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In RANGE CATTLE

Under Northern Great Plains Conditions®

By B. T, Clark, animel geneticist, C. T,
animal hushandman, and K. R,

Shellyy, animal gereticist, Y. 1. Quesenben ry.
Woodwanl, animal
Hosearch Division, Agricafueral Research Serrice, und Fred

geneticist, Animal [Tusbumdiy
TS. Willson,® feaed, Departimeny

of dnimal Lndustry and Range Vanngmnent, Monina State College

INTRODUCTION

Range cattle production is the chiel
enterprise of the northern Great
Piains, In this area of more than
100 million acres Iying principaily in
castern Montana, northeastern Wy
oming, and western North and Soulh
Dakt)t;l, the natural resources are
devoted principally to production of
range grasses, a crop most efficiently
used as lorage for beef cattle and
shicep.  The arca has a great variety
of soil types, and has a semiarid
climate characterized by wide ex-
tremes of heat and cold, Tn the
vicinity of Miles City, Mont., where
the data presented T this Lulletin
were colleeled, annual raiofall aver-
ages about 13.2 incles, temperatures
average about 14.5% I for Janvary
and 12.9° for July, and the growin I
scason lusts about 158 days.  Yield
of range forage depends largely onm
the amount of precipitation during

REVIEW OF

Kunapp cv ul. (6)* discussed Lhe
results of record-ol-performance tests
at the United States Range Livestock

Experiment  Station, Miles Cily,
Mont, (This station is relecred 1o

the growing scason.  Livestock pro-
duction wilhin the arca is markedly
alfected by severe droughts and ex-
tremely cold winters.

For reasons of climate and because
of management trends, rvanchers in
the northern Great Plains ovidinarily
market feeder calves from a cow-and-
clf type of operation.  When range
and feed conditions permit, soine
aperators may hold ealves over, win-
ter them, and sell themn as feeders
when they are long yearlings, Fae.
tors alfecting cconomy of production.
and aceuracy in sclecting highly pro-
ductive breeding stock are extremely
important to the rancher.

This bulletin reports findings re-
garding relations hetween various
cow and calll characteristics and the
miluence of envirommental factors on
these churaeteristies.

LITERATURE

hereafier in this scetion as *“ihe Range
Livestock Fxperiment Station.™) A
gross correlation of +0.34 sad an
mira-year correlation of 40,32 he-
tween birth weight and gain from

! The study reporied here was carried out cooperatively in the period 1926-53 liy the

United States Dui)urtmunt of Agricailure
Station. This bl

clin is a contribulion from Wastern Regional Projeet W-l,

and _the Montana Agrienltural fxperiment
L'he Tm

prevement of Beel Caule Throngh the Application of Breeding Methoils.

*The authors wish to ncknowledze assistance received during (he course of the study
from the lmte A. 1. Baker, animal hushandman, aml Bradlorcd Knapp, Jr., formerly
animal husbandman, United States Department of Agricultnce,

¥ Italic munbers in parcntheses refer 1o Literature éilcrl, n. 22,
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birth to weaning were obtained in a
group ol Hereford steers.  These cox-
relations were highly significant.

Knapp et al. (7) made a study of
growth and production factors in
range cattle based on data collecied
at the Range Livestock BExperiment
Station from 1926 to 1940. The
study inchuded records on 710 calves
from 112 1lereford cows that had re-
mained iy the breeding herds dor at
least 9 years. The [actors sldied
were birth weight, weaning weight.
gain front birth to weaning, age at
weaning, annnal ramliail il pevi-
ows-{ull weight of the cow,

Birth weight yaried refatively little
from year to ycRi CXeepT N years
following (drought. Aale calves av-
erager 5.8 pounds heavier at birth
than females. This Jdifferenee was
highly significant statistically.  Sex
aceowried for about 10 pereent of the
total variance. Calves from 2-year-
old cows were about 10 pounds lighter
thaun these from maiure cows. Change
in age ol cow lad litile effect on birth
weight after the age reached b years.
A corrclation of +0.26 was Tound
hetween birth weight of call and
previous-lfall weight of dam.
© Weaning  weight and  gain fram
birtlr to weaning viricd greatly from
year to year. Low annual rainfali
was reflected in low weighite.  Male
calves averaged 22 pomnds heavier
than femaies. This difference was
highly significant statistically. When
the effects of differences in age at
weaning were removed by analysis
ol covariance, sex accounted for about
7 percent of the total variance. In
relation to age of cow, weaning
weight (adjusted to an age of 175
days) showed the following trends:
2 to 4 years, rapid increase; 4 10 0
years, graduoal increase; 6 1o 7 years,
glow deerease; 7 to 11 years, rapid
decrcase. The differcnces in weaning
weight associated with differences in
age of cow were statistically signifi-
cant.

The correlation of weaning weight

of call and previous-fall weight of
dam was -+0.10. Weaning weight
was ecoveclated a little more closely
with spring weight of dam and still
more closely with weight of dam at
weaning., Previous-fall weight did
not materially influence milk prodac-
tion: nutrition of the dam during the
suckling period influenced it to a
greater extent. Poor eondition of the
cow as indicated by weight in the
previous fall did not materially affect
calf production.

Average weights of cows from birth
tn 10 years of age were plotted.
Growth was relatively rapid {rom
birth 10 212 years. Maturity in weight
was attaimed at approximately 9
years, with little change after 314
yews. Calves of maxmuun birth
weight were produced by 4-year-old
cows, and calves of muaximum wean-
ing weight by G-year-ohl cows. With
regard 1o feeder calves, the hest pro-
dacing period of the range cows was
ages 4 1o 8 years and the most pro-
ductive age was 6 yeurs, Theinvesti-
gutors recontmended that cows be
marketed at 9 yeurs of age.

Knox and Koger (9) studied the
eftect of sge on the weight and pro-
duetion af range cows.  Joth weight
and production were grealest at the
ages of 6 to 8 vears. Al a weaning
age of 205 days, calves from 2-, 3-,
and d-year-old cows were 60, 42, and.
18 pounds lighter than these from
G-year-olds. The investigators con-
cluded that cows should be sohl at
8 to 10 years of age,

Koger and Knox (12) meusured the
clfeet of differences in sex on the
weaning weight of calves. Weaights
of steers, adjusted to an age of 203
days, were 32 pounds greater than
those of heifers.

Knapp and Nordskog (8) studied
the relationship ol iive.animal scores
and grades and certain carcass char-
acteristics in a group of Hereford
steers at the Range Livestock ixperi-
ment Station. Weaning weight and
score were highly corcelated (4-0.68)
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Koger and Knox (13) studied the
repeatability of yearly production of
range cows. They corrected records
for sex by adding 30 pounds to the
weighis of heifer calves. ighly sig-
nificant differences in weaning weiglt
at 205 days and significant differences
in weaning grade were fonnd to be
associated with differences in age of
dam,

Woolfolk and Knapp (I6) meas-
urcd the effccts of three rates of
stocking on gain in range calves at
ihe R:znge Livestock Iixperiment
Station. Among calves produced on
range areas subjected to light, me-
dium, and heavy grazing, respee-
tively, bualls were 3.3, 4.6, and 4.8
pounds heavier at birth than heifers,
and steers were 24, 28, and 40 pounds
heavier at weaning than heifers.
Growth from birth to weaning showed
essentially a straight-line wrend for
animals on moderately and lightly
grazed arcas.

Gregory et al. (4) analyszed some
of the factors affecting “the birth
weights and  weaning weights of
Tlerclord calves at the North Platte
and Valentine substations of the
Nebraska Experiment Station. Aver.
age birth weight of males exceeded
that of females by 5 pounds at North
Platte and by 4 pounds at Valentine.
No appreciable difference between
sexes i weaning  weight or pain
was found at the North Platie
station. Differences of 14 pounds in
weaning weight and 11 pounds in
gain were noted between males and
females at 1the Valentline station, bhut
these differences were not significant.
Calves were weaned at 200 days of
age ut North Platte and at 150 days
of age at Valentine. Birth weight
was corrclated with gain fromn birth
to weaning only to a very slight
extent (+0.07) at North Platte but
to a greater extent (F0.dd) at
Valentine; its correlation with wean-
Ing weight was slight (+0.27) at
North Platte but high (4-0.60) at
Valentine,

The following corrclations of cow
and calf characteristics were noted:
Birth weight with cow weight after
calving, —+0.21 at North Platee:
birth sweight with cow weight on
the last weigh day prior to calving,
T0.32 at Valentine; weaning weight
with cow weight at weaning, 4-0.20
at North Platte and —0.11 at
Valentine; gain of calf and gain of
cow, —0.12 a:r North Plutte and
—0.34 at Valentine,

Koch (10) studied the weight
of culves at \\'caning as a permanent
production characteristic of selected
vange Ilereford cows at the Range
Livestock Bxperiment Station. Se-
lected bull calves were 44 pounds
heavier than heifer calves at 4
weaning age of 182 days. In con-
trast, the steer calves were anly 13
pounds heavier than 1he heiler ealves.

Burris and Blunn (2) examined
some factors atlecting gestation length
and hirth weight in Angus, Herelord,
amd Shorthorn cattle,  Males af the
3 hreoils, vespecitively, averaged 5.3,
4.3, and 4.9 pounds heavier at birth
than females. Differences between
years were not signifltcant statisii-
cally.  Calves from 2- to 3-year-old
cows averaged 4.7, 4.9, and 6.0
poands lighter at birth than ealves
from 4- to S-year-old cows, and
calves from 3- to d-year-old cows
averaged 3.0, 1.3, and 1.9 pounds
lighter than those from 4- to 5-year-
old cows. Birth weight reached its
maximuwin when cows of the Angus,
Iereford, and Shorthorn breeds, re-
speclively, weee 10 to 11, 11%10 12,
and 10 to 11 years old.

Guithert und Gregory (5), in a
study of growth and development
of Iterelord cattle, plotted the weights
of cows as determined at monthly
intervals from 3 weeks to 6 years
of age. The greatest weighis were
attained at 5 years.  Average weirh
of cows at 5 years excceded those al
2, 3, and 4 years by 277, 141, and
67 pounds, respectively.

Botkin aud Whatley (1) measured
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the repeatability of production in
Hereford cows. Male calves were
4.4 pounds heavier than females at
birth and 25 pounds heavier then
females at a weaning age of 210 days.
Corrections of 4 and 2 pounds at
birth and 35 and 15 pounds at wean-
ing for offspring of 3~ and d-yeur-olds,
respectively, were used to adjust
weichts of calves to a natnre-cow
basis. Cows were considered mature
at 5 years of age.

Gilford (3) observed a relationship

between milk production of dam and
srowth rate of call in Aberdeen-
Angus, 1lcreford, and Shorthorn cat-
tle. The pgross comelation hetween
total milk production of dam and
weaning (8-anonth) weight ol calf
was 4+0.60 for 50 dam-ollspring com-
parisons in the Hereford breed.  Milk
production was least between the uges
ol 2 and 3 vears and Increased o the
age of 6 years. _

Tollins and Guilbert (I4) studicd
factors affecting growth of calves
during the suckling period i the pare-
bred ITereford herd of the California
Agricultural Experiment Slation at
Davis, Calif. At a weaning age of
240 days, male calves were 68 pounds
heavier than females and  calves
from 3- and 4-year-old cows were 23
and 13 pounds Jighter than those from
7-to 10-year-old cows. The cffect of
age of dam was smaller for fenrale
than for male cabves.  Cow produe-
tivitylreached s optimum 2t 6 or 7
to 10 years of age.

Woodward ¢t al. {15} stadied rela-
tionships between preslanghter and
postslanghicr  evaluations of beef
cattle in a group of Ilereford sicers
at the Range Livestock Lixperiment
Station. Gross, withindine, within.
year, and within-line-and-ycar corre-
fations were compuled. The correla-
tions betwern birth weight and wean-
ing weight unadjusted for age at
weaning were +0.41, -}-0.38, +0.30,
and +-0.31.

Koch and Clark (3I) studied the

. DEPARTMENT OF AGRICULTDRE

effects of sex, season of birth, and age
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
culves raised at the Range Livestock
Yxperiment Station.

Bull culves averaged 5.6 pounds
beavier at birth, 26.2 pounds beavier
at weaning, and (.13 unit higher in
scorc than heilers. DBecause the
physiological effects of castration
could mnot be separated from the
effects of selection for size, records for
bull and steer calves were not evalu-
ated scpavately.

Dilferences between sexes in weight
and score were consistent among the
dilferent age groups. DMeans for
calves produced by 3- and 4-year-old
cows were noliceably affected by age
of dam. The difference between 6 and
10 years in age of dam was found to
have little effect on characteristics of
call.

Calves front 3-, 4-, and S-year-old
oows, in comparison with calves from
cows 0 1o 10 years of age, weighed
5. 2, and 1 pound less at birth,
weighed 44, 20, and 9 pounds less at
weaning, and were scored 0.6, 0.4,
and 0.3 unit lower. (Adapted from
table T (11}

Tuctors for adjusting calf weights
and weaning seores to a maturve-dam
hasis were compnted by two methods,
and the results were averaged. The
final adjustment {actors, applicable
to average weiglts and scores lor
calves, aze as follows:

Adfastimoent fuctors

RBivth Weaming
Ao af v woight  weight  Weaning
?_’\‘Em's) {poundsy {pounds)  score
F Z -t 41, 0.6
[ A 13 .3
Guvenn & G .2
[ TN G 0 L0
T 0 3 .0
- N i 6 .
L) TR 0 12 .2
W, 2 . o
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EXPERIMENTAL CONDITIONS AND PROCEDURE

The study reported here was based
on data collected at the United States
Range Livestock Experiment Station,
Miles City, Mont., over the 28-year
period 1926-53. The data represeut
7436 Herelovd calves [rom 2,13)
cows. They extend over a longer
period than those used in the study of
Koch and Clark (II), which comn.
prised 5,952 of the call records pre-
sented in this bulletin.  'T'he factors
studied were hirth weight, wearing
weight, gain from birth to weaning,
weaning score, previous-fall weight
of cow, spring weight of cow (tuken
during the last 2 1o 4 weeks of the
gestation period), and {all weight of
cow.

The cows were registered  and
uncegistered. Herclords  born he-

tween 19012 and 1950. Cuastomarily,
heifers were first bred as 2.year-olds,
to calve as 3-vear-olds. Only 24
calves [rom 2-vear-olds were in-
chaded.  In the carly years of the
experinent, cows were retained, if
sLill produclive, 1o the age of 15 years,
From 1936 o 1916 they were dis-
carded at 11 years of age, and from
1916 omwawd at 10 years of age.
Cows were discarded also for ine
feriility. low productivity, prolapse of
ihe vagina ov uterns, cancer eye, and
other reasons of health. The cows
were @ highly selected group—-prob.
ably more highly selected than are
those in the typical herd on 1be
northern Great Plains,  In selectiug
cows [or retention, less emphasis was
placed o1t Gy pe than on characteristics
sncll as progeny  performance and
weirht for age.

The age composition of the herds
was typleal for the northern Great
Plains.  Environmental  conditions
were Tuirly typienl for ranches in this
arca. Im general, conelusions drawn

from study of this group of cattle
can be applied throughout the north-
ern Great Plains.  Cuution would he
necessary in applying them to caltle
on range arcas where management
nigthods and nutritional plane difler
radically from those on the study
arca.

Customarily, bulls were placed in
Lreeding herds of 25 to 30 cows for
a period of 45 days, from June 15 1o
July 29. After the completion of the
breeding scason the unregistered and
registered herds were grazed in two
large pastures.  Cows were grazed on
natlive range throughout the year.
They were turned on fall range about
October 20, when the calves were
weaned, and were moved to winter
pusture about the first of fanuary.
They were fed varying amoums of
prolein supplements. T‘Iil)’ Wius pro-
vided when wealther was extremely
cohl or prevented normal grazing,
and  during  prolonged  dry  spefls.
Changes in cow weights depended on
thie amount of vegetation, the severity
of the weather, and the amount of
supplement fed, Cows were moved at
calving time 1o two large paslures
where calves were dropped.

Each call at birth was given an
fulividual eartag nwmber in which
a serial number was preceded by the
bast mumber of the yeur of birth.
For example, the eartag nunber of
cach animal born in 1945 earried the
prefix 5.7 “Thix identilying nwmber
was later branded on any female ve-
tained for breeding purposes.

Birth weights were obtained by
range riders within the first 24 hours
after birth.  Spring scales were used
o weigh each eall.  Birth weight,
sex, cartayg ol the dan, earlag of the
call, and breeding heed were recorded
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at this tinte. Calves remained on
the range wilh their dams unti!
weaned.  Range vegetation was the
only source of nutrients available to
calves other than the mitk of their
own dans,  Male calves were cas-
trated in the grade herd at about 6
weeks, and in e purchred herd at
about 20 weeks, when bull calves
were selerted.  Calves were weaned
on the Monday closest to the 20eh
of Oclober m cach year excepl 1936,
when weaning took place in Seplem-

ber.  Weights of both cow and calf
were taken ot weaning time.

Trotn 1939 onward, calves were
scoredd al weaning by a three.aman
commitlee  uging  form  AT-522.
Scorcs, expressed in percentages on
a seale on which the ideal animal
scored 100, were given 1o 5,174 calves
out of the total 7,436. In 1939
andd 1940, only registered  calves
were scored. A dilferent comunittee
did the scoring cach ycar, some men
;u':l;iug On more than one comntles,

METIHOD OF ANALYSIS

Eilorts were made to estimate the
nm;__rnilmh: of severn! influences on
production cha aeleristics under 1he
conditions existing on  the experi-
mental range area. The signilicances
ol observed differences were lested
in each case aceording 10 the schewne
autlined in tabe 1. Bach estinate
was Lased on neans for all the data
pertaining to the factor under study.
$For example, estimated differences in
hirth weight according to sex are
bused on averages for all calves of
cach sex born in all years to dams af

all ages.  This method is basced on
Lhe zlsa-‘.unl]:rti:)n that there are no
internetions  between  the  differcut
factors studied.  The extent 1o which
such interactions exist und possibly
intraduce biases into the eslimates is
unknown.

Caorrelations hetween the charae-
ters studied have been caleulated on
a “within subcluss™ bhasis.  This
method gives unbinsed  estinattes.
"Fhe loss it entails in degrees of free-
dom is unimportant in a study in-
cluding such large numbers of records.

Tanre L—Theoretical analvsis of rvariance and covarignoe. with mean-syuare

equutions used to abtain compornents of varivnce und covuriance

P egrees ol

Suoirres of varktion " eredom

Total, .. ...

Among years. ...

Among  ages
within years. .. ...

Amang sexes within ages
of dam withinyears. , ..

Among  records  within,
sexes within nges ol
larn within years

1

3

Foaperted et snuares

of kot f*‘a o

’ cr;"-;.' fJ‘L O'.;E

ot

f4is the total number of records. ¥ is the mher of year subgroups, « is the number of

vrag-age subgroups, s i the numbér of year-nge-sex subgronps. o o, 08wl o ars

the varances due 1o error, sex, age ol dam, wnd yeur of birth.
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Corrclations were computed by usc
of the formula

in which ¢, aﬁj, and e, re the

vartances amd covariances of vari-
ables wy and x4

Weaning weight and  gain from
birth to weaning were adjusted 10 an
age of 180 days. Bach record was
adjusted individually on the basis of
he actual rate of gain from birth to
weaning.

RESULTS AND DISCUSSION

Means for the production charae-
teristics and for annual and seasonal
rainfall in cach year of the period
1926-53, and for weaning scores given
in each of the years 1939-53, arc
presented in table 2. Means hoth
of actual weights and gains at time
of weaning and of these weights und
gains adjusted to the age of 180 days
appear in ithe tuble. Annual ran-
fall (at the Milcs City airport) aver-
aged 12.6 inches for the 28 years in-
cluded in the study period. Rain-
fall during the growing season. from
April 1w September 30, averaged
9.3 inches. Iixtreme drought, with
not maore than 4 inches of rainiull
during the growing season, marhedly
affected  prviuction  characteristics.
Differences among vears were highly
simnificant for all 1he churacteristics.

Means by age of dam are given
for bull, steer, and heifer ealves in
table 3. The cflect of age of dam
and that of sex arc confonnded with
cach other and with that of year.
More precisc estimates could have
been obtained by a least-squares
analysis. The actual mecans tabu-
fated should indicate roughly the
differences due to these effects.” 1ii-
ferences according to age of dam
were highly sigmificant for all 1he
characteristies studied except birth
weiglt.

Means by sex are summarized in
table 4. About 50.8 pereect of all
calves were males, and about. 75.5
percent of these were castrated prior
to weaning, Differences  bhetween
sexes with regard to birth weight,

. gain from birth to weaning, weaning

447200 —05. 2

weight, and weaning scorc were highly
significant.

Birth Weight

Bieth weights of all calves averaged
76 pounds.  The frequency distribu-
tion ol hirth weights by 5-pound
intervals is given in fignre 1. The dis-
tribution is mormal.  About 71 per-
cent of the cajves weighed hetween
06 and 85 pounds, and about 96 per-
cent weighed between 56 and 95
pounds.  Since the cows in the study
were highly selected, the average
birth weights may be slightly higher
than sheuld bhe expected, on an
average, for exlves produced by range
enws m the northern Great Plains.

Birth weight varied considerably
amoung years.  In general it decreased
markedly alter a year of extreme
drought {one with not more than 4
inches of precipitation during the
growing season) or alier an extremely
severe winter,  Extreme drought con-
ditions prevailed in 1931, 1934, 1936,
and 1948, Extremely severe winters
were experienced in 1935-36 and
1948-49.  Birth weights were low in
1935, 1936, 1937, 1949, and 1950.
In 1935, a scasounul preeipitation of
7.54 inches evidently did not sufliece
for recovery of the range from the
extreme drought conditions of the
previous year. In  gencral, birth
weight seemed to be little aflected by
environmental conditions mnless they
were extremely severc.  Differences
amoug years, which were highly sig-
nificant statistically, accounted for
16.3 pereent of the total variance in
birtl weight.




8 TECHNIQAL BULLETIV 1181, U. 8§ DEPARTMENT OF AGRICULTURE

25

20

15

CALVES { percent)

7
/

%

N/,

40 60

80 100 120

BIRTH WEIGHT (pounds}

Fioure L.—Freguency distribution of hirth weights of ealves produced by cows aged 2 Lo
15 vewrs.

An upward trend in birth weights
is apparent through the study period.
Except in the 5 years just listed, birth
weight was fairly unilorm from 1926
through 1937 and from 1938 through
1953, but it was slightly higher in the
seccond than in the first of these
periods. This trend can be attrib-
uted to genetic change and improved
feeding and management,

Age of dam had an effect on the
birth weight of calves from 3-year-old
cows us compared with calves from
older cows but otherwise was of little
importaunce in relation to birth weight
(ig. 2). Male and female calves
from 3-year-olds avcraged ¢ pounds
lighter at birth than those from 5- to
10-year-old cows. Male and female
calves from 4-.ycar-olds averaged 1
and 2 pounds lighter, respectively,
than those [rom this older class.

Birth weights differed bmportantly
between sexcs, males averaging o

pounds heavier (79 pounds) than
Temales {74 pouads). Differences ac-
cording 1o sex, which were highly
significant statistically, accounted for
about 16 percent of the total variance
it birth weight.

Weaning Weight

Weaning weights are of primary
importance for the breeder of range
cattle. If he sclls his stock as feeder
calves, weaning weights are essen-
tially sales weights. The major fac-
tors influencing weight of call at
weaning are the milk production of
the dam, the condition of the range,
and the calf’s inherited ability to
ulitize 1he available nutrients,

Since all calves grown st the sta-
tion in a given year were weaned on
the same day, age at weaning varied
by 6 1o 8 weeks, It averaged 180
days. The annual average ranged
approximately between 170 and 190




Tanre 2. —>Means of some production characteristics, of weaning scores, and of rainfall for the period 192653, by year

) Weaning Cu.iu from Weight of cow in— ‘l(:linfull 2

v Calves Birth Age at | Weaning {Gain from!. _weight 1‘.""]',”’ Annual [N ELOWINEE Culyes- |'Weaning

Year bori weight § weaning | weight | birth 10 jadjusted 10 l‘!"“"_“l‘lé' ) rainfull 2 "\""5";‘ seored 3| seore 3
weaning . 180 days "‘fg‘aﬂl‘:“yﬁ”’ J?ref;iﬁms Spring | © Fall s(i- s

q

Number'| Pounds Days Pounds i -Pounds Pounds TPounds Pounds | Pounds } Pounds Inches Tnches Number | Pereent
71 72 164 373 300 402 330 | 1,027 1 1,000 ] 1,067

95 72 182 378 307 375 303 1 1,064 | 1,024 | 1,100
124 5 175 371 296 379 304 | 1,088 | 1,017 | 1,063
124 72 175 389 316 308 326 | 1,070 | 1,036 | 1,116
177 401 327 406 3321 1,105 | 1,097 | 1,177
185 379 303 370 294 1°1,155| 1,146 | 1,035
184 379 305 375 302 1 1,027 | 1,062 | 1,050
168 341 265 361 285 | 1,064 1 1,027 | 1,075
173 301 228 310 2371 1,050 | 1,069 972
176 366 297 373 303 9551 1,019 | 1,052
142 245 177 292 224 11,028 989 953
198 376 309 348 281 971 986 | 1,049
172 351 275 364 288-) 1,038 1 1,038 | 1,122
172 386 307 399 320 } 1,103 | 1,099 | 1,143
181 388 311 386 309 1 1,101 .| 1,145 | 1,091
177 393 315 400 321 | 3,084,172 1,172
172 373 294 386 307 | 1,151 1,107 | 1,128
173 363 286 375 299 | 1,111 | 1,044 | 1,095
176 370 203 377 300 1,082 | 1,020 { 1,103
173 367 288 378 299 1 1,002 | 1,077
: 178 395 315 400 320 | 1,078 | 1,098
432 185 407 326 398 317 11,037 | 1,002
472 190 418 339 399 320 | 1,084 { 1,065
379 187 297 228 289 2207 1,074 | 1,015
300 185 386 315 378 307 987 1 1,046
457 188 434 354 418 338 1 1,107 | 1,141
431 189 411 334 395 318 1 1,147 | 1,120
429 31 188 435 35:4 420 339 [ 1,143 {1,182

i
e~
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average,..| 7,436 70 180 380 303 380 303 | 1,079 | 1,078 12.6 9.3 15,174
! Differences by year were highly significant for all characleriatics.  wore given some calves were not scored.
2 As measured at Miles City airport. * Calves were weaned at an early age in 1936 because of drought
# For various reasons, in some years of the period in which scores - conditions.
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TasLe 3.—Means of some production characteristics and of weaning scores for bull, steer, and heifer calves for the period
1926-53, by age of dam. '

Birih weight Wieaning weight adjusteld to 180 Jdays Gain front birth 1o weaning adjusted 1o 180 duys

Age of dam {years)

All ealves Hulls Heifers All ealves Bulls Steers Heifers All ealves Bulls Steers Teifers

No. | Ibs. | Neo | Lbs.| No. {Lbs. | No. | Lbs.| No. | Lbs. No. | Lbsct No. | Lbs.| No. | Lbs. | No. | Lbs. No. | Lbs. No. | Lbs.
24 4 121 65 12} 63 244 294 6 331 6] 263 121 290;  24{ 230, 6] 268 6/ 200 12 227
1,645 833 812 711, 645 351 147 391 - 686} 354! 812| 341j1, 645} 277 313 9278 812§ 271
1,462 750 712{- 73} 3760 162] 421 588{ 381} 712{ 3621, 462300 342 3021 - 712 289
i, 170 585 1] 585 T4 388! 152 430 433} 889] 585| 377i1,170 310 348| 433} 308| 585| 302.
478 456, 4] 394 423} 341 398! 436] 382 934 316 342 318 456; 307
379 357 b 395} 1 432] - 271} 393|  357] 386/ 736| 318 352 314 357|311
306 295 1§ 398 71 437) 219] 405 295| 382 601} 321 356 19| 326{ 295| 306
223 1 213 4, 392 417) 167 401] 213} 378 436] 314 336 7| 3211 - 213] 304
1371 81 142 : 396 434, 402| - 142| 3841 279; 319 353( - 107 322 142, 311
51 : 41 370 1| 374 380 51} 365 295 1 301 300 511 291
27 357 - ] 357 367 8] 349 7| 2844 12| 284 291 8| 276
12 ] ] 328 4r 313 s 12} 332 |6} 255 i 236 N 12; 262
4 4 340 344 355 4] 346 277 3| 267 1} 286 4| 282
309 241 318 2{ 338 1 234 1165 1 245 2] 262

TAVAEE '8 A ‘1811 NITATINg TVOINHOEL (]

Potal or average.|7,436 ' 3,77 3,661 747,436 380; 926! 4182, 84’1"){ 38213, 6611 36817, 436 303] 926/ 338 30443, 661 294

P |

1 Differences according 1o age of dam were highly significant for all the chara¢teristics studied except birch weight.
o sty Sis I =3
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TABLE 3.—Means of some production characteristics und of weaning scores for bull, steer, and heifer calves for the period
I ) weantng es Jol ) .
1926-53, by age of dam '—Continued

Cow weights
Weaning scare
b

Age of dum (years) All cows Wets Drys

Al calves Bulls Steers THeifers Previons fall | Spring] Fall | Previous fall | Spring Previous fall | Spring

No. i Pct: | No. | Pet. o | Pet. . [ Pet. | No. | Lbs.. | Lbs. | Lbs. . . . . | No. | Lbs. | Lbs.
21421, 0. ] 143 24 - 748; 196} 82] ; 24 748] 796
1,194 69| 100} 73 1,645 981] 973[1, 000 1,609/ 983| 974
72 76 B 111, 4621, 032{1, 036}1, 066 2891, 11911, 096
73 717 ] . 1,47011, 095{1, 098|1, 108 y 19611, 195{1, 175
75 76 ] i 93411, 123]1, 12441, 126 14311,214(1, 186
T4 ’ 7 | 7 4. 736{1, 1491, 150|1, 145 ! 96|1, 26211, 228
75 7 79 .04 b | - 601{1, 163|1, 161]i, 154 : ) ] 8911, 25%(1, 207
74 79 7 {4361, 1701, 162|1, 148 4441, 249]1, 220
7 2 76 )2 i 279(1,169(1, 167|1, 164 ; ] 33|1, 24441, 216,
700, ..., ] i 2941, 17711, 148]1, 141 . ) 1,141,058
= 27(1, 1301, 116/1, 122 ] ] 1, 086{1,012
1611, 1701, 1001, 117 b1 5 41, 1,133(1,072
811, 0881, 05911, 069 ] ., 07 1,110(1, 082
441, 13041, 072]1, 059 1, 072{] 1, 160/1, 070

Total or ) :
average 72{ 580 70 7212, 542 - 7217, 4361, 0791, 07811, 09014, 9011, 092/1, 0971, 1092, 5351, 05!1}1, 039/

i i L

! Differences according to age of dam were highly significant for all the chiracteristics studied except birth weight.

ATLLVO IDNYVY NI SHOLOVE NOIJDII(IO’H&[
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TapLe 4.—Summary of means of some production characteristics and of
weaning scores for bull, steer, and heifer calves for the period 1926-53

Wenning weight | Gain from birth to
Bicth weight adjusted to weaming adjusted Weaning seore
Sux 180 days to 180 Jdavs
Ttecords | Avernge | Records | Average | Reeords | Averige Hecords | Average
Naumber | Posds | Number | Ponnds | Number | Pounds | Number | Percent
Bells............... 8,775 i 924 418 926 338 380
Steers. .. ..oooeeiee i e 2,849 a2 1 2,849 304 | 2,052 72
Heifers............. 3,601 T4 | 3,661 368 3,661 244 | 2, 542 72
olal or
average. . ... 1,436 76 | 7,436 386 | 7,436 303 | 5,174 72

t Differences hetween sexcs in all

4 factors were

bighly significant. The diller-

ences between bulls and steers may have been due partly or entirely Lo selection ol heavier,

higher scoting animals for retention as buils.

days, but it was only 142 days in the
drought year 1936.

Weaning weight averaged 380
pounds. The frequeney distribution
of weaning weights by 25-pound
intervals is given in figure 3. It is
skewed slightly toward the left.

Aboutr 73 percent of the calves
weighed from 326 to 450 pounds at
weaning time, and about 96 percent
weighed from 251 to 500 pounds.
Average weaning weight varied
greatly among years, It was ex-
tremely low in the drought years

85

= Male
se8 Femole

AVERAGE BIRTH WEIGHT {pounds}

5 é 7 8 Q
AGE OF DAl4 (years)

YFreung 2.—Birth weights, by age of dam, of male and female calves produced by cows
aged 3 to 10 yeurs.

65 ,

3 4 10
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Frovre 3. —Frequeney distribution of weaning weiglits of calves produced by cows aged
2 10 15 yrars.

1934, 1936, and 1949. No distinct
trend over the study period was
apparcnt.

For normal range forage yield in
castern Montana, as indicated by
weaning weight, 6 inches of rainfall
within the growing season secemed to
be adequate. Any cxcess of growing-
season rainfall over ¢ inches seemed
to have little eoffect on weaning
weights.  Differences among years,
which were highly significant statis-
tieally, accounted for 31 percent of
the total variance in weaning weight.

Average weaning weights mercased
considerably as age of dam advanced
from 3 to 5 years but increased little
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-
yeuar-olds, and weaning weights of
bull, steer, and heifer ecalves from

4-year-olds averaged 7, 18, and 21
pounds less than those of calves from
cows in the 6-to-10-ycar 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 lenger thap 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
record must be considered.  Kstimat-
ing the magnitude of the effects of
differences in age of dum from herd
records is complicated by several
factors including effects of eulling and
cifeets of changing genetic composi-
tion of the herd. If low.producing
cows are culled at early ages, then
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400
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350

AVERAGE WEANING WEIGHT .{ pounds )

or cmemen ok

— Buils
- e==5teers
eesoHeifers

i PO L |
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7 8 9

AGE OF DAM (years)

Frevne de-—Weaning weighis, by ape of din, of bull steer, and beifer calves produced by
coma aged 3o T8 years.

production differences associated with
age differences are affeeted by the fact
that the older age groups contain
higher percentages of me:culI\ high
pmducun IT the mherent p:otlm -
tivity of the popuf LLion IS Hereasing.
the earlier sge groups inclode cows
superior in this regard and attribut-
ing production dilferences to age
differences alone results in underesti-
maling differences due to age m e
age frmups preceding those in whick
maxmunm pil‘)tillciﬂ}ll is attamed. If
}]erltd})lll‘t} of the individual charac-
teristic is low. or if the sclection
differential is small, the resulting bias
is not Important. 1f seleetion is
hased not on one characteristic bhut
on several, the bias is less important
for individual characteristics.

The actual deviations from  the
average weaning weight of calves

from cows 6 to 10 years of age are as
follows:

g of eone Peviution.

{rears) {ponds)
T - i
O — 1%
N i
3 -1
2 4]

B e 43
L -3
L +1

Diflerences according to sex were
highly significant ‘-‘;l'll]alic‘d”}* Wean-
ing “cwhts of bulls, steers, and heifers
.wcr‘wcd 418, 382, und 3068 pounds,
rc.spcr:twcly on an average, hulls
exceeded heifers in weaning w veight by
50 pounds, and stecrs did so y 14
pounds.  Sinee the differences he-
tween biulls and steers were influenced
to some extent by seleetion of the
lurger eabves for retention as bulls
Lhromrh the preweaning perind, these
data do not provide a completely
valid comparison of weaning weights
of hulls and steers.
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Gain From Birth te Weaning

Cain from birth 1o weaning indi-
cales more adecuuately than weaning
welght the mille produetion of the dam
and the ability of the ecall to utilize
the available nutrients.  Gain makes
up a mueh larger fraction of weaning
weight and varics much more than
does birth weight.  The gains mude
between birth aid weaning by all
animals in this study averaged 303
pounds, Tl frequency distribution
of zaing by 25.pouvad intervals is
given in figare 5. Approximately 77
perrent of the calves pained 251 10
375 pounds. and 97 percent gained
153 10125 pods.

Gain from birth 1o weaning varied
greatly among years. U was Oy
fow dronght NCUrs. Illl{’l'} i
difference, which wus highly signifi-
cant statisticafiv, weeounted for 31
percent of the total varianee.

Diffevence in age of dam had an
important effect on gain (fig. 6).
The curves for gain are ahuost iden-
ties! with those for weaning weight,
Bull, steer, and heifer calves drom
3-year-old cows guined 34, 41, and 37
powads Iess than calves from cows 6
to 1) years old. and Dall, steer, and
heifer calves from d-year-old cows
wained 5, 17, and 19 pounds less than
cabves [rom cows 6 to 10 years old,
Bifferenee according to age of dam.
which wus highly significant sealis-
tieadh | acvoonied for 9 prreent of the
oLl sy arianee.,

Dilferences aveortding 1o sex were
shighthy fess than for weaniing weight
but were highly signifieant statisti-
cally,  Gaios made hy buils, steers,
and heifers averaged 338, 304, and
201 pounds. respectiveiv: thus, on an
average, bullz execeded heifers in gain
by bk pounds. but steers didl so by
andy 10 pounds,

25

20

Ln

-

CALVES (percent)

e Y,

.

100 0

300 0 5G0

GAIN (pounds}

Fievse j.~Frequeney distibntion of gains from birth 1o w vaming of valves produced by
cows aped 2 o 15 years.
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AVERAGE GAIN (popnds)

] i

B yfls
wSteers
w-eseifers

i 1 1

3 6

7 8 Q 10

AGE OF DAM (years)

Ficurke 6.—-Gain from birth to wemning, by age of dans, of Loll, steer, and heifer culves
prodoced by cows aged 3 to 30 years.

Weaning Score

Weaning scoresaveraged 72, About
68 percent of the scores fell within the
range 66 to 80, und 93 percent fell
within the range 56 to 85, The
frequency distribution of the scores
(fig. T) was skewed nmoderately o the

left. Judges appeared to have a

rejudice against scoring calves high,
goor health of the animals lowered
MANY SCOLes.

Between-year differences n scores
were highly significant statisucally
and accounted for 27 percent of the
total variance. Scores were very low
in 1949, a drougbt year,

Age of dam affected weaning score
ouly slightly (fig. 8). Bull, steer, and
hetfer calves from 3-year-old cows
scored 4, 6, and & percent lower than
calves from cows 6 to 10 years of age.
For calves from 4-ycar-olds the cor-
responding differences in score were
1, 3, and 3 percent, and for calves

from 5-year-olds they were 0, 1, and 1
pereent.

Bull calves scored 4 pereent higher
than cither steers or heifers.  Scoring
may have heen affeeted by the sclec-
tion procedure that was practiced.
The averages were 76 percent for
huils, 72 percent for both steers and
heifers.  Differences in score aceord-
ing to sex were highly significant
statistically.

Visual selection of potential breed-
ing stock al weaning time iends to
favor the beavier calves, which in
many eascs are also the older ones.
Often a scorer unconsciously scores a
calf higher just because it is heavier.
If selection were based on weights
at a constant age, fewer mistakes
should be made in estimating the
genetic worth of an animal.

Weight of Cow

Of the thrce cow weights deter-
mined, previous-fall weight was the
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most variable. It varied greatly
according to age of cow and accord-
ing 1o whether the cow was wet or
dry when weighed (fg. 9). Annual
means for this characteristic varied
slightly but reflect extreme weather
conditions of the previous year.
Differenees among years and accord-
ing to age of cow, whicli were highly
significant statistically, accounted lor
8 and 38 pereent, respectively, of the
total variance.

Spring weight varied ouly slightly
fess than previous-fall weight. Dif-
ferences wnong years and according
1o age of cow, which were highiy sig-
nificant statistically, accounted for
12 and 29 peeeent of 1he total
variance.  Fall weight was slightly
more variable than spring weight.

Previous-fall, spring, and  fail
weights of wet cows from 4 to 10
years of age averaged 1.091, 1,098,
and 1,109 pounds, and those of dry
cows within that age range averaged

1,191, 1,164, 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 pereent of the total
variance in fall weight—a greater
proportion than of total variance in
either previous-fall or spring weight.
Average fall weight was noticeably
affected in years when precipitation
during the growing scason totaled 4
inches or less. In deought years,
since the available feed supply is
limited] both for the cow and for the
call, an extreme bardship s placed
on the cow. I the cow continues
to produce milk by  withdrawing
essentials from her body, a pro-
nounced drop in her weight is likelyi
1o oveur. i she has lost hody weight
the previous winter, she hus little
chance to regain it in a drought year.
This is shown by the fact that in

30
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Iiguns 7.—Frequeney distribution of weaning scores for 5,171 culves.
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Fioune 8.—Weuning scorcs, by age of dum, of bull, steer, aod heifer calves produced by
cows aged 3 10 10 years,

1931, 1934, 1936, and 1919 weight
was distinetly fess in the fail than in
the previous full or in the spring.

An excess of growing-season pire-
cipitation over 0 inches appears o
have litde effect on cow weights.

Response of cow weight to the
growing-scuson precipitation depends
both on the stage of the growing
season at which the precipitation
eomes and on ihe species conposition
of the range grasses. (Species com-
posttion of forage on the station area
varies according to soil type.)

The “wet” curves for previous-fall
weight, spring weight, and fall weight
in figure 9 parallel one another
rather closely. The “dry” curves.
hased on fewer animals, are much
more erratic. Weight inereased only
slightly alter 5 years, Weights of 3-,
4-, 5., G-, and T-year-old cows, respec-
tively, averaged 154, 89, 46, 28, and
10 pounds less than those of the very
highly selected 8- 1o 10-ycar-old

group. The differences in weight ac-
cording o age shown in figure 9,
which were highly significant statis-
tically, acconunted for 25 percent of
the total varlunce in fall weight,
These differences may not be repre-
sentutive for range cows of the north-
crn Great Plains in general.

Correlations Between Production
Faclovs

Correlations hetween the varions
production faclors studied are given
in tzbie 5. Correlalions were based
on 7430 obscrvations, with the ex-
eeplion that those for weuning scorcs
were based on 5,174, The effects of
dilferences aceording to year, age of
dam, and sex were removed by analy-
sis of variance (table 1). Weaning
weight of call and gain fromn birth to
weaning were adjusted to 180 days
of age.

A fanly Jarge correlation appeared

hetween birth weight and  weaning .




PRODUGOTION

1,300 i a i I | I

FACTORS IN RANCOE CATTLE

1,200

1,100

1,000 WETS

DRYS
Previous fall
Spring

Fall

200

- ——

AVERAGE WEIGHT (pounds)

| l I I | !

5 6 7 8 v
AGE OF COW {years)

Foens 9.—FPrevious-fafl, spriag, awd {2l hody weights of wet and dry vows by age.

500, 10

Tavrz 5. -Phenaiypic correlations * between variaus praduction factors in beef
cows within vear of birth, age of dam, and scx

Corrcdatian with findicaied factar

S AU
"revlaetion Soargor AYS “'c.-:min;:“ Nz, Guin , !
welelit of l fram Wirtd Yo, Woeonime! Xo, Welehie { X Wodshe | ¥ Wedela
call adfusted, o weanitg |aoare of will | of vow in of cow in ol eow in
o L adays | oad justed ta I.prc\'iuus. fall ppring [ 11813
THE days }
e ;
{
Xy, Bieth weight of calf, 140, 41%% 1po 2480 |1 g 2% 140,247 [4.0.20%% | 40, 20%
Xa, Weaning webghit of i
calf {at 183 daysy. ... Lo .. L. H0.08% 10, 63%% 00 11 140,204 § 40,07
Xz, Gain from DLirih i
weaning (aL 1O daye) b [P H865%F 0,07 (0015 D +0.04
Xs Weaning seore of caif d, . .. ... P S 0 00% R0 DR | —0. 0L
X, Weight of cow in pre- | {
vieus fall,, .. .. 0 o L., [ A . AL B0FF ] 0. 80+
Now Weight of eow i : ! i
SPFHME . oy e 1 ......... + 0. B0

! Correlations between seores at weaning aml the various ehuracteristics were somputad on
the hasls of 5,174 observations; the others, on The Tasis of 7,436 abecrvations, The degrees
of freedom within subclasses were 4,928 and 6,926. 1 asterisk indicates significange at the
S-pereent level; 2 asterisks, significanes at the [-pereent level.

weight of calll This was 10 be ex-
pected. Birth weight and gain from
birth to weaning were correlated
much less highly.  Birth weight was
only slightly correlated with weaning
store. The calves that were ihe
beaviest at birth showed a slight

tendency 1o gain the most rapidly
from birth to weaning and to score
the highest at weaning. If the
method of scoring tended to favor
the heavier calves, 1he scores of calves
weaned at greater ages are probably
biased upward.
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Low positive correlations appeared
between birth weight of call and
weight of cow. Birth weight was
more highly correlated with spring
weight (taken daring the last 2 1o 4
weeks of the gestation period) than
with either of the other cow weights.

Weaniug weight wus abnost. per-
feetly correlated with gain from birth
1 weaning wd was rather highly
correlated with weaning score.

Weaning weight of the call was
only slightly corvciated with any of
the cow weights.

Weight of the cow In the previous
fall apparently had less effeet on milk
production than the coudition of the
runge or the availability of feed
during the suckling period. The
correlation of spring weight with
weaning weight was so slight as 1o
have little predictive value.  For fall
weight of cow the correlation with

weaning weight was stll lower. If
cows milking heavily fail to gain after
calving, while cows milking less heav-
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
associnted with larger frame of cow.

Gain {from birth to weaning, like
weaning weight, was vather highly
correlated with weaning score.  Gain
was only slightly correlated with
spring weight of dam and was very
slighitly correlated with previous-fail
weight., It was cssentially unrelated
to lail weight of dam.

Previous-fall weight of cow was
very highly correlated with spring
weight, and this correlation was
almost matched by that of previous-
fall weight with {all weight and that
of spring weight with fall weight.

APPLICATIONS

In selecting herd replacements, the
rancher should consider the Tuct that
great diffcrences in a cow’s produc-
tien occur between years, largely
because of differenices in caviron-
mental factors. A high reeord made
by an individual cow in one year may
not signify that high productivity is
characteristic of the animal; it may
merely refleet favorable environmental
conditions existing in  that ycar.
Individual production records give a
better idea of the bhreeding value of
individual zunimals if cxpressed as
percentages of herd averages [or u
given year rather than in pounds ol
call weight or in weaning scores.

Estimating the breeding value of
stock obtainable from other herds is
more difficult. Often, differences be-
tween years and between herds are
confounded. A rancher should ob-
serve caution when considering stock
from a herd kept on a much higher
plane of nutrftion than his owm.
These animals may appear to be
superior to those in 4 herd on a lower
plane but in fact be inforior.  Animals

kept on sunilar planes of nutrition
are [airly comparable.

When weaning weights of calves
are used as a basis of comparison
between various cows in a breeding
hierd, they should be adjusted 1o a
constant age. The reeords can be
adjusted by multiplying the average
daily gain Irom birth 1o weaning by
180 or auy other selected number of
days and adding the product to hirth
weight,

Becaunse age ol dam has an im-
portunt effect on most production
characteristics, all records should He
adjusted to a mature-dam bagis in
sclecting breeding stock, us [ollows:
Add 5 pounds to the birth weight of
calves from 3-year-old cows; add 15,
20, and 10 pounds, respectively, to
the weaning weighis of calves from
3, 4y and S-ycar-old cows; and add
5 percent to the weaning scores of
catves from 3-year-old cows.

A bieifer cal®s birth weight ean he
adjusted to a bull basis by adding 5
pounds. Correction factors to be

applicd to weaning weights in herds ®
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produced under northern Great Plains
conditions could be developed on the
basis of the fact that in the large
populations included in this study
the bulls and steers outweighed the
heifers at weaning by averages of
about 50 and 15 pounds, respectively.
In using factors thus developed it
would have to be kept in mind that
the differences found in  weaning
weight may have been influeneed by
the manner in which the buil calves
were selecled.,

Since low weight of a cow in the
previous fall does not signily that the
alf the cow produces will weigh less
than gverige al weaning tinle, caution
should be exercised in culling thin
COWEL

Weights of 3-, 4-, 5-, and G-yeur-
old cows are less than those of 8- to
10-vear-odds by abour 150, 100, 50,
amd 25 pounds, respeclvely.
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Results of the study indicate that,
in general, disposing of cows at the
age of 10 yveurs mcans eliminating
them from the herd before their
productivity has dropped more than
slightly. The length of time a cow
should be retained in a commercial
breeding herd depends on the price
of fecder calves uand of cows, the
availubility of feed, the condition of
the range, the amount ol supple-
mentad feed necded, the extra care
regquired  for older cows, and the
productivity of the individual cow.
The method (deseribed on p. 3)
by which idenitifying numbers are
assined to animals at the Range
Livestock Experiinent Station enables
a range operator 1o tell the age of
cach animal in bis herd at a glanee,
Iv simphfies the practice of elimi-
naiing from the herd cach yvear the
cows that have reached culling age.

SUMMARY

Relutions between various produc-
tion characteristics of range cattie
were investigated In the registered
aned grade herds at the Tnited States
Range Livestock lxperiment Station,
Mites City, Mont., by the Agricul-
tural Research Serviee of the United
States Departiment of Agricudture and
the Montana Agriculiaral Fxperi-
ment Station, cooperating.  Records
of 7436 Hlevelord calves from 2,131
cows, taken in 1926-33, formed the
hasis of the stndy.

The characteristics studied  were
the call’s birth  weight, weaning
weight, sl gain from birth to wean.
ing amdl the cow’s previous-full weight,
spring weight, and fall weight.  For
the correlation studies, effects of dif-
ferences according to year, age of dam
within vear. and sex within age of dam
were removed by analvsis of variance.

For udl characteristics, means varied
areatly  among  yvears and  annual
differences were  highly  significant,
Prohable causes ol this variation

‘ inclide varintions i weanther and

changes in methods of managenient,
m nutritional plane, and in genetic
composition of the herd. When grow-
INE-season preeipitation amounted 10
not more than 4 inches, gains from
birth 0 weaning  were materially
redduced: when it amonnted to more
than 6 juehies, the exeess over that
total seemed to have little effect on
preweaning growth. The influence
of covironmeatal factors must he
congidered in comparing records made
within the same herd in different
vears,  Individnal yearly records of
anintals born in the same herd but in
dilferent years can be compared when
they are expressed as percentages of
vearly herd averages. Before such
compurisons are matde, the records
must be adjusted to a standard
weaning age, 1o a mature-dam hasis,
and to the same sex.

Birth weight, weaning weight, and
gain from birth 1w w raning showed
highly significant differences accord-
myg Lo sex.

Age of dawn alleeted all the eulf
characteristics studicd.
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Productivity increased rapidly from
3 10 5 vears of age, increased slowly
from 5 to 8. wud deelined very slightiy
from 8 1o 10.

The calves heaviest at bivth showed
only a stight tendency to gain the
most mpull} from birth o \sc‘mnw
and to score the highest at weaning.
Those heaviest at weaning S(‘OI.(.d
highest. The calves produced by
ihc heaviest cows showed a ‘-:hrrht
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tendeney 1o he the heaviest at birth
and at weaning, Birth and w caning
weights were associutcd more c!osdy
with spring weight than with fall
weights oft?lc dam. Weightsof a cow
at ﬂ:e three stated times were very
highly corveluted,

\Tu"hts ol 3-, 4-, 5-, 6-, and T-year-
old cows aver nretl less than those of
8- 10 10-)'{?:11‘-01{.1 cows by 154, 89, 40,
28, and 10 pounds, respectively.
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