
 I .. 

... 

Augoat 22, 1953 

f» the Gradoftte Cornellj 

I aa eubKlttlng hareirith a thesis mrlttan bjr Jaaea Tomer i3uill 
mtitled "The BepeatabUll^ of Oonr Perfoxnanoe in Beef Cattle.* 
X reooosend that it be accepted for nim quarter boom of credit in 
jpartial folflUaont of the requirensnta for the degree of ifaster of 
Scienee, eith a aajor in kxLml ̂ brndry. 

/ 
d. 

lia^or Frofeaaor 

Ha have read l^ds thesis 
and reocnoaend its aooeptaneet 

_ 

Accepted for the Councilt 

"ISa 



THE REFEATABIUTI COV mFCeMANCE IS £B£F CATSIM 

V" 

A 1HESXS 

Miittwl to 
TiMi Or«diutto Conaeil 

oT 
Tto l&ilv«rslt7 of TaoBOMM 

in 

Akrttol FulfUlaMai of the tô rmmito 
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!Die imiwriMtiitlllyr wm pttpfoxnuict is of special intarost to 

perecnas engaged in the breeding of beef eattle since the age at ehioh 

loir prodadttg ooas can be safeljr eoUed froa herds depends largely 

tqaai this charaeteristic. If the repaatdlyility of perfomsnoe 

i^iaracteristics of the arexage cam is known a oore definite hsrd 

apeplawNBrot program oay be follesed siiaee the imeoess of selecting 

breeding fenales era the basis ef perodtietion reeorcki depenids on Iho 

eorrelation of obeorvod and futoro prodootioa* 

A eewLtme psroentage of tho stadios oonewmiiig the repoatability 

of cow parfeanaiioo in boof oattle has boon with raags Mereford oowsi 

howwverD the reported ebserrations in rvmge iuotki we in fairly close 

agreewent with the estiaates reported for eastern herds, the 

differences observed faetserai range md eastam cows osy be 

attribnted to eliiastic etoQdLtiooS|. herd nirnigmimt^ cuUing praci^oeB 

and gsnuing faeilitiw* 

It is hoped that the rooulta of this studf, lafolTing the 

detorraiaatiQQ ef tho ropoatObiUty of birth and 18o-dv eei^ts and 

type and eondition grades at weaning for suooessive wlteo frera 

tho saae ews from hurdo at tho Ikiiversity of IWraoosoo Agricultural 

Sxperimat Stationo at CrossvlXlo and Grommllle, fOnaooooe, 

addod to ealoulatiima fToa other workers, will be helpful in indicating 

the average WfWtidhility for these perfcoiaaaco oharactwisties in beef 

eattls. 
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UTERA-TORE REVIE* 

Hm reported eetioBtee of repeatablUtjr £rom a Hvltikl nuaSaer 

of inToetlgatoray as related to calf birth and veaniag mights, are 

in fair agroMMmt* Ibe oajor diffezwiees augr be dae to the faetors 

iirvolYod at earioua leeatittus and different mthode to aelw the 

ad^tamts in the detereiaatioa of the repeatability estieatee* 

BnnKm et la. (19U7) reported that blrtit eei^te of oaltes 

taided to increase at the rate of 0*23 pound for each aimth of 

inorease in the age of dn until the daos eere 6 years old) after ehich, 

there eas no effect* Corxelatitm beteeen age of dan and birth weight 

of calf was 0*li5 for aale and 0.35 for fmale calves* Vhan birth 

weisdits were adjusted to the basis of 6 year-old daae, sales averaged 

h* 2 pounds heavier than females* Heritability sstiaates far birth 

weight was 11 per cent whan birth weights were correoted for age of 

cow, sex and dam*s index (averega weight of all calves from a givm 

daai)* 

Vtiedard^ia» (19hZ) observed that whan calves fr<» large and 

small tiyps Hereford cowe of various sgt groups eere congMired, the 

ealvM Aram large type coers were heavier at birth and made larger 

dally gains frcm bir^ to weaning* Also, the type of their sire and 

dam affected the birth weighte of calves sore than the ration fed their 

dam. 

^ BazHal correlation studies by Buqip md Blaek (19U1) indioated, 

that during the suckling period, milk coci8uii^>tion had the greatest 

inHumoe on Idle rate of gain foUoiiid by eonsttsgition of hsy and grain*. 



fhoae tlire« TeorlablM aooount«d for itl por(Mat of tho Tarlfttion in th« 

rato of sida daring Vbis porlod« S«c oas found to haro a algnifieant 

influonoo m liio rate of gain, 

ShMpp at (I9h0) ualng both beef tod niillfi.ng Shorthorn com 

obaerred that in the foraer the aalea averaged 1^7 pomde heavier 

, and in the latter 3*$ pounds heavier than the females at birth* 

fhe differoncs in the formrsu highly significant at the 0.01 level* 

Diffarsnees dne to seai aoeounted for(xiljr (>•$ per eaat of the total varianee 

in birth ssii^ts in the beef ShorUiozBS and 2*1 per o<mt in the nilking 

Shorthoms* The influenos of calving sei|iienoe en birth sels^t indicated 

that the first calves sere considerably lightmr than the subsequent 

calvesy bat beytmd this point Ihe trend sas not oonsistent* A 

correlation coefficient of 0*21 sas derived betseen birth selghtS end 

ealving eequenoe. 

Ming Hereford eom, Oregory^ (l?5o) reported a 
4-

significant dlffex>enoe in the birth seight betsem aaxes but very little 

difference for the seaalng seight* *Rm sale calves sere 5 pormds 

heavier at ene station and U pounda hsavlsr at another* The ssi^t 

of the daa had a significant inHueaes on the birth seight and on the 

settling seight in one herd bat had a negative effect in the other* Ihsgr 

stated that the cess tttidid to repeat their prsvioui perfonnanoe for 

gain of their ealves IToa birth to weaning and for weaning weights of 

their calves to a hi^er degree iimn for birth seii^t* 

Burris nd BLunn (19^2) found Hereford salee to be 1^*5 pounds 

heavier than fttsales at birth* Tiw man birth weight for aalea see 

https://niillfi.ng
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69,9 *0,97 md tor the faBsXes 6$,k *0.^ pouiutot About 10 per c«it 

of the aex dtlffermee iras attributed to difference in gestation length* 

The eeen birth weight waa 63.$ pounds eheo the den calved at 2-3 yeaiw 

of age and increaeed eteadUy to 76.2 pounds at 9«10 years of age, 

Ihe regression of birth iveight on age of daa was a highly sigoifleant 

tigaro of l*Oh pounds. 

Over a period of wei^t years^ Koger and Knox (19^5) observed in 

hig^ ̂ rade Hereford range ealves a hl^r signifioant sex differenee 

of 32 pemtds (eerreeted to 20$ days) at seaning in favor of steer 

calves, another report, Shox and fioger (19l4$) stated that the aeen 

weaning weight of calves increased with the age and weight of their daa 

until the eows were 6 to 8 years of age, Tbey suggested the elose 

correlation betMeen weight of calf snd lei^t cd: dan strong indicated 

the roXationship of produetion to ̂ Uno of nutrition, Iho repoatalKLXl^ 

of yearly seaning seights and grades of ealvsa from range eose sae 

etudiwi by Koger and Knox (19147)« Ihis data indioatsd that considerable 

progress (MUh be made in selecting range corn on the basis of first calf 

recerd. The average een^lation of all adjacant calves wem 0,U9| 

while a oos^parison of the first record with the average of various maahsrs 

of mbssqnent reeords gave a range of correla^on eoefficiflnts t3Mo 0,$1 

to 0,$3, The permanent difference in com aeoounted for $1 per cent of the 

remaining variance aftscr the influmce of the age cf the dem was removed, 

A eoBgjutation of the oorzwlaticm of ell addacont grades cf oalvn waa 

0,2l4 and that cf the firet and variosa eoaBhinatlon of euheeepent records 

varied firom 0.2$ to 0,U2. After variance due to age of dam and diffsrwit 
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jruum ms rtaanmd, differanew in ooiis accountad for 3? oma% of 

th* maining yarlsace* 

lltli Harsford rang# eons, Sooh (19^) observad tlaat tha aalea 
t 

(svaraga of boUa and ataara) aaaaad 23 pounda haaviar than the feaalaa* 

fiw dlfferaaoa betaaan coas accounted for 52 per eant ef tha yarlKioa 

in tha caXvas* corrected aaaning vaii^ta* Ibeaa aaaolag aadghta hra 

adjuatad for year, age of daiB, aaoe of caSJt, age of ealf at aaaoing, 

in-breading of dam and in->breeding of tha calf* 

^ Oiing range Hereford oattLa, Botldn and IhatLesr (1952) found 
repeatability aatioataa by intraolaaa C(»Tslatloa bataewi eeig^ta 

of ealvea prodneed by tiia aaaa eov %o ba 0«It3 for earning and 0.18 
t ' 

for birth eeight* Itogreaai<m of later reeordo troM the firat tcvard 

tha hard ateraga waa 0*U9 for -aeming and 0«lli for birth wai^ta* 

For anoUwr group of eoaa that began calving at tao yeara ef age tha 

correlation betaaan tha birth eai^ta of the firat and aaeond oalToa 

ma 0*25 and betmeti their maning mii^te 0*66* 

Southwell and Warolek (1952) reported nuOe Polled Hereford calrea 
s 

to ba 5.*3 poundte heariar at birth and til pounda heavier ai 210 daya 

than fauala ealvea* In gmaralj calf valj^tita at birth and 210 days 

increased with tha age of oow to eight yeara. Ihay found tiiat from 

35 to 1(3 per cent of the Tarimce in 210 day ealf weights could ba 

accounted for by cow differwnoM* The overall correlation between 

anaoeeaivs calves froa the same ccnr was 0*lil4 and the ragreafrion 

ooe^loiant was 0*36* 
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llsing high gr»di Bisreford ecmi Fayaiager 0SS3) «^Wftd that 

30 per oeat of Ibe rariaaee tetnten calf weighta at X87 da^a aaa doe to 

differenoea betaeen ceas, fhia figure waa highly algplfieaat 

<P s<0.01). fha average eomaiatlona of 0*25 for birth eeighta 

and 0*59 for eeaniag eei^ta of sueceaaive calves froa the aane eear 

vmre observed* fheae values eore aigntfleaat (P ««<0«01). 

the average regreaalon eoefficiflata fbr birth aad eeanixig eeighta 

of calves ears 0*26 and 0*h9 respectively. The intraclasa correlation 

for feeder type grades vaa O.OU and for slaughter condition grede 0*07. 

I*J-M I 



OBJECfUB 

tlMi QfeJsetLTo of thia ato^f mw to dttarmlno tho raptitobility 

of perlOmuiee of tho beof com mb tho Agrieultoral Eiperimnt st*ti<»ur 

of tht Ibiimroltif of Tonneoom «t Grossrlllo and Qroenarlllo throng o 

atatlatleal analysis of tholr eal-ves* birth mights^ l80-day mights, 

and grades for feeder type and sXau^tor eoadltion at maning, 

Hietory of the Herds 

lbs GressTiUe herd had m its nodsos tamty^fofor grade bslfsrs 

poreliasod in lite fall of IpUO as short yearlings. Tmlve of thme 

heifers mare from the Cuadserland Plateau Area and teelm froa the 

Oentrel Basin of Tennessee. The original purpose in securing this hezd 

ms to ooa^Mire the perforaanoe of oattle iTea these tee areas and they 

sere seleoted at randoe froa mrious herds end mre ef mixed Shorthoam, 

Hereford end Angss breeding. The emrege feeder type and eenditioo 

grades ef these heifers vhan porohased sas about sedissu These heifers 

mre groan out at ths itatLoa and begm calving in 19lt2 as 2-ytter-olda. 

In ths third yesr ef the study eom that dropped calves in July end 

Anguet mre eliminated firm the herd and only caste calving in April and 

May mre retained in the herd, m the fall of 19U7 cmly nine of 

wriglnal herd remained. There sere also twenty-KHie eom produced from 

tho original eom eirod by too different Shorthorn bolls, sU fsmls 

calves being kept firm tm years production to obtain these com. 

Tm 2<-year-old heifers sere added in the fall of IPb? and six 

2-year-olds in the spring of 1950. These 2-year-old fmales sare by a 

Hereford bull. 
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OrMaurillle hwrd wmi Mtaibliabtdi Xroa M gmte SnrdXttrd 

li0iXex« pnrdiaMd «■ e«Q.TM «t tba Biiing, tir^LaiM, ealf salt ia 

the feXl ef 19l(5« fheee heiXem iwre gytwa out <m the etatlon fearm end 

began their productive life «e three-year-old com* No calling wm 

praetieed ia thie herd after the first ye«p and no replacenniite mam 

Added* Com ataioh dM not predaee « calf the first year mre sold, 

the feUflsdag imafcer of calves mre maaedi hZ ia 39 in 

35 in 1950J 36 in 195X| and 29 in i9$2* 

ierd Msnsflsamt 

tlMwe tm hards mre asdntalned <m etatlons 35o idles apsirt and 

wider %nite different conditions* the CrosevUle station;^ located on 

the Ganberlsnd Plateau in Tmneaeeey has an elevation of 

apprwrljaatsly 2000 foot* tho wintsrs are mre severe, the eweaere 

cooler and the mmatxp rainfsall is sure evsnly distributed than at lhi 

Oreeaeville atatim mi<di is located in Upper £aet temmsee at an 

elevatim of 1350 ^t* 

Chtil 29k7 the CrossviUs herd ms aeintained on paature 

consisting primarily of Eantoclgr Blnegrsss, os^haxd grass and dovsrs* 

For the pwriod of mars from 19)li7 to 1952 the pestures wmm prtaeiriljr 

aative greesee md remeeding dovsrs* the eem ran <m the pasture the 

entire year but were put up at night and fed a United aacnnt of bqr 

dftring the winter months until aiboat the middle of April* 

At Qreensville the pastures oonsistsd primarily of fimtuclty 

Bluegrass, orchard grass, white and hop clovers and was axirs laxarlant 



f 
thin paataraa »t th« flm (lgwm»ivin» vmm 

in thi Muriy calring srovqp w«r« fad oonslderably aora and highar 

<Jiialitjr of feed than tha herd at CroaaTiUa ahlch ealved In April 

and 

Breeding Program 

A aontroUed breeding program mas praotiead at CrossrUla 

with tha COW8 calving in April and mgr. All corns aera paatora brad 

and pemlttad to calve la tha paatora. A total of Harm pnrihrad 

^orthom and tfaraa purabz<ad Raraford bulls mare oaad in tha pears 

covered by this atodsr, through 19$2. 

Sha bulls used at tha (iHMMMrville staUon aaro par4d>rad 

Heraforda and Angus. Iha eovs were divided into early and lata calving 

gyoapa (fig. 1) and tha bolls ware altamatad bataaan groups In 

diffarmt yaara* lu gaaarali a cow that was brad to a Bnraford Iwll 

ema jneav waa brad to m Angus bull tha naat* fba omm ware paatora 

brad and permtttad to ealve In Iha paatora. 

Calf Maaagflwent 

Iha oalvea at both atations ware walghed at birlh and at regular 

23-dsy iatarrola until waaning. All oelvaa ware weaned about Hbawriber I 

aaah year, (hradaa far feeder ti'pa and alaughtar eonditl<Hi ware mada 

at weaning or ahertSy after, in most instances the male calves mva 

esstratad about two aontha of ago* 

Iha oalvM ware idantifled by ear tag at birth and later by ear 

tattoo. 

Iha calvaa ware not creep fad. 



IROCEDOBS 

Anlmala 

Only com dropping threa «r aore calves ii«r« uaad la Urn 

aoMlyaia of data froa tho Qreenefvillo hard and eoira dropping too or omre 

aalTea in tha Greoarillo Iwrd* fdina mra axelndad froa tha ain^r 

sincMi tha affaot of taiiming on repeatability aatioataa ia not knom. 

Data on 286 ealvaa froa $7 different oeee in tha Greaarilla hard and 

16U ealvaa fTOa lt2 diffarant oowf in tha Qreanevllla hard eera 

available for this atody* 

Only 283 birth eeighte Xraa tha CroaaviUa herd eera noable sinoa 

oaa oov dropped only one calf and ooa aet of twins was fficdudsd froa 

tha atttdy* Xn the analysia of variance of veaniag eeig^^ only 2&L 

ealvaa were naedi ma ealf died soon after birth and aoa died at 

approacioataly weaning age* One hundred and ei^tyniix ealvaa were 

laaed In the analysia of varianceftr feeder type grade, la the 

ttialysia ef variance for ilang^ter eonditicm one hnndred and aigjhdy* 

our ealvea were naed* The differeocea beteeen the nnsftwr of calves 

need in the analysis of varianea for weaning weights and faadar typa 

«3d slaughter conditioa grades was ̂ e te the fact that the calves were 

not graded in 19l<2| 19lt3« 19Uh rod 19lt5l al80« sone grades wars 

adaalng in other years* Qna bmuirod and aeventy-ei^t birth wei^ta 

were naable in the analysis of varianoa of birth wei^its of ealvaa froa 

the Oreeneville herd sines only cows dropping three or more calves were 

eonsidared. One hrodred and aaventy-slx weroing wei^ta wera used. The 

redncticn in calf numbers frro biartii to weaning was due to deaths and to 
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oalTM discarded beoauss sons coma (dropped less than three oalTU. 

One huodzxMi and seventsr-foor calTss eere used ia the analysis of variance 

both feed«r type and slan^bter condition grades* 

Ad^ostaent Factors 

Ih the Crossville herd all calf weaning weii^ wem edited 

te a ISO-day basis by prorating the gain weds during the ZS-diy 

period bxecketlng standard age* Birth and I80>day weights were 

averaged sex^ age of dan and year dropped in order to deteralne the 

factom nacesaazy for adinsting all reoorcta to a atandard basis. 

lbs wsan Mr^ wel^t of calves in ths CressviUe hsrd was 73*1 

pQuadi for ths nalsa snd 66.5 poonds for tbs feesass, a difference of 

6*6 pounds in favor of the asles* fhls figure is ellghtly hi^eer then 

the sverege dlfferenee reported by other wmcicore* Birth weights wnre 

adjusted to a »alo basis by adding 6«6 pounds to ths wedgbts of 

teifar calves* Further adjustwnte were sede for age of dan sinca^ 

birldi Wilfihte of calves increased with the age of daa vqp to U years of 

ags and than raaaiaed relatively oonwtsnt for cows U -*H years of age 

(fig* 2). 

fiw birth nei^te of calves inm 2 and 3-year-old dams ware 

adjusted to the baaia of h « U year-old deaa by adding the following 

awountei 

lialeW' Fenalea 

2-year-glj|daae 5«3 peands powndsi 

3-yBar-cld dass 3*7 pounds 5*3 pouate 
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II 

V 

Oozrectioas tna« also made far year dropped to the basis 

of 1$^ eslTWi hy lidlng the foUoslng flgarea to corresponding 

191)2 Qm0O pounds 

191)3 0,8 pounds 

191)1) 1)»1) pounds 

391)5 9a potmds 

191)6 3-1) potsndi 

39I)T 1,0 Kinds 

191)8 6Jlt pounds 

191)9 5,2 pounds 

1950 0.0 pounds 

1951 2,2 potsodfli 

1952 1,0 pounds 

For ocsapLsji 0«^ potmds sss oddad to the birth ssl^t of all 

eaXrw dropped in 191)2. 

fhe average iSO-dsy swi^its for adLes was 1460,0 pounds and 

l409»0 poonds for the fsMOss. the dlfferenee of ^,0 pounds smi 

highly significant in faror of the aales, A fairly oonsistSBxt 

trsad towsrd heavier iSo-dsy vel^s ims lOiosn to six to seven years 

of age* Ihe iSO-day mights vsrs sdjust»i to the basis of ntflhss frcn 

nature conrs by adding ̂ ,0 pounds to the mights of fwaales and thm 

adding the foUotwlng amounts to ths weights ofall calves fron com 

of vaxdoos agesi 
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2 jaar 96 pounda 7 0 pouncbi 

3 year -• 66 povnda 8 ymtx •* lU pounda 

k ytn*•29 pounda 9 year ~ 10 pe«nd» 

$ year » 14 poonda 10 year <• 26 pounda 

6 year •* 0 pounda 11 year*36 pounda 

Further odjustaaenta irere aade tor year dropped to the basis 

of 1947 calvea by adding the foUcering figures1 

1942 -• 71 pounda 1947 ** 0 pounda 

2943- 8$ pomula X9k8 -► 11 pounda 

1944 - HO pomdi 1949 - 9 pounds 
194^ *«" 63 pounds 1950 -> 29 pounds 
I9I16 16 pounds 1951 - 69 pounds 

1952 - 35 pounds 

•Sm eeaaing feeder type grade# sere adjusted for age of 
dam aid year dropped* Ho adjustnanta wwre aada for aaac* Ihe feeder 

type grades eere adjusted to tha banls of ealTaa from three-^ear^ 
old dMBB by adding the foUoaing flgar^t 

2 year - 2.2 grade 7 year - 1.0 grade 

3 year - 0 grade 8 year - 0*7 grade 

4 year • IJ; grada 9 year - 0*9 grade 
5 year -» 0*8 grade 10 year - 1.1 grada 
6 year • 1.6 grade 11 ywr - 2*4 grade 

Ihsaa gradM eere further ad^ieti^ for year dropped to the 

haeia of the 1952 oilees by adding folloeing figuresi 
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I9h$•XO grada 19^-0.8 grad* 

19U7-1#1 grade 19^-0,2 grada 

X9I18 -• l«2 grade 1952 *• 0»0 grade 

X9l»9 0.6 grade 

the femar years reported here tw feeder type @Mitde is due to 

the £iot that the calves were not graded in WhZt X9U3# X9U4 and 19k$* 

Sana grades in other years eere also nlseing* 

The aeaa eeaning eXau^ter ecnulition grades irere X0»9 

(i^pzexiaately- high good) for the fomales «id X0«2 (appraxiaately 

good) for the anXes* SXau|^ter condition gredse nsre adjusted to a 

fsaaXe baeis by adding 0*7 grade to the gradea of the oaXe calves. 

The calves were then standardised to the basis of calves from 

■Uireo-year-old cone by adding the foXXenring figures to calves 

froa eomi of various agest 

2 year - 2#2 grade 7 year - 1»3 grade 

3 year - 0 gxade 8 year * 0»2 grade 

k year • X»2 grade 9 year • O.X grade 

5 year - 1-U grade 10 year • 0.9 grade 

6 year - 1.2 grade 11 yoir - 1*6 grads 

Farther sdJuataeDts vert asde for year eopopped. to the basis of 

1951 calves by adding the following amounta t 



1$ 
l.ll Srl4i 15^0- gradt 

X^li7•2*1 grada X9$X 0 grids 

-1»6 gnds 1952.0*6 gt«dt 

19lt9 <- 1*2 grids 

Ihs Qreensrills herd ill mlf vsinlag islets WWHI 

idjustsd to I l8o-daisr basis by prorating the gain aids dyring ths 

2d-diqr period toadcatlng this age* For ani^ysla of variiacs 

MJrth and 180-dsy salghte sad fseder type and alau^tar ecnditlon 

grades ware adjusted for sax of naif only. Since all of the com 

used in the analysis at this staticm began calving as a group at 

3 ysars of age sad thin sueoesaivaly as t,, 5# 6 and T-ysaxw^lds^ 

It was Inpoaaibl® to adjust for age of das and year dropped* f-nifr 

faot<»rs ware oontrolled statistically in tte awiysm of 

Tirianoa for ihs dlffSroit chariMJterlstlca* 

In the correlation and regression analysss at ths Onm»» 

Tills station^ all mights and grades ssrs oorrsoted for ssx and for 

year (hpopped. Ihs oorrsctioa for year dr<H^psd inoludsd the effect 

of age of dm eixu^e all core dropping calves In any ona yearsere of 

the ami age* 

Sha man birth vei^ by sex see 73 pounds for the bbIss 

and 67 ponadi for the famlesy a diffSrenee of 6*0 pounds in fSror 

of the oelea* This differsncs me slightly larger than the swivage 

sex differcsics z^i^rted by other eox^cwne* Bisrth veighte were 

adjusted to a sale basis by adding 6*0 pounds to the weights of ths 

heifer calms. 
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Qie average iBO-dajirsi^ fat thi aaXea mm lt03.2 isidi 

377«1» tor tdra Itaa3.es. The dlfferanoa of 25*3 pounds va« wlthla 

'Umi rings dbssrved by ether invsstlgatca'a. The X60-»dsy weights 

ssrs adjosted to the basis of auOe ceXves b7 adding 25«3 pounds to 

the mights of all faswls ealves. 

The SBSB feeder type grade ms 31.5 (approxiaately- low 

ehcd.ce) for oaXee and 10«8 (apprcocisateily hi^ good) for feaales* 

The dlfferencs of 0«7 grade was added to all feaale gradra to 

ad^t than to a sale basis. 

The average slaxighter eondLtion grades sere 8 (approxiiaately 

low gsod plus) for ladLes and lO.O (gcxid) for the Itaales. These 

gradHI eere adjusted to a ftaele baala by adding 0^2 grade to the 

grades of all sale calves. 

gtatistieal li(BttK>ds 

The oharacteristles studied^ nmely oelf birth and IBO* 

day mipitts and weaning ^ntdes for feeder type and elaughter 

eonditioQ, were subjected to analysis of variance and to ccErrelation 

sad legreeeioa analysis. 

In the analysis of verimce oalcmlatlcsis for the CrossviUe 

herd> the sources of variation eomidered were -^se (1) between 

years in whldi the c^&vee were drt^jped^ (2) betmui com within 

years, and (3)idthin com. For the CtaenevUle herd the sources 

of vaxlation considered were thoae (1) between groupe (esrly vs# 

late calving), (2) between com within years, (3) between years 

within groi^ps, (U) between oom within groups, and (5) within cows* 

Ifathods of analysis sere those outlined by Snedaoor (19li6)* 

https://Itaa3.es
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Ihe etfeetivw miBber of eal-res per cow mm datimd tlw 

following fonmilas 

^-** .e- I «».-** ^with Sk representing
"§S" 

the tot«l lundber of calves and fik^ the ana of the squkree of the 

mnber of calvwa per eoer. Ifeting the data in Table ZI aa an egcaniple, 

the value of 3 wae deriTOd ae foUoww t 

■'«= 3S-
- 0.026 (176 - U»6lli) 

3 0.026 (171.38) 

ko - 4»1|6 

nth detemdnedf the smubi gquara batween oam within ^eare leai 

divided into its theoretloal eoepooeote by the fozmila: 6^5 a k 6*^,
w o c 

^2 9where o ^ s within em variance and 6*3 the additional variance 
doe to oow dlffereneee. Aa an «xaBipLe> using the data in Table XIII 

the figure of 0.69 represwxting variaxice doe to differences betswen 

oowa was calculated aa follows: 

l*.l - 1.1 ♦ u.ia. 6 I 
4.iil6"2 s3.o 

Tha percentage of the total variance die to differences between 

cows was detemii^d by tha ratio of the tao varliuie^f ^ ® , • 
w ® cintraclasa correlation* 

Correlation and regression analysis were limited to calves of 

eoBS oalvlng in successive yaarw. 



•' A® DISCOSSIC® 

the analyvls of Tarianeo of biarth trolghta of oalvos frott tlM 

CroaavUle ooaa and Bidweqaent intraolaaa eorrolatioa (I^Xa 1} 

indicated that 3 par emt of tbe raxdmoa aay be attributed to 

difference beteeen coire. An intraolasa correXation for calf birth 

wei^te of-0.01 (Table IX} eae obeerted for oalree fron the QreeneviUe 

herd* fheee oorrelatloiie were smaller than the obeerratioos of other 

iBvattigators. Payelnger (19^3) obeerred tai intraclass correlation 

for differmcM between eowe for eelf birth of 0.30. iMiag 

raage Hereford cattle Botkin and Whatle/ (19^) obtained a repeatability 

eetinate by intraclasa correlation for birth welghti of ealree 

prodneed by the sagae cow of 0.18. 

An average corr^tion coefficient of-0.01 (Table II) 

waa (ditaiaed between birUi weighb# of suoceealTe calves froa the saae 

em at(hroesville* The average correlation coefficient between 

birth weights of soecessive calves fron Ihe sane cow of «» 0*01 was 

also obeerved at(breeneviUe. These values are considerably lower 

than coxrelation ooefficiente reported by other worhsrs. FWyainger 

(19^3) observed a correlation coefficient of 0.25 for birth iveight 

of adjaoent calves and ^ (19i^) obtained a correlation 

eoefliciflnt of 0*21 between birth wei^t and calving sequenee. 

Hegreesion eoaffieimte of-0.01 wnre obtained for both herds of 

eowe {fMaa II end X). 
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Botlcin md Vhatlfiy- (X9^) r«portod a regresaloa ooafflelent of 

O.lU for birth -mights of meeesslvs oal-vss firoa ths saso ooa. Thsm 

valiMs indioa-to that for eaidi pound a coir*8 calf is balov ths hard 

amrags in ons j%ar, bar aoxt eaXf oaa bs oxpsetod to be 0«(XL pound 

boloir the arsrags the next year* 

XBOntoy Tfeights 

At CrossTille -the analysis of variance betmen calf mights 

at ldO«day8 shomd that appraxiaately 21 per cent (Table III) of 

the variance betmen mights aas due to differences betmen 
I 

com. This figure ms highly slgRlfieant (P a <0.01)* 

ApproxiiBa-bely 6l per cent(P a^0.01) of the variance betmen calf 

mights at l8o-days aas found to be due to peraanent differences 

between com at the QreenevUle sta-tdon (Table ZI)* The value for 

OroBsvUle vaa conalderably lomr and Ihe flgura for GreenevLUe 

aomwhat higher -then eatlaates ob-tained by other aoricera* Eogar 

and Ifoox (19U7) And ]Goch (19^) found that eov dlfferenem 

accounted for 51 and $2 per cent of the vaziance^ reapaetlvely, in 

veaning mighte of range calves not creep fed. Southmll end 

Wareiok (1952) observed that 35 to 1)3 per c«at of the -varimee In 

210 day weaning mlghta could ba accounted for ty differenom betmen 

com* SooB of the dlfferenoes in valuee obtaimd by different 

invmUgators say be dne to differencm betmen herds and to ths 

varying herd anvironiMntal conditions between geographiesX sections* 

At GrossvUle the averags corr8lati<m coefficient between 

auccMSive cslTaa frow -Iha aaae cow at ISO-days was 0*25 (Table IT) 
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and ma highly aignifiaaat(P-<0.01). At QraaBwrllla «a arerae# 

aithla groiQ> correlation of 0«62 (Table III) eaa obaarved between 

eacoaaBire oalTea fro* the aa*e ooe* this 3K.g\ire waa highly 

dl^dficaat (P «<0.01). Roger and Knox (19U7) obtaiaed an a-verage 

corielation of one year«8 calf mth the next of 0.1t9} nhile a 

cooperiaon of the fIrat record with 4he aywage of Tarlona neafcere 

of aubeecfaent records genre a rmge of correlation coefficient from 

0.51 to 0.53• The regreeaion coefficiant betMNMa succeoalre 

calves fiwft the aoae eora acre fonnd to be 0.2U (Table IV) and 

O.fiit (Tdble XIX) for Crossrille and apeenerillo cowe respoctirAy* 

Theaa Hgorea indicate that far each pound a coe*a calf veaned above 

the herd average in one year her next celf could be eaqpeoted te 

eeen 0.2U end 0.61$ ofe pound above the herd avarege for Croaavilla 

and oreeneville ccam raapectivaly# 

Orades 

Eleven per cent (Table V) of the variance betawoa calf 

gzodee for feeder -^pe waa found to be due to cow dlffbreneee 

at CrossviUe. Per Qreenevills 39 pev (Table XIII) of the 

varianoe between grades for feeder type waa estimted to ba due to 

eev diffenmcee aid waa highly aigniflcant (P »^0.01). Roger 

and Khoac (19U7) obaarved e correlation of 0.21$ of all adjacent 

grades of calves and a mge of 0.25 to 0.U2 for coahination of 

the first with various averages of subsequent records. PaysingMr 

(1953) observed a correlation of O.C^ between the weaning type grade 
of adjaMQt calvea fro* the aaae cow. 
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tha CViraga WMcralatlon coefficient for all adjacent grades 

for calf feeder type waa 0.16 (Table VI) at Croaarllle and 

0«28 (Table IIV) for Qreenerllle (P ■<0«01). A regreeiiod coefficient 
for calf feeder typo grade of 0.17 (Table VI) vac Cbtaiaed at 

Crooaville and 0.31 (Table XVI) at Qreenerllle. These flgurea 

indicate •Waat for etvexy point a coe*e calf is above the herd average 

one yeaTj her neoct calf be expeoted to bo 0.17 and 0.31 of a grade 

above tbe herd average the n«ct year for Croseville and OrMoeville 

con, respectively. 

The intradUaa correlation of calf weaning grades for slanj^ter 

eondi'U.on at Crosaville was O.OU (Table VII). This was in 

agreoMBit with resnlta obtained by PsyiriLager (1953) but lower tlm 
those obtained by loger and »iox (19U7)« At Qreaoevllle Urn 

Intraelasa coirelation of calf weaning slaughter eonditicn grades 

of sucoeasivs ealvea fron tha saaa cows was 0.5X (Table XV) r This 

vns considerably hi^er than the fLgere of 0.0l( reported by 

Fsyslager (1953). 

For the Cresaville herd an averaga correlation eoefficiwst 

for woning grades for slaughter oondition of 0*19 (Table VIXI) 

waa cditained (P a<0.0^ >0.01). This correlation was 0.U5 
(l^hle XVI) for the GreeneviUa herd and was highly significants 
Bsgresdm coefficients for slaughter condition grades of 0.19 
(Table VIII) md 0.^ (Table XVI) were obtained fer tbs Crossvillo 
mmA QreonevUle herds respectively. These figures indicate that for 

https://eondi'U.on
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each point a eoiria ealf la abore the bard average one year^ her next 

calf can he eaqieeted to be Q»l^ pointa md 0.»$0 poiata al»v« the 

average the next year* 

Ihe reatdta obtaLoed in the analysis of the rspeatabililgr 

of eoa perforaanoe in the herds at the tvo locaticms involved in 

this study ahov considerahle differences in the repeatability 

Mtinatee ehtained for iSO-day Heights koA eeaning grades for 

feeder type and slaughter conditions. Results vere sinilar for 

estinates of the repeatability ef birth weights at both CroesviUo 

and (hroenevllle. Ihe difforcnwai obtainod My ba partially 

ezplainod by diffamieM in ths cov hards influenced by origin 

and culling practices as well as different en-yironnental coiiditi(»s» 

variation vdihin sows eas siniiar at both stations but 

differences between cows ware nieh greater for ths Qreeneville 

statim as eoaqpared to tie Oroesville atatim* Since no culling was 

practiced la tie QreensviUs herd after the first calf crop, the 

rather bi^ estinates obtained at this station aig^t be partihLly 

axplainsd by the fact that unusually good and poor pro(bioor8 were 

kept in Idie herd for the entire period eovered by this study* At 

Crossvills tM first year pxodaetion of aost ef the eewe tended to be 

noch neamr the average with less variation between cows and few 

extrenely low or high prodaeers. 
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«» r«p»«tabillty of yoarly oalf birth ISCWtty 

volets, foeder typo oBd sXoaghter ocnuUtloa grodoo for eow hordt m% 

Croosvlllo and Qroonorlllo ms otudiadft Tho porfonaonoo 

of coif produoiioo of tho com ooo dotomtnod by tl» oorxolatioa 

botmon odjoemt recordbi fro« tho aoao cor by analysis of sarianoo* 

Too hondrod and oighty»throe and ono hundred and oovsnty^ 

•Ight ealTMfrcB com at Crcsorllle and Qrmnoville rospectivaly 

wore usable for this etudy* The aataal nuaiiers used in each 

analysis vazled according to the rettulztnunts for statLetlcal 

aaalysiSf ^aths and sdssing infornatioa. 

The average birth wei^s for cOlrBS from the cow herd at 

Crossville was 73*1 pounds for aales and 66.5 pounds for fewaee* 

At Qpoenevillo Iho average birth waists were 73,0 pounds for 

Bsles and 67.0 pounds for feaoles. All birth weights wwzw adjusted 

to aele basis by adding 6.6 and 6.0 pounds to ths birth weights 

of Iboale calres at Grossrille and Qreeaevilla respectively. 

The man IdCHlay calf weaning wed^ts at CrosovUlo 

wm b60 pomde f«r naloB and I|09 pounds for feaales. At(MmurriUe 

the avorags weaiing weights were 1(03.2 pouadb for aalee and 

377.U pounds ftr fenaSse. The l60-day eelf weaning weii^ts ware 

adjustod to aale basis by adding^pounds to tbo weights of fmalo 

osItos in tho Croosville hard and 2^.8 pounds to the weights of 

fooalo oalves at Qrosnevllle. Adjustaeasts for ago of dsn and for 

year difference wore also nads at tho Croosrllle station. lb tho 



Sk 

oorn^tion and regrasnloa analjnMMi at dPtmerLlle an adJustMot 

for;^ar differeneaa onX/ vaa aada sinca differeneaa doa to aga of 

dam vaa confouaded with yaar diff^rancaa at that atatlon. The iSOniay-

aal^ta at both atatlcma ware detez^ainad by paroratlng tha calf gaiat 

aada daring tha tvsnt7<-ai^ day period braoksatlng this age, 

fha intraclaaa correlation for AiSfmnmmi batvaaa oaw at 

CroaavliXe was 0,03 for birth vai^ta> 0»2l for l80-day vaights, 

0*11 for waaning oslf feader typa gra<tea and 0*024. for slaiightar oondltioa 

gradoa* Ibr the (hraanerllla hard tha following intraclaaa eozrblationa 

f«p dlffarenoas betwean oowa vara 0*01, 0*6l, 0.39 and 0.51 for 

birth waij^tflf I80*day waaning vai^^tts^ faacter typo and slaughtar oondlliQa 

gradaw zvapaetlraly-* 

Ih tha CreasvUla herd the averaga ooirelation <K>efficient3 

for adjacmt performance raoords of the aaoe ccaw were 0.01 for 

oalf birth waighte^ 0.25 for 180-day weaning wwight#j 0.16 fear 

weaning feador typa gradea and 0.19 for slander condition gradaa. 

Tha aweraga correlation coefficient for cow performance at arecmeTllla 

wart -O.Ql for calf birth wel^ta, 0.62 for 18o-day weaning wei^te, 

0.28 for feeder type grades and 0,U5 for slaughter condition grades. 

Segreaaion coefficients for the Croasvllle herd were 

><^.01 Ibr birth waists, O.2I4 for 18-day weights, 0,17 for fooder 

typa grades and 0.19 for slatighter condition grades, the rogresaion 

coafficiants for cow perforoanoa of -O.Ol, Q,61i, 0,31 and 0.50 for 

ealf birth and l80-d^ weights and weaning feeder type and slaughter 

eondition gradas respectively were observed in the Greenaville hard. 
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Xte rMultt ̂ sorfwd in this iodicat* that tha aaaolag 

might of a cov'a lixwt calf Is indieatlm of fataro psrfozvanea in 

raspect t» mming wsight* Cemo produolng flxst calms baloir tha bard 

amraga for maning might consistantl7 prodnaad calms balcsr tha 

hard amraga* The eon that pro ucad ealTss abom hard tenanso 

as hsUTars oontinusd as high' prodiu^nn up to six or aamn yaars of 

ags* la gaaffral, braading earn my be salaotad vith a eartain 

aaooat of oonfldenea far future prodacti-vity <m tha basis of tha 

first calf recordfor maning wai^t. Seldoa aoiad a potentially 

hi^ producing oow be disinatadfran the Imrd by calling on tha 

baaia of Iha first calf record for aaaniag might. 

Jo. this stu4y results indicate that the maning fseder type 

and slaughter oonditLon gyadea of a eos*s first cslf muld be of 

som valT» in predicting her future perforsanee for those 

ohiraeteristies. fltommry the aacuraay of selecticii aig^t be 

increased eonsiderably if at least imo or possibly aore records 

frm Iht SOM ocnr vert amilable* 
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TASm I 

ANAirSIS OP VARIANCE OP Cm BIRIH WEIGHTS AT CR(3SSVILLB 

Source 

Total 

jDtgrMS 
of 

Fz*oo4on 

282 

Sara of 
sq^aares 

22,165. 

Moan 
square 

j 

t8.6 

TbeoroiioaX 
compoeitlon 

of 
aeon oqnaro

'■ . 
OMpononte

.1 . 

Betwewj joara 
dropped 822.1 137.0 

Betanm eons 
vlthin yeare IS lt,30l»,3 87.8 2.5 

Within eoes 227 17,039. 75.1 

8 SffeetlTt iwWher of calvee per oov » 5.0 

3htraolas« eerrelatLoa» 
75.1*2.5 

. ©.03 

h^lk. f iiiiiirii nn-
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TABI£ ni 

AMLISIS OEP VARIAHCE OF 180-Bffif CALF WEANIHa lElGHSI At 

CROSSVILLE^ 

= .....r:T9 
theoretical 

Degrees cooposition 
of Sums of liMn of 

Soaroe freedom squares square nean square Cflaponsnts 

fetal 631,P60 2,m.3 

aetereen yaam 
dropped 6 l^raltkd 21,21(1.5 

Beteeen ooas 
within years k9 ^39,^ll3 1(,886.?*» d"2+ kod" c SS®-® 

Within oowB 225 h$$j^099 2,067.1 »,067.1 

s£ff«etiTt nuBOMor of ealrot per eoir « 5«1 

556.0ZlalarMaaM o<unrelAtlon « « o.a 
2,067.1 ♦ 556.0

difference of 2eeightebe^en birth wei^te and veaning aeighte analysia of vartaoce is 
to only one calf and was notnsedi one calf died near weaning age and was not nsed. 

«» P# <.OQL 



  

 

n
m

I
f
 

C
(
H
R
E
U
7
I
(
^
i
l
D
 m
»
B
S
S
I
G
H
3
U
f
Q
H
Q
I
S
O
-
M
T
 V
B
I
C
H
T
3
 G
T
 C
A
L
V
E
S
 m
m

T
H
E
 S
M
S

G
O
B
S
 C
A
L
T
O
S
Q
 

Z
H
S
0
C
C
K
S
S
X
V
E
 t
EA
fi
S 
A
T
 G
9
E
K
S
S
7
I
L
L
B
 

:^
ia

» 
o
f
 i
^i
ua
re
s 

D
6
g
r
e
«
B
 

a
n
d
 p
r
o
d
u
c
t
s
 

o
f
 

C
o
r
r
e
l
a
t
i
o
n
 

R
B
g
r
«
M
d
a
n
 

C
Q
V
V
g
B
 

f
r
a
e
d
t
m
 

S
x
2
 

S3
Qr
 

Sy
2^

 
e
o
e
f
f
l
c
i
s
n
i
i
 

e
o
t
t
f
f
l
c
l
o
n
t
 

2
-
3
 

3
$
 

10
2,
9l
i3
 

57
,i
t2
7 

12
0,

90
6 

♦
0
.5

2
♦»

 
♦ 

0
.^

 
3

-1
^ 

27
 

$
2
M

k 
2U

,2
62

 
60

,1
08

 
♦ 

0.
1j

3 
« 

•* 
0.

1f
6 

^ 
5 

2
6
 

56
,3

93
 

-
6,

66
5 

U
2,

6l
5 

-
0
.0

1
 

-
0
.1

2
 

5
-6

 
2
2
 

1^
,2

23
 

-3
,1

j6
3 

6U
,3

8U
 

-
0

.0
6

 
-

0
.0

7
 

6
-7

 
2
2
 

58
,7

36
 

-
7,

03
1 

33
,2

65
 

-
0.

1U
 

-
0
.1

2
 

7
-8

 
2
1
 

IIi
6,

23
3 

21
^,5

99
 

22
,9

35
 

*
 0

.7
5 

*»
 

♦ 
0.

53
 

8
-9

 
16

 
18

,5
51

 
5,

08
6 

11
,8

1|
6 

♦ 
0.

3l
> 

*
 0

.2
7
 

9
-1

0
 

7 
8,

31
5 

69
8 

13
,9

9U
 

♦
 0

.0
6
 

♦
 0

.0
8

 
1
0
-1

1
 

3 
U

,0
69

 
1,

62
9 

2,
71

3 
-* 

O
Ji

D
 

S
a

a
a

 
17

9 
39

5,
9U

7 
96

,5
l|2

 
37

3,
09

6 
* 

0.
25

 •
• 

♦
 0

.2
U

 

t 
P

a
 

f 
**P

 s
 <

^.0
1 

$
n

r
 



I 

TABLE T 

ANAQCSXS OF TARIANGE OF IBANIRa dUBES FOR FEEDER TCm 

AT cRossmus* 

Theoratioal 
Dogeoott eoiqpositioQ 
of Sana of Miaa of 

Seoree fraadmi ariparoa aqoare aaan aqnare CoapcaMnti 

Total m 3m.o 1.7 

Batemn yeara 
dropped 6 l«6.i| 7.8 

Batawen eoim 
within years 31 67.9 2»2» 0,17"W^ 0 0 

Within eowa II16 199.6 i.i» <r2 
w 

%Z ETf»otiv« mudMr of oaXvot por Mir « 1|«8 

MemtlMm oorreLotioa m »17 a O^ll 
♦ .17

^8U mMnlng gndoo for foodor typo ooro oood. Thio difference 
of 97 from the naaber of iSo-doy eolf weiBilag eeiglLto i« doe to the fiMjt 
that the oelves rtvo not groded in 19li2, 19li3, 19U4 and 19li5, «nd aooa 
gradea were Blsaing in other yeara. 

*Ps <..05 >.Ql 
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ItiBS ?II 

ANALTSIS OF VABIAirC9S OF lEANZHG GRADES FOS SLADQHnSE 

CONmKOH AT CROSSVILLB* 

Thsor«tioal 
Dtgrwit coaiposltion 
9i Suat of mm GNf 

S«uro« trmiom tqpmm mrnxL •qqar* Onqsoninti 

Tbtal 185 36$,k 2.0 

Itotamen Tvcni 
dropped 6 29.^ 5.0 

Beteeea con* 
vithla ymn 31 67.li 2.2 6^1-e k ^ 

w'"0 e 
.07 

Within cows lbs 268.0 1.8 tf'i 1.8 

kjg s BffcMstl've nnaflMT of ealvee per eeer j; b«87 

XatrMlMs oorreaAtLoii m a21—.« .Ol^ 
1.8 ♦ .07

*186 ewtmlng gndn for slaughter condition were isMd. This 
difference of 95 firott the nnnher of iSO^diQr eeaaiag veighks is doe to 
the fact that the oalves were not snmd in IShZ, 19J43, 19UU and 191*5, 
end s^oe grades wezw Missing in other yeare. 



m
a
x
T
u
i
 

CO
KB

LA
TI

(»
B 

AJ
SD

 S
SO

RE
SS

IO
fS

B 
AM

OJ
IG

 H
EA
KT
IM
G 
<
m
i
S
S
 K
B

SI
AU
GH
TH
I 
CO
Kl
HK
ra
i 
CP

 

CA
LV
ES
 n
m

I
R
S
 S
AM

E 
CO

PS
 m
^
r
s
m
 m

s
w
c
E
s
s
m
s
rs

Ms
s 
a
t
ch

os
st

il
is

 

Co
ir
 a
g
e
 

l-
J 

5
-
6
 

6
*
7
 

7
-
a
 

8
•
•
7
 

7
-
1
0
 

J
O
-
1
1
 

p
 s
 

B
e
g
n
m
 

o
f
 

f
r
e
e
d
o
M
 

5
 

8
 

li
t 

1
5
 

2
1
 

1
5
 

6
 

li
 

1
0
7

<
.
0
5
>.
ca
 

Sx
2 

2
.
7
 

3
.
7
 

1
3
.
6
 

2
6
.
3
 

2
7
.
7
 

3
1
.
3
 

2
1
.
9
 

1
0
.
3
 

5
.
7
 

1I
|3
.6
 

S
a
m
 o
f
 a
^
o
M
t
m
 

m
a
d
 p
r
o
d
a
e
t
o
 

S
x
y
 

2
,
0
 

-
3
.
7
 

0
.7

1
3
.3

2
.3

1
2
.5

—
 l
.
U
 

3
.
6
 

2
.7

2
7
.
8
 

#
,
 ,■

 -
-

l
u
l
 

1
2
.
1
 

1
5

.8
2
5
.7

1
7
.7

3
0

.3
2
9
.
1
 

8
.
U
 

1
0
.8

1
5
6
.
2
 

C
o
r
r
a
i
M
i
i
m
 

c
o
e
f
f
i
c
i
o
t
t
A
 

*
0
.
6
1
 

-
0
.
5
5
 

*
0
.
0
6
 

♦
0

.5
1

♦
0
.1

0
♦

O
U
(
0
 

-
0
.
0
5
 

0
.
3
7
 

♦
0
.3

8

♦
0
J
7
*
 

B
»
g
r
«
s
«
i
o
n
 

O
M
f
f
l
d
e
n
t
 

♦
0
.7

5
♦

0
.1

0
♦

0
.0

7
0

.5
1

0
.0

8
<

♦
0.

1)
0

0
.
0
6
 

♦
0
.3

5
♦

O
.
5
0
 

♦
0
.1

7

w
 

-4
 



3« 
yiwrje ix 

AHALISXS OF 7iBXAH(3E QT (UOf BIBIB lEHQHTS AT st.'imux 

n«orotic«l 
Dagraea 
of 9am of of 

Smnm froodM oquaroa sqtuiro Boon oqoort Otwpe^cato 

Total 177 13>200.0 7U.6 

oevooon groupe 1 25.3 25.3 

Botoeon eo«i 
within yoam 176 13,17k.7 7U.9 

Botoeon yoara 
within groupo 8 2,87l).l 359.3 

Ronaindor 166 10,300,6 61.3 

Botoeon eooo 
within groups 37 2,36l.k 63.8 

W o o 
0.71 

lithin 0000 131 7,399.2 60.6 60.6 
w 

s BffoetlTe nuidbor of colvoo per cov•luSl 

SntroOlAss correlatioa m mTX. » 0«Qk 

60»60+ «7X 



6
-
7
 

T
A
K
£
 X
 

C
€
^
E
U
T
I
Q
i
f
S
 A
I
B
 R
E
C
B
£
S
S
I
(
»
B
 A

ll
OH

G 
H
I
R
T
H
 W
E
I
G
H
T
S
 O
f
 C
A
L
V
E
S
 F
B
O
M
 T
H
E
 

S
A
M
E
 G
O
B
S
 C
A
L
V
I
N
Q
 I
R
 S
U
C
C
E
^
I
F
S
 T
E
A
R
S
 A
T
 G
B
E
E
H
E
T
I
U
i
S
 

S
u
m
 o
f
 o
q
u
a
r
e
a
 

O
f
^
g
r
M
s
 

a
n
d
 p
r
o
d
u
c
t
s
 

C
o
r
r
a
l
a
t
i
o
B
 

Se
gr
oa
ai
oa
ok

o
f
 

C
o
r
 a
g
*
 

f
ir
ee
d
b
S
B
 

Sa
E^

 
Sa

gr
 

e
o
^
f
l
e
i
a
B
t
 

e
o
a
f
f
i
e
i
e
n
t
 

>
4
 

3
6
 

2,
11

5 
-2
11
( 

2,
79
6 

—
0
«
0
9
 

-
0
.
0
1
 

3
2
 

2,
26
7 

<^
li
3 

1
,
9
^
 

-
0
.
0
1
 

-
0
.
0
1
 

-0
.0

0l
( 

-
0
.
0
0
3

$
-
6
 

2
9
 

2,
33

7 
-

7
6
 

1
,
8
^
 

2
3
 

1
,
7
3
2
 

it
ia

 
9
3
a
 

♦
0

,0
3

-
0
.
0
1
 

—
0
.
0
1

S
»
t
 

1
2
0
 

8,
U5
i 

-
1
1
5
 

7,
5^
 



� 
•d^ 

)'■ 
' (/ 

]|0 
f^XI 

ANALYSIS or VARIANCE OF ISO-BAI CALF WBANINO 

NEIOHIS AT CBKBNBVILIE 

tlMMHpetioal 
DtgrMNi MapMltlon 

of Sum of Moan of 
8ou»mi freodm oqituures oquoro ■eon oquoro CuipoDoato 

Total 175 B5,776. 2,1i90.1 

mtwei gyonpo 1 U,1|18. U,la8.0 

inthin groopo ITli Jl31»358. 2,1479.1 

Botooon yooro 
irlthin groupe 8 63,330. 7,916.3 

KoBOlxiSor 166 368,028. 2,217.0 

Botnton oemi 
■Lthiii gjnnupt 37 255,382.3 6,902.2** 6^4 f x,35l.8 

mthln oova 129 U2,61i6.7 873.2 6 J 673.2 

k s BffoetiTO aaeber of lulwm pv oov s 
P 

latracXoBo conolAtlon • 1.351.8 s .61 
873.2 + 1,351.8 

P s <.01 
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