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• Production Factors In RANGE CATTLE 
Under Northern Great Plains Conditions 1 

By H. T. Clark, animal ge1leticist, C. E. Shelhy, animal gen('ticist, J. H. Qlleselll'('rry. 
animal husbllfl(7l1lClfl, ani! n. H. \\700dward, (lIIima{ geneticist, Allimal JIII.~iJ(lf/({I'\' 
J«'search DiuisitJn, .Agricultural /?eSI!"rch Service, and Fred S. \\7illson,2 Iwad, Departl/If',;l 
of Animal Illdustry anel UallEf,(' I [(lfWEf,f'Il1l!lIl, ,1{""I(IIIf1. SIll/(' ColI,'W' 

INTllonUCTIOK 

Range cattle production is the chief the growing season. Li"estoek pro­
enterprise of the northern Great duction wil.hin Lhc area is markedly
Plains. In this area of more than affected by sen~re droughts and ex­
100 million aercs lying principally in Lremely cold winters. 
eastern Afontaua, northeastern\Vy­ For reasons of climate and he cause 
oming, and western North and SOllth of Inallagement trends, ranchers in 
Dakota, the natural reSourccs an' the northern Great Plains ordinarily
de"oted principally to production of market feeder calves frmll a tow-and­
range grasses, a crop most efJiciclltly calf type of operation. \Vhen range
used as forage for bcer ('attle and and feed conditions permit, Soltle 
sheep. The ~1'ea has a great variety operators may hold caIn's OYcr, win­
of soil types, and has a scmiarid ter them, and sell them as feeders 
dilnate characterized by wide ex­ when they arc long yearlings. Fac­
trcmes oJ heat and cold. In the tors affecting ccol1omy of protluetiollvicinity of Miles Citr, l\t[ont., where 

and aeeuracy in sc1ecting highly pro­the data pn'sented iu this bulletin 
dueti"e breeding stock aJ'e extremelywere collected, annual rainfall ayer­
important to the ranehet·.ages abollt 13.2 il1('h('s, tempcraturcs 

average about 14.5° F. 1'01' January This bulletin reports findings I"/~_ 
and 72.9° for July, and the growing garding relations hetween various 
scaSOIl lasts about 158 davs. Yield cow and calf characteristics and tbl' 
of range forage depends largely on influence of environmental factors on 
the amount of precipitation during these characteristics. 

REVIEW' OF LITERA TUllE 

Knapp et al. (6)3 discussed the hereafter in this section as "the Range
results of record-or-performance tests Livestock Experiment Station.") A 
at the Vuite" States Jlange Livestock gross eorrdatil)JJ of +0.34. ::\11(/ an 
Expcriment Station, Miles City, intra-year correlation of +0.32 he­
Afonl. (This station is referred to tween hirth weight and gain from 

1 The sludy reporled here \\'as carried oUl coopcralivrly in lite periurI 1920-53 11y lhc 
Uniled Slales DCI)arllllcnt of Agriculture and lhe l\lonlana Agricullural Experimcnt 
Stalion. This hili elin is a conlrihulion from \Vcslcm Hegiona\ Project \\7_1, fhc Jill 
provcmcnt of 11cef Cau.I/) Throll"h lhe Applica~ion of Bn'eding ;'rlelhods. 

2 Thc IIl1lhors wish lo acknm\~edgc assislance received during lhe eours(~ of lhe study 
from the IlIlC A. L. Bakcr, animal husbandman, ancl Bradford Knapp, Jr., form!'r!). 
animal husbandman, Unilcd Slalcs Deparlment of l\j;l'icullure. • 

• 
3 Italic numbcrs in parenlheses refer to Lilerature Ciled, p. 22. 

1 
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hirth to weaning were obtained in a 
group of Hereford steers. These cor­
relations were highly significant. 

Knapp et al. (7) made a study of 
growth and production factors in 
rangc cHttle ha,;('d on data collecwd 
at the Range Livestock Experiment 
Station {rom 1926 to 19·1.0. The 
stmh' included reeonls Oil 770 eal n'S 

froni 112IJerdord cows that had reo 
mained in the breeding ht'rds.~or at 
!{'<lst 9 years. The factor!' stlldied 
were hir-th weig-ht, w('anin;,g wcight. 
gain from birth to wcaHing-. age at 
weaning, anJllJal rainfall. aud previ­
ous-fail weight o[ the eow. 

Birlh 'weight yaried rdaliycly little 
from year to year exeep~ in years 
foJlowillg drought. :l\fale calve::; av­
eraged 5.8 pound::; heayier at hirlh 
than females. This {\iffer(,lIC"c wuS 
highly f',ignifieant statistically. Sex 
ac{"ollllled Jor ahOlrt 10 percent n(' the 
total yarianee. Calves front 2-)('ar­
old cows were ahout 10 pound::; lighter 
than those from mature cows. Clumge 
in age of cow hatIlittlc effect on hirth 
w(>igh t a fter the aEe reached ,I, years. 
A ~olTc1atiou of v+0.~6 was i'ollud 
he tween birth weight of cal[ and 
preyious-fall weight~)f dalll. 

\Vcaning weight and gain from 
birth to weaning Yariell greally from 
year to ycar. Low annual rainfall 
was reflected in low 'weights. ~rale 
cl\1 ves avcraged 22 POll~\(ls heavicr 
than females. This diffcrenee was 
highly significant statistieally.\X"hcn 
thc effects of dirferenccs in age <It 
weaIling were removed l)y analysis 
of covariance, sex accountcd for about 
7 percent of the total variance. In 
relation to age of cow, weanulg 
weight (adjusted to an age of 175 
days) showed the following trends: 
2 to 4 years, rapid increase; tJ, to 6 
ycars, gradual increase; 6 to 7 years, 
slow decrease; 7 to 11 years, rapid 
decrease. Thc differences in weaniIlg 
weight associated with differenccs in 
age of CO" were statistically signifi­
cant. 

The correlation of weaning weight 

of: cal( and previous-fall weigbt of 
dmn was +0.10. '\?"eaning weight 
was corrdated a little more closely 
with spring weight of dam awl still 
more closely with weight of dam at 
we'llling. Prc\-ious-faJI weight did 
110t materially influence milk produc­
tion; nutrition of tbe dam during the 
suelding period influenced it to a 
greater extent. Poor condition of the 
cow as hHlieated by weight in the 
pre,"ious fall did not materially affeet 
calf protlllctioll. 

Average weights o( cows from 1,irth 
to 10 years of age were plotted. 
Growth was relatively rapid from 
hi~·th to 2)~ years. Maturi ty in weight 
was attained at approximately 5 
years, with Little change after 3)~ 
Years. Cah-es of maximum birth 
~\'eight were produeed by tt-year-old 
cows, an(l eah"es of maximum w(>an­
iug weight by 6-year-old cows. \Vith 
regard to feeder calvcs, the best pro­
ducing period of the range cows was 
ages '1 to 8 years and the lnost pro­
ductive age was 6 years. The inves1i­
gators reeommt'IHIed that cows be 
~larketcd at 9 yerll:s of age. 

Knox and Kogcr (9) studied the 
('frect of t'~e on the w(·ight al1d pro­
duction ')[ rangc cows. Both weight 
and production wcre greatest at the 
ages of 6 to 8 years. At a weaning 
age or 205 days, ealn~s from 2-, 3-, 
and 4.-ycar-old cows were 60, 42, and 
18 pounds lighter than those frolll 
6-rear-olds. The inn~stigators eon­
c1ildecl that cows should~be sold at 
8 to 10 years of age. 

Koger ancl Knox (12) measnred the 
effect of differences in sex on the 
weaning weigbt oJ cah'es. \V cigh ts 
of stecrs, adjustcd to an agc of 205 
days, werc 32 poumls greater than 
those of bellcrs. 

Knapp and Nordskog (8) studied 
the relationship of live-animal scores 
~md grades and certain carcass ebar­
acteristics in a group of Hcreford 
steers at tbe Range Livestock Experi­
ment Station. \Veaning wcight and 
score werc highly correlated (+0.68) 
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3 PRODUCTION FACTORS IN RANGE CATTLE 

Koger and Knox (13) studied the The following correlations of cow 

• 
repeatability of yearly production of 
range cows. They corrected records 
for sex hy adding 30 pounds to the 
weights of heifer calvcs. Highly sig­
nificant differences in weaning weight 
at 205 days and significant differences 
in weaning grade were fOllnd to be 
associated with differences in age of 
darn. 

Woolfolk and Knapp (16) meas­
ured the effects of three rates of 
stockin!; on gain in range calves at 
the Ul':.nge Livcstock Experiment 
Station. Among calves produced on 
range areas subjected to light, me­
dium, and heavy grazing, respec­
tively, huns were. 3.3, 4.6, and 4,.8 
pounds heavier at birth than hcifcrs, 
and steers were 2t1., 23, and ,to pounds 
heavier at weaning than heifers. 
Growth from birth to weaning showcd 
essentially a straight-line trend for 
animals on moderately and lightly 
grazcd areas. 

Grcgory et ai. (4) analyzed some 
of the. factors affecting the birth 
weights and weaning wcights of 
Hel'eford calves at the Korth Platte 
and Valentine substations of the 
Xehraska Experiment Station. Aver­
age birth weight of males exceeded 
that of females by 5 POlUlCls at North 
Platte and by Lj, pounds at Valentine. 
No appreciable difference between 
sexes in wcaning weight or gain 
was found at the North Platte 
station. Differences of 14 pounds ill 
wcaning weight and 11 pounds ill 
gain were noted hctwecn males and 
females at the Valentine station, but 
these differences were not significant. 
Cahres were weaned at 200 days of 
age at North Platte and at 150 days 
of age at Valentine. Birth weight 
was correlated with gain from birth 
to we,ming only to a very sligbt 
extent (+0.07) at North Platte hut 
to a greater extent (+0.'14) at 
Valentine; its correlation with wean­
ing weight was slight (+0.27) at 

• 
North Platte but high (+0.60) at 
Valentine. 

and calf characteristics were noted: 
Birth weight with cow weight after 
calving, +0.21 at North Platte; 
birth weight with cow wcight on 
the last weigh day prior to calving, 
+0.32 at Valentinc; weaning weight 
with cow weight at weaning, +0.20 
at North Plattc and -0.11 at 
Valcntine; gain of calf and gain of 
cow, -0.12 at North Platte and 
-0.34 at Valelltine. 

Koch (10) studicd the weight 
of eahres at wcaning as a pcrmanent 
production charactcristic of selceted 
r:mge Hereford cows at the Range 
livestock Experiment Station. Se­
lected 1ml1 calves were 4tL pounds 
heavier than heifer ('alves at a 
weaning age of 182 days. In con­
trast, the steer calves were oIlly 13 
pounds heavier than the heifer calves. 

Burris and 13lul1l1 (2) examined 
some factors affecting gcstation length 
alld birth weight in Angus, :Hereford, 
and Shorthorn cattle. l\Tales of the 
3 ])reeds, respectively, aycraged 5.3, 
4.5, and ;1,.9 pounds heavier at hirth 
than females. Differcnces hetween 
years were not significant statisti­
cally. Calvcs from 2- to 3-ypar-old 
cows averaged Lj,.7, 4·.9, and 6.0 
pounds lighter at birth than calve6 
from ,t- to 5-year-old cows, and 
calves from 3- to 4-ycar-old cows 
averagcd 3.0, 1.3, and 1.9 pounds 
lightcr than those from 4- to 5-year­
old cows. Birth weight reached its 
maximum w"hen cows of the Angus, 
Hereford, and Shorthorn breeds, re­
spectively, were 10 to 11, Hlto 12, 
and 10 to 11 years old. 

GuillJcrt a]]d Gregory (5), in a 
study of growth and development 
of Hercliml cattle, plotted the weight'" 
of cows as determined at montbly 
intervals from 3 weeks to 6 year:s 
of age. The greatest weights were 
attained at 5 years. A\rerage weight 
of cows at 5 years exceeded those at 
2, 3, HutI 4 years 1J)' 277, lLH, alld 
67 pounds, respectively. 

Botkin lmd Whatley (1) measured 
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the repeatability of production in effects of sex, season of birth, and age 
Hereford cows. :Male calves were 
4.'1 pounds heavier than :females at 
birth and 25 pOllll(ls heavier than 
females at a weaning nge of 210 days. 
Corrections of 4 and 2 pounds at 
birth and 35 and 15 pounds at wcan­
ing for offspring of 3- amI4-ycar-01ds, 
respectively, wete used to adjust 
weights of calves to a mature-cow 
basis. Cows were considered mature 
at 5 years of age. 

Gifford (3) ohserved a relatiollship 
hetween lllilk production of dam and 
growth .rate of calf in Aberdeen­
Angus, Hereford, and Shorthorn eat­
tIc. The gross corrc\.atioll l)('lwl'Cn 
total milk production of dam and 
weaniJ1g (8-month) weigh t of ('ttl( 

was +0.60 for 50 dam-offspring com.­
parisons in the Urrf'ford hrecd. :\Tilk 
procluctk'tl was least belWCl'!lthe age'i 
of 2 and 3 vear!:' aud i:ncreas("(llo the 
a lYe of 6 yet~rfl. 

toRollins and Guilbcrt (H) studied 
factors affecting growth of ealves 
during the suckling period in the pure­
bred Hereford hent of the California 
Agricultural EX}Jerimcnt Station at 
Davis, Calif. At a weaning age of 
240 days, male calvetO were 68 pOlllHls 
heavier than females and cakefi 
from 3- and 4-year-old cows wcre 21 
and 13 pounds lighter than thoHe from 
7 - to 10-year-old cows. The effcct of 
age of dam was smaller for female 
than for male (',alves. Cow produe­
tivity!rcaehed its optimum itt 6 or 7 
to 10 years of age. 

Woodward et <II. (15) slwlicd rcla­
tionships betwcen prcslaugbter and 
postslanghter cnllllations of })cef 
cattle in a group of Hereford steers 
at thc Range Livestock Experiment 
Station. Gross, within-line, within­
year, antI within-line-and-year corrc­
lations WCl'e computcd. The correla­
tions between birth wcight and weall­
ing weigh L unadj It':ited for II ge at 
weaning were +OAI, +0.38, +0.36, 
and +0.3l. 

Koeh and Clark (11) studied the 

of dam on birth weight, weaning 
weight, weaning score, fall yearling 
weight, and fall yearling score of beef 
cattle, using records of 5,952 Hereford •
calves raised at the Range Livestock 
Experiment Station. 

Bull calves averaged 5.6 pounds 
heavier at birth, 26.2 pounds heavier 
at weaning, and 0.13 unit higher in 
scorc than heifcrs. Because the 
pbysiological effccts of castration 
conld not he separated from the 
effccts of selection for size. records for 
huH and steer calves wer:~ not evalu­
ated separately. 

Differences between sexes in weight 
alul score were consistcnt among the 
different age groups. :Means for 
eahes produced hy 3- and 4-year-old 
cows wcre noticeably affected J)y age 
of dam. The difference hetween 6 and 
10 years in age of dam was found to 
have little effect on cbaracteristics of 
calf. 

Calves frol11 3-, ,to, and 5-year-old 
cows, in comparison with calves from 
cows 6 to 10 years of age, "wcighed 
5, 2, and 1 pOlmd less at birth, 
weighclL 4'1" 20, and 9 pounds less at 
wcaning, and were scored. 0.6, 0.'1" 
and 0.3 unit lower. (Adapted from 
table 1 (ll).) 

Faet.ors for ~1l1justing calI weights 
and weanillg scorcs to a mature-dam 
hasis were computed by two methods, 
and the rcsults were averaged. The 
final adjustment factors, applicable 
to average weights and scores for 
calves, arc as follows: 

Adjustmentjllctors 

nirtil Weaning 
.,.fgcojclJw ,ceight w,;ght W'C'(l/Iillg 

(yc(frs) (pounds) (pol/nds) score 

.'30 ...... . .~ 41 O. (j 

4...••...• 2 18 .3 
5 ....... . () G .2 
6 ....... . o 0 .0 
7 ..•..... o 3 .0 
8 ....... . :) 6 . J 
9 ....... . () ]2 .2 

2 :H .'1.10 ...... . • 
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EXPERIMENTAL CONDITIONS AND PROCEDeRE 

• The study reported here was hased 
on data collected at the United States 
Range Livestock Experiment Station, 
Miles City, i\font., oyer the 23-ycar 
period 1926-53. The data represent 
7A36 Hereford cah'es frolll 2,131 
c~ws. They extend oyer a longer 
period than 'those used in the study of 
Koch and Clark (.ll), which com­
prised 5,952 of the calf records pre­
sented in this bulletin. The faeton; 
studied were hirth weight, weuning 
weigl~t, gain from hi~·th t«? ['I,'ean}J1g, 
'wcalung score, prev1<)u,;- a wClglrt 
of cow, spring weight of cow (takcn 
during the last 2 to ,~ weeks of thc 
gestation period), anel JaIl weight of 
cow. 

The cows wcre rcgistered amI 
unregistered ] Iercfords born he­
tween 1912 and 1950. Customarily, 
heifers were {irH bred as 2-year-olds, 
to calve as 3-ycar-olds. Only :24, 
cah'es from 2:year-olds were in­
eluded. In the' earIy years of the 
experiment, cows were retained, if 
still productive, to the ~Ige of 15 years. 
From 1936 to 19·t6 they were dis­
('an]ed at 11 years of age, and Jrom 
19,16 onward at 10 years of age. 
Cows were dificarded aIm for in­
fertility, low prolllletivity, prolapse of 
the ya .. ina or uterus, cancer eye. and 
other ;casons of health. ~n;e 'cows 
were a highly selected group-proh­
ably more highly selected. than arc 
those in lite typical herd OIl the 
northern Grcat Plains. In selecting 
cows for retention, lcss emphasis was 
placed 011 type than on ~baracteristics 
suell as progeny periormanee and 
weight :for age. . 

The age composition of the herds 
was typical Jor the northern Great 
Plains. En ,-ironmental conditions 
~\'ere faidy typical for ran~'hes ill this 
area. In general, ('ollciuSIOllll drawn 

Jrom study of this group of cattle 
can be applied throughout the norlh­
ern Grea~ Plains. Caution would ])e 
nccessary in applying them to cattle 
on range areas where lnanagement 
methods and nutritional plane differ 
radically frOIll those on the study 
area. 

Customarily, bulls were placed in 
IJt"eeding herds of 25 to 30 cows for 
a period of 45 days, :from .Tllne 15 to 
July ~9. After the completion of the 
Jlreedill'T Season the unregistered and 
register~d herds were grazed in two 
large pastures. Cows were grazed on 
native range throughout the year. 
They were turned Oil :fall range ahout 
October 20. when the calves were 
wcaned_ aJ]~1 were moved to winler 
past~u'e' about the first of January. 
Thev were fed varying amounts of 
rrot~'in snpplements. .Hay was pro­
vided when weather was extremely 
('old or prevented normal grazing, 
and during prolonged dry speHs. 
Change::; ill ('ow weights depended on 
the amount of ,'egetation, the severity 
of the weathe,', and the amount of 
slIppklllenl fed. Cows were lIloyed at 
('alving time to two large pastures 
where calves were dropped. 

Eaeb ealf at hirth was given an 
individual cartag numher in which 
a serial l1U1nher was prcceded hy the 
last lllllllbcr of the year of hirth. 
1·'01" example, the eartag numher of 
eaell animal born in 1~):l,5 carried the 
prefix. "5." Thi::; itientifying numher 
was later branded on any female re­
tained 1'0" hreeding purposes. 

Birth Weights were ohtained hy 
range ridcrs within the first 24 houl's 
after hirth. Spring scales were used 
to weigh e:tell calf. Birlh weight, 
sex, eartag of the dam, earLag of the 
calf, amI hreeding herd were ,.('tortled 

• 
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her. Weights of hoth cow and ealfat this time. Calves remai.ned on 
were taken at weaning time.the .range with their dams until 

From 1939 onwar'd, calves werewcaned. Range vegetation was the 
scored 	at weaning }'y a three-man •ouly source of llutrients availahle to 
cOlllmittee using form A11-522.ealycs 	other than tbe milk of their 
Scores, expressed in percentages onown dams. 11ale calves were cas­
a whieh jdeal animaltrated in the grade herd at ahout 6 scale on the 
scored 100, were gin~n to 5)74 calvesweeks, 	and in the purehred herd at 
out of the total 7,'136. In ]939ahout 20 weeks, when hull calves 
and 1940, only regislcreu calveswere seleeled. Calves were wcancd 
were scored. A different con:rmilleeon the 	~\r.onaay closest to the 20th 
did the scoring e<tell year, some Jllenof Oclober in cOach }ear except: 1936, 
acting on more than one COllnnillee.when weaning took plaec in Scptell1.-

i"I'ETHOJ) OJ;' ANALYSIS 

all ages. This method is based onEfforls 	were made to e~lilllale lire 
the 	 there. are nomagnitude of several inflllences on assullIption that 
interactions between the differentprodllelioll eharaelcristies under lhe 
factors studied. The extent to which(~ondil.iC)ns existing 011 the experi­
sueh inleractions exist and possihlrmentHl range area. The signifIcances 
introduce hiases into the cstillla tcs is of obsl'n"l'(l diffcrences were testcd 


in caeh ease aeeording 10 the scheme unknown. 

Correlations hctween thc char'ac­oullirH'd in tahle L Eaeh estimate 

ters studied ba,·c hcen calculated onwas hased onl1lean8 for all the data 
a "within subclass" hasis. Thispertaining to the {aetor IIllller sllldy. 
IIlrlJrod gives IInhinsed estimates.For example, estimated dilTerences ill 
Thc loss it cntails in degrees of free­birth weight according to sex are 
dom is lUlimportant in a study in­based on :n'crages for all calves of 
cluding snell large num hers of record::;.caeh sex born in all yean; to dams of 

TXBT.E 	I.-Theorctical allalysis oj I'arionce and cowriance,lci/h f/u!an-sqllare 
equlI/ions Ilsed /0 obwill compOllrll/s (~f l'ariullce alld COl'lrriallce 1 

,, .\It·~m sqllan'::; IIIl1l 
('0\ ariluu,t'S "1).'f.!;n"'e::; or i 

:;OUrt't'S or \ilrin,iotl frC"('(lolltI 

r l p'\ HJ{j lTf':-~··/t·j (f"'~-f II'S fTl!~tl..o O"JI~Total ..•........•. '."
,. I (> ,! O,()j cr f - t ""-t £T~-":·k:i O'tt--rha (Tv·
A.IllOllg yearn~ ........ , " ; 


An}(?I1~ ages of (iL~lll 

",,'Ilhnt years .......... 

1 

~ II Y PI'! J>J', .1'·2, 

.l~.nll)l1g Sf.:xe~ within a~eR i, 


or dam wi lhin y('ars .... ! $- U 0/ ! 0,0, 

Among n:cord5" withill , 


sexeS within a~e5 of: 

dalll "irhi.t years ..... " lcs 


J r. is the tOLaI number of ,·<,('on15. y is the 1IIIIIIber of }{'a!' SlIhgrollps. (/ i5 lire lIu",lg'l' or 
yt~aL-agc subgroups. s is lhe 1111111ber of ycar-age-sex subgroups. If,.'!., rr/', (jt'~, uncL err?- arc! 
lire variances due 10 crror, Hex, agc of dam, allli year of hirtb. 

• 
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Correlations were computed 1»)" lise variances and coyarianccs of vari­

• 
of the formula 

m which 

ahles;\:t and Xj' 

'\Veaning weight and gain from 
birth to weaning were adjusted to an 
age of 180 days. Each record was 
adj 115tel1 indi \'id ually 011 the hasis of 
the actual rate of gain from hirth to 
weaninl!:. 

RESGLl'S AND ])ISCCSSION 
1\[eans l'or the production charac­

teristics and for 1lnnll<l I and seasonal 
rainfall in each year of the perio(l 
1926-53, and .f'or wcaning scores gi vcn 
in each oJ the years 1939-53, are 
presented in table 2. Means 1'01h 
of actual weights and gains at tinw 
of weaning and of these weights and 
gains adjusted to the age of 180 days 
appear in the tahle. Annual rain­
fall (at the Miles City airport) aver­
aged 12.6 inches for the 28 years in­
cluded in the study period. Rain­
fall during the growing season. Jroll1 
April 1. to September 30, a vcraged. 
9.3 ineheR. Extreme tlrollght, with 
not more than 4 .inches of rainfall 
during the growing season,llIark.edly 
affected produNiOIl characteristic,;. 
Difference;, among years were highly 
significant Jor all the ehar:lcteristies. 

ivfc:llIs hr age of dam are gi ven 
for bnll, steer, and heifer calves in 
tahle 3. The effect of age of dam 
and tbat of sex are confounded wi lh 
each other and ,\ith that of year. 
1\1ore precise estimates could 'han~ 
heen ohtained l)y a ]east-scJuares 
analysis. The actual means tahu­
lated should indicate roughly the 
differences due to these effects. Di 1'­
ferences according to age of darn 
were highly significant for aIL the 
characteristics studied except j)irth 
weight. 

• 

1\[eans by sex are summarized in 
tahle ,t Ahout 50.8 percer:t of all 
cakes wcrc males, and about 7S.5 
perccnt of these were castrated prior 
to wcaning. Differences hetween 
sexes with regard to hirth weight, 
gain from hirth to wcaning, weaning 

44i200-58--2 

weight, and weaning score wcre high Iy 
significant. 

Birth Weight 

Birth weights of all calves averaged 
76 pOTlnas. The frequency distribu­
tion of birth weights by 5-pound 
internds .is given in figurc 1. The dis­
trihution is norma]. AJ)Out 71 per­
cent of the calves weighed hetween 
GG and 85 pouuds, and ahout 96 per­
cent weighed hctween 56 and 95 
pounds. Since the cows in the tiludy 
were highly selected, thc average 
hirth weights may he slightly higher 
than should he expected, on an 
a\rerage, Jar cahres produced by range 
cows in the northcrll Great Plains. 

Birth weight varied considerably 
among years. In gencra] it decreased 
markedly after a year of extrcmc 
drought (one with not more than 4· 
inches of prccipi tation dnriug Ihe 
growing season) or after an extremely 
severe winter. :Extrellle drought con­
ditions prevailed in 1931, 193.1, 1936, 
and 1949. Extremely seyere winters 
were experienced in 1935-36 and 
19'18-49. Birth weights were low in 
1935, 1936, 1937, 19·L9, and 1950. 
.I n 1935. a seasonul precipitation of 
7.54 inches edelently did no1 suffice 
for recQyrry of the' range from the 
extreme drought conditions of the 
previous year. In general, l,irlh 
weight seemed to he little affected by 
environmcntal conditions unless thcy 
were extremely sevcre. Differences 
among years, which were highly sig­
nificant statistiea]Jy, accounted for 
16.3 percent of the total varianc:e ill 
birth weight. 
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FH;UUB 'i.-Frequency distribution of hirth weighls of calves protillectl hy cows ageu 2 lo 
15 yean.;. 

An upward trend in birth weights ponnds heavier (79 pounds) than 
is apparent through the stuely period. females (74 pounds). Differences ac­
Except in the 5 years just listed, birth cording to sex, which were highly 
weight was fairly uniform from 1926 significant statistically, accounted for 
through 1937 und from 1938 through about 16 percent of the total variance 
1953, but it was slightly higher in the in hirth weight. 
second than in the first of these Wcaning 'Weight
periods. This trend can be attrib­
uted to genetic change and improved Weaning weights are of primary 
feeding and management. importance for the hreeder of range 

Age of dam had an effect on the cattle. If he sells his stock as feeder 
birth weight of calvcs from 3-year-old cal ves, weaning weights are essen­
cows as compared with calves from tiany sales weights. The major fac­
older cows but otherwise was of little tors influencing weight of calf at 
importance in relation to birth weight weaning are the milk proeluction of 
(fig. 2). Male and female calves the dam, the condition of the range, 
from 3-year.olds avcraged ,t pounds and the calf's inheriteel ahility to 
lighter at birth than those frOlll 5- to utilize the available nntrients. 
10-year-old cows. Male and female Since all calves grown Oll thc sta­
calves from 4-year-olds averaged 1 tion in a given year were weaned on 
and 2 pounds lighter, respectively, the same day, age at wcaning varied 
than those from this older class. by 6 to 8 weeks. It averaged 180 

Birth weights differed importantly clays. The annnal average ranged 
between sexes, males averaging 5 approximately between 170 and 190 • 
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TABLE 2.-i\t[eans 0/ some !lroduClion characteristics, 0/ weaning scores, and 0/ rain/rIll/or the periocl1926--58, by year I 


I' Ii. '\ j IWeO";11!; ·1 G'~;=--l-~~;~I::~\' ;11- .H";"f"~1 , ' , 
.. C"I"e8 11irlh Age nt \Venning Gain froll1! wdgltt lllrlh.lo Annuul In growlIIg C~ll"c8 \\'caning 

') r:ar I horn wc.·ighl wenning weight birth w fill1juSlt'd 10 '~·I:al1ll1g: I. rniJlfull.2 season t scured 3 1. tw~)rc 3 


I
wcnllillg IBO (1,1),., "clJt!SlCII 1°1 Previous Spring .l"nll (Apr.,l­

lRO tiny" {ull Sept. HO) 

l'tumlmr Pounds Days Pounds '-;;':"ds ~-;:::::::;:- Pounds POllW/$ ~~- ~PfJUnds' Inr.!les III('~r~I-~")crr'clu

1926. . . . . . . . . . . . . 71 72 16,1. 373 I 300 ,J.02 330 1,027 1,000 ],067 9.9 6.3 "d 

1927..... " ... . . . 95 72 182 378· 307 375 303 1,06'1 1,024 1,100 18.6 ]4·.5 
 :::;l 

J92B. . . . .. . . . . . . . 124 75 175 371 296 379 30'j. 1,088 1,017 1,063 12 .• \. 9.0 o 
g1929. .. .......... J24· 72 175 389 316 398 326 1,070 1,036 1,116 13.8 8.7 

1930. . . . . . . . . . . . . 156 74 177 401 327 406 332 1,105 1, 097 1,177 10.4· 8.0 
 8....:::1931. . . . . . . . . . . . . 200 76 185 379 303 370 294 1,155 1,146 1,035 6.2 4.0 
 o1932. . . . . . . . . . . . . 229 73 18'1 379 305 375 302 1,027 1,062 1,050 15.0 10. 1 
 ~ 
J933.. .. .. . .. .. .. 217 76 168 31n 265 361 285 1, OM 1,027 1,075 10.2 6.4­
193,1...... , . . . . . . . 229 73 173 301 228 310 237 1,050 1,069 972 5.5 3. :; 
 >:j 

1935.. .. . .. .. .. .. 212 69 176 366 297 373 303 955 1,019 1,052 n. 5 7. 5 "" 
Q
1936. . . . . . . . . . . . . 203 08 4 1<1·2 245 177 292 224],028 989 953 6.1 3.6 
 <3Ip37 ...... , . . . . . . J;l} 66 12~ 3?6 3~~ 1 348 281 971 986 1, 0~9 10.4 7.5 pj

1 )38.. . .... ..... . 19::> 76 112 301 210 36-t 288 1,038 1,038 1, L2 11. 2 8.0 ......... .. ::n 

J939. . . . . . . . . . . . . 151. 79 172 386 307 399 320 1, J03 1,099 1,143 9.9 8. 5 123 74 ..... 

]9·10. .. .. .. .... .. 180 77 181 388 311 386 309 1,101 1,145 1,091 14.1 9.3 160 75 ~ 


J911. . . . . . . . . . . . . 266 79 177 393 315 400 321 1, 08,~ 1,172 1,172 17.8 14. 8 266 75 

19·12. . . . . . . . . . . . . 280 79 172 373 29·1. 386 307 1, 15t 1,107 1, ] 28 Vt. 0 11. 4. 280 73 

pj 


1913. . . . . . . . . . . . . 321 76 173 363 286 375 299 1, HI 1,0:14 1,095 15.0 11.7 321 69 !7,
"" 
19:1·1.. . . . . . . . . . . . . 337 77 176 370 293 377 300 1,082 1,020 1,103 19.0 16. '" 337 75 (;) 


/:'j
1945. . . . . . . . . . . . . 369 79 173 367 288 378 299 1,092 1,077 1,097 12. 0 10.2 367 73 

19:~6. . . . . . . . . . . . . 433 80 178 395 315 400 320 1,078 1,098 1,050 17.8 ] 2. 9 432 68 8 

]94·7 ....... , . . . . . ,132 81 185 407 326 398 317 1,037 1,062 1,093 11.8 9. 2 1~32 73 
 ~ 19411 ............ '. '1·72 79 190 '1.18 339 I, 399 320 1,08'j. 1,065 1,089 16.1 13.5 d.69 74 I-:i 

19·19. . . . . . . . . . . . .. 379 69 187 297 228 289 220 1,07,1 1,015 941 8. 8 ,L 0 379 59 t::j 


t' 

J930 ............. i 300 72 185 386 315 I 378 307 987 1,04.0 1,125 13.7 9.6 299 76 

1951 ............. ) 4·57 80 18B 4,H 354. I ·nB 338 1, 107 1, In 1,15·1. 14.9 ] 2.2 ,1·51 73 

1952. . . . . . . . . . . . . 113l 77 189 411 33·1· 395 3UI 1, 147 1, 120 1, 131 9.9 7.2 429 75 

]953 ............. --±.2?_ ~_~~~.~1_420 ~_ l,B3 ],182 1,172 _ 16.6 13.0 ~_ 77 


Total or I _I' I·,: i_ - I - ~,
ayerage ... 7,'J36/ 16 )BO .'380, 303 380 I 303 ],019 ],018 1,090 12.6 9.3 5,114 12 


t Differences by year were highly Significant for all citara('l.eriRl.ics. ",ere ~i"cn some calves were not scored. 

2 As measnred at Miles City airport. 4 Calvt.,s were weaned at un early age in 1936 hecanse of r1ronght 

3 EoI' various reasons, in sortle years of the period in ",hidt S('or('s conditions. co 


http:lllrlh.lo


• • 

..... 
TABLE 3.-]{eans of some product, ion characteristics (/nd (~r weaning scorps for bull, steer, and Ire~rer calves for the periocZ o 

1926-53, by age (!l dmn 1 
 8 

---------,---------------.--..._._ ..._--_.__._----..- .-......--~. t::! 

Q
Cuin [["()In hirth to wellning IlIljl1Stcfl to lHO (lurs

"·\\l.lIlillj! wci~hllldjllF.tcll to HW tlaysllirlh weight 
._._- I ~ 

l\gi! of d.HI. (re:lrE;) 
 i III-if.·!":; All CUhl':; Bulls Stcl:rs I Hcift'rs 8 

Bulls Hciff~r:) All e.'!ves Bull. Stl!I'r:; t>All eal\'C's I t"' 

[Yo. U'S. [I{O. U,S.No. Lh... Nt~. Us:. No. L/,.,. No. ILbs. No. 11,1,.,. JV{). Vi.•. l,Vn. U,s. No. LI,s. No. Us. tJ:j 

230 6 268 6 200 12 227
6 331 G 263 12 290 24
2. . . . . . . . . . . . . . . . . 24 M 12 6:> J2 63 24 29'1 

].4.7 391 686 35<1, 812 3<11 1,64.5 277 1'17 31" 686 278 812 271 ~ 
3 ................. 1,6<15 73 833 76 812 711,6'1·5 351 

162 ,1-21 588 381 712 362 1, '162 300 162 3'12 588 302 712 289 t::!


4 ................. 1,462 76 750 79 712 73 t, 462 376 1-3

152 430 ,t33 389 585 377 1,170 310 152 3<18 ,133 308 585 302 


5................. 1,170 78 585 81 585 7d·l,170 388 
 341 318 4,56 307 Z
137 423 3'11 398 4·56 382 934 316 137 3<12

6... . . . . . . . . . . . . . . 934· 78 478 80 456 75 93'1 394. 


108 lj.32 271 393 357 386 736 318 108 352 271 314 357 311 .....

7. . . . . . . . . . . . . . . . . 736 78 379 80 357 75 736 :195 .....
87 ,137 219 1105 295 382 6tH 321 87 356 219 326 295 306 

l:l ......•......... , 601 78 306 80 295 76 601 398 OJ 


9. . . . . . . . . . . . . . . . . 436 78 22a 81 213 74 tj.36 392 56 lj.17 167 401 213 378 1136 314 56 336 167 321 213 304 ..... 

30 4·3'1 107 402 14·2 384· 279 319 30 353 107 322 H2 311


]0.... . . . . . . . . . . .. 279 77 137 81 142 73 279 396 
 301 22 300 51 29]
21 374 22 380 51 365 9'1, 295 21 ~ 
11.... .. . .. . . .. . . . 9,1, 75 43 76 51 73 % 370 
 28,1 12 28'1 7 291 8 27t
12 357 7 367 8 3'L9 27
12.... . . . . . . . . . . . . 27 7'1 19 74 8 73 27 357 rll 

.. .... 12 332 1.6 255 '1- 236 .. .. - .. , . 1.2 26~


13.. . . . . . . . . . . . . . . 16 72 Ij. 78 12 71 16 328 '" 313 
 3 267 1 286 I1 282 t:;;
3 3,14· 
'" 

1. 355, lj. 346 8 277

14. . . . . . . . . . . . . . . . 8 69 4· 75 4 M 8\ 346 26~ I::j
1 24·5 2
1 2,11 1 318\ 2 338 4- 23'~ 1 165
15. . . . . . . . . . . . . . . . 4, 76 2 74 2 76 ,1· 309 
 ~ 

1 29,j--,-
5 

Total or average. -7'-'1-,3-0 -7-6 -3,-7-7-5 -7-9!-3'-0-)0-rl-'-I,:-7'-'J-,a-OI-3-1l-01-- 2, 8'191 304 3, 661 
i t',WI2, H~~1~H21~ ~: ..lc.. ~~{~361 303t 926 338 ~ 

_______-'--_....!......_..c__-'-_.:...I_.......c.__ t........_~__ 

1 Differences aeeonling!o age of lIa1l1 werc highly significanL rnr all Ihe charael.t:ri!1lics sLuilied cl(eept hirth weight. ~ 
1-3 

o 
O:;j 

g; 
t;j 

8 

d 

~ 
f;;l 
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TABLE 3.-1kleons of some pro(luclion characteristics and (d' weaning scores for bull, steer, and heifer calves for the period 

1926-53, by age (d darn I-Continued 

Cow weighls 
\X~cnnillg S(:nrc 

Age of dum (years) All cows Wets Drys 

I 


All cal\'Cs ~JlIlls Sleers Heifers J'rcdol1S fnll Spring li"nll Previous f<lll Sprillg: li'all Prcyj(JlIS full S[lring }i'all I-dI 

~ 
t;)No. Pel. No. 1'ct. No. Pet. No. IPet. No. LlIS. Lbs. Lbs. No. Llls. Lbs. Lbs. No. Llls. Lbs. Lb •. 
c:j2. . . . . . . . . . . . . . . . . . . 2 42. . .. .... 1 41 1, IB 24 7118 '196 821.. . .. ..... ..... ..... 24 748 796 821 
 Q3 ................... 1, 194, 69 100 73 511 68 5831 68 1, 645 981 973 1, 000 36 892 900 978 1, 609 983 97<j. 1, 001 ":i 


11 ................... 1,050 72 106 76 ,135 71 509 711,462 1,032 1,0361,066 1,1731,0101,0211,056 289 1,1191,096 1, 105 o H 


5.. .. .. .. .. .. .. .. .. . 8,13 73 no 77 304. 73 l129 73 1,~70 1, 095 1,098 1, 108 97H, 075 1, 082 1, 097 196 1, 195 1, 175 1, 165 ~ 

6. . . . . . . . . . . . . . . . . . . 639 75 90 76 239 74· 310 74· 9341,123 1, 124. 1, 126 7911,1071,1131.118 143 1,214 1, 1861, 171 
 I::j
7. . . . . . . . . . . . . . . . . . . 503 74 67 77 189 74 2'1.7 7'1. 7361, 149 1, 150 1, 1,.t.5 640 1, 132 1, 138 1, 137 96 1, 262 1,228 1, 193 :> 

8. . . . . . . . . . . . . . . . . . . 4·24 75 57 79 164 75 203 74 6011,163 1, 1611, 154 512 1, 148 1, 153 1,151 89 1,2521,2071,171 o 

9. .. .. .. . .. . .. .. .. .. 298 14 30 Z9 1~! Z't' 1'171 I'J '1~6 1, 170 1, 162 1,148 3921,1611,155 1, 1<14 4'11,2'19 1,2201,188 2§
10.. . .. .. .. .. .. .. .. . 189 74 20 16 ({ 1'1 92 74 219 1, 169 1, 167 1, 164 24·61,1591,160 1, 164 33 1, 2'11n, 216 1, 170 
l
ll.. . .. .. .. .. . .. .. .. 32 70..... . .. 11 73 21. 69 .941,1771,1481,141 901,1791,1521,142 41, ItJ.ll, 0581, 124 @ 


12 .......................................... 271,130 1, 116 1, 122 241,1361,129 1, 133 31,0861,012 1,033
"I' .... 1. . .. .... 

"" 

13 ........................................ j ••••••••• j.... ]61,]70 L,IQOl, Ll71 141,1751,1011,1~1 21,1331,0721,020 Z 
14 ........................................ ' .... ',.. ... .... 8 L, 088 1,0;,91,069 6 L, 080 L,05] ],012 21, no 1, 082 1, 060 ~ 

1
15 .................. ~ _._.._. ~~ _.._._.. '~,~i-'_.·-·I-.~r I, 130 1,072 L, 059 __3 1,120 1, 07211, 039 __11, 160 1, 070 1, 120 i:;

1 ~ 


TOlal or j • I I 
 ~ 1 
average ..... 5,17'1 72 580 762,052 72;2,5.12! 7217.4361],07911,078,11. 090 4, 9011L, 092iI, 0971 L, ] 091'2,53511, 05,n, 0391 L, 052 
 oI i I I I 1 j I ! 

~ 

1 Differences according to age of dam were highly significant for all the eh$raelerisLies studied except birth weight. ~ 
t;;1 
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TABLE 4.-Summary of means of some production characteristics and of 
weaning scores for bull, steer, and heifer calves for the period 1926-53 1 

'Vcnnin6 weight Gain from hirth to 
Birth weight adjusted to weaning: adjusted 'Vcanin~ score 

180 aays to 180 days
Sel< • 

Uccords Avcrngc Records Average l{ccords Average ltccords Avcr,agc 

Numb('r PolLtuls Nu.mber Pmwds NumfJcr Pounds NU11!iJcr Percent 

Bulls ............... 3,775 79 926 418 926 338 580 76 

304. 2,052 72Steers .......... " .. ...... . ..... .. 2,84,9 382 2,8'19 


Heifers ............. 3,661 74 3,661 368 3,661 294 2,5'12 72 


Total or 
average ... ,. 7,436 76 7,436 3BO 7, ,136 303 5,174 \ 72 

1 Differences between sexes in all 4 factors were highly significant. The differ­
ences between imlls and steers may have been due partly or entirely to selection of heavier, 
higher scoring animals for retention as bulls. 

days, but it was only 142 days in the About 73 percent of the calves 
drought year 1936. weighed from 326 to ,t50 pounds at 

Weaning weight averaged 380 weaning time, and about 96 percent 
pounds. The frequency distribution weighed from 251 to 500 pounds. 
of weaning weights by 25-pound Average weaning weight varied 
intervals is given in figure 3. It is greatly among years. It was ex­
skewed slightly toward the left. tremeJy low in the drought years 

85 

75 

70. 
-Male 
"'Female 

65 9 103 4 5 6 7 8 
AGE OF DAtA (years) 

:FIGURE 2.-Birth weights. by age of (lam, of male 11l1d female <:alves produced by COW" 
aged 3 to 10 years. • 
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FIGURE 3.-FrcCfuency distribution of weaning weights of cah·cs prorluccrl by cows agcd 
2 to 15 years. 

193,1, 1936, and 19'1·9. No distinct 
trend over the study period was 
apparent. 

For normal range forage yield in 
eastern :i\fontana, as indicated hy 
weaning weight, 6 inches of rainfall 
within the growing season seemed to 
he adequate. Any excess of growing­
season rainfall over 6 inches scemed 
to have little effect on weaning 
weights. Differences among years, 
which were highly significant statis­
tically, accountcd for 31 percent of 
the total variance in weaning weight. 

Average weaning weights increased 
considerahly as age of dam advanced 
from 3 to 5 years but increased lit1:le 
as it advanced from 6 to 8 years (fig. 
4). Weaning weights of bull, steer, 
and heifer calves from 3-year-olds 
averaged 37, 45, and 42 pounds less 
than those of calves from 6- to 10­
year-olds, and weaning weigh ts of 
bull, steer, and heifer calves from 

4-year-olds averaged 7, 18, and 21 
pounds less than those of calves from 
cows in the 6-to-l0-year age group. 
Differences according to age of dam, 
which were highly significant sta­
tistically, accounted for 8 percent of 
the total variance in weaning weight. 

The fact that average weaning 
weight remained practically constant 
as age of dam increased from 6 to 10 
years indicates that cows may remain 
productive longer than has been 
thought previously. 

If the selection of potential breed­
ing stock is to be most accurate, the 
effect of age of dam on the production 
reconlmust be considered. Estimat­
ing the magnitmle of the effects of 
differences in age of dam from herd 
records is complicated hy several 
factors including effects of culling and 
effects of changing genetic composiu 
tion of the herd. If low-producing 
cows are culled at early ages, then 
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-Bulls I 
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Frr.en E .1·.-Weanin1! 1ft·i::lll,;. hy :1::(' of dlllll, of hull, steel', iII](1 heifer "'lives pro,]uee,] by 
(~m\ ~ agl·(I 3 to 10 years. 

production differl'nees :tssoeiatro. wilh 
age differencl':; are affected by the [nct 
that the older age groups ('ontain 
higher percentages o[ inheremlr hi)!h 
producers. If the inherent pro(hw­
ti "ity of the population is iuC'rf'a:::ing. 
the earlier age groups include cows 
superior in this regard and attribut­
ing production differences to age 
differences alone results in underesti­
mating differences due to age ill the 
age groups preceding tbo",e in whiell 
lnaxinunn production is attained. J(" 
heritahility of the individual charac­
teristic is' low, Ot if thc selection 
differential is small, the resulting hillS 
is not important. If selection is 
hased not on one char~\eterjstic hilt 
on several, the bias is I.ess important 
for individual characteristics. 

The actual deVl(ltions from the 

-t~('()JcO!(' J)"l'iali,.JfI. 
(Y('(Irs) (lillI/lids) 

3 ...................... . --1"1· 

L ..................... . -1.9 

;) ~ ~ ~ "' ... ~ . ,. ........ ,. ... .. .- ,
,. ,. 

fl ....•...•..•......••.•. -I 
o 

R.••.•.•.••.••.••••••••• +3 
9 •...................... -3 

10 ..•.•••...•.•.••..• ' .. +1 

Differences according to sex were 
highly !Significant statiatieally. -Wean­
ing weights of bulis, stecrs, and heifers 
avcraged 418, 382, and 368 pOlluls, 
rC$peetivc1y; on an average,bulls 
exceeded heifers in weaning weight hy 
50 pounds, aIllI steers did so by H· 
pOllnds. Since the differer1<'es he­
tw(,en hlliis and steers were influerwed 
to flome ('stent Jly selection of the 
larger ('alves for retention as hulls 
through tIl(' prewcaning period, tht'Be 

average wean.ing weight of eakc,.; data do not prO\'ide a completely 
from cows 6 to 10 years of age arc as valid comparison of w(:lwing weights 
follows: of hulls and steers. • 
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Gain Front HirLh to 'X'caeinl! Difference in age of dam had an 

• 
Gain from hirth to weaning ilHli­ illlportant effect on gain (fig. 6). 

('ales more adequately than wcaniug The curves for gain arc alll10st idcIl­
weigbt thcmilk prodU<"tiou of the darn tiP1d with those ii)/', weaning weight. 
and the ahility of the ealr to utilize Bull, steer, and hcifel' callres from 
the available 1;lItrients. Gain makes 3-yeal"-olrJ ('o\\"s gained 34, 41, and 37 
up a much larger fmetion of weaning pounds It'RS than calves from cows 6 
weight and yariesrn ueh more than to 10 years old, anlllHlll, steer, and 
docs hirth weight. The gains l!lade Iwifel' ealn~s frOIll <I,-year-old eows 
hetween hirth anel weaning hy all gailH'd, 5, 17, and 19 pounds less than 
animals in this study il\"enlged 303 ~'aln-$ f!"Om ('OW!; G to 10 years old. 

DifTerence u('cortiing to age of dam,pounds. The freqlwlle)" distribution 
whidl wa,., highly significant st:atis­of gains hy 25-[l0Iln<l iliLelTal5 is 
[.ieallj, ;Wf'O I III ted for 9rwrct'nt of thegi\('ll in figml' 5. .\pproximH Lt'ly 77 Lotal \;!riml!"!'.

perel'nt of the cake;; gained 251. Lo DiffI'ITJ)('cf; according to sex were 
Ji5 pi)l.llld~. and 97 percpnL gailwd ;;ligIILI: I(·"s t.han for w!'anillg weight
1.7.') to 1,25 POUIl!i;;. Iwt W!'re highly signifi('Hnl slalisti­

Cain frolH birlh to \I('(lIlillg \·ari('d ('all). Gaius iliadI' .hy hulls, steers, 
gn'atly HIIHHlg ) earc;. It 'UIS \ er} alld \tei fcrs a \ ('raged ;}:~H, ;}O.f., and 
low ill drollght years. Inler) ear 29.( pounds. rt'''p(Ttin'ly:. thus, 011 an 
eli fTe n'l ICe, "hich II":IS highly sigllifi­ un'rage, 111111" I'x("ci'ti!'d heifer£' in gain 
('lmt statisLicalk, :t('('ountet\ for 31 by- ,j,(. P()IIllr\s.hut steers dill so hy
pereellt of the t(ital \'arian('('. ollly 10 pounds. 

25 ----~.~-------------.------------------------------, 
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• l!'IGVIII> 5.-Frequellcy distl'iloutioll. of' ~aill~ from hirth 10 \H'allill~ of calvcs produccII hy 
1:0\\ ~ a~l'll :! to 15 year:;. 
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FIcunE 6.-Gain from birlh lO w('aning, Ly age ()( dam, of bull, sle('r, and Leifer calves 
produced hy cows a~cd 3 [0 10 years. 

Weaning Score 	 fl'OIll 5-year-olds they were 0, 1, anu I 
percent.\\7caning scorcs a vcraged 72. Abou t 

BUll. calves scoreu 4 percent highcr68 pel:ccn t of the scores fell within the 
than cIther steers or heifers. Scoringr,~ng? 66 to 80, and 93 percent fcll 
may have been affected by the selec­wIthm the range 56 to 85. The 
tion procedure that was- practiccd.freqnellcy distribution of the scorcs 
The 	 76(fig. 7) was skcwe(lmodcratcly to the a.:!Teragcs wcre percent for 
hui/s, 12 percent for both steers andIcft. Judges appeared to have a 
heifers. DilTcrcnces in score accord­prejudicc against scoring calves high. 
ing to Sex were highly significantPoor health of the animals lowered 
statistically.

Jll,UlY scores. 
. Visual selection of potential hreed­B~twcen-ycar diffcrences in scorcs mg stock at weaning time tends to were highly significant statistically fa vor the heavier eahTes, which in

alHl accounted for 27 percent of the lllany cases arc also the older ones.
tota! \'arianee. Scores were very low Often a scorer unconsciously scores a in 19,1,9, a drought year. calf higher just because it is heavier.

Age of dam affected weamn IT score If selection were hased on weightson~y slightly (fig. 8). Bull, stc~r, and at a constant age, fewer mistakes
heifer calves from 3-year-old cows should be maue in estimating the
scored 4, 6, and 6 percent lower than genetic worth of an animal.
calves fron~ cows 6 to 10 years of age. 

Weight of CowFor calves from It-year-olds the cor­

responding differences in score were Of the three cow weights deter­

I. 3, and 3 percent, and for calves 	 miucd, previous-fall weight was the • 
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• 
most variable. It varied greatly 
according to age of cow and accord­
ing to whether the cow was wet or 
dry when weighed (fig. 9). Annual 
means for this characteristic varied 
slightly but refiect extreme weathel· 
conditions of the pre\Tious year. 
Differences among years and accord­
ing to age of cow, which were highly 
significant statistically, aecomrted for 
8 and 38 percellt, respectively, of the 
total variance. 

Spring weight varied only slightly 
less than pre,·iolls-faU weight. Dif­
ferellees among: years and according 
to age oC cow, which were highly sig­
nificant statistically, aecolilltecl for 
12 and 29 percent of the total 
,"adallec. Fall wcight was slightly 
more v.:triahle than spring weigh t. 

Previous-fall, spring, and JaIl 
weights of wet cows from tb to 10 
years of age a ,·eraged 1,O~H, 1,098, 
and 1,109 pOlll1tls, and those of (h·y 
cows within that age range averaged 

30 

25 

20 
c: 
(I) 
v ... 
(I) 

a. 15 
VI 
w 
>..... 
« 
, J 10 

5 

1,191, 1,IM, and 1,151 pounds, 
respectively; drys weighed 100, 66, 
and 42 pounds more than wets at 
these three stages. 

Differences among years, which 
were highly significant statistically, 
accounted for 19 percent of the total 
variance in fall weight-a greater 
proportion than of total variance in 
either pre,~ior:o-fall or spring weight. 
Average fall weight was noticeably 
affected in years when precipitation 
during the growing season totaled it 
inches or less. In drought years, 
since the availahlc feed supply is 
limited Loth for the cow and for the 
calf, an extreme hardship is placed 
on the ('ow. J£ the cow continues 
to produc·c xnilk by WithdraWing)' 
essentials froul her hody, a pro­
nOlillCt'd drop ill her weight is likely 
to OCCllr. If she has lost hody weight 
the previous winter, she has little 
chance to regain it in a drought year. 
This is shown JJY the fact that ill 

o~------~~~~~~~~~~--~ 
20 40 60 80 100 

• SCORE (percent) 

FIGUHE 7.-Frequclley dislribulion of ,\culling bC()[l·'; for 5,17,L calves. 
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FIGUItE 8.-\\7eanillg scores, by a~c o[ dam, of 1.1111, Sle/·r. all,l Ill'if"'r calves prodllt'e,l by 

cows aged 3 1.0 10 yearH. 

1931, 193'1, 19:36, and 191.9 weight 
was distinetly less in the {'all (han ill 
the prcvious Jail or ill thc spring. 

1\n excess of growing-Heason pre­
cipitation over G inche;.; appear., to 
have little effect on (·ow IH·ig-ht;.;. 

:Response of cow wcig,;i: to the 
growing-seasoll pr:ecipitatioll depends 
both on the stage of the growing 
seaSon at which the precipitatioll 
comes and Oil the species composition 
of the rllllge gr.·asses. (Species eOIll­
position of Jorage 011 the station area 
varies according to soil typc_) 

The "wet" curYCs Jor preYious-fall 
weight, spring wcight, lind fliU w6gbt 
in figure 9 para IJcl one another 
ra ther c1oscly. The "dry" curvcs, 
hased on fewcr animals, arc much 
Illore erratic. 'Veight increased only 
slightly after 5 years. Weights of 3-, 
4-, 5-, 6-, and 7 -year-old cows, respec­
tively, averaged 154, 139, 46, 28, and 
10 pounds less than those of the very 
highly selected 8· to 10-ycar-old 

group. The difTcrcllccs in weight ae­
cording to age shown in Jigut:c 9, 
which were highly significant statis­
tically, accOllnted. fot: 25 pet:ccnt of 
the total variance iu JaIl ,\ eight. 
These differcncesmay not he repre­
sentative for tange cows of the north­
ern Great Plains ill general. 

Correlations Betwcell P"oductiou 
FacLors 

Corrcl<llions hetween the y,lriOUS 

production factors studied are given 
in tllblc 5. Correlations "were llu.;cd 
on 7,,1:36 obscrvations, with the ex­
ception that those for weaning scores 
wcrc hased on 5,17'1. The effects of 
differences according to year, age of 
limn, and sex wcre removed hy analy­
sis of variance (tahle 1). Weaning 
weight of calf and gain from hirth to 
weaning were a(~ustc(l to 1130 days 
of ~lge. 

A faidy large correlation appeared 
hetween hirth weight and wcaning • 
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FIGUIIE 9.-.l'revious-rall, spring, and fall body wcight;; of W('I and dry eows by agc. 

TABLE 5.--1'heflofypic correlalions 1 between rariollS produclioll factors in bee} 
(Olt'S 'Icifhin :vear oj birth, age oj dalll, ({nd S(~1;I .. ---~~":::-'~;';II::':l-fa"lnr -..-- ..---- ­

;' ". 
'Ixz. \,"culIitl:;1 X3t Gain , 

wciA"hL of from hirlh X." \\ Clllling"r ,:\"'60 ,,'eighl X,. \\"'i~hL X,. W";~hl 
e:t1f ;:UljHSlt'd to WI,.lIIln:; st.'ore of ,.nlfl of cow ill of l"';W in of ellW in 
to lHO d:lYS , udju:.t('(l tu ilre"'hms fnll st)ring fallI 1lI0 ,lays 

X}'-n-i-r-lh-"-'e-ih-TI-,1-,o-r-e,-t1-r-..-1-+ OAl** \+0. 2 r::-l~o, 20" '+--0-.-2-L-.-.-i-+-0.-2-9-.-.-r·-+-0-.-2-0-" 

X:h 'Vcaning ~"(~ight oJ 
calf(atlBOdays) ..............1+0.98** 1+0.6.~*·' +0.1]"" +0.20** +O.Oi* 

Xa, Gain froJlJ birth LO 
wcaninl?(utlHOtlays) ................... +0.65** '+0.07* +(l.IS** I +O.O,~ 


Xl, ',",caumg score of (.~alf. ......•.. j..... " ........... +0.06* +0.11** -0.01 

X 6, ,,7cight of cow in pre- I 

viollsfall. ...................... 1..................1......... ,+0.136** +0.80** 
Xo \V..i"ht of (")\,' i,l I i I I
• , .' '" . .. I f I ..)..0. "0**sprlllg' ........•.........•.... 'I' ........ i' .... ' ... i' . . . . . . .. ......... , 
 0 

__ , ... ~_ ..__. _. _""_',,' i ,. __ '.___ . ,_... L'__", _,,_',..__._,__._~ 
, Correia Lions he tween scores aLwcaning and the variollS characLerisLil's were compntcd on 

the busis o( 5,17~1, ohscn·ations; the others, on thc basis of 7,4-36 ohservations. The .lcgrces 
of freedom within subclasses wcre 4,928 ami 6,926. 1 aSlerisk indieaLes significunce at I he 
5-pcreent level; 2 aSLerisks, significance at thc I-pcrecnllc,'cl. 

weight of calf. This was to hc CX­ tendency to gain the most rapidly
pccted. 13irth wcight and gain from from birth to weaning and to score 
hirth to wenning wCI'e correlated the highest at weaning. If the 
much less highly. Birth wcight was mcthod of scoring tcndc(l to favor 
only slightly correlated with weaning­ the heavicr calves, the scores of calves 
score. The calves that were the weaned at greater ages arc prohahly 

• heaviest at hirth showed it slight hiased upward. 
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Low positive correlations appeared 
between birth weight of calf and 
weight of cow. Birth weight was 
more highly correlated with spting 
weight (takcn during the last 2 to 4 
weeks of the gestation period) than 
with either of the other cow weights. 

\Veaning weight was almost per­
fectly cOlTclated with gain Jrom hirth 
to weaning and was rather highly 
correlated with wcaning seor~. 

\VCaJ1ing weight of the calf was 
only slightly correlated with any of 
the cow weights. 

\Veight of the cow in the previous 
fall apparently had less cffcct'on milk 
production than the condition of the 
range or the ayailability of feed 
during the suckling period, The 
correlation of spring weight wi lit 
weaning weight was so slight as to 
haye little predictive value. 1"01' fall 
weight of cow the correlation wilh 

weaning weight was still lower. If 
cows milking heayily fail to gain after 
calving, while cows milking less beav­
ily tend to gain, the correlation • 
between weaning weight and fall 
weight of the cow may even be 
negative, in spite of the fact that 
greater weaning weight of calf is 
associated witb. larger frame of cow. 

Gain from hirth to wcaning, likl~ 
\\'calling weight, was rltther highly 
correlated with wcaning score. Gain 
was only slightly correlated with 
spring weight of dam and was yerr 
slightly correlated with previous-fall 
weight. It was esselltiallyunrelated 
to faU weight of dam. 

Previolls-fall weight of cow was 
yery highly con-elated with spring 
weight, and this correlation was 
almost matched hy that of preyious­
fall weight with fall weight and that 
of spring weight with fall weight. 

APPLICATIONS 

In selecting hcrd replacements, the 

rancher should consider the fact that 
great differences in a cow's produc­
tion occur lJetwcen years, largely 
because of diffetellces in environ­
mental factors. A high recOJ:clmu(\e 
hy ~m individual cow in one year lIlay 
not signify that high productivity is 
characteristic of the animal; it may 
merely reflectfa vorable enviromllenUtl 
conditions existing in that year. 
Individual production records give a 
bettcr idea of the breeding value of 
individual animals if expressed as 
percentages of herd avcrages for a 
given ye.lr rather than in potInds of 
calf weight or in weaniug scores. 

Estimating thc brceding yalue of 
stock obtainable from other herds is 
more difficult, Often, differences be­
tween years and hetween herds are 
confounded. A rancher should oh­
serye cautiou when considering stock 
from a herd kept on a milch higher 
plane of nutrition than his own. 
These animals may appear to be 
superior to those in a herd on a lower 
plane 1mt in fact l)e inferior. Animals 

kept on similar planes of nutrition 
are fairly comparahle. 

When weaning weight1 of calves 
are used as a 1)asis of comparison 
hetwecn ,-ariOllS cows in a breeding 
hcrd, they should he adjusted to a 
constant agc. The records call he 
adjusted hy multiplying the average 
daily gain from hirth to weaning hy 
180 01' any othel' selected numher of 
days and adding thc product to 1)irth 
weight. 

Because age of dam has nn im­
portant effect on most production 
characteristics, all records should j)C 

adjusted to a mature-dam hasis in 
selecting hrecding stock, as follows: 
Add 5 pounds to the l)irtb weight of 
cah'es from 3-ycar-olrl cows; add 45, 
20, and 10 pOllnds, rcspectively, to 
the weaning weights of calvcs [rom 
3-, 4.-, ana 5-ycar-old cows; and add 
5 pcrccnt to the wcalling scores of 
calves from 3-ycar-old cows. 

A heifer calf's birth weight can he 
adjusted to a hull basis hy adding 5 
pounds. Correction factor's to 1)c 
applied to wcaning weights in herds • 
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• 
produced under northern Grcat Plains 
conditions could be developed on the 
basis of the fact that in the large 
populations included in this study 
the hulls and steers outweighed the 
heifers at weaning hy averages of 
about 50 and 15 pounds, rcspectively. 

HeslIlts of the :oludy indieale that, 
in g-elJeral, disposing of cows at the 
age of 10 ye~lrs means eliminating 
thelll from the llerd before their 
productivity has (lropped more than 
slightly. The length of time a cow 
shollld. he retained in a commercial 

In using f~ctors thus developed it 
woulc1 have to he kept in mind that 
the differenccs found in weaning 
·weight may have been influenced hy 
thc manner in which the hull calves 
werc selected. 

Since low weight of a cow in the 
prc\'ious fall docs not signify tlla t the 
ca If the cow produces will weigh less 
than average at weaning time, caution 
8iJouId he exercised in culling thin 
cows. 

Weights of 3-, Lt-, 5-, and 6-year­
old cows arc less than thosc of 8- to 
10-n'!u·-olds hy about 150, 100, 50, 
ami 25 pounds, respceLively. 

hreeding herd depends on the price 
of feeder cakes and of cows, the 
a "ailahility of feed. the condition of 
the range', the an'lOunt of supple­
llIf'n tal feed need.ed, the extra care 
required for older cows, and the 
prodllCljYity of the indi,-idual cow. 

The lIlt'thod (described on p. 5) 
hy whidl identifying numhers arc 
aSl'itrnetl to animals at the H.ange 
Li n'" to('k :Expcriment Station enables 
a range operator to tell the age of 
e!lch animal in his herd at a glance. 
It r-illlplifies the practice of cJimi­
nal iug from the herd each year the 
("ow", tbat have reaehe<1 euHing age. 

S1]~Il\JARY 
Helations between various procluc­

l.ion eharaeteristics of range en ttle 
wcre in \'cstigt'tcd in the registered 
and grade herds at the lTnited States 
Ilang-e LiY('stof'k Experiment Station, 
:\fil"s Citr, ?\ [ont., by the Agrieul­
til ntf H('se;lrch Ser"ice of the l:lli ted 
States Depart11lent of Agrieult lire and 
the l\[outanu Agricultural :Experi­
lIIent Station, cooperating. Records 
of 7.436 HercConl eah'cs from 2.131 
('oW~, taken in 1926-53, formed' the 
basis of the study. 

The char" e leristies studied were 
tire calf's hirth ·weight, weaning 
weight, and gain from hirth to wean­
ing and the cow's previous-fall weight, 
;;pring weight, and fall wcight. For 
the cOIT('lation studies, effects of dif­
ference" :Iccording to year, age of dam 
within -year, anil sex within age of dam 
were r.·cll1oyed 1)\- analy"is of variance. 

1"01" all ehamcteristi~s, 1I1enns varied 
greatly a!!long years an([ annual 
differences were highly significant. 
.Prohahle (':lII"es of this variation 

• include varia lions in weather and 

ehanges in metbods of management, 
in nutritional plane, and in genetic 
('o!np()silion of the herd. "'hen grow­
ing-:-wason preeipitation !Imoulltedto 
not more than ·1, inches, gains from 
birth to weaning were materially 
1"I'(\II('('d; when it 1I!llOllllted to more 
I h1l11 6 inches. the exeess over that 
lotal seellledto hayc little effect on 
l'rewe[tning growth. The influence 
of eJ1\·ironmeutal faetors must be 
considered. in corn paring records made 
IIi thin the same herd. in different 
years. Individual yearly records of 
animals horn in the same herd but in 
different years ("<tn he compared when 
they are expressed as [lerc('ntagp,; of 
yearly herd averages. Before sHeh 
('ollll'arisolH; arc made, the re(,ords 
Jllust he adjusted to a standard. 
wcaning age. to a mature-darn J,asis. 
and to the sl~rne sex. ' 

Birth weight, weaning weight, and 
gain from hirth to weaning showed 
higbly significant tlilTen'nccs aeeorc!­
iug to sex. 

Age of dam "rreeled all the calf 
dl!lrncteristies :;ludied . 



22 'l'ElCI-1Nl'OAIJ BULLEfPIN 1181, U. S. DKI?AItT::'l'EX'L' OF AGRICUL'l'URE 

J)rotluetivity increaseil rapidly from 
3 to 5 years of age, increased slowly 
from 5 to 8, and (fer·lined very slightly 
from 8 to 10. 

The calves Itca"iest at hirth showell 
only a slight ten(ienl'), to gain the 
most rapidly from hirth to weaning 
and to score the highest at wealling. 
Those heaviest ttt weaning scored 
highest. The calves produced hy 
the hea \·jest (,Oil'S showed a slight 

tendency to he the heaviest at birth 
and at weaning. Hirth a11(1 weaning 
weights werc associatecl more closely 
wi th spring weight than with :fall • 
weights of the dam. \\7"eights of a cow 
at the three stated times were VCIT 

highly correlated. . 
\\7eights of 32, 4-, 5-, 6-, and 7 -year­

old cows a \'cnlged less than those of 
8- to 10-ycar-dld cows hy 1S't, 89, lt6, 
28, and 10 pouhds;' respectively. 

(I) 

(2) 

(a) 

( \) 

(5) 

(6) 

(7) 

ell) 

(9) 

(10) 

(11) 

(12) 

(1.3) 

(IJ) 

(J 5) 

(16) 
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