimz, thct_,'
:':any s*nimeﬂ, ‘shm cmmacs to m*‘* for rmy reamn such 25 si.akm,ﬂa, |
indi g{*n*&im ox ciinanma, m* “Lhut izz mae vlng a m&uwﬁ. 1ma1 zat |
“'nutr,ltiﬁn, inxmdiuﬁ@ly bavemm axhron aly mncsi‘biw t0 com. . |

E‘oml imom that are- wtiml for a ha&’.i,"bhy calf aat:mg:g s*el’.{ cmmot be

cxmmam'oa sultable’ fmr a JQ‘D}’R{E mlf ﬁhm; iz; mﬁ bemg fad. » :It:‘wm;, S

nhs:;m f'm«n, mnrndmred pc::v‘b:inent to Mmloy v :c.inus lavels of i‘ammng
m_.amm- gss mmmineﬂm mﬁuat wi.t:;y 03. ’bha mlvms u‘mim' n mnm of
éiiifs*r &J.cmtsi, mndi'bimn.s whic;h wam 13% el,; to be mevt in p:mc.ti.aa. .

| ’Dh& m‘amwnmm‘t within th@z a&li‘ 'imu c:zs :i.ts mwdii‘im}. %:f t;he mm
‘ﬁnd numbaar of .smw— g.amcmm In crcmr ta agusmtu faha.anvix'or}ment 7
E v‘hm‘vh ﬁza lem wm’u rénped it won cmm:sitif»md ‘&h ﬁima"j racguﬁa*ﬁé :
' 1::;00:::(1 Dhmxhi be:a kap‘i; 0 lm n).‘i’ }mum emvimnmun’t» The ef’fﬁot of
Anamlm.mrg 'ﬁ}m mmwa c::mm cmil.y ‘m mzmmmd u :i.‘b WS Immm haw the-quf:;
‘?m.u.mul iaxwi,mnment bahaveﬁ in rr‘lation -m ‘kha @xtemal f-nvimnmmt.v.
mm« 'bmmfai’m: gat::emmr:f to :c:emrﬁ ﬁm t;w fmml @mﬁ.mnment m; the :
LR t’inm. _ “ T | i ' o
‘E‘hn mlma mﬁ' i&m hmusm mnwmamm in m'adumn{g envimnmantsx B
fz:wmw m‘:m ﬁ:sx- mli pmds.wt:icm wm T bt* measumd by smminimr tha
pammmrmw of the cmlvnrs in 'Le,rm‘s Qf ffrowth and me:rtnlity. . )‘,t waa
i‘umhm mn mt:amé t%mb l téw« ﬂnargy ammwmntion cﬁf *ttm m},vam cauld
ftas.a ﬂmﬁ;itmma inta Lhui. v aquirmi for mnintemma ami xt)mduction “then
"&3 2 m:r:i'm“b m" tha emvi.mnmn# on the anergy mquﬁ.mmmu of *t.he cmlf
"umxm "hc} fu'vtmr uhm‘id tc&. o o

‘l‘hg ui,:x:ie*mm raquimmanta ui‘ tho. um*m nml wl:f;‘ ma;y ‘be aupplmd

;by mili* vm& smncanbrnta Ii't ,,,, a6 m;uzru.dem& th'z:b aii‘i’erent levels

of mj.‘m and mmgmn‘gmm;f;fesévai%:g; a&xaulpl;-,-%ne: the -x_zxmma “hy ‘j?hiﬁh’hhq




De

Jevol of rutrition would bo varied. ’f:i,‘m,a milk offered to the calves
would be in the Torm b:i"mmnatitutgd milk replacer,

The velue of the projeot would be mmny enhaneed ify, beoide
vielding ﬁama ms;a;imh ‘a:;;m,v it could olonyly wolute to hﬂm ngrd--
;Sulttaa‘al “ development and advisory neods of tho ayesn. Ji‘o“ fulfil this g
wdn the héziﬁmgz and feeding systeons woers denigned to. be ddentiliable

with praeticul calf renriug systems currently in wses
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FOREWORD . -

.P}m litamtum I’E‘V] awed has ‘brmn c:z:aminad .’mitia;‘ 1y 'by ‘cons iderin@; )
ﬁhp nénptimn of: the nmmute mif to an exifstanca ﬂutaida the ’evomb.
’.i'at; l hody imulwbicn hfm bm.n axe mined nlma the themcpanic rﬁémorme '
- to mld.' in this r*maeﬁ: faatora wh:i.ch mu{r nff@ct the mrcamion
- 'u:f;‘ cold and uha wg,ree of nreoponse. tc & sald s"himulua have al:so hoen |
:&uthyPﬁo :

Gumont 11'&-("{&\1‘»\11’6 on culf hounse anvironment has been revi.ewad
nm-zuiderim LU mt{\ly and. 1n con;’gunation with cach nther thaa *mpeet:s
“o*i:' temparssﬁum, !mmulity, ven‘tilution mta, air. capmity and pen
5 uj e. ‘hs, i;hme mpeats of tem};arsmum, humidity and ventilation Tute
. were nommered t‘nﬁ i'uctnm m@at J.ihcly to a:f‘i‘é ot t}m uulf‘m porcapn
. ﬁion oi ccm «ml Iaepce heve ‘haen r::cmaidered in dataﬂ. |

‘L}m l.xts.mmre pssrtuimng "bc- nu‘.rition and envlmmmntvl intnr-
‘ . aﬂ.imu hm nn:,,nl,,r eone mma vu-y s.:avera ao).d btrﬂaBBS on qfiull.t

’ xmmrl.;. ‘ Thm 490*;10:: }w hosn in nrtad becauae it :ts ccmiderad

v 'A‘;."f;:éh 3 Lhe mmxl’w oy be extrapclu tod ﬁo maluds tha yountr aul:t‘.

*rlm awyecm o:t‘ cali‘ nutmticn partmant to the preaent trinl hwe
V‘bwn eanmdearoﬁ. ’i‘ha eficctu of lavel emd trequenoy af milk ra{ﬁ.atzer
‘,i‘c‘c“dirm' torm}mr wjth the yhysiologic?l s&gnii‘icance of the dxi‘famnt
:f“,;g,w;t;cns hme ‘bam revieved. _ ”he of f’eats of s@lid feed 1ntm’ce have |
bmﬂn emmined mmicularlv wi’ch rospect tq waaning and mman develop~

":aon’c. o . | L |

Thr‘ clemmnimvbian oi‘ tha :m*intananca requl roment” af ‘bha ealf has

' ,«‘bamn cnm ei‘ the alms af the u:iral hance snme pmaanﬂy accep‘hed |

.:Vi».luf.}n h ave baen m\rmwa&. R

Lirzally, the hmtaxy and acma mat msul‘»:a obtained using the
mathzad chos ‘m 1:0 clatamine tha muintem.nce ra@uiremsnt of the ealvaa

-‘ha}“j b on czmmimd.. .:".@I;e auocas af the method in datemin:lng the



-}
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maintensnce requirement of aifferent clusses of livestook in
discussed, together with its relevanco to the provent trial.

he

"It hes long been veclised thnt_&iffexent breeds of eaﬁtlﬁ,and
sheep have different tolerances. to exiveme climatie conditions,
Sensations of heat and‘ﬁoid‘éré:axpgrimﬁéﬁd by sech indlvidual, snd
the charactorintics of ﬁhefaxbarnﬁlfeﬁvironmant thab my9”53rcei?ad
by eattle vaa hot =ncl qo:ld diffexr énczjméiiezly betwoon 7131('13.\!3.%11.15:!113‘,‘
acaording to breod, nﬁ@rﬁtiﬁﬁ‘ﬁnﬁ'maﬁﬁgﬁmgnt.
iIn &agiﬂna_wharm %héyalimaté*éppaara tmvmderaely,effaat the
.ability of the animal to regulg%a.itm‘haay tomporature, cbnmﬁructiva
hréoding‘haﬁ‘tmkén placo in.nn‘gffort to inoreane unimal productivity.
Host research hes been carried out on the breeding of cuttle bolerant.
“%e high téﬁﬁgr@tgfﬁﬂ,'ﬁalaﬁivmly 15%&16 work having hoen doné Bo
breod Incroanad cald.raaimt&g&eﬁ |

In‘considmring'envirohmantul parameters the Qunﬁapt Qf the thormos
negﬁraj\envirﬁnmanﬁ should Lo considered. lount (1974), ;éneluﬁed
hot 1% is prefafabié'ﬁo defing o hnmher of envivonmentel zonss which
are neutzol in &ifﬁﬁmﬁﬂf:réagactasn:

1. idinimel metobolisms bownded on ench side by.rising
-metabolic rate.

2. lLoast thﬂxmofegulaﬁory affcr§§> coineiding with minimal
" motorial demond, bounded ot the colder limit by rioing
metebolic robe ond ot the wormer limit by incrcosed

av@ygfativa;eaé.7r\“
3y, “onee defined for particulsy PULHOsas 3 prefbxra&
o tharmul aav1£on§én%f(cemf©xt monely mone of pesk
- animol. produetivity ond sones wiich ave optimal in
_t-anx obher givehtréspact such us gr@wﬁh rate or the _
' development of thowmovegulution in the young snimaly
thaﬁa,zansé'do not nacassaxily éoinciﬁe with oithor
minimal metabolism or least thermoresulatory offort.




B
A
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[‘.‘i‘z‘febster (1‘3’(«4): on th@s othor hand g*é.v&a a defini tmn ﬂf f tm:emvn
mgatm}. mne b@.sm;i on thermel astress. &ar'o:r'dﬁ,.ml',r the %hmmms
neutrel zonn »:1:3' t‘izérgﬁ‘_in ﬁhiahihm}z'}mat love ond food onorgy Labakes

| Ara, in\}epemﬂmt o erwimmwn zzl'-- It»%mmymsum. , “v’i*ﬁin this vc:?f“-,
hm-mthf vy is msain%fainﬂ«ﬁ by wido imctm&mmm in m*mﬁ :ﬁ.c} and, pvap-
ara;tim hert Lons.. . ’tﬁtithﬁ upser 1inlt of the thammmuﬁmi HOND

hn‘:ﬂ; wmiucead in 'z‘zr“bz‘«hcvli sk 4 ‘ ﬂimsﬁ,p* fod tsrizmiwby by LVEpoYn z;:z.gsn»
af wa’stem :é‘mm, the skin snd from tha meows mombranes of tho uppor ‘
Y aimmw tr?mt. - Ben M’hln imaﬁ lavw; in th@ themnwm&m’i sone
Cbroadly follows the izm}y to siv temporsture gradient bud io

roqulated by ;ﬁlnméfstion, postural Bl jus tmwm“ and by vs*"yin{;i* the .
rata :m%‘ bleod {low through the augmmiunl ‘aifmws of $ho bmﬁy. The .
lokey limit of t:e' $hesmonoubral ¢ zehe is defined mx ‘bm 'Lc;\wx

, r*ﬁ«:el *tumgm' %i:um & m!.x* Lowpara tumm bolow’ Mm msib }o*m 6
i'he:z cnvi:mnmem nxee@du tha fs w!x;l:::h mmlfi b prcmmaﬂ Qs o8n am» Vboble
i Qa_:me{mani:c: of meta@bt}ltﬁ.ﬂm. In armlm‘ to mainbain }\Qmmt}mrnw, Imv‘t
loss tmuut be madched by on ineressed catobolims of Todd eneiny or

LINARG TOROIVED

D HBRNOREGULATION TN THE NEOVATE CALF

he tﬁemof«swl&’twy '*4&;&;@:3;3(; of El(‘#ér.i{?r‘i;.y ks e okt s in
hho emtorasl nw’wmmnt 4o sconniderably limited n*; ﬁmizﬂ pretl slne,
' mqr 'hhﬁ:«ma'& ii;muléﬁ;inn; ‘ond o] shive hﬂl@im atne  Prb ~*ﬁ:§‘am who
aﬁvimmmt of the yguﬁzg ok am" al-im thvt m.‘ th@ uuama and the rmm.:m -
A *zfmt &?r:rr t&zenwmmh*‘mw ‘Eﬁ?pﬁﬁiﬁﬂ in ddniaivhed by ’“ﬁc. .}r:;vsr-sms.cn
P r:sx‘ed‘h? m ;m’sblﬁ e:a'ﬂ‘i.*i:c't:m ment ;zrmlucwd bf; the dome

Jrmadiokely- no% mz‘tum t%‘iwn 16 2 nﬂaﬁ Por &, rapid s:mmﬁﬁ of

- ﬁh&%mamgumtim. Extornsl Qﬂiﬂdihiﬂmm e &:ﬁé}é Pl m’b sepburition

- the yaun«; mamz-ml .1:, ik &13 tg ez pez.‘immm & louen *Q:-'f;;::»,em;mz*a compared



Ge

4o thot within the ubores. The reouirement is thus for an inorenne .
in hw& sroduction tomm 2 with on c‘mntaxtim t‘ox- the cmcmrvation of
bn&;f noete Tt de these m‘imnm@m in the neoncte euli which wnl be

aguminede

;ksm i1} uzi! onlds 03:‘ vmn »ohbibo hme:s bron shown .f;o hove an
f};ﬂt:&f;.’ia._t:'s.w onpaolby thot 3.:1 20 timeo mz ator dhan that of white fot
sl lae Bedd otrsesod young rebbiss wers shle %o roble ihﬁi;‘ haat
p::méut:timz ond in dotng 50 the tomporoture of the brown fnt dm posite

L RORE "’- j 4 }igﬁecax- *han .'ﬁs?ﬂmt in mm‘sw twmm in tho 'mmir and- 1.3 G
V}\a,‘ghcr* hhm the doop hat}y Lompnrs m‘m.- m:' P&G 1 :e*em@vai of B0t
the browns Lot praghleally ebelished the chility of young rokbite to
rmultindy  the i:v QEFEN COD :;tzrfmtﬁ.tm and oy uvp heat .;afaf&.s.z“otian in
mrpon o o czohh 1% W m}mﬁau%mi vhi‘“{i the brown ot oollo ave
wm medn wite of m‘;d - msmu atod hont pmductiau fz.n ﬂm rmcmte
(lhm & Bull 196%). Gho sbility m:a;_:- ‘;m’: nc&;ﬁmm o to inﬁ‘i‘ﬂmafjﬂ .
lwiri. ;vg‘uaasﬁi;ism by the oxddetion of M.’a“ﬁ has Deon ropord csd {’ms:xmymn .
‘ il ‘.Iwgg 1972). t”ﬁz»;:i.'vw.% kopt ob o i_amaz;m*a.\amm of 5'@ wore seen to
‘ghi vory aopeelally dn the Pirat howe of 1ifo. ﬁi’mr'_ma ﬁuﬁ;ﬁ;;ﬁhema
anlves élz;m shovod o zf.%a:a in fres f:v;*btz.r.,m;é, *zl:mw econeeniyedion
¢ 5465 3_\.{39\,3!1{‘){} vm}\‘ c:t:.:m;;éssztmft 4o @ m e of 7 ‘j * ié*s‘:l.”s mgg/i‘@(} ml
in obher culves és:;ségw‘i to + 5%, Tho pmgeummn of indi'ﬁ dunl
intty ﬁmx:s in the tnta}. ima Lalty ha:ldﬂ chonged with *a{r&, ‘but thero
won fo difforenco hawafm tho enluonls ox pm«*é& to dil “erent"_anvimn«
xgaﬁizi;m o o '

the new boyn young oF nowt runinaNts thok ‘have hﬁ{zh'mmmimaé have
o% deond oomo nuitivonlar arziiz:nm $innue oolls {{m"\“ 11y Bell &
Aorondon) Eleadran zs-ziﬁmmmm. “;:é*&:;xinmmﬁ of wdipons m:rella; of ﬁ!«a

DYy

nev hoon ool has shown that 811 adiposo colls hove 'Eha :: \arRetor-
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iﬁﬁica'wegardsﬁ an égmenti&i for théir identifiqntian as brown

‘ adiﬁaae calls @iih'thm oxcoption bf those from the aubcutaneous |
POLLONT W (ﬁluxander, Bannett, and Commsll, 1975), #Alexender 2k al
(1975) on &*ﬁiﬁﬁé@ﬁiﬂﬁ of o Q&lVaa fqund'%ha total edipose tisous
1o ho 1.81 and 1.51 @@&,cqhﬁ of hdﬁy-ﬁeight-reﬂpéetivolx. Tha affeot
of bzoun adipone ﬁiaﬁue can bo soen fram ﬁha faot that Thmmpnon o

Eull’(lQ?ﬁ):dbtaihad, ﬁj an.infmai@n of nOrudrannliﬂe at the rate of

1 pﬁ‘&g =l min “l, & vioa of 0.03 x Oy JG ¢ im porirons 1*&6@3900
vi& FELY] Lenporaturm o, on 1ﬁQLOﬂua in mxmea venous Bload ﬁémpam&turd

of 0.32 - bt O.Qb ‘This was the meoan effes% revorded nvar‘ﬁha £inal

15 mins. of & 30,miﬂ. infﬁmicn poriode Véﬁdbn?ie rato was 1n¢reaﬁad

508 dn tha‘@xporiﬁenﬁa of Thompeon and Pell (19?6) end Alexander ok 8l
x(;975) found $hat of higher ¢nfuﬁzon pobos a two or throo. fold
;incraasa in maﬁabnkae robo wam;pma&ib@m, In tha'lnttor inadanoe egn
'in;uqion rate of § ug kg -1 miﬁifl'ﬁas acnmid@red to be in'éxaéﬁs of

tho novael physiologieal laﬁei.éo 1% wua'iikoiy that this high

infuﬁinﬁ_ré%ﬂ weuld éaﬂsé i) mbwa mafk@d rosponse albeit over a
shorter poriod off bime than thab abéainad by Yhompson and ﬁallﬁ(l??ﬁ).

‘ méuian,.ﬁqlnax and Gunthor (19?5), have shoun that the perirensl
ndipose tianﬁ@ of ¥ awborn.calvas rﬂﬁétad ta'a:vcnaus infugion of
noradvonaJiﬂo with a rim@ im teﬂnqr¢tur ﬁf aboud IQG;_ fho onyfen.

: canﬁumpfian woo el&Ven tmms th@ﬁ in LeviVPnculav epicasﬂinl adipone
31Ghu9 and uxclva %imes th&a ln merirvnal adigosa tiooue of 100 day
old czlv s The desoriptvcn of thﬂ ﬁﬂmnua is equivwlcnt to tha

:d@&Q;LbOd by Alexander gb (1975) and ihnrafcra it wmulé be

, eonnidpyad an browa adinose tlumue.

&tqunﬁex at ol (1979) rmamrﬁ@d a pa&k rectul tﬁmpﬂratuvo during
nnraérsnallnﬂ infus iun of 42 .3 Ce Pouk rentml tempmmatura wan found

to ogour concomitant with an ingresge in rhapiration rate and oxyzen
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conéumytimn ‘l‘_lmm}_:{wn and Beoll (197'6): _notised o similax inémme in
oRyLen gmnsumpﬁiﬂn and vemmiraﬁbry rate together with'a decreasa\in
ynuniwutnx qustiowt f011uning the infusicn of noradrsnuline, |

_ Using llght wicrogcopy it hasg hmenughqwnvthat ;g ;g@bs thore in
o) pre%fwasivo'inureame.in ih@ pfunortion cf”iurwe 1oculés of fot 1n'
ff hu aﬁmpow@ tiagsue frnn all dldﬁﬁ wlth increzaing age (Gemmell ot al
‘ 1978). Thagm changos wore mpp&;nnt"by two Anys, well adyancad by
16 doys and complote by 32 days, Thiélyattarn '1n_sim§1aivtn that
obbained by neyadroneline imfugion.»‘Tha reﬁponge‘or the calf to
» naradrenal ine infﬁwicn‘ig‘mbstlm*rkéé‘on thé dey after‘ﬁir#h
.(mhcmnsdn and:Ball i??ﬁ) A 9light reoponse was found at about one
month old (ﬁlacannex o al 1975) and gt 33 ﬁays of age (ThOﬁpson and
.bgli.lQ?ﬁ). Thm effeot, howeyer, moy be modified by environment.

'ﬂéawntf&t- TR identxfiud in 25 duy old onlves axposed to contin-

ﬁousiy changing aold gnd. woarm "nbjant temperstnr&a whilst only white
'ndinéqn‘tiqwue'waﬁ'feund in enlves keﬁt”in warn oconditions.. Whita

d;pase &iﬁmua 0n1y was- foand in culvaﬁ of 50 snd 100 daya ‘old
.(ﬁ@ulun ot ‘i 1975).
| In'em n@rliﬁr similar neries of'axparimantanﬂcﬁ 2y Jenkinsoﬁ,‘
: Néhlé and. ”hrmpaon (1“58), fbund on ininsion of nnrndrenalinn at

Q0 pﬂ'kg,l min intn calvem one to i? doys old affeated heart
eate ond xbspirutory xate hut did nat incrense. hent produotion,
vaotal tomperature, skin tomporstura or aldn evaparativo loaq. Ag
',ﬁha majority o:.reearﬁings.war@ madu in‘gglvam;other than‘&my old
. eslvos it i pertinent tmwcénqédér'thaﬁ tﬁﬂée>résu1ta guggeﬂt that
 nen shivevlnx thovmogﬁneﬂia OOﬂmﬁitutna noneslipible anntrihutian to
~ the hﬂnh production ccpuc’%g er the calf up tc the time. it iq six

:daym of oo, Th hha ﬂewbern larb non ahiv¢ring thnrmoyeneais




ones 1;@ aold

famx'hrim#m shout .g.(}{,;’i af thf:: mzmirﬁum .mm‘sﬂpnlig rqsr;s;;?
(ﬂit‘:mmcmr,.‘ﬁi&liam,_:_;%é’i}. Ina i}i:'x‘. “bﬁ poven dey old ml ok an .
ot a2l 1968 m}tiszé&zx};i}f@ﬁ:irlg o mﬁ;‘w bttaﬁvfaon =L nnd 3%, It ds
’_éﬁvimxss,ﬁh,— iy mm *Lhm‘, Tho: ﬁ'm:.m By mi t?s. {& ir *hr:x }pmi'&um‘ I%_a,r;rm by
‘r;:ﬁ,«tiam Qﬂmfg than non fhiwrié n o I,‘i:m:;fzu mm'w} *’z.t':.. riwwim;i“mcl ah siw
ﬁ*’azfaa of cggm : ‘ |

};mm th;.. viow it oon ‘m Bomm 'thz‘:z%,_'tha‘ noonste eell 1s able te
:mezﬁilvmrm%{mﬁ‘}mm in order o mad niadn hody tomperaturs -“;ﬂ 2 nLoTss
of hrown nd‘: posne biasud. .Itg z“m.}'v ty %,n_ oain heat fvom this ,savmmmca.
&wlink:gs with age but da abidd progent. m A) doges of :;e,st;%:sk The
mwimr&mn‘: in wlxﬁ,t%h‘ the oall in kepd oy noddfy the bont to which
bmm sdiposs vﬁ. . ackn ag @ ‘mﬁy BOUPEt.e Tha sz.g:n.miﬁj 0;@ $he cald
m producs howrd ‘hy MO8 'e‘kizéai*f‘b'&:am:a Trom brown adiposs. "am aih i %{ﬁu‘m

appoar to be dw@lﬁ;ﬁmi Ty wix a,:ﬁ;yvzu o :&gm.‘g S

_ ,wtamaly Ress

&‘E_w m&*& ’mlm refe of the mh m:?ﬁ nos WiEh age. E:méate.m:~
Jisﬁém e "Blus,t!‘:ﬁ (3..9 82) o ;E,eu}m w& rm ﬁéig}ﬂ f,:mm.ﬁ:mériflf\:ar' salven
fe:-nl 41 of wi 3&. i‘ﬁ on muimm«mmﬁl mmp:am‘mw of 23 35 e

Por Mh emc‘wg tiong H o= 1963 - 0,04
Mx- 3,‘*}1 ﬂmbwmi 0B x; - }@33 - 33.8%

l

yhera ?i s houd proﬁue:sod (s anl o ?:zn) sud b A6 n,gsa in days
EZem zs:f-mmatimz war unit m‘ tirw es}u: wmonpured over 24R won 10:“:;?3.‘ than
Mwen mensured oven 1.‘3%‘13, ‘ss,ugg;zawings; that o divened verdetion in meta-
hotion i‘mm‘mﬁt&. Whim 41 of willk WD cfi.véxi sad the cmv:%.mammﬁml .
'.‘jéa@m:@mﬁ;u o W 3 N hmﬁ ;"vzfmkzrsbinn wan, groobor Fhon whon measured ot
"?30. a’\fg ith c;xhs"‘:w ’ﬁc}: 5 oo m: ‘93 w“z; pepduction ot 3 v

- highm sﬁnm uets:: ‘s.}iﬁﬁﬂ. in lﬁh n‘fmcrxv:a*bimxxm ) fall in motabolion
with a e AN kpmment it hrth ‘mtn of mnwwsa :t.m:.m, the mean desline

baing ahoud 1 pow e..;;:f;
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Thore are ﬁuzwvﬁtmanﬂ thot $he degreo to whiuh.a young calf can
inarmﬁsa itsfmmtaholiq;xata‘in~:asp¢nso t0 cold i3 about - twice the
:remﬁing motabolie rate (Gqﬁzu&ézédimeﬁqz ond Blaxter 19623 lchwan
-}ggggg 196&}. Hnuaver,.%hm wegulﬁsféf Maoxander gt ol (19%5) sugpest
that the pmtﬁnﬁial for non ghi?@iiﬁg'thérmogenéais slono is ot lenst
equal. to the rosting metghelione From on analogy with the new born
- Jamd (Al&xﬂn&srg §§~g$;1958) it sooms ;ikely thad ahivering.ccupled
with non shivering t}mmeg&m‘icﬁ'uééﬁ‘ani;sxam, provide the calf wﬁsh &
potondial for trebling or‘quadruplin@ metubolie rate in rosponse to
colde | -
_ Mxominpbion of bla@& flow in the GOHSGIOUb %wo da &y old lamb hag
éhann'thah n cold siroas oapablo of eliaxfing-a‘thra@ fold incranﬂe
iﬁ mﬂﬁabéiiqfrata incraaamm,carﬁiaa autpnt*by*about 3058 (élpxanéer,
Bell, and fiales e 19?3). Mood flow to the thazmag mic tismuen

showod a five to six fold incmoose, whilst a Pive to nino fold incresse

wao noticed in the flow o the longdeninug doral, trapesiug,

sasbroonemiusg and hicoos femaris muselon. A decrossed flow in the

skin of the leg, oy end widslde n& somg internal orgens was
rocordods Theno reosulis coineide with Lcmparmﬁurn measurenents made
by Gonzalog-dimenes and Blasbor (IQSEQ where it was fnund-théﬁ during
oxperimeﬂﬁél cnplings'hglow 1S°G, ﬁhé tomporature of the ear and leg
cof & celf fell ot & gr@aﬁe»'mmtg‘than cﬁhex\aéﬁam of the body. %he.
ﬁ&ﬁ:af the calf,ﬂnrinm thin ﬂ*~min&¥10htwéa not recordeﬁ;» Vasocon-
uﬁrimtiﬂn eeeurrcd in the wholo hxud limh insludinw the thigh at
~aoproxiﬁ&tc1v 12.5 %c. ”hﬁ five tn niuofhlﬁ increasa in blood ilow

in bhe bigeny fbmoris a? the cold strossed lamb, (Alexande - o 4l

1973) i6 iunhAdruuter than The threefold increass in hind leg hleod
f£lov found in Ayrnhirm stoers botyeon 6«8 monthe of nge (Bell,

Gordeney and Ehompsqn 19?4). This ey bo demenstrating a reduced



lcaoahi.li.ty af the ;,mungs‘ 1mb to uurt&u_l rm -izm:rraéa:zns.'ﬂmis ‘p.‘{’— blaod to
t}m aytmﬁi% -tsm ;aré& with t}m ctl gap utmm :’eﬁ;ﬁamx;.(l-?;'m} din o
"scbm*m,c reprmsﬂntminn of tlw (}ffuct of cnm on heat lons fmm tha
m* rgﬂ faimﬁ t}«xst vmﬂdiht*nn did m‘:t; mmr M: t(mw;x’mtum ; zf’tmwm
'00;3‘ L Lo o .
’x'wo :I'mtem mlatinm i:o 'bz r~e**abalm rme mr‘ the anw ‘mm
: . wrmmn’h from ’tiﬂfs dﬁ smumaiom ~ i.* :tl"f, fr *tahi??'*c ot Lp‘ ai}.h:ﬁ;‘ﬁ"
‘ :-bjr‘{:h z:md auh.see*mmtly ﬁealj*mn. : %v:rac;z('snd}yg; ot %‘!.«n__‘vtaz;ziz*}v Ma vhe
yfmzxf; w&f enn imm mm it{s w*t {bmlm EL %ia‘f[iﬁ«:i';m:s:é)é}z:ié. *sc:- (‘t‘.ﬁ.c?g“ 1t
hm hamx shown tzm m bﬁ.wh khmw is a th&imﬁo’mmic x:‘«::ea‘;‘;ptvru:a:r ::i’;'mx
hmwn & li;pofm tmsue ﬂm’i by '*i:r ma n m n{:ﬁ tho m:z ﬂ@i’ﬁj of mﬁzl m-r«l:i"
. to pmcmctﬁ ‘m*ﬁ: oﬁ:er temn .‘C:mm b}ﬂvn o433 mua t.h:mur;z iR r‘mvc\lﬁpmi. k
B 1 ".‘I.‘ha :lmsxm:erm in matmbﬂlia mta mﬂ;zﬂ@ w bﬁ!%'*?‘ﬁ(‘ m’f:imn & a«m_&. as33.;a;;‘ai;e::r
:_(1“6?), oliws n nt a1 1“65 wm M, cmg@ev ui: ﬂl (141?;1) ix a me\m&fa- of
~‘bhe incma ,M Imt *hcslmm s tg Wm}u c}i‘ tahiw“;*m,\, m'l n«m nhwv ¥ing |
: ‘Shmznmg&mn mahfml e yhe} tmﬂl xmmor«ae@ mm&id dippany tey 1;; in ~v3;_.;§
1*4&(:1(%51 ui‘ & quzcimp}.iﬁg c;i.‘ thtx mfst* nw ﬂet.kbala e‘ rivhe |
B The innrrmez ;m memmzm mﬂ.w has ham n}wm to oldeit o 307
:’mnm&ev— .in ﬁ&rﬁirm {sutyu’b ( xﬁndm* et al 15}"!"). 3.:; o mm;';zzrirson
oon be dx‘awn mtmsn the young lqﬂb m:t’i ml*&' then uhﬁi 3. mmlcl inevosna
jn Blood i‘?nw sshown ?w Memmmx- ob el :,51 (1913) in *{;m Loy ‘mu}. Bugy son
thmt uhcz ealf mnd lemb am« un Wbl fm c:mzaml mmm&i}.”timl at sn corly
A‘ zm *trzd thet 2aeazt 1035 "by th&s; mmmfrs ey ‘tsz:awc,mm;,ﬂemfblm im‘ montion,
, §t. mcia in iz!m 1itfzre:xture of B 'bm :r.:uwn :isz ﬁi’l"?‘(“ﬁrumﬂ wt(l vy conbyol,
Whmwvar tha cami' “'imm m“ »-1() E,, o v rvir:rgg vdnd and o mi; coat ovar

& ?G miru wrim{, utiliﬁeu b‘,r Alexandos ut 2l (1"‘7%} tcc pzr"\“mt

Hunmit nicmhwlim, whmh m;h zm\{:mamv nm:zmrml o i“iw iso ‘ninafold
"I:-imre'sm in 'hlucsd ﬂ(wx 6 ﬂm 'bic.&m f‘m*r*a*mz, woula apno W bo e
‘mac‘ismg the ;gzpint '::xt-"xv_hi.ch the cgs-;tml. c:f yao nn%lﬁmm e*oe{mﬁ in ;
thtz v;zimﬁ; 32@ gm%bé&ﬁ .iashemi.jﬂ.téﬁ “ﬂ_:»:x: the c}s‘al.e‘:' oS ;M m\m “the am? 11&;?

e
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o aonaerva hezt’by nclectivo vesoconotriction inoreanan,

Tisﬁud insglation

-Gmnﬁaldﬁ;ﬁimmnesf&h&.btw“tmr {1962) conelude thob the vcun@ enlf
in 1e§mfwell inenlabod Phen the nault shoaps  Mean inuutauicn of bhu
%iaauoa iu*¥h> cold wan’ 18.48 % 107 3 C/h&.m 24h, and fall to T e b6
uﬂLLB a‘~“3 Q compayad with ”S i4 mnd 8.4 wnihe for steers in.oceld
cend vern con Thlong ?wﬂ@ﬁﬁﬁ&VOly- B@&ﬁlqg Trom the mansurement of
AE: Mvo in%utatinn of s&?tia mnde 6% tho Univarﬁity of Alherts have
polabad Hlonue 1m sl abion (Lt) to body ma;ght (¥ ke) md éi&‘

tﬁmpéwaturg below 0°0 ascnrdin& o %he-fbrmula,
Tt 207 (s + o. 378w + 2,07 Ta)

whare‘Ta iﬁ?gir tﬁmperaﬁure (mahstor 1@?3). The unita_gfvif.in this
aqnation are 06 um? 24h/lionl . Hnrdman valueq fof tisnue insulation
are . obtained &hnn V\sacenstrzstinn ia- maximvl., Gongalez~Jimenezr ond
Blﬁxter.(lﬁﬁﬁ) found tho ragrﬂsaxon of tiﬁmuc inmulaﬁion on age wois
| “xt - 2 .68 + 0.15t
‘hore. = ogo of the calf.
ZTiiﬁas ouggeoted that one ofatha'méin ransons why the overall
rabmstunba 40 eooling of the culf 3neruasem with ago mnd.why its
'nziﬁioul u@mpcrntura simultaneaualy Fﬂtla ie becnnaﬁ ita tissue
%ulation incxnmaea._ Thim phanowennn goems 1ikﬁly te ba due tﬂ
»ehanges in tho b]maa nunply to the skin which, dcpardiﬁp tc |
Wabhator (1973), woulﬁ ha an inex&vsed ability to reduce the blood
Mgupplyute'%hﬁ periyhaxy, the altarnutive heing a mﬂrphqlagical
:change in akin'thiéﬁnabg whioh cdmld:ha?&ij chanpge 50 fégiﬁiy,with

LG
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Ii,ul vblon of the Haix Go,t

. GﬁiﬁalﬂﬁmJimenamuana‘ﬂléﬁtor (1962) ahaﬁa@ that piloxection
OQGHPPOQ.AH tha eali in vbﬂﬁsnao to cold fxom four dayn of ero.
Yiohirbey (iQ?&} ah Qwsd ﬁnat'thé incraonuse in lnsuloation of ﬁh&_hnir
nunb h¢th.invr ﬂsing dapth ig uuzv;linunr Fi;ur 1.1 and oon ba
dnuowiua& hy the aquvtannam

‘Ioalﬁﬁ(xw44m&s*1&¢@}
‘whaée £ = d@@§h~of'¢o&t in B

snd Ie = insulation of the holy coat in
- -
%" pan/ia

At cont depths exoeeding 1.5 om, the aléyé deoroaces markedly,
pr@auﬁabiy ng the &enmity'of tho cout decrsvses. Neasurements of
'ﬁh@ éoaﬁ depth aﬁuvarimua ﬂi{eﬁ on the hod&'(@onzalea#Jim&nez and
Dlagter 196 ) nhowed thxﬁ at 23 ®¢ mosn cont depth was 1.22cm and
ithmt‘%ﬁon pmlorection,gnd occurred in &asponﬁa to cold the mean
JdéﬁﬁhAwaé 2,33 Qmi.:CAidéiﬁtiﬂm of the insulative capacity of the
sont shows only & 32F incresse in leo for on apprsximmiely twofold
iﬁarﬂﬂFQ"z eond ﬁéﬁth., Thisg prﬂvld&ﬂ support for the conclusion
of h@hwtnr {1974) $hat maximmn tisﬁue insuletion, which is o funotion
QP body sicight to murfmca'ﬁraa ratlo end the thickneﬂn.of the skin
and suboubancons Lot uhauld incraase as animals grow bigeer and the
éﬁat'b@onmaﬁ rore dense. This would imuly that sensible heot lomo
#hould dcsiino x%latiV@ 0 eVaporativayhemt lose an Qaivca grow at
o cmnsi&nﬁ temperature. - is ﬁhis woa not soen to acoﬁr in goalves
LTOWR aﬁ»tﬁmpar&turag bthgan 5“ and 2006 (wobster, ﬂgra@n nnd
Smith‘1976)§ it wos augpestod that tiaﬂﬁe insulation ia dﬂ%ermineﬁ
o @ ura&t oxtent by the conseioua peraantion of tempereture at the
skin nurfaco and therafhrerby‘the-mxr and -skin temperature to which

* the onimel has become habitunted.
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Tn the literﬁture caneerned with the effect of temparAture on
Lha colf a gr at deul of emnhaaia is plnc@d on “the Qoncept Qf ‘
nritic&l tampurﬂture._ &vuﬁion mhuuld howavsr be axereiqed 1n
-interpratihw criticnl tumperatureq Fle) thev preaume the existenee
of a hord of 1denticnl animnls ull rosponding to th& anvlronmant
3“exact1y‘in aoomrdance wlth vrpediction. It algo nreﬂumes that it 13 
pmaﬁﬁhle 0 enginoer o ssticfootoryy dry, unheuted, welluvantilatnd
Tut dr ughtmfraa bu:tding for cuttle. .JGGOunt st alao ba taken
af the faodmng 1ovol and the heat incrcmant of faadlng, bnth being
‘uuuh na to maﬁiﬂy the ‘oritical ﬁanmarnture.- ”he crltiaal temp»

"orabura gonn however jndicate the cold toler&neo of tha anamal

‘.7undor aungitiona where tha coldnass of the emvironmcnt iﬁ deter—

minba by nir tamparanuro alene. very fes of tha queted volues
‘uaf%ne d11 Lhe relatlva p&r&matars in order to nnhe the qnacific
:‘vaiua af the crmtlcul tvmperature mennlﬁgful. It-mﬁy ba noted that
in Lhe prerumin;nt cal §€Lhe moue of fecdinw manupement, toaether
with 1 ok of ruminution, reduuem thﬂ nariad durina vhich henefit moy
‘be, obtained from the hent inoremant of the Teod.

in ) xaview of the litnxnture asueurninv aritioal tamgaratura
nltvhell (1972) nuaﬁed o Tig ure of 0.5 U-for»a calf with;u 23zmn
Ceont st thc mnlntonnnce 10?@1 af 1eeding anﬁ nt fu]l feea thﬂ flgure g
arOppad to *9.1-0. Xt ahould he noted that the coat dapth quatad
by Hitchell wos censidsrably gre ter th n thnt ahove xhich thermal
Anoulstion of the enat‘m&rkadly‘ﬁrppq,(WQanar 1973){ ;Figures\of.
1?.8 ¢ for & 'ﬂm any old 0olf and 8‘;9°é " r&éxcélvea three "wé‘ek; old
WOTS rlna quated hv Hitohell, 91thuugh tha level af feeding wos nod

uneozfically atated.
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Gonralez~Jimenes - 1nd Blaxter (196?) quoted & er;ticﬂl tempnvntnra
on the 3rd day of life of a c&lf, glven an-ellowsnde of whnla milk atb
104 of body waiqht au being 12 2,8 and deolining to 8.h ¢ on the 20th
_day. Vith 61 of nilk the criticul temperaturc in thu 3?& weel of
life waﬁ gbout T G. Phe anV1ronmont in whiah ‘thewe mﬁvmurementm wers
mode had o low axr mGVament, o low humi&ity'(ﬁow %%ur&tiom), and &
radiant temperature that was the samoe as the uﬁbient temparﬁﬁuru."

Weboter (1974) from knowlud a0 , of voluos of the thormoneutzel
h&at7§roduciion at‘fasting meﬁabpliﬁm, the oxtornal iﬂaulaﬁio& of
the hair ﬁoﬁt,”xqqtﬁiitemboratura, extornal ieégerﬂtnre»aud hair
depth, quoted a.vélua of 9% for th# cr 1cn1 menaaéuurw of o now
born erlf at o hod; weight of 35 ke and a urxtioal tomperaturc of
:O C at one month‘o£ age for o ouldf of body weight 50 kwe It io
pertinent to'consiﬁgr‘thﬂt_in theoe two in&t&ncés the heat increment
of feeding is minimal olthough not npecifionlly stated. -

In an experiment 6arried out ut the Danish BPuilding Honcarch

Institute calves of lé;déyslaf @ge‘f&ﬁ 6.3 NI/244 hed & aigniTieantly
higher @eat praduction nt 5?0 then at*l?oc ghowing Soﬁ,fb bhe below
the ariﬁiqalrtémpérgtﬁre of the cnlf ut this ape (Feenstra 1973).
The value af‘8.4 %ﬁ/&dh of hest yreﬂuéaﬁ<fnr a 15 day Gld calt kwpt
at 5 is of the ﬂame order as the fxﬁura 01 Gl ¥ / tlelal cxlnulotud
;fron the ragrvsazon squation of &on?aluv»Jimanaa and Biaxtar (1062)
for a alf kept at .3 % over o 24h vericd. ‘

At 23 days ol age’ heat nrcduatiﬂn of cnlves kapt at:SQJ and fed

12.6 I of MP/24h had fallan to o Value equivalent 6 that of cnlves

. keont at 11 % showinp that at thin agp humt pro&uution had fallen to
a. vaiue euuzvnlent to that found in & tharmoneutral anxironm@nt. Thﬂ.

vcnnditiona under which th@aa meauurements wero m&ae were of minimal

nir novenent ang, ninimﬂl ‘humd dity (Waanatra 19?3).



.Haatlggbﬁhutien~ar #amy yaung‘calvea (§é~45 kp-live weighi)"with
low feed in‘!mkeﬂ wus not tnorensed ot temperntures of & 5" y 20° snd
lﬁaﬁ bu‘h higher heat production wen noted st 12% ana 10%¢.  Animsls

Cpf 0 kg growing r@idly hs*d the some heat produetion ot ’n,, 1% and
8"{. (Van Fa, Ven %eerdem :md Hzm ﬁallammﬁ 1969). |

The aritioml temp&r&turaﬁ found in thn literaturs, tnﬁathar nlth
'tha ng& mga level of femding, have bamn aummgriaud in tebulor fors in
Fable l.1v It io zmsumed: aalthcsuegh'ﬁb% alunys stabed thet conditions

were of minirum sir movoment ond minimum humidity. .

Temperatuvas of Culves of Vardouvw faes

@ritiml Lavel of :readln

Age in doys Faups. 5% stuted b _”Reinxenda |
Howborn g Foating metsbolism | vebster (1974)
Vary young 212 Liow lovel . Yan Fo oy el (1969)
- 12,8 - NOJCA Calf Rearing
L A E » fongalen-Jinenos and
- ‘V j 12«8 41 whols milk 1’:}; Rail, ﬁiﬂ?‘tﬁ‘r (19{32)
. ' - Gnnm 1&? -Jdinenes end
20 | 8.2 _‘4]. smolﬁ mi.!.'fﬁ 1()} 13:!4‘0 Blextor (1062) k
R 1 ey ' | HOSCA CsLf Neaxing
al B9 1 " | neaflet .
S ' . . — | Gg}nrzulew;fimoncw and
ﬁ;wé?v : 6’7. 61 whegia mill | Blaxtor (1962)
21 5 12.6 W3 ,‘\3\2!3]245 : Peenstra (1;’?3)
28 _ O | Pasting metabolism webster (1974)

s ilra inﬁeﬁeﬂtmg to compare with these results thone of Hekwen at ol
. (1968) in a;hich the oxygen censummian waa mmmured hetwmﬂ Ll and .

30%, shown in Tigure 1.2 in e fea 6~T dey ol ocalfls



Oxygen Consumption vs Environmental

“Temperature in afed 6-7 day old calf.
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20,

From these rcsults it would appenr that 26°C im the thermoncutral
'tempavuuura dnd thut hulow this ﬁonmeruturo OXJgﬁﬂ sonsumpsl on
inowaaﬁed in ramponae o & drop in tampciaﬁurme If it is apsumed that
 $$ygon conaumption ineramwas in fenpoﬁge fuian inereaso iﬁ maﬁ#bulic
natoy ﬁhén in thi$ iﬁmﬁ&nca the,syi%iﬁﬁi*%ﬁmp@rmturo A that téﬁp;«
'ermﬁﬁrd belou which oxygen consumuﬁion inoreases l.o. bolwoen 20 and.
0 oG wh;ch ia canzxdaruhlj hmgh@r then the dooumentod oriticnl
VLGmD@P&uuﬁum;
yuo llborhﬁuro aarta;nlng 0 tha orxtiaal somporaiure of $ho culf

ﬁ? ’ﬂconcluaivn. The eritionl ﬁ@upﬂraturnh ototod by Hitobell (2972)
~should | bu vmauen with eﬂutiun as oithey &he animals had o ounx*durw
&blyAaenﬁer cont and,ﬂonma grectoyn aou& ;nauivbiﬁn than hoe pf@viouqlv
béen'fomuﬁ oF o mnnwzncm&hlo aunound ﬂ? hmat was beling Lowth from the .
‘aract hgir cowbe The elfeut of ;gvel'az feedinw in 1awcr1ng the
cpitleal temporature has boen damons "wbad. It is vexy aifficult bo
contrant tho conclusions deﬁngfrom the resulta of Hobuen gh 2l (1968)
in which tho criﬁigéliﬁampﬁratufu of %hm‘ém? dny old- cold was
'aaﬂmlﬁdéé ﬁa e béﬁweag 20 and 26°C ¥ ulbh tho velue of approximately
129 mﬁtéin@d Trom $he rgmaiﬂder~0f the liiaru%ura; The y»uuctmou

off crﬁticalitgmpargtur§ aﬁfthé aga of ﬁha'calf inoreages is ovident
and iﬁ»wcu;d appéar~%hat the critiesd %eﬁng&ﬁura of the nonth old
culf io in the zegion of 070,

In view of the variction in Literatura velues it is uué shed
thaﬁ:ibr pfﬁeticni yuyyoscs'i? &houl& he cmnﬁidéxa&*ﬁhﬁt up to throe
days of age the orxdticeld tempareture 6f the f@d colf lies botveon |

=9 and’lﬂﬁﬁo By sporoximately one month of age the afitiaal HETnge
pratuye lic@ b*twuon five ond zero “C. In view of the frot that tha
wtill alr conditions under-whirh éri%ical tcmpor&tura ié'mcaauzcd

5uro unlilely to ha met in pre m%iaag the uppor linlts. of the »anges
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aaven ere suggested an bamn the tempexutﬁrms bolow which ﬁhO‘housad

mlf would necd to empand enﬂrgy in ordor to mainboin bmly temperature .

dhe Effeot of Wind

: In tho initial didmt i n on m*it'icnl tomnrmwbum it wan moentionod
'e,Ih\ t this ;azmm@tcm io :;xodifimig by voardous gonditions of the animal,
It ia{glﬁai#ary wnlikely that dravehb fr@q?‘dry,.well venbilated
conditions oyo evor axpéﬁienééﬁ in practice. The mffect of wind lu
o inerease ﬁhﬁ‘héa% 9x0ﬁncti0n of the apimal rolative to that producod
in m.thaxmoneﬁtrmln&nviw@mﬁﬂnt (ﬁlaxﬁax, Joyoa, Waimman9-19&3; ﬁéimea,
‘i:f%is‘!‘,eén, 1974). At éo('} & ?éind of 0;6‘ ?ss':z/hr ine:mzss;m’i heat production
~L‘6vé@ thoet at ﬁho t%@?ﬂéh@ﬁtr . wntnbol*c wat@ by 3.6’ At 0% = wind
" spoed of 246 i/ daused an 5nﬂyaﬁaﬁ in hont pyeduatian of 8.25% over -
that ag 20°C and an inor@mam of—f.éﬁ'nvmr'hﬁat praductinn meaﬁured ab
0% 1na 046 loa/h, Bloxber ot ol %} (1063), Holuos' 8k o} ol (19?4) eXpTOsa0d
haab nzwﬁuuﬁion of T to 30:dey cld “tﬂaai n rnﬂ,ﬁar:oy cmlvas welative
‘ch} -mm monsured ot ?0 ¢ oand 0.8 km/!;. z‘t 3 G, and wind Lmom of
0.8 snd 5 Heb km/h,h@vt prﬁdue?isn of Friooion oslves inPrOﬁqu by 13
and 207 roupsetively, Whﬂ mt heat produciion under ~31mi.1‘u* mndltmnﬁ
for Jorssy eaplves, %nar@ascﬁ bv 20 and 395 xeﬁpaotivo3y.- Hmwavar, |
Moxter gb gl (1)@3) ogviﬂ noﬁ fﬁnd any inereaue in h&ﬂt uraﬁuebJGn
of ﬁtmerm in a5 @nvironment-nf\ﬁo C“am o ruqult of n nﬁ ﬁoond of
M(S I.m/h.. B . |

The ai :l‘;i‘amnfm in ﬁcﬂpom& o col a um't wind bedvaon tho vesulis of
Rlaxboyr gh al (1“53) qn& Nolmes ot al (1974) aro likely'dug to the agoe
dxfiggeneqm Qf.thn_animala naen, Lhﬂ ﬂtﬂﬂ?ﬁ u,ed-bﬁ ﬁl@xﬁe§~p@ing
over ia mbgﬁhé‘af,agﬁvanggtﬁﬁa heving o lower cpritical tomporature.,
The ':mﬂc of "iielmasa ot ol {19731) slso emphooiso lm"i; h’e &

A3 Torences ore lﬁkely o peouR, in tolozance to aolda In this.



"'iﬁsianca tho difforencon vore aﬁﬁi&bﬁ%ea to the groster woight of

'hﬁir eoaﬁ"per it area'af.skingtaﬁa largar’ﬁody give of ﬁh& Friamium
| ealf whach haa apnroximntely lap fre &ﬁar moximum wholo body inanlation

jthun sha Jorgey celf, s v

Gz;@‘tsica& me:era’tur@é ‘ealeulatod by Holimua m"(mm) wora 217

nnﬁ'Q?G:for the Jorusey aﬁd:Friaéignsraapaetively b 0.4 kﬁ&hr wingd
-éﬁsedé'_incraaﬂing ﬁhafw}nﬂ ﬂﬁeaﬂ'tu 5;6‘km/hr incrwaméd these. by 3
to 4°ﬂ. Aa'thé.agaﬁ of thﬁ aslves werae not speciileclly sietod, no
‘comparison can be madé ﬁétweaﬂ these figures and %hé Yaluos of
crlticﬂl tamporetura pruVLaualg quctaa.

' " Blaxtor et al (1963) showed th&ﬁ tﬂa sain of insulatlon duu to
an lnﬁreawo in coat length fell as uiﬂd velnc;ty invr uaa&. Tuz
| méans'ihaﬁ_geme deatructiﬂn of.ﬁha'inaulatian of tné hair cout. of
aaitleAecﬂurs-in miid'wiada.J Lf this i coupled with tho effeot
npte& by Wabstur (1974) of o deorsace in %enazty of the coat during
yiioeféétion snd o, aubﬁequently loas th an thoeretical incroase an
4insn1mtivi aapaciﬁy of the cont from @ilnsrsﬂtian, bhaxa his pmohablg
a eam iﬁnrublo dearaaaa in the inculative capuelily of tha omn% unden
cold and windy conditions. -

Kt wad ht%ieﬁ An the diﬁﬁnﬁﬁiﬁn on oriticnd hcmpapﬂburo thob

,amutien should be oxeroised in 1nber:ratinn»tho rcmulta. I{ hog boen
ghown thet incresges iu wind ¢ paeu per 5e hove rosulied in inarcﬁﬂ
rmﬁging from 3~13F in maﬁ&hélia rate in temparatur@ aﬁregueﬁ'calvma.
- Inorensing wind speed hasg hban shown to r&iaa the erpitical Somporature
of culvase Thim effect in probably dve to a dﬁsﬁruoﬁion:éfﬁ%he
insulotive c&naeity 0? the halv'bqat, remultﬂﬁn in & r roater hos b

lose from the supface of the body.
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ggg}gggﬁiog‘aﬂa ﬁabituatiéﬁ
‘Ebhsﬁer {(1974Y) hoo Qefined. aceizmﬁtian a6 thefﬁhanpeﬂ*iﬁaucad

'<hj & sinple environmeﬁtal fcator ana habituation, a8 8 gradual
‘quunntLtztivu chaﬂgu in responsa rnsultinﬁ from vepested atimulation.‘
qlga (1972) haa-repnxﬁed uhat.shorn shesp aan‘be-acolimaﬁized>to T
fcolﬁ a%péiﬁmeﬁfaliy-by acﬁté'brfchrﬁnia'calﬁior moxa effﬁb%ively by
‘bsth typsa of exvo SUTE in peqQUenta. ‘
nuring acute oxycmuru, campriﬁinp an initinl uhase of moderate
K naaling From 30 to G°5 hhan an acute phaae involving wind and a
: i‘uﬂhﬂx‘ :E‘n‘li in zxmbient temwmtum from O to-20° Gy 8 -lea found thet
raetsl tomn#ratures of sheep fell to»&bout 8% ana subaaquenﬁly-rﬁsé

during tha corly pﬂrt nf the acube phnaa before irravarﬁibiy falling'

o agaih. ”hid tempoxamy riﬂa in rectsl tamperatura acaamwanyinw acute

“eold crposure is a typiaal rvsponao ﬁf wheep and: ia probably a8e0C-
iatdﬁ with the agproach ta'paﬁk mataboliam.‘ Bolow 0°¢ matabolic
 rata rises producing a “iuQ in xaatﬁl tampaQ&ture, shouing that the
iﬁitial ﬁﬁdy eéoling is fa cultativ&, thia iq then followad. by a0
lnvmlunhary dxop in reatal temparaturs as hynctharnia netﬂ in.
Chyonio coiﬁ‘donditianinw (continuous 8:G,tamp‘) appavently snoronsed

 rua&in3 wetabolic rdte and incre aed the subsequeant metabolic

“-rasmansa to coalmn# eapnc;ally 1n fcmales, cald ahoakwtxaatad sheep

_oxhihzted faeultative couling, one sheep allnw1ng ractal temperature
0 fmll 4°C holow narmal whﬁn room %emv&r&tura reﬂched 8%C. racultw
stive co@lmnﬁ Was ssacciaﬁed with low ghivering'inﬁensity and low

. haé& raton in the cala. In*ofai‘am the cdla ShOﬂkB troatment cuused '
8 progrossive rnduction in ﬁha physiolopia&l (metabolic) r@eyonse to
‘m'r&péaﬁmﬁ stimuluﬁ‘(aaily:cold:ahédks) it seama similar to the

‘Phenamenon of hebituetion (Slee 1972). _

Slee (1974) fcund that shoop naalimﬂti%ad to cold bhnwed an
inaraased abili%y o regigt body_coolinu.' The inereasedhability



r&aulted in chnngaa in the aritic'l temparature and the onset of cold
1nﬁuqad vzﬁnconatriotimn taﬂﬂther with inorenses in hoarb vate ar&~"
ék%n tsmparatura, regulﬁing prosumably from an ineraased~matuhslic 
raﬁa, =The inéragqeﬁ ropistanco tqfcﬂgling~in¢ucgﬁ'ﬁv ohfonio cdl&
hﬁgﬁn.ia‘deasy after twa wsekn ot thﬁxmoneutmality, The 1n¢raassdnf

'ramistahée %o caclin" induced by one acutﬁ SXPOBUTE WD muximal Hwo
neeks aftor exposurs and had alﬂﬂppeﬂrad by exﬁht weoks, Inaraﬁmed,

-,xesi&%anca to cooling induced by tWO‘ﬂdutﬁfOKQQS&Ké&}QOMbiHGd wiith

: ehrwni§ cold ahmwed‘litﬁie éifférénce76véu #fucr olght woeks ab
thermoneutrality. Two conponents of caYd aeclimatization verc

- diatinguishedse | _

(i)'inareéaeﬁ reﬁiétance,td haayfta@iiﬁ prdhnblg Gﬂudﬁd.by nn

: enhﬂncﬁd poak m@tabﬂlig yate map@hilitya
(EDZIneragsgd rgsting mehdbolic rote evidenosd 5y high hoaxt

| rates-" | |
» Afta‘ the cessn tion cf cold treatuent thg rates of ﬂecﬁy of tﬁam@ awn
campansntq weve. different. _

‘ Acclimgtion may ho indagud~in uhahorn ahoq@,by natural exposuro
:'ﬁo winter temperﬂtureai(ﬁsbéferf Hieké‘and Ha&a 1969). Lﬁ‘hr6357 ‘
differenaa hae elso been ghown in. the abi;ity of sheep ta»aéelihato
whan 1t was shown thot Hérinaushaagléhawaﬁ o 50% laowoxr initial celd

,xatnnﬁa el o lmwer increane in resistance to cooling fellowing
. scelimntization than did eaulvulant Blankfaca sheen ( slea 1974).

A cnnerml-aonclusion con he drawn thet the Tind of phyniological
adepbotion prcﬁucea by aold.azmouuru varlea necordiag ?u the noede
of admini&aratioa ﬁnﬁ stho dosage of lea. “heuto &wycmur@ tnorcanos
cmlﬂ rvaxatenas ﬁwﬁhably by on auh&ncn& psak metabolia Tte cquw
‘bility. Chronie’ expoquxe 11*@@13& increa%es celd roal stance,

'prﬁbably hy @ similar means ag acvle ezpauur» by an - enhanced pock
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'_mﬁﬁabplin mte hcwevﬁr the renting métaholia rateo alanlingmaaseé. I
“chould bo noted thot whiloh acolimation in henﬁfici&l 0 tho animal |
in incrcaainw its rucistonce o ¢ooling thoe procoss ovﬁrmil roequires
;mora energy and hence Lans enérﬂv im RVailﬁhle‘for.prodmutiani

Repented short cold ahaakﬁ aa not increene cold rasistonce hub
tend to induce hnbituntion,~1nvplvlng facultative body cooling and
’i i aacraﬁséé metsholic rmmpanao.t@ cold, Habituntion ie arasmé by
;savgéa, aouto égld'§m§gaure$ which produces sntagonintie. offoois
involviﬁg’an‘iﬁcrenéad ﬁetabolié'resﬁaﬂae'te cold and decrcaced
'rate% of hody eeolinp (B1ea. 197“}.. Habiﬁuaﬁinﬂ ic o 1033 enorsy
demending. procuaa than acalim‘tiration an rather than WLIAtﬁinlﬂW
mi’body,tcmperatuxa foculiative bedy caallng otourn. For this roos son
it iﬁ:moie accnamicwl in onergy terww ﬁh&ﬁ'acclimazipnticn.

Iuitxal (prﬁwuqalimatipatien) lnvalﬁ of cold. re&istdﬂnn were
.nffﬁﬁtﬁd hy varlatinns 1n body wei Lht aiuaad mainly bv &jffﬂrmﬁcﬁﬂ
in pruwxnua nutw&tional ﬁtntuﬂ. Aftor: acalimqtindticn 1avn1s cf
»cal& reaiatanca wfra 1&33 olamaly ansoniutud with body weﬁght
(silae 1974). | -

Fslveﬁ way o aoelinmatized to heat by @ ral:ﬁiVezy stwall nunber
of inﬁermittenﬁ expc@urﬂa ﬁa‘u‘hpt humidlathSpharﬂ;”’ﬁhé agoling-
tiz&tion is uvidant from a pro , sgiv <ecline in yoatal amnmoraturw,
akin tcmg&xature and - heart rate ﬁith repehtad QrPOSUTOD to huat. ‘ﬁs
&a ¢oﬁsequewca of tnv&e vhangep thmrn wan o pranounaad 1nﬁru*ﬂ@ in the
tino for which the Qnmmals.nmul& tolerate the uﬁmndurduhab envizon~
nanf. Evidena» glao axiﬁts far & Toduatmcn in motabolic rato during

eclimauinatien (d. Bi nam §9)9)-

Habater, Goraon, ﬂnd Btk {1976) on nnveral oacaainnm, heve
uhown that noithwr Frowth rate nor meiaholxc heat praduction cf

nalvna was sffected hy air tvmpayﬁturas witbin the ranga 5 to 20”*
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theso tompors tnﬂm tlma bamw timmmnu tral fop oulvas of 80 W live
;,”nci: sht or mm. Homvar, it wes ipl‘umn tZu.Q in voal oalvf-aﬁ af 100 Ilz:g"
'Z.i.vc; gf:t:iglit mnt 'ﬂ; ¢ evaporative hmt I!.mr:s doolines from 26.4 vatts/
e “boél:'}f surfage ares ot 1001 i o 16,6 \”ﬂttt&fm at 200 kay the c,njvcws
tﬁus aﬁpa&r’iﬁﬂ to h avVe - m}ai“buu z:ad. in nw:;h o WAy as 'E:c: mducm m ,5,. DL Lo
i\rely tlm wnrk af,‘ ﬂmmmmmlqbim 'b:; amti?o wabor 1095,

E‘our year old gregnmt boef cows, Tod olose to mainbensies,
pzmviﬁualy aeclimev!;ad for half o wntm* ot bomporsburcs as Low an
-35 0 had m;st.z.x;zg metabolie rates when m}ms’;ﬁﬁ to temperatures bef :
=30, 0 and 30 (1,' vhich were 3T highe:c than aovs proviously
amﬁ;imtﬁé at 182 Go - Reoting weteholie rate was only 18% h:i.g;ghmc in
'cnwzsh scolimatised 6;#13'55'}.(“&&3, aiter ono ﬁ_ﬂﬁt’“ﬁﬂl‘ of the wintor whfm |
.compm'mi with hous,;cs& Cou . Liza:-{;}agizxazzaz;ﬁ; the wmindmuon x'emtirw mmmlmlﬁ.c '
rate values ware mmmmﬁ 0 1mvca «::acmrrad mﬁ lowor temperatures
afber T,”rm cows hed, mm-e pEeobuDy to the wintor csmftibimmn -l’v'in-a;er
aqel:immtim’bion smd’ ciﬁwnvmrii shifd m '!;}:gp fbhmmmmm‘smz. Bena v)a_:a»
haltz'm : (3-\;1{193:3‘# in tho c{uﬁf&iﬂ@ cous from tho incrensos in 3:6:3;353&2%;0@
:f'mquanoy Snd on oceu ni.cmfs up o a;'l'a{) »ﬂ'is"séi vin ms‘hal‘ 'imnms;mtm;%
) uhrm ?s}m;r ware mmmr:ul ta:: ﬁm 343 G hont. t;omzcsaﬂatzm (mmw 19757
This mhi;ft in the t&;e:ﬁmanmﬂr&i oone an ﬁ‘;@.‘..!. M:' % fﬂu:ﬁ; in 'ti:w. Tavol
of z’eﬂt wg, mobaholisn may bo ctm;zx:id@r@d RY] aﬁmf@lm}ﬁiﬁsﬁ- providing "&hﬁ
am_“mal with sone pm“b‘e;.b;tion againg t 't;ha alroases c:s:«?. wintésr. ‘

Ia the nbmm afperitrcnt waodaimvmw f&ddmrr armvweﬁ o 'bim
_ oum:},de hcauf:@a eowe hﬂd no t‘i’i‘w% on’ ro:ﬁ;’tng me}'hcmalic mm. 'J\ladg
't;ho :z*ie tvnr* mﬁtabaﬂic r&fm of t;}m mwﬂs wars un«ii‘scs cd by theiw ‘im@g
) acilé.itianp fi‘hit;ﬁ 1&%(‘3:' misrt: wauld “au,{?mnf that ch*zn ‘:m '§n rmtzﬁm] ie

tra oxmum an a regum of the consgious porveention of tma;gmar:r&um af

‘bhﬁ ekin surfama y@‘hia}h is dnfluenced by : the temperature m; which the -

animcé}. Thein ‘nmn aceling tiﬁcd anrl ixz ncm :s‘{i‘wmd by bisoue immlai,.,.cm.
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It is obvioun from the foregolng discussion thet the effects Qf |
~acclimation'an§~hahitu§ti§h'apa'timg dépandcnt'an&'éxqéﬁlsn éépendent.
on the degree nf‘stfﬂﬂa imposads The'significanue of' the bffocts in
the neonni&l‘daif'ié fher@f@f& quaatidnabla. However, it ig paftinent
b conaider that the Pffartq of dcslima%ion nnﬁ habituabion nqy |
incresso with the ave of the uhlf. A1though acolimation has not
boa ﬁemonstratg&-in.the cell aa ﬂ-r&ﬂﬂlﬁﬂﬁf low teﬁpeﬁatura streas
it is gonuldoved that the off@ct §h@wn by Webeter gt ol (1976)
“pguivelont tolﬁmbituatian demonstrates an wbility of-theﬂcmlf tq-.
mndiiﬁ'iﬁs phys iolw ical raupenﬁe as @ rasult of o continued
-mnvifanmantai atreﬁa.' ItAiﬁ'tasrafere pqrtinent to cmnmiﬁer»th&ﬁy_

B esponge equivalent ta acmliﬁatian may develop in the ﬁ&lf.‘ If“

bhlﬁ in the case thon it can bo seen that the troatwent of any oslf
prior o OXpoR xments cavriod out in ordor to debermino tho, cr&tical
tomperuture of tho andmal may seviously alfeot the rabults of the
axperiment. ﬁhis effeot would Le wmoro ﬁronannapa ea the Age of the.
colf inoreases snd the ability to &eoiimaﬁ@ develops. Kﬁén&iderations
| of this soxt ahed fuy%har doubt on th@ elenifiocence of éri%ieal

tor mmntur B

CALY HOUSE. I*‘TQVIHOIf BT

Thu envivonmont wzthin the- nnlf housc ia eomposed of camd:tionn
vhich influcnce tho hoalth, rowth, ﬁOV@leTGnt an& pﬂneral woll
being of the oalfs %ho aiim&tﬂr onviranmant is influanced by th
conditions of tfmpmxauurﬁ, hnniditv, air mavemant ﬁna r;divtian. -

Hn)d House Tem

arature
The &aqgir@msnt}affthe eolf for sapplamantaiy heaﬁ iéipoérly

undﬁystnud.and there is o ui&m vawmﬁsion in the 1it9r~%urg, in the

racammunﬂ@d‘tﬁmpoygturgs for oclf housens Bourne (1974) oboerved

that young colves gain o beneflelal effoot frbm straw vhen housed
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aﬁ'ﬁéﬁ a#ﬁ that o tﬁmﬁératuwa.of 13°C is necensory for the fivui
'thraq weg%ﬁ'bf lifo. & ﬁsmﬁergtar@ of 13 to:1$°c s suggested for '
Ycﬁi&ééfﬁf’up ta bhrcm Wﬁﬁkﬂ\ﬁfr&gﬂ, perticulesly when bucket fod
(Emuﬁ&-iQ?i). Howover, over Hoes weoks of ago the Smo gaiv&n
'Uhfl?bd “b 8 Ce A remammﬂacacimn Shat tcmﬁmﬁaﬁura ghould bo main»~
"Itninﬂd ol b{,t".'m,n 13 zmd 16{&; fox the Dirst wmonth cxf li*iu end . hhwr‘w
t}fims gradually rxduwd to n mimm,ua level of ? 'C at selve veaks f‘
mg;a, Ho0. aluo be gon ade (Amxwultm‘e, 39?"‘) Tewmperabures oamgidmrac’i
Cidael f@: anlf f&ﬁt@nﬁng=w&ra 18% ot the heginning wmd 1% wh the
ond of thm‘-nttaning germai (iavhl 'y Eoga, Hicolet and Hteock, 1976).
uiﬁhougﬂ these latbor firurgs moish nwmhahly rofewr bo verl calves
$he Figure of 18% i 1o diveotly welovont o tho ﬁxeaﬁnt ﬁiﬁaussion.
Applemon sud Ogen (l9?§).héﬁ6?ﬁw, conaluded that on odr nurgerﬂﬁurﬁ
betwse iraamiﬁg‘mnd QIQJ wa m&tia?&vtnrv for raagﬁn young awivau.r

| Those ealf hnu&r tmmnvrrnurp vllnh ave tbove oobiont in
ta@perﬁte vogions sad which ra&uiwe ﬁugplmmen%ary hamting'in-omder‘
..}'i:c) meintain themy ore dLLficuld bo jus;*iz:iﬁr;, in view of the ;i.nérs:minfg
umount ci evidensa ﬁhow#ﬂg the bunaounful rcar ol uqlvﬁs in
315_5‘1'1 :,3.3 bulldingite

t;iﬂtﬁl@ difforonce was f@unﬂ in tha pepformance of enlvos housed
in o controlied. environmont bumldxnu, initielly hold st 13 G xnﬁ
vﬁfom?hbe fﬁvnt woek onunrds at 7 Gy camgﬂr@d with ealva%-hnuseﬁAinw
B nnnwcanhrnilaﬁ hoaa@ or in @hwa: hala NG under a. Lntch @urﬂ
,(Turn@r, 19 (4} Howaver, when very @oldAucathar lmernaﬁ@d with
4bF*11ﬂ of thh hunldity thoe contralled>houun culvau ahowed %ha
Bost psarm:ﬁmmn&u

Pallon. (nnrsrusl comwuniu #ion)‘faund no difference in performance

hotusen ﬂ&lVﬁ‘ zngan& fram I to 56 A ym of ag a, penaod either
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1ndividua11y o in'graupé ﬁéﬁéad.inddofﬁ; iﬁ“a‘Paﬁterénn #ypé‘house
oy 1n atroew hhla zheitérao In'n aubaQQuqnt tfial, # higher incidence
of chills and poorer pefformnﬁca Waa;pcﬁad.in calves inéividumlly
hOuSOd outdcor in’@yaxt&ﬁ pons with palyﬁhdne rnnfing. The weather.
during the uacond to thb Eouvnh woek Oi this trial - iKOd% at
night wnd sun during the day which resulted in wide fluot uationm in
 tha témparaturé Gf,the-ou sdoor nvno;..ln thin insbanoe it wes
coppiderad that e mporqtur Ajuutuntionn wore more detrimental than
lew‘tamperétufg slone. ﬂnusin\ Tha av-olﬁ colves in on opaﬁ shsa'
had ne advsﬁme @ffénﬁ, sven whan taﬁpﬂr&tnr@a»?eﬁnh&d a low Gf %10,500
(Burley and Cplvahogse‘1958)u Yove recent. \orr in which an outdooy
group showed better performancs to. nﬁunlﬂﬂ than a qon@rol group kept
{n&oors, ﬂuppcrbm the' fénu;nﬁm Fhat Low tempersture ﬁyy gg:ia'not
detrimental Bo cu]F phr10rm1nca (Jov anson;.Jbrwan on,-uczinwecthe
mnd~0w@ﬂﬁ 1969). Digonse lmmgea have . heen ff vnd b0 be hlﬁher in
“ealves resved hetweon 10 "nd 15 ¢ OOmvaved with those raﬁrea botween
4 mad 4°C (Solovev 1955) .

uuppOEL for the Qfﬁebt of>tempcy§aﬁré’fluctuution:iﬁ gainod Yrom
thﬁ tucu thet perfarméﬁaé of calves housed in abyaw iglaog,gan
narg 1n“11y povray then thot of calves bau ad in & cwnvsrﬁad'cow shed.
ﬁlthoﬁgﬁ‘tha uvérngm tcmg@raﬁur@ in the igloos vnu«nlightly highar:
thon in fhe gonv&nﬁignai calf housa Lha veriation in borparature was
grastor in the 7@190& then in the h0u~n (5£1 et P“eu 197)) A six
mqnth« ﬁhwpc Wi no dmfForvnug 1n @owfbrm MGG hﬁtvven th ".aa ;rdugai
of calves. Howover, in & osbudy in whioh'theAdiurnal vﬂri#ﬁion in
'JLempﬂr tuc &am;recard@ﬁ'ih;&tsiimﬂtic~ma1f house and comyﬁré&uwith
that in'a. controlled knv1ponmnnt P”lf house the perfﬁxﬁaﬁceJOf,the
calvés vgﬁ welfected by the houae conditions (Hitchell,i972b).

Tha nean nouqo uumpnr&nuraa, together with thelr standerd deviations,
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Ralapive Humi dity \

Althouch thers is a large-Vamigtion in tgé.étﬂadﬂr@m'xacammanﬁed
*.jfor rolative humidiiy:an uhdé?iying'thtna oxists in %hé reeammen&;
ations. Jﬁppleman'énd Owen: (1975) stated that a.xalatng.humiﬂiﬁy of
‘85% should be svoided duﬁ,to‘the fact that condensation and dﬁmp'
bedding have a deletorioun offect on oolf health. :Houna (197%)
éanbidéred reletive humiﬁity of botwoen. 70 and 80@ qu@te'sﬁﬁimm
' faéﬁu@y, whilet Martig gﬁ%ggl(1976)*manéid¢rmﬁ velnes of botuoen
60 and B0 té'he idenl whon coupled with s temporature latborly of
»1EGQ, It hns.bépn stiggested that when reletive hunddity falls bholow
Sﬁﬁ;ﬂtﬁh ntm@gphera bocomos dry. snd dﬁat&;; this figﬁrgg however, was
‘not roloted 4o o apeciPic temporaturo. Relobive huaidity of 90/1007
:altgéugh normally considered ﬁm%rimentﬁl to heelth woo showm to

aixeéély gouse disconfort only when combined with tomporaiures af
25—-300(3 _(I?sianam ond Blazer 1961 ). Hoj; 3tobo, Gaatéﬁs (tandorton
und-Shottén (1971) found that whon enlves were reised in o lﬁva
énviranmenﬁ; ineddenoss of lung lesions incrosscd with ihuraasing
redative humidities. In a 23?0 anvironmentriung 1mﬁiané'occurfwd
léss‘fxoquantly-with increaving relotive huniditieo. From thin
rel&%ioﬂéhip it wos popsibla to pestﬁiaié o beuporoture atb which
axtéems$~mf rolative humidity would have o minimal elfect in pre-
&iwgbsing.aalycﬁ to lung‘lamigﬁm. - Thin temparature would appear to
be n 1ittle over 17°C. Roy m "(1971}‘- omphasised that oao should
‘he.taken in interpreting this rosult due o the awell number of
onimale voed in the ex?erimemt. This work also tonded bo show o
grqétar admgta@ili%y tm'extx@meﬁ éf tampargtnra ond rmlé%iva huiridity
‘ in the Ayrshirve breed when compaved with tho Frlosian aﬂd,Jgraey

broads .



Tt moy he notod that average values for relotivo s dity of
80-85% in Toavery dﬁdméew75% in,July axe quéted for the Dritich
Islos over tho pewimd 19“~~3" (ﬁomttiahtﬂﬁrm Euildingé Envestigaticn
Unit, Vontilation of mvm,tmck Buildings 6-8 Appil 1971). It is not
‘aurprimanﬁ, thorofa Xy that under normal Liveotoek produchion.
ooudmtﬂenm thoe athlUtm 1ova1a of ey ngrn X temﬁ@?&%ura and relntiva
: humidity noxmally nxverianceﬁ are not dmtrimanﬁﬁl %0 the breeds that
are mﬂdl{ ST to the Br1tiuh jﬂlar. It iis o uly vhen swivomosn of
managémaﬂt canditian& or proﬁgctien gre yoquirad. thot the Btigsme&
0T thae myﬁﬁém 60 offoct tho animal thgﬁ it in wneble to withotand
poraal. ¢limabio conditionss |

goﬁCvax,‘if falsiive humiﬂity i allowed to rico uudﬁrlconﬁitions~
6£ &igh ﬁ@mggratuxe,fthcn-it 19 obvious thaé the ntmosphers hecomas
oagdbla of'ﬂuppobtiﬂg o higher concentration of bathogcxs. Gouplod -
u;th L low vuntilzﬁinn r@to thm immediatély“@zpom@a pslves B0 o
invr nnlng pathoren’ le?d in the- atménpheru.; A high hueldity ot a
low temperature is loss honﬁfnaiol to tho miltiplication of pathomens .

~?hné humidify ig more 1ikaly to~iﬁéirgctly affect ealf porformanco

o thon directly por oc.

Vr‘n ilat Lon Hoko

In view of the yxevinﬁéicanalﬁaian it would éppaar thnt the young
omiflahoulé T ﬁbio 0 withgtaﬁ& vind eonditions mamméliy'expériencﬁa
in the British Lale@. Cdost const avernme wind specds swve quobted ao
'AG;? B0 T8 m/;ng. vithitho‘%&nﬁmncy‘far a decvenso. going feom west Yo
Csoste  Under notupel vonge gondibionn the young anlf is ablo %o:ge@k
shoeltor fyon %ha wiﬂa Wy romelniig alam@ to it dam. Ml io not the

canG er young anuﬁ rowuv%& CLom ﬁhcmr dums and, hmu&@d in cold pons

~a

%Qnuil'*iuﬂ rwten snd honeo roabes of fiv mevemenﬁ in controlled
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anvironmant hauaaa are 1utnmatiea11y controllod in order to tnkeo
account of the temyerutura and.relativo humldmty in the bullaing
and the-need to:remove taxic &uﬁﬁ&. “The v;nﬁilatiﬁn-rate My aldo
4éfféot thg,huildr§p~ar‘ch@rﬁiﬁé d£ pathogonic organivns in the air
a6 8 rosult of a coﬁt&minatad-nﬁimal or bedding in tha'ﬁ@use.

It is penexally aacapted that intensively housed livestock évo
leus tolarant to & slisht dranght than their counﬁﬂrpartﬂ on open
ronge to much strowgar haturs) wind movomont « (53,20, 1971).
Calves are parﬁicuiurly sﬁmceptiblw to droughts (Sainsbury, 1967)
.henue tho ventilation syatem should be such us to provent any
ﬁraughts.

' Snith {1973) conoluded that' the aizflow Fato in bewns Tor 45 to
136 Eg calves should bs 0,40 m /min par calf in winﬁer conditione
(<= 7°), a‘giml”/mnfim wild climaten (=7 to 10°) and 3.40m Ly
in é#rm waather (271000). Theso vontilﬁtinn rateq axe for culves
'?rai#ad 1ﬁ‘enolbaad‘inﬁui»tad Ptrnrturaa. 1iitchell {1976) sugzosted
thot when meohaniazl (fon) V@ntilation systens wore used thoy should
bm_demigned to provida & minidum winter verddilation rat@ of 0.)6m3/h1n
and in summer at Yoast 1.?§m3/éin. Hound {1971) found that betﬁean
u15.5 ond 18.5°C ventilation rateos bolow l.éﬁB/Qin.ai& not mffecf'
'enlf_pexfbrmqncé whereés above this figurm ﬁéffoxmanoo wa slightly
reduced. At T % ventilntion rate similnr o 1.6m /mxn did not
;‘mignifieently affect pnrfermance but tharn was an indication thmt
lower ventilation rates werc more benafiui&l during the firet three
weoks. | |

A ventilation rﬁte.of 0.56w3/minlwﬁa\f0unﬁ,uné&fimf&otéry’fér
4't6 5 week old cﬂiéea hﬂu g nt a tamynr&ture of- l);é +« Ventiletion
rates of up. to 3m3/min per oalf at temporatures batw&en ? 2 and 15.606 A

were taatedwbut on no inatance wus performence signiflcantly hettor
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than that or culves houaed inl@ naturdlly vnntilatud aomnartment
. whioh providsd ccnditions of high ventilntion raun»ond tamﬂer&turea
":acoauionaliy'balow o° C. (Yurner 1974)
hilst ventilution rotos in the 11tcr¢ture ahew & wido raﬂg‘ 1n :
the rﬂtaa accentable tm cleﬁﬁ tneme can’ oaly bo ncaeﬁted in
conjunctian with tha ratos of mir mOVﬂmen% at oalf 1@vel.t Harﬁir
at. 31 (1976) stoted thvt adx. dv&ught ﬂround.tho ﬂn1mmi¢ should not
| excquiﬂ. m/sea. excant during ‘the hot naunon, when 0. 3m/qoa. may
D be écaentﬂbla- il tchell (1972) conuldaxad an air’ curren at ealf-
: }avol of abave 6.25 n/ﬁec. to be aetrimantal when the air temwer«
 tue 1 balow 10°C+ ' o
| I% ‘hag already-bmen abhﬁﬁd thut the relationshiy hatweon uhe
,‘1m%ulat10n of the calf's cont and tha depth. of the cczt iﬁ .
curvilinenr (Wébmtar 1974)s The fonbﬁ of nlr novvment is to.
_farther reduca tha innmlative Lanacity of %he aemt by breahinr aown'
. the external air 1uyﬂr. ngh ralatlve hum;aity dncrmnaem thc "
' “&bility of the csat te laﬁa maiﬂture by OVbﬂorhﬁIOR thUd thera is .
-an innruaae in tha moi%tura cmntﬁﬂt of the ca % which mn uSé an
iurther rfﬁuction in itﬂ 1nsu1aﬁ1ve nsﬁnuity. ‘Ahug L% ‘oan ba seon
th&t air maVement anﬁ relwtiVG humidity may oot in unawon to reduceo
‘the cﬁpqaxty of th& onlf'm cgﬁt te ﬁrevant hent Llooo. and thus rwiad

' the oritical tamperatura af the animal.

‘_Air Cmggaitx '
incrnabed "1r cupnoity has tha advantugﬁ that it wllﬂdﬂ air tn

he introduced well &bOVu th@ level of tha calf, thua aroventing

- drvughta et culf height; it aots an W huffbr ﬁg&lnst in*duquate

"~ﬁiuventila¢ian and for a given v&ntilation reQL1rement tho air uﬂeod

7i”through the hOﬂSG will be lower, $hug. raduczng the wcusibility of

dr“ughta. Bourne (1974) racnmmendvd a minimum cublc aip capaeity
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01‘ "(n?'!aw},i‘ s o safe minimune a‘z%i.tahe?,l (34724) in & :"»:,i.viuw’olf’iha

© Litevature iuanﬂ %he minmwua sugg@ﬂtud requjrewent t@ ha 44850y /calf

i Lue m*“tmnm r.36m /&nlf Tha aal; houae used- by Puy ot el (1&?1)
hed e aahiﬁ a&ﬂaeity of Gm /é gy whilqﬁ the of Turrior (1974) was
of 7 3%3 /Ga‘lf. N

TR obyiong -b‘iwmfom ﬂmt B m;wtztem'e of im-m ansd confort
: fex the pelf i LQ hu f&inau hg ﬁrving on the aiia of incrwasad
enbic Q&ﬁﬂ@?t? pop cﬁlf. In v*eﬁ e? tha eamwanta on aubiu caﬂqcity
and 1te nfﬁmt en a‘u" ng*aﬁm and vanh?.@ion mta :rb can he %an thot
ggﬁha bzr v@lﬂnb raqujremknt g&r_amlr 15 inaimataly r@l&tp& to the

dor iL;n of the bufldin T xﬁintar {1969) emphzmia;ed this by differ—
entinting between ths cdb;c aapmcity‘reqnirﬁd for fon snd naturally
;vgﬂiilé%ed'h&iléiﬂga, suggﬁatiﬂg G606 ﬁS/cmlf ond YAOSIm;/ celf

rOIDesE ively for the two typeé'0£ ventilotion.

”em F;isffe

| ‘%ha youns oalf wwamﬁm a much higher porcentops of its $ime Ixying
' Lhan doos-the eﬁult &ﬁim&l ( dichell 1975). mhm GpRes raﬂuiremaats
Caf tho oeld ﬁaﬁnna on: the mvmtﬂm badng uneds Roy {1§7a} disordmis
'ﬁiéﬂ-hﬂﬁw&un the apone xSQuifemaﬁta of iﬁdiﬁiﬂual-ana\grbuy ponned

}vaa uu{a«wsz g o mimrmm of . 1.? cm(i ?.ﬁ m 3,3&“.51; e:éefxlf, for in«:!:ivi&ual
anﬁ wrauw nenned anioslp xwwgamtiveiy. ﬁ minimue of 1, 6 m?'fﬁr &G Yo
arlvon woo Tﬂﬁomn?ﬂhdﬁ by the Banbell Committesn {3.96%). Bourne {1974)
mu‘\ﬂﬁﬁeu ane nren ar el to 1.2 m? for colves up o gix woole of nge.
ﬁppl@‘ﬁn snd Cwen {19?3) roportnd thet praviﬁuw work had chown a
. Ei’ﬁii?(f)fsﬁ% pffect when onlves wars housod in 1.86 m " metsl nons, cam;':aréd
ﬁiﬁh_&?ﬁﬁ o wooden éﬂnﬁ, rééultiﬁé in a hig hem seour inﬁox, lower |
:gmnmnmwtiun of aiértﬁr fend mad slwwér growth rote, |

| Ray (?976) connidaraﬂ ﬁhe ehnoluds sdnimun floor nyen far o now

hr::‘r’n eald to W 1.1m ‘whilod ﬁmgz'm {1974) ougrosted lhl t0. 1.2 m



for calvesn up to ﬁix weeks of age. Palveﬁ differ in we&pht accorﬁ1ng
to hrodd and accordznn to the rate at which they grow. It ia

difficult, thaxcfora, to rncummend o minimus spece requirement for o

a3 aalf. ‘ﬁcwaver adonﬂideratiﬁnﬁ ﬁueh‘aa’th&:ability of thn'calt-to

aroom it%x'f, to Jie and to turn around, ghould be mndo in conjunce
-_%ion with thoe breed type and the 1angth of tima fbr which the

partlculae po&nlnw will be umau, in plnnning calf accommodstion.

Gan@ral (nnelusion

Tho evi&onca on the' @ffr@t of temperature in ealf hnu:ws would
suggaut thot supplamantary hoating may be hcnﬂficial to yaung onlves
- of vndor thrse ucoka of ago, Gupeci ally in'vgrﬁ cold westhers The
.eviﬁence.en the nifecﬁ of temporaturs ner se on oalves older then
threo voehn oi ape ﬁuugb?tﬂ tgaﬁ the t&mpara$uraé’geﬁe£ally |
gncounmerad.in tempar&ta-alimate reglong aye not such'éa to affact
!'_cuif-nerfurmancé.i7Thére 1a, hbwever,‘ﬂ consensun of opinion which
hu"gaqta that thore may be o deprescion 1n tha perfbrmanca of colves
olimatically housed in the British Tules. _Thzu mgy~be-a-rasu1t of |
iluctuaﬁing tamperaﬁurez‘;n the calf hguaonwhich féllow the fluot-
umﬁiﬁns'ef the awmbient temﬁaratu:e, Further reé@arch ia necoRanTy
0 §xamine vhether fluetuating temﬁer&ﬁures are detrimental to oall
‘heélih and to what extent protection shguld e afforded the célf by
the houge construction. Vith respect to relative-humidity,.tho
renge of 70 te 807 is supgested as the most nppropﬁiate. The
-ﬁmportnﬂaé of relﬂt*VG ﬁumidity would“&ppgar'to‘be graztoy an &
Ire¢ulh of the sorre 1&tion betwaen relative humidity and the pothogen
suppcrting ca@aciﬁy of the ai?. The evidence wvgainst dranghta ot

alf Tovel ia unaninous » 1n~0fder to overcome drauvghis at celf level
5 but to onsure efficient air chango a high cublc air capacity per eslf

in rcuommended..f




HUFRTTEON INCIUDING FRVIRONMIND AND NUTRISION TNDERACTIONS

The offect of cold on feed intake in well dccuméﬁteé, Yebater,
(hlumcoky mnd'Ynung (1970) in a'wﬁouy-of éxﬁprimenta'on 12 heifer
colves Qi avcrdgo weiyht 150 kg ot tho étartAqf the oxperiment |
dbtelnuu iuaroveus in total hoy cqnagmptiag, pvér a nine month
winter par;od, of. 26 ﬁnd ?1” by mﬁélter&d bnd exnéaad calves )

arpect;Vely cmmpareé with control onlves. kapt in a pen at 20 {HI
Colvos in both the ﬁhgal'bemd smd oxponad groups suffered & minimin
siv femperature of ~43°¢, &ﬁé‘the mean oir temwar&turé in ianuﬁry
o -?S?G. The foed intoke of lambs waéVinareased.hy 21% when
houced at 500 bomgaréé withfaﬁntrols hounéd at 2960. {Hoone, Rbas,
and Pfendor 1969)., The concenbrate level of the diet also affected .
l fém& infake in the latter nxperiment, Lawbs fed & high concentrate
*ﬂtisnrincraﬁﬁe&*feed intake-by'E% an&“léﬁ in cold snviionmenta of
17 and FQC comparad with conﬁrols at 2) whilot the>s&ma en?iroh;
mantal dlfferevca dnereesed the fbpd intoke on & low concantréte_
diot by 15 and 325 v .u..éativaiy. ‘The héat increment of the iéw :
ccnceutrate diet . was grester than that fnr the high concentrate
diets In this situstion the hishei heat inarsment of the low
concentrate qwmpafﬁdiﬁith the high céﬁcéntratafﬂigﬁ‘may contritute
more to the muiﬁtéﬂnnee‘raqpifemnnt of the animal. It wag supgestod
ﬁhnt thn’maintunéncé-rchirement would thgn be roducad snd hence a
greater proportion of the total energy of the diot would be -available
For pioductian on the low concentrote éiét; Thusiliva weight gains
ot low temperatures wera higher_fbr Lambs fod. low qcﬁdéntraﬁe high
rcugh&ge‘r&tioné compmréd with lanbs fed a high concentrate rﬁiion

(vooso gb_ol 1969). -
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An initisl decreuse was found in the ary m&ttgr inteke of rheep
moved from 20°C to -l0°0;' howevor, -after a pariod of eighf to nine
weeks in a?e hn& reaovered and RPEY: olosn to thet obtained during
BXpOIUTO ta eapc (Christopherson 1976). W Huop uzed in thio
exporimont were sdult aminels end the levaL of stress impozed by
the changn of envirnnment mqy not havo hoen 0 qaver ag thatb uuod
-on;the lamhs by loose gt al (1960). C@lvaa o ?ﬂ.lnbatun Peeding
had 15% grecter faad intaku when 9390h?ﬁ to an outdoor zintdr
~clima§e whero JVG?&”G tcmperatur@n wonsined balmw 0% aom)axcﬂ
4:§ith ¢a1V@q hau ed in a contmollad cnvixonnent at 18.) o (Chri tophexaon
and ml?]igan 1973). _ 7 |

- Amos and<Brinkv(19?7)‘£buﬁﬂ'thmt'tampcrmturés of —5{6 éﬁd SOC
aepresseé'thg-gymraga7dniiy live waighﬁ;gaiékmf Four-montha-0ld
‘wether,laﬁbs;' Cold thermsl stress r@dugéd feaﬁ‘mfﬁipiéney.mppérontly
.beﬁause the‘nat energy for guin vas a mmallar portion af %he totel
'ﬁet enérgy. Thib wos becauge faad intuke decrensed and not onergy
for maintenance ;nurensed. :

" The availa@le;ehargy wan odditionally raatricted‘by a lowering
of the ﬂ;ge'tibility of the fead during @old QAPOBUTE » Tqmgarétuxm
' 1o%ared digeaiihility‘by 0.15% Doy da fren. ventlgr ide. o li'in_ﬁnmpw
eratura. buw ambient temparanu:c was also found to dmpres§ nitiogen
faténticn. ' | |

Applamau ond. Owen £197Q) feund thuﬁ yaunw oalvon hemn in oﬂriy
DvceMber gwinod from 1.4 to 8.6 kg botweon birth and woaning hut
“ealves born during the xsmainder of Dogomber only maintaipad woight.
Decombor minimum temperaturen averaged —10°C. Toth groups of aulves
eﬁperiencad ! aonsidarable chillin@ effect fxan the wind, apeeially

':durinp aarly Januaay. Cald utwvtuv lnﬁnko wan vory poor for all
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onlven and w&m;paé:gs ‘similor calvos would have hgenpdﬁsmnihg:
epproximatoly 0.5 kg of starter por doy Pood inbeke in the temp-
“Gm‘mre 'at:mﬂ;ssea o&lveﬂs wmz 6;5 kg;'c.)vf atayrter per ﬁvea_k.:. fleaning
*xt 21 day.} :3,1 S0 gunsod o dm*zm%:ié‘datﬁriormion in henlth. - The
t:m} von wera obviounly umﬂslo 1o umz:enmte for the :}.mreaaad enorgy
mquimnmnt by on. ixmruaqe in food intake and aheuc&ci & «,lctari.ox‘&tmn
iu health cnd a decmme in feod intake, -

The . mothod of »';fam'iiwg hos olso boen shown o -é‘fi‘eet foed
Lotoke ‘Y‘;'athéém allowed access to-pallatéé‘ fesd for only ih/déy,
| .- nhe)\*ed a T=-L0% reduotion :m feed intake during, the Tirst wee}; o!‘
oxposure 0 59 C, but intake racovwred during continued exposurc.
» ?v‘our TOm with cc_mtmuouss rocons to polleted feed, inoreased tlm;x"
intake ‘g;mdu:-il}.y. _A‘ new- Tovel 107 sbove the jjpm-"za.;y:.ggco&m:m level was
‘ x'.oa\ca}wd (ﬁxxiiéz‘séﬁ and Bariott, 3.9"{3)- After B-10 wéeké 91’., cold

exposure Tood intake returned towards pre-exposure 1avélfs.

the Blfeck of Invironment on Feed Dimontibility

- Bailey (1964) ldid not f:md."a_ﬁy c}rmﬁe in mmmgé coefTioionts
of ap;énma‘s‘b‘ dé.g«mtiéﬁ of Qry ﬁimwr ‘md protein ni‘ hay when threa
yoar olé tlmvmt ATORH wohham wore myom:d $o 20°% ana ~11°C m.

: \;sea!ﬁy inturmlrs However, ‘avczmge coq.ﬂioienta of opparent ‘

: di{mstmn of dxy nattor mirl fibré wéré sigﬁii‘icmztly grrontor clurins?
the r:uhmc:mmnt wrimi b ?GO( Q‘ha conclugion wa drmn f.:hat the

d}.{;mtim&ity of. tm hay nn of f‘wtm’t by mmnmta of ‘t:amm:mture.

| Urakon (1964) ﬁ:showad that the ﬂ@mmm émm&.tibils,ty of food oifarad
;rl, o ri 'bm of fmdmp to r*horn nhe«ap houped ok 3.(3 ¢ waB lm‘er than
. ﬁh»ﬂ'ﬁ .the <3'h.r>fs*) vmre “houscd at i 0. The 6iraastihilitJ c\ecrmsad by
04T wnite/%, lethough 10°¢ would not noxmally bu ‘be‘low he

eriticsl temporature of the sheep, the conditions employed in thi®
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axperimant Woro 3uffi0ieni tq‘cause & temperature utress in ihe

";heap. Usdng somplute ‘Peod mixiurau Moose gt 2l 91 (1969) showed that

. tho dmpenb&hility of high cona@utraﬁ@ r%tinnﬁ éruppod whon the :

ﬁﬁmpéxaﬁuro wos lovered from 23 to 0 G-but'law concantrute rotions

had o groater aoafficienx of Qigostibility when Ted ot O °C.

The

fv1al uaw nvh conplucive hauover i the pmaLtiun e raverbad when

the minimun tnnporaturo weq +5 %.

Repults dhtuxnnﬁ by Yﬂang ot et a1 (1974) mhowing the digestibility

Cof various raﬁiﬂﬂs,mt diff@ranﬁ t@myarﬂturaa aye given in Yable 1.2,

in none of the oxperiments wog sbatistical significance obtuined.

Tab;ﬁ 1.§ The Effect of n;oouurw ?emuar&tune in ﬂnpvrent iy
' labtor fﬁrﬁutmbilitx

Chengo in

61,6

| | T pagson | PoRooes | Smesent | gl par
Sheep | 65~90 [1felfn) o1 52.0
‘ pelleis) ~645 4445 - -0427
.'ﬁlfhlf&mgramﬁ; - 20 5543 L
" lpellets - 48.4 ~(1.25
Crain & Alfalfa) 20 69,0 A
: - |pellots ) ! 57.9 | - =0.40
Celves |150-350 [Orain & chopped ) | .18 T0.4 .
E R Alfalfn )| =10 65.1 ~(.19
Grain & chopped . ) 18 69,8
SR I Alfalfa : -9 60.7 ~0434
Cous  |360<550 ﬁlfﬂlf&égrasa'g 21 61.3
. , ~-11

+0,01

long hoy

Animale wexo exposed to the ireatment enviromments for at least threo

weeks prior to teking measurcments.

In o losor sories of exyarimentq Christopherson (1976) showed

a dvop of 0.31% in ary matt@? digﬁstihilitv ver degree sentigrade

drop in anvironmanﬁul ﬁamperature fcr cheapy 021 units pqr‘degraa

for cnlves ana‘o.as unmts por aegraa for oteexs.

The calves ranged

in woight from 200 to 300 kg and the otoors averaged 475 ke live




41«

‘wmighﬁg -thaléaTvea ané-staorq were fod at & rote nf 0.1 kg/kg
WO’75  There wop.also o sn@:ﬁution that tho decronsa in dieﬁstu
7 mezitv of the nay/srain ratian fed to the shevp woas: rrontnv thén
Whe daorsase in dgestidbility of ﬁbﬁ“ﬂ?l hay ration, Dzy matter,
Vnﬁﬁroéén and groﬁﬁ apergy<dihsntibilitimq worn all lower for ﬁhe '
‘Voﬁidaav téﬁﬁer&tnrﬁ shrassed calvos but with the ﬂﬁ@éra Gnlyrdnyv
mrﬁtor and scid &atnrgsnt (ﬁbr@ hnd 1019? digeatibilitias. In
the mtscxn nitrogen aigamjibilityrwaa“not lowexred. Tha apparent
'»diéphﬁibilitiew nf dry mattor and osedd detvrgent"fibre tonded to
’ba aarnrtly rol“ted ta th@ nmean eutdeow tomperature.
o iho. redustion iu anparent dmgumtibility of the dry nuttor of
hay in shosp acclimatirm& to 0.$ ¢ for rour wealka, oom@ared te sheep
.ééintaineaA at 17.7 G on the uma aietn ana a¥ equivalont inﬁakas
w&s.fbuﬁd to ba 3} iocmﬁtad with o signirionnt raduction in the maan
V&t@ﬂtiﬂu time of the pmrtivulaﬁu marker 1446 in the aastroinueatinai~
ﬁ?dﬂt (ueatr& 1975). |

hannady, bhristoghvr&nn and ¥llizen (1976) usin§>shaep lrapt
ab w1 ? to 1% comgaxed with othere kept st 18° 4o 21% founﬁ
v_wm&ﬁcﬁién‘in apparent ﬁry matter digmatibility-frmm 0,482 tn 0,450
‘ond in apparont a;gsszii.hﬂiw of the ormnic mettor from 0,511 to |
5.4771ih'thq ¢old ﬁouéeﬁ 1 iTsTs) O Neither apparent digeatibility
now rétoﬁtiohiéf nitrogen ﬁaé’affected.‘lxt wos shown.that the
mmauht of arg&ﬁié»matﬁer‘mpparnﬁtly digaafed in the ﬁﬁpﬁﬁ&h nas

ralated 40 the ratentian time in the rumen. Letention $ime decrease¢

dgring<aold whgasuxa* The quantity of food nitxogan encaping
Vdigcwﬁion in the'sﬁamaoh=wam_graaﬁar in the sheop oxpousd to «l to
1°¢, Tha'nbility of ﬁhﬂ intestine o absoxrb nutrients.wﬁs not

clierad by shongn: in +ampvrzturn and the shanrob in apperent



R
digootibility of the oxganic maiter ond the dry wetter wers.
ottributod solely to a deareéé&dixetantian time in the ruwden an o
mmﬂm of tawpsrature stress xu.th 4 ¢mmm1uenn raduction in
APTanudﬁlon r&bu. '

lvﬁiiiﬂnnu wnduotiﬁnq in weldght geine and ¢£f¢e3$nay of Tood
'cdﬂversion during wintav montha haVe beenﬁshgwn;1aneedglotyprq@uctlon
daba fran hoth Gun ﬁa and the Usd.he, sven slthough tho effective
wkambznnﬁ'tempnratnre-waﬁ»mar&iy if'éVQr‘hEIQW~the oritical tompore
alwee o? bhe aninals (Yaung*ﬁnd thiutophevﬂnn l974)~
Whilot the xncru aa-in‘xcaﬁ inﬁ&ka and xaduetian in fond
diw Hibility has aa far ‘becn aﬂphwalaed ag o rooult of cold
ﬁemgsmauura “trﬁvr the convirse of ra@ucﬁmon in food intake
V(uarrﬂn e tﬁ, Avayy Hjlunfbrnna, ﬁxvna and Vogt 1974) and
1ncra‘ﬁﬂ in ai@o stibility (Glhr&1h, Mortz, Johnson, ?hillips,
Liﬁpinqpttaﬂna'ﬁildgfbraﬁd 1972) hag heen noted inscﬁmtla high
tdmverwtura:mtremséd'nt 3§°¢.> Ia the latter memn retention time‘
nng g ro&tﬁr ab 53 L ﬁhﬂﬁ at 13 ¢ and thug probably resulted in
A?uOTﬂ”de faxmentutien. o
- yvom the mi“cumsion it onn b seen thod 1ow,temp$ratufé étreas‘

may‘lower.ﬁhé ﬁigﬁatihility of nutrientm\enteriﬁg the rumiﬁant
| phomaohsy L hauld appoaLy that the lowored digantxbility iz the
:rqault-éf a'10WQrad.raﬁantian time of tha org@nioAmattar in'thc
§umén. The roanon for the lower *htantinn time is not statad
although it ceula ba eiﬁhcr 1ncrea;ea gnatrio mﬂtiliﬁy or an
iaexauﬂéﬁ flow of ga*tric Aamraﬁiena into the ruson, increacing
‘%hé ovorall flow vade, No work has basn corried aﬁt on iha
éffégfs'aﬁ milk dlgestibdlity in %ﬁe young calf butiin.thie
respa&b“ o diroct enelogy caonot he drawn with the present reault&.

‘he r@tantien of milk in the stomach of the calf dapends more on




N
=7

WE

the i%'érém?sinn of a's. milk;-é.itai; angd 'ﬁhé stz'xi}ility_'@i“_ﬁm olot $hon on
shabrie ﬁbﬁli‘ty 336;} m. Rowovery 1&. ﬁ\‘"af,* bo pestnlated shat dhe
dnorepsed: motdlity Qf.' ﬁw &Mt zm;,r nm L mnﬁwm to dhHe muson bud
oy e:;lz;;{;) oceny in \;}m‘ lang;z'in‘i;:;mmm: .f.ﬂ £ho. ;:mwm _cm”i:f‘ thin
would 1}05}&-'&7%1@\33,&1*},& fsifﬁ”}ﬁ-'idm‘rﬁ.aﬁ 14 sould 3.153 7 imdiganted
mmmm tn rench Aha Yowar b carsm)ng: baotorisl }arzﬁ:s’iﬁ‘fs:;:m-sim

sl posedbly ﬁs:.‘én'r;

Lovel o off Bid 1 uap .*g :v §.¢ fuhs

‘muz = colves dm b :::u Vumm B0 aubrdtlonn) soours vho iondd

fad cmﬂgxamgi with dey fode I8 e onee dsily ayoier of wilk fecding
ia used thds hes thedisadventage: of placdng 4 vory bAgh foed lead on

- tho stomach of the young all over o shord veeied of $ime. If the

smount oFf food inﬁ{tj;;*nz.ewd ig in :,';ﬁ'a:miu:a of dthat which the oalf omn
i geot ishm ma SN, s%m',i P, wsg «u:m Fha Lewgr gul with Bho
czmumg,mnt ;}mlii'mmtimz r:.\:ii‘ 'é;:m’i;uzﬂm and poculiont seours A
onlven gma;ﬁwﬁr ability 'ba {i:igll;é:ais loagoy awounts of fond in oo
Food ﬁnnm*mm 1Dy ‘I:Lma L0y ‘trmt(} ¢ @itk "9* ding ohould ar:i"li_‘r:r;: Ty
bl *mmtsh of tiem ml hf*um M rsuimhlcz {fm* a venwe of Live
wolgits o

» 34{3:‘*%9 ﬂﬁﬁ }" TTOW {1 S o4 a)*tfsz) h!‘{:‘se‘ ;a%'fsl;é of willk rws\;::{_mcw,'
320y A0 and égi)lg{m Ty .;t; o wmo ‘m;r :&éti c}f.amm gt by welshi
mﬁ‘: nowder m fd,v: pm*ts of v"*ﬁ@‘::' vinrmed 4o 3‘3 Ge tO m}mm vanging
in initiad Iiven Wi isu-ht :f-‘mn ,‘5::’3.5; 1o 59,6 sm.' Thay im;umme of
HEOUTLE 2 on {;an ysg}g 58?) end 640 @/r‘iw Pooding wno 9y 18 and 239
T pmtiwly a‘sim.’a%{i\:z,{g & peshbive yolstioashiy “\t!gtwe@s’s _‘Elss:vazi of
fﬁ&é:mgg snd zm%;xﬁimml poours  Botucon five end 32 doyp of ago
Cbhere wan o gigifiesntly grostex ié:em ‘naz u'?:» g;*:xm by $he oalvos

- e fha highoer lwf:;é,t; of wiik j'\’i&}ﬂ.ﬁ{iﬂ‘a;{‘- Pont w.s.?—e?:.n.“z,frﬂ*, g,alvc::'a

m*ev:immly fod the bigh lovel of filk roplacew conbinued to -.l,g;r;;r:m-.r




festor, but the diffovonces chtnined wuz‘e zmc. mgvmf‘xcam.
'_fi:fi{mhﬂii, and Broadbent (19?3} ur‘xim u systen ni’ twice dedily

“t}izdkm';. :i‘e;;ding of worm wllk mplmw Ty »exppe&;z uB, &mzn&that t}m

:i‘stm:},mnm intoko asit"i:'aiﬁém.a wag 57 tzes s o conconbration of

16( g‘;/lﬁ.,so.s This rép;%;’mé:r’as}j am"t;cigzlrintglie of 456g of milk

x-agl;-w:a:e- pa.ua fond L 912{55/&:&3, S The . avoragy uﬁrﬁ of the cslves

peior o v:@cminxs;- vigg a. kg' i}&lvw or-an &d libitus consumption

m.Ld midl ﬂu'bauiww f.,ezmwntl -tm Offf‘“ﬁ*, renonm;iisu'i;aa- at rthe .

' -m"‘sa oi‘ 10Uz pox Litiwe, r:cm umo& o urzmmun of & _;O o 910@ of milk
mp}.mmr voer ey de:mm:i z'm on \thho:o the ealves woro housed in

. :-_(}1 imodie- or C.Qi'iuml load onv L:{*onmnn'%; bmlﬂwﬂﬁ «  Conoentrat o6 TOTS
aft’m*m’é o z'zt the omlvm t:m %h&sea qum»mmzt:x.

Petty;}n}m, ..:vcmsm; nnd ?mhv‘ie (1953) ntxwurmi bm:r volumax:r‘
.Lm,u}'rs c:f pmm'umé 1 ‘m aalves Lml ml’" roplacor wnsmmﬁly on
"gmi‘c:::e e.vb cgoncummmlmm of "imtwaen 5 and 299 duy nabter, Colves
mci %h.cz“l%" diat (,m.f\esi fantor, inﬂrm&uea nom in hoight at
x..,Lhom ami hm. cqml o bmﬁernr nubnlont Ltlllsﬁrfion than o 'lvés'
: f‘cd t)‘bh{}'P mmrsmbm tiong. }“m*fm IRNCE W thmuwz z’ﬁmn r.he lovel
or &ry.mmtﬁrm imjak@ Tor ."s;icmic"t' ,{"@(1 anlves . use in the x*angs% of
, ?z;in-’ﬁ m::g kn‘ ha&y ward rvm:.. im* a 40 e m*]i’ thia mprs ;en*b.s -
h@tmoﬁ 96{) and tl?{)g nf rﬁﬁi" mplac.ar por day. In in‘tammtﬁng_' '
< *ch:}*m £O5 uL‘m oI :shmﬂﬁ be ta hem o ntipul&.w ﬂ;_e oyston of
:E'@gding, }ﬂm‘hh@f it he‘ oneoe o fjwieé.daiily oo df:f;ti;mouaﬁ feeding

yston. _ | , | - . S .
‘ Linéwc&vm: éxmfi]%iaf (1969) neesurod ﬁiw:v ad li‘bitum inm}\e
of ilk roplacor foi ob eithor 6.5% or 15}.‘3; Hotal ;olldr—: %0
_ Holetoin malwm of 4‘3 Yo bieth woi “}lt mm Ei()m%t’mt‘d m%lvo'x Df
2645 3:;: bl n,h mig;b‘t'. @he ‘milk ‘glacwr mu ‘f’ea o:ii;h-w four timos
o dndly op corm"snnﬂy on offers *lha ad lihitum ,intakex of the

‘!-iq;!,stein grelves was dowor when th@ milk replacer wos .offered on




four separate accuaiona an comparosd with can tant offer (dzy muﬁb@~
iatgka was 1427 and 1.4gtkg/ﬁay on tha‘fbur tinen dmxiy and constang
offer foeding systems rugpéatively).,,ﬁry mﬁttew intakos of the two.
broéaé when fed ﬁd 1ibitum-wevm 1.27 énd*i 45 fox tha Holstoin calves
‘and 0. 83 and 1.06 kg per ﬁhy ror the Horaford ¢d1Vﬁﬂ ut each of the
-two racqnetltumxan retes of 645 and 19.)& respootively. »&heu fod .
ad llbitum and four. timas daily the calvac roecelving mxlk Tapl&éer
reoonstitutod at the rate of G o5% tctdl FOliﬂu conaumo& hi&nwiicanLEy
logn DI per kg live woxwht than aalves r@seiving milk replacer
rocanfituted b 19458 -tots 1 umlid Tﬁﬁs, liguid intake was probebly
Climiting ihﬁ dvy matter intakerf calvas recoiving thQA6;3% roaonsti--
tuted milk raplacoxs .Ca}vas fed the 650 total solids wotion ngd libitum
eénmume& from 13 to 20 kg of fluid; whoreas thoso on the 19.5% total
ﬁolidavration consumsd % tbr7 b uf fluid per daye. The ei fleronce iun
liquid intake hatwaen'tha two - ﬁroup% 3uggawtﬁ Hhat d'y mﬂttmr intake
wug limiting in the group receiving tho 19.5 racon5u¢»uted milk
reylaeer. |

This wsul& o some way to expleining the d&uorapnncv h@tweon the
mazLmun dmy matéer lntoke of 912@ of wilk r@placer by 91 kg Prleaian
and &yruhirﬁ calvaa in the oxparlmznt of natehell and ﬁraadbeqt (1973)
when the calves were offered racpnaﬁiﬁutod milk replacer to sppotite
twica-daily."?he fipure of Yl2g DN inﬁake‘uchiéved on twice daily
foading iu con&idﬂr&bly lesa thom the DX cousumption of 1.3? kg/day_
achiavediéh‘a four dimes daily feuding‘my$tam‘by the ﬁolatain ealven
of Linewqaver»and Hafes (1909) which wers »lightly greator then hall
the_weigﬁ@ of tho Frioclan calves. 16 must also be borne in mind that
thé eélvéé‘om ibchell sad Drosdbont (1973) wexo recoiving a concontroato

allowonco.
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Itc);y; mﬂ Stoho {-3.97_4) ‘coneluded ﬁhfz:—z‘t ftim iﬁ&:}cimum 'ir&.ake: of -the -
prax-miinan“'ﬁ polf wan chout 2, 3 rnd A 1"*7' D?ﬁ/dﬂy et 10(5_, ’:}3{)0 end 300 kg
live V.’fb-fi.g‘?;}}x'ﬁ 'mzmcb::‘valy. They Blm) oontsiuﬂmd thet in teymo of mota- -
hciie éiéé maylign dry mnhba? 1nun G u:ﬂllikﬁly o incranzviffom

-7)

BLPTOH lmnml ¥ GOG‘/} N 'tn :y:'ﬁh w o, Tl imwai of 624 /}cg *ﬂ, 188 ke

1ive woichi, ('l,mliﬂlnﬁ L’*m:m alfbor bo. thcmt 55¢/1e S -3{}0--!{5; live

weights The Sigave of 2 kg v? wmtunv 1k 10% ke 1lvc wal 3ht iB

>

CEy

congi&efaﬁly mnygiﬁhén'tle dyy mnthar lnuarc of 091 Ky ét Gl Ty live
weight ashioved ﬁy ﬁélvaﬂ on aa'lmhitum cald mxlk faedin@ in the
oxperinents ¢f_§iﬁdh&il and hrﬂaahant (197%) bud i“ 1n ﬂrraamant with
that of ‘24&728@: POT lgg;.‘hm}g,r weishs obi,u:med hy Petty;gnhn ok ol (1%3)
.f‘m' mlmrd milk roplmﬁfc 4 wonld Lhus zmpom‘ “thm“i, tho mn:«:imum
inﬁehoa gk ael nn1; nbtainab‘o, when' on- Aiquia fnedﬁn@, if the mille ds

: wnrmed. _ _

.Péttyjdhn ob &11(1963) xeforr;nﬂ to th [ fferanco in dry mattgr
inba Xﬂa bpt Jeon G 1#@5 fed the 5 z\ml 10’/ cone \nbx’x;tion c(ampared with
thelf;, 20 and 2 2558 dlots cong ldz*mt; pnysicnl cepasity o being the
' ‘ over-piding factors This. in 4 '-(E}ircmt contrast to the mnul‘bzs of

guinvu wver gb gl {1.969) whﬁn galvos hq:ng ofrcred milk roplager % the
low rats of reconstitution consumed about three timam o much llquid
s thone an the high rate of mco.xmtitﬁtion;

.'i‘m sroups of four. ch stein-Frlonidn cnlvnn given eithor o low
eizer&v (6454 Pat) or 2 high enevay (167 fut) milk 'mnlfmenr f@d to
apna'l;a,te mea da“ily up to 14 doys of age md not diffor in tha total
anount of milk :t'ajple.cgr conmzmed. (11 1lligon mmd Griove, 1970). Calves
ofi‘g-a:;:'é)&'t)m low enerey milk mphméx* lm& vory poor rates of guin zmﬁ
wore-unable 4o abt&in suil {"toient anemry fmm the concrﬂntmteupoﬁion
of tho diot. This fug, ;m% that in ‘Lhm instxsnno vo].u'ﬂs was limiting

and ealves reed:i,ving“.tha 101;"1 enorg:y milk roplucer were vnable to




consune’ nuffirienﬁ ﬁdﬁltaonal liﬁuld to malntain GNGTEY jnt Ro.

Ligu ;ﬁ head Digaation g < S =f“\
it i penerally @acupbed thau most 0¢ uh@ inwonﬁud mai onters tho

.

abemasun directly vie the anaouha; wl groove. 16w thorefore pertinent

to eonrsm&“ thut ﬁh@ Philit' of - thﬂ eald ta dxruub mvlh Qapiécsr ang
henee the'volunﬁary intak&-ﬁf the ﬁﬂiﬁil in: gﬁV@rnad by L&e GmeGlty
éf tha #ﬁbmssum and 1ha abmlxty im dl‘d ﬁ &hq i1l wapiucar where
ox&sba howavaf the gOﬁrib ,ty'ﬁh\b ﬁxfk may- spill into the wué&n by
Lnakaye from tha OBbGQh&POx BrOOVE ur mnillaga ffam the Abonssu. -
'who olfeot of +hin Lowendm on vhanhnr “the rumen can digost oh@ millk,
whimh rnl#mq on uneﬁhar fﬁrmantatian hau hw ML, OF vhether tho m;lk
rsnntwa undiwcntad &nd iﬁ allaved ua nutr iy.
A The foading of. mil? e plvcar atb lovsla above that xhi@h Lhﬁ ﬁan §$n

safely alg Jwﬁ may lead to &alf _aour; adeliff ond White (]9f?) fod a
' aamme@c¢ai milk rcplﬂamv st two lovels b eélvam botweon 27 nd 41 kg
live walggﬁ.' The 1avei wa alﬁa adjumtéd-aecoydinsﬁﬁa the 1ive veight
of ¥ha 0ulfs Galves on the low lovel of mcmg vocoived 1.4, ‘1.7 and
~? ?, l of & IG% augpans;sn &% ilvu w@ighisa loss than 27 Pw, hmuwcan
T??,and 34 kg;anﬁ h&twaan 34 and ai'kg rmapma%ivwly;~ Uﬁlvﬁﬂ‘ﬂn“thﬂ
“higﬁvlavol Q&-fﬁ@dihg_x¢neiVedf?Oﬂ oz 9§.th¢£}0ﬁ 3map¢ﬁ§i6ﬁ'a% ¢&ch
of thm~1i#@ znlghtm. & con&xna&ima 0 ixed hbﬁsiug ﬂnd"ﬁhg high raﬁb

0(13.13\3 m@,m“*mzm‘hly- ':Lnam mod the n;,aﬁ;‘bar ot _{_1-1'1’:'&.;5:,-\1:“_.aaéouﬁng: dayie
Howevery in m&vémhlé mhadé,ﬁha‘numb@yfaf poonring é&yw.waa shmilar fdr
amoﬁ’16VQ1;0f fnﬂdiﬁw. &na.iﬂ, %heééTO“e;'led to cbnélﬁ&a shat uandew
favon;gble mauau,manu Lnn&itxona the high lovel. of fﬂu({ﬂ”(ﬂaﬁ not in

.3

xoons of ‘he ;.mximum ¢, ,\f vcs-ccﬁ.pabﬁ H uJ of e ealle - In this plece
of work the maxﬁmum vwlmmb«fﬁd‘waﬁ'@.59, 1 represcnting 459 g of milk
raplagen @Qb food. Thu ﬂpily T imun indalo of calvas bedwoon 34 snd

AL e live weight won 918 g. This 1o in good egwecmond with the



qgmmvm 4nﬁnks ﬁbtaxﬂud by N;%Qhﬂl? .ﬂd ﬁraadbent (19?3), % ﬁheir
T oponulin pQJﬂuGﬂ ﬂc & malue of Qin;/dny heing in oveesr of the dig aat;ve
Vbnub3llov of & szf hotﬂﬂd wnder idVLer environmnnbs1 cnnditiong.
TKn ordain ﬁé‘aaﬁsidar,vhq uigaativu canac&ﬁy»mf the qolf soveral
¢&QbO“H must Lo nssesded in mﬂnduuat Qn. Thors ds & physioal mazimum
&ﬁmﬁt&' of tho abﬂmamumn i %his ib mycoeér& milk moy posn &nto fhﬁ
“pamen and putzae fuﬁt Lop may osoun. 'aocgzﬁly, thewe in- %hm pa%mlbility
“bha t nluhnngh the phyzrca1 ezpaaliy of the abomss umlmay ﬂc% Lo oxcoeded,
the capecity of the digesiive scorations m&y o averaona. Undzpn ted
food may thon pammiﬁﬁweugh<ﬁo the lover gut agoln woqulainm in nuﬁvim

tdonal dinorders.

.DLP”H@L@Q ﬁeﬂra%iogﬁ

- Roy &ﬁd Shobo (197&)‘£bund-that inorocsing uh“ 1nta e of food
rosulted in incrensed abomanal outpub, pretly &u& ba on inoveased
. voluae of saa?&ﬁien. 8150, thaﬁ &1ﬁﬁcu§h vagal.mtxmulatlon in enti-
cipation of food was tnporbant, o novre imporbant footor is tho {low
ofvingon%a inde the ahomamum._- toy ﬂnd stobo (1974) albo concluded
thut nold peoretion van aob affuut@d by the dilution of the diet.

lTﬁe aédiﬁiﬂh.d% an dnord bui{, in thﬂ o of. OuL hvllﬂ, to

comgoreial wilk ren?uhov wen found do sipmificond 1? Llower %hﬂ chomesal
vl fwom r.B in wilk réplnagy only fed oalvas o 4.9 in enlves féd milk
reélﬁéer 1Lh udﬁ@d bull (Corpill and Hicholoon, 1969). 1t was found
however that the slze. of the &bo@&num w&m‘n&% slgndficantly lﬁwgar in"
the calves Fed the iﬁmre.se& bu)h ?1 hauhh the dry matior ccnaonﬁf ition
0 higﬁér in tho bulE tad ealvis, hoy *ud Stobo (19?4) found inoraaaéd
“aeld concenbration in aalﬁez Tod %hm highor dwy mottor oonc&nﬂr&tieu
ﬂ1Lhﬂuﬁh this wan - a?tyihv%ud e o VQ1ume nffaai ot tha 1ﬁouﬁd fed.
The yamulﬁﬁ ﬂf,@arfili and Hichelson {1969) onn iny T in@crpruteu

ag dndicabing an dnorensed asid flow end o leck of newtrelising effect
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by the oot \I‘m}.l Ge

ﬁshigh il of 5gi for‘théfﬁyloria outfiou hug beon essocluted with
d;ar;pooa in uhe yaunb sl d tRogs L)69) ~fho doninaics oi’ sageharol—~
iyéiv Znﬂu und uhe pfaﬂuciion of iexmeﬂﬁﬂtgvg diorehosa wive ﬁmmdoiaﬁed
with dbﬁﬁrwml emeunts of peptides and pva*ﬁaua in the ehyisoc..

hﬂ:b ﬂa]V”ﬂ show a . trensition fy@m & aecwation,aantniming.prcdumiw
ﬂ&uﬁly romin during ﬁhe‘fixat TR0 wéeka‘éf life o ono containlng -
predeminantly pepsin ot eighi weelks Gf a*u.(?orﬁerg 1969). Roy and
Fhoba (1974) Gonsidered the ﬂpéimum o for coagulubion was fﬂ? ronnin
KT G.) and pepasin” ‘959 wheroo Q'fﬁr yraﬁeblyais La opbimm pH for

ronin nnddloc nvnsin W 2a1le  TE cém thus he saan.tﬁat for opbinun

- il ﬁxwaa%ion, the mL! should Pndﬁh a nmdiun QP indtially high ofl
and Lh“b with incre ng aeid scewetion the pH drops and proteolycis

BAY OGOUT.

'.Hlﬁﬂ ﬁﬁi"ﬂlnﬁﬁ hive been found t0 be benmficial to eschorischia
goli bacterin and o declmue in the muboy of thnﬂa ovgnniqmn has heen
%aa&uaimted with & £o11 4n pH (Ray L¢ 69) Bofowe feoding, the ahomagal
ﬂﬁﬂuﬁnbb congist ﬂr o faivly. QIGJF, mlmwh?lv vigeous fluld acut&lning.
'%mall‘milkinlnt“ nﬂﬁ huvlny o pil value of lep (IOPELK 196 ) lu aan
"fUm%1u7§$@1th$%‘brrﬁTuﬁ?nLcﬁ gestion, the volumo: oxﬁhexmjk
.uhou1d noubralise the conbonts of the nbémaaum'ﬂo that the ph »ines
and. elotiing @gﬂuﬁmpA Thé éuﬁchuon& Foll in pH should bhon ﬁllaw
ﬁ?bﬁ%ﬂlyﬂiﬁ ﬁe nghué.tm puch gg axtent as o prﬁdqu readlly ahnorbm
_ahlev obidoe ;ﬁ' nantﬁ; Thalyg;bf %ue‘d;pémta'gf yéun@ enlven won
Tound Ho r“u; Tyom a ha; 11 lovel of chout 2 to shoud 6 immadi&tély

alber, 4 feeﬂ sad Tetuxnod o tho bagel lovel ﬁitnﬁn 8 hr“ whon -
fﬂeﬁin@ WaY fﬁ’ea daily aa& w;bhlu 13 hr with- 0naa dai y Fooding.

A{Jene Leibhols 1975). . Tt woe wlso fovnd Fhod ia eelves fod on milk

“substltute tho pll of the digoste wes highor aftor fooding then in-
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those fod o0 whe::lm m‘%,}.’ For nilk veplocer fod mlvo }10 plf W
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L7.'[-1{);’,- and- Pernmouth (1972) fbuna:that'thq épmpleta yagéagg of tho
whey,fréction f&cmv%he ahémésgm of wilk veplacor fod oalvés reguired
about 9 to 9.5 h at on intoke of 3.8 1 milk of 9-127% dryiﬁaﬁtér.
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