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L The besf cattls imdustry is one of the major sources of rural in-
gome in Bouth Dakotm. HAccording to the South Dakots Crop amd Livestock
Reporting Bervice (1954), theére were 1,492,000 beef cows amd ysurling
el hEifdrs on the ferms and refiches 1_n South Dakota as of Jemuary 1,
1957. Thay slso reportad that sales from cattle and calves amounted to
spproximstely 34.56 percent of the gross fn;‘ and ranch income in tha state.
Bince the beef cattle industry is a major source of the farm and ramch
income in South Dakota, any improvement in the performance of beef cattls
¥ill mlso improve the mconpmy of the stuts.

In the past, most of the selection of teaf replacement haifers
has been based on breed type. As & result of this selectiom, improve-
ment in type has occurred in the beef breeds. However, a comparable
improvement in gaining ability does not seem to have occurred. Hince
the majority of tha beef cattle are sold by weight, it appears that 1%
ehculd be a factor considered when selecting replacement h&ifers.

The purpose of this study then is %o cbtain a worksible selection
method which the breeders woiilld be wble to sdopt. According to Hazel
and Lash (1942), the selsction for & total score or index of pet desir-
ability is mich more affislent than selection for one trait at a time.
Before & szlection indsx con b constructesd the hEritability of sssh
treit and the gonetic correlations between the traito must be established.
Therefore, relisble estimates nsed 0 be obtailned for these genstic
values. First; however, adjuntments sust be made for the sources of

environmental and other vwaristlons that are knowm %o wocount for mome




of the differences amcogZ animals. 'Tha sources of variation in-

Testigated here are the effscts of age on 18-momth weight end the
effects of inbreeding on weaning weight, l8-month weight and 18-

wsavs type astrre.




REVIEW OF LITERATURE

Age Correction Factors

ftudise by preavious workers have showm that the age of an animml
dces have a significant effect on the weight of the smimsl. Birth dates
of calves normally have a renge of two to three monthe each cslviag
ssason. This wvarlation im birth date may havwe an affect on the animsl's
18-month weight. HNormally data containing veristions of this kind are
& justed by the use of correction factora. Howewer, ags correction

factors for lB-momth weight of beef ¢attle, that have been reported in

the literature are limited. Workers with svine have developed several
methods that have been used successfully.

Bywaters and Willham (1935) working with pre-market weights im
swine, developed a formula for sstimating the growth rate of pigs at &
congient age. They found that by fitting straight lines to growth curwes,
the lines lntersect the age axis OI the age~welgnht charts &t nearly uthe
same age. The authors concluded that the individual pig's waight divided
by his mge, less 65 days, gives a relatively accurate estimate of ths
pig's growth rate during the pre-market period.

Whatley snd Quaife (1937) following the procesdurss of Bywaters
and Willham (1935) calculsted & sst of factors for adjusting swine
weights to & constant age of 55 days. Their intra-farm regression
coefficient of wedght on ags waa 0.72 pounds par day. The regression

lise intercepted the age axis at 14.9 days. This intercept was used




in the equation as follows:

mﬂ*w'mawxw

Lush and Kincaid (1943) developed a set of correction factors
for afjusting weights of pigs to 154 days based on a guadratic equa-~
tien. Thay assumed that the daily gein in pounds increases by a con-
stent amount esch day, insteed of the rate of gain being constant.
When the growth curve was expressed as a guadratic equation, the fol-
loving data were used: The average pig gained 1.39 mnd 1.75 pounds
per day at 126 and 182 days of age respectively. The average weight
st 154 days of age was 142.5 pounds. Assuming the daily gain in pounds
increases by a constant amount each day, between the age of 126 and

182 days, the differential of weight with respect to age ia:
Y - 1.75 = 1,75 - 1.

Where X = age in days, ¥ = daily gain in pounds. After integrating and
solving for the constant by substituting weight (W) ® 142.5 when X = g4

the following equation is obtained:

W = ,0032043x% £ .58x - 23
The equation for adjusting weight to an age of 154 days becomes:

- - 2.5

—J0032IR3%" 7 58X - 23
vhere Z is the actual weight at age X, and ¥ is adjusted weight.
Koger and Knox (1945) working with weaning weights of rangs calves

found that the regression coefficient of weight on age was positively I"

correlated with the weaning weight. This made the use of a variable re=
gression coefficient necessary. The authors used the following equation |
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For corrscting veight to & standard mge: W =y / gb, vhere W is the cor-
racted weight, v the veight at weaning, & is ths standard age minus tha
ege ot veighing amd b the regression coefficient. The smuthors state
that this method sfljusts for differences in birth dates us w=ll me for
age and is felt to ke more satisfagtory for some purposes than methods
vhich do mot take imto mccount seasonal influsnce on growth.

Dinkel {1953) reported an age correction factor for 18-senth
weight of range beef heifers, raised in western South Dukota. In his
study, the data included 110 heifers from two substations, taken im four
different yeurs. The anslysis of weights was made by using the method
of lemst smquares. The regreseiom of weight on ags waa .97 pound per
dny of age. The regression lime intsrcepted the age axis at -150 days.
The correction factors were calculated by using the method dewzloped by
Whatley and GQuaife (1937).

Studies in central Oregon by Hitchcock, et sl. (1955) st the Squsw
Butte-Humey Experiment Station showsd that the age of the heifer bad &
significeat effect on her yearling wveight. Their studies included
records of 157 grade Hereford cows and their 376 offepring from 1938
through 1951. They found & pmrtial limesr regression of 1.09 pounds
per day for growth rate during the dry fall senths on sagsbrush-bunch

Ersas range.

Inbreeding Effects

Inbreeding genermlly has resulted in resluced vigor as exhibited

Ey slower growth, smaller size, grester mortality umd lowver production




and fertility. The effects of imbreeding on Holstein calves at tha Iowas
agricultursl Experiment Statlion wers reported by Nelson and Lush (1950).
They found an intra-sire regresaion of -0.T2 pound for each one percent
of imbreeding on the sixth month welght of dairy ecalwes. The inbreeding
coafficlents ranged from O to 28 percemt, with an averaga of fiwve parcant
for tha 175 Holstain calves used in their study.

Esch (1951) reported the effects of inbreeding on wveaning weights
of the Lina 1 Hesrafords st tha U. S. Range Liwitock Ekxperiment Station
at Miles City, Montana. [His data inclwied records from 745 calves froam
180 cows heving two or more calves during the peried 1938-1948. The
average inbreeding of the calves was 12.4 percent. The regression of
veaning weight dus to the inbreeding of calf im his study was -O.48
pound for each one percent of inbreeding.

In a study of ihm weuning veights of purebred Herefords at tha
San Juan Basin Experiment Station, Fort Lawis A snd M College, Hesperus,
Colarsde, Burgess, et al. (1954) found a deviation from the average
weaning weights of -1.75 pounde per one parcent inbreeding of the calf.
Their analysis vas confined to 55 conventional type Hereford calves
out of conventionnl type Hareford dams. The calves wers dropped durlng
the period 1946-1951, imelusive., Ths percent of inbreeding of tha
calves in this study tTunged from O to 50, with sbout threa-fourths of
the calves falling in tha# O t© 20 range. They investigated the pos-
eibility of curvilinearity for the effects of inbreeding on veaning

veights and found a significant deviation from linearity.



Reports have not been made on the effects of inbreading on 18-month
wight of besf heifers. BHowewver, Nelson and Lush (1950) working with
dairy cattle indiomtad thet the shape of the growth curve changes as the
intensity of inbresdiag changee. They further indicated that inbreeding
slovs the ruts of grovth it early eam, but parmits rapid growth to con-
time longer, so that mature size is not decreased and may even be in-
eraaced. They concluded that increased inbresding resulted in & smaller
pize nt leasnt to tvo years of age.

Nelson and Lush (1950) alsc reported tha effects of inbreeding om
dairy type. Their date were the classifisstion scores of 215 individumls
raised at the Jowa Agricultural Experiment Station. The awrage inbresed«
ing of the group was 4.6 percent. They reportsd a non-significant re-
gression of -0.04 for type om inbreeding.

Beritadility Eutimates
Weaning Weight

Heritability estimateas thet have been publiahed for weaning waight
of the beof calf vary considarsbly. One of thas first investigstions on
the heritability of weaning weight was by Emnpp and Hordakng (1946). They
studied the records of 177 steer calves from 23 sires at tha U. 8. Range
Livestock Experiment Stution ut Hiles City, Moatans. Ths authors used
tw mathods to obtain thmir heritability estimates: The intra-sire core
relation obtained by amalysis of wariance, and the sire-progeny regression
obtalned by coverisnce smelysis. They reported astimtes of sero by the
Eire-progeny regression method and 12 percent by intre-sire correlation.




These estimates were later revised by Knepp and Clark (1950) to 28 percent

by half-gib correlmtions.

Gregory, et asl. (1950) reported heritability estimates for weaning
weights of calves reissd &t the North Platte mmdl Valentine Subststiona
af the Nebraska Agricultural Experiment Station. BSince thair date were
from expariments designed primarily to determine the affectsm of diffesrant
wintering rations on the performmsice of bresding cowa, thé# mEnalysis was
made on an intra-ywar introa=lot basis. Dus to the manmgement differences
at the two stations, paternnl half-sil correlations uere determined for
each ststion. The suthors reported a heritability sstimate of 20 percent
Eor the vweaning weights of thi&a 270 cnlwes rauilsed &t the NHorth Platte wta=
tion and 52 percent for the 69 palvea at the Valsatine station.

Shelby, et al. (1955) studied weaning waight records of 535 steers
raised at the U. S. Range Livestock Experiment Station at Miles Ciuy,
Montana. The steers were from grade Hereford cows mated to 88 sires.
Their estimate of heritability for weaming weight by paternal half-sib
correlation was 23 percent, which is in close agreement with the estimate
of 26 percent that Gregory, et al. (1950) reported at their Borth Plstte
station.

Ons of the most cmmprebenmive investigations on economic char=
scteristics in beef cattle was comducted by Koch and Clark (1955a) on
Hereford calves raised at the U. E. Range Livestock Experiment Station
at Milss City, Montana. The data available for their paternal half-sib
analysis were the records of 4553 weaning weights. The weaning weights

a4




wvarg agcumulated over tha periosd 1929-1951 from 137 diffarent sirmi.
Thay reported a heritability estimate of 24 pmrcent for weaning weightas
of Beef calves computed from the paternal half-sib anmlysis.

Koch and Clark (1955b) in mmother extensive study ut Milas City,
ussd the method of regression of offspring on dmm to obtmin heritability
estimates of weaning weights. In this study records on 423hk calves and
their 1231 dams were availabla. The year effects ani the age of dam
effects were eliminated Ly grouping the psirs into subolasses according
to the years thea cows ware born andi the ysars the calves were born. In
this study they found a beritabhility estimate of 11 percent for weaning
weight. In mnother section of the same study the regression of offspring
on sire was used to estimate beritability of weaning weight. The records
from 85 sires mnd their offspring were usad. The data were grouped lato
subclasses according to the year the sire was born =md the year the calwes
were born. Their estimate of 25 percent heritability for weaning weight,
when the progeny averages werds regressed on the sires records, is in
agreement with most recemtly published heritability estimates for weaning
weight.

Working with data collscted through the South Dakota Extension
Bervice in cooperation with breeders throughout the state, Dinkel and
Musson (1956) reported that sbout 36 percent of the individusl differences
in veaning weights are inherited. Their data included weaning weights
on 646 calves sired by 62 bulls on eleven ranches. Since the authors
found large envirommental differences from year to year and ranch to

ranch the analysis wias made by comparing sires in tha sames yesar on




each ranch.
18 Month Weight

Phe estimatecs of haritability reported for L8-month weight of
range besf beifsrs ure very limited. Knagp and Bordsseg (1946) gave
an estimate of 61 percent heritatiility for 18-month weight of range besf
lmifers raised at the U. 8. Range Livestock Experiment Station at Miles
City, Momtana. The ballf-sib correlation method vas used to obtaim their
estimate.

Further studies on data oollected &t Miles City, Momotans, vere
conducted by Koch mnd Clark (1955a) on the heritability of fall yearling
veights of range Hereford heifers. Their data imeludsnd 1694 fell yemr-
ling weishva that were sccumulated over the period 1929-1951, from 137
different sirea. Thay reported the heritability of fall yearling weight
ss &7 peromnt by the paternal half-sidb correlation method.

Additional studies at Miles City, Montens, by Koeh and Clark (1955b),

ware conducted to determine the heritadbility of fall yearling weight of
beaf heifers by parsnt-offepring regression. In thelr regrsssiom of off-
spring on dam study, recorda frum 1623 heifers and their 822 Gume were
used. An estimate of 43 percent was reported for the haritability of
full yearling weight. Thie estimate and the one reported previously

(47 percent) (1955a) indioats that £ell yearling weight is highly herit-
@ble and probsbly above 40 percent.




18-Month Type Score

The bheritability af Fall marling type scores of range baef beifers
vas reported us 27 percent by Koch smmd Clark (1955a). Thair estimate wea
obtained from the paternal half-sib correlation among 1483 beifers sired
by 12k airTerent bulls. 'These hellerm wera raised at the U. S. Range
Livestock Experimest Btation at Miles City, Montana over the years 1936-
1951,

Eoch snd Clsrk (19558) reported the heritability of fall yearling

Liype soora obtained by the offspring-dam regression method. Their data
incluied the records of 797 heifers and 443 dams carried &t the range
station mt Miles City, Montans. An estimate of 1% percent heritability
wag obtained in this study.

MeCormick, et al. (1955) listed an estimste of 15 percent for
mritability of type score for yearling heifers at the end of feedlot
t=sts. Their estimate was obtained by patermal hilf-sib correlstion
and included 148 purebred Polled Hereford heifers. These heifers were
raiped under fers conditions at the Georgis Comstsl Plsin Experiment
Station in South Georgim. This estimate smd tha obes reported by Koch

sod Clark (1955a) (1955b) indicate that fmll yearling type ¥#OTE {8 mod-
erately heritable, in the range of 14-27 percent.

Genetic and Environmental Correlations

Knapp and Clark (1951) calculated genetic and environmental cor-
relations between type #fore at weaning time and gains in the feedlot using

data from 613 Hereford stesrs. A genetic correlation of .300 and an




snvirommental correlation of =0.304 were gbtained. The suthors imdicsted

that apparently there are some genetic factors which determined both
ecores and gains, but that this is not cbservable in phenotyple correla-
tions because of the negative influsnce of the envircnmental factors on
scores and gains. The suthors suggsst that the negutive envirommental cor-
relation may have been due to some compsnsating increased gains in the
feedlot for the relatively poorer conditions of smvironment before weaning,
or that pnegative correlstion mmy exist between milk production and gains.
Genetic and environmentsl correlations between several character-

lstice of rangs beef heifers weres reported by Koch and Clark (1955a).

Their data included recoxds of U4SS3 calvas raised at the U. S. Rangs
Livestock Experiment Station &t Miles City, Montams. They reported &
genetic correlation of .49 between yearling weight and yearling score,

and an envirommsntal correlation of .6l betwmen the sume charagteristica.
The genestic =nd envirommental correlations between weaning welght and
yearling veight were .54 ond .40, respectively. They listed walues of

.23 snd .27 for genatic and envirommental corrzlations between yearling
score and weaning weight. The authors suggest that the reason for the
quites large genatic correlations between gains mmd scores would be that

the better-doing calves would show more desirsble beef charscteristica

thas the unthrifty or slow-gaining calves.




The data in this stuly vere obtained from 303 unselected heifera
raised by the South Dakots Agricultural Experiment Station under a co-
opsrative projsct with the North Central States' Regional Beef Cattle
Breeding Project. The heifers were from purebred Hereford cows carried
on three outlying stations--the Antelope Rangs Field Station, Buffalo;
the Rapge Field Station, Cottonwood; and the Resd Ranch, Presho.

The Antelope Range Field Station summer rengs 1s of the mixed
pruirie type with the medium height grasses dominating over the short
grasses. The dominant medium height grasses are western vheat grass,
green needlegrass, and needle-and-thread. The short grasses and grasa-
like plants found are blue grama grass, threadleaf sedge, needleleaf
sedge, end buffalo grass. The Antelope Range lies in the Chestaut sodl
mne, composed principally of the sandy loam type. The average annual
precipitation is 14 inches per year.

The summer range at the Cottonwood Ramgm Field Station may be best
described as a mixed prairie, consisting prineipally of short and medium
height grasses. The dominant short grasses end grasslike plants are blue
grama, buffalo grass, threadleaf sedge, needleleaf sedge, and sandberg
blue grass. Among the dominent medium height grasses are western wheat
grass, green needlegrass, needle-and-thread, sideoats grama, and little
bluestem. The soil is heavy, ranging in texture from a silty clay loam
to a heavy clay. The climate is dry with an annual precipitatiomn of
about 15 inches, with about G0 percent of this falling during the months
hpril to September.

121493
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Tha vegetation mt the Heed Ranch is & mixed short and tall graass,
generally ¢On#isting of blus grums uffalo grass, and western wheat grass,
with green nesdlegrass, needle-ani-threat, sidsssts grama, cheat, mnd
little blussten grass intermixed. The soll is classified in the Promise
and Pierym series, in the Ch#stnut soll sone. The climate is charseters
istically continental and subbumid, with frequent extended periocds of
drought. Precipitation averages 17.5 inches per year with sbout G5 per-

cent of it falling during the mooths April to September.

The beef cittle hireeding project wiis originally started Im 13&T.
At this time the Antelope nahgn bedf breeding herd was obtained on s
lesse program. The cows were leased by the Experiment Station from
cattle breeders in the state. Most of these original cows were pur-
chased by the EBxperiment Station in 1949. Originally tha cow herd mt
the Range Field Station at Cottonwood wes used for both the range man-
agement studies and the breeding studies. Since 1951 the two projects
havi ien separited in ordEr to prevent comfounding of the dita with
respect to the primary obJjectives of both studies.

The present inbred linis were formed in 1952. Four ane-olre limsas
End one control line wvere originally started at the Antelope Range Station.
Three inbred lines and one control W=re started it the fleed Ranch, amd
on# inmbred line at Cottonwood. Two inbred lines at Reedl Ranch were muli=
sequently moved to tha Antelope statlioo.

The calves ure weighed it weaning wbout tle end of October or

first of November. Prior to the 1952 calf crop, the heifers were wintered

ifid summer griged &t the ranches where they were born, with the exception
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that the 1951 h=ifer calves born ut Antelope were summer gragzed at the
Newell mubstation. Sin#e 1951, the heifer calwes from all stations have
bwen moved to Cottonwood for wintering and summer grazing. The plane of
nutrition for wiftering the heifers ullows a @ain of approximately one io
one and one-hslf pounds per day. The wintering ration for the calves
dropped during the period 1951 to 1954, inclusive, was five pounids oats,
one pound 4O percamt cottonseed cmke, mmd prairie hmy free cholce. The
1955 culf crop received two pounils of cottonseed cuke& and prairie luy
frea chalce. The heifers are placed om pasture about the first of May
snd do not reéceive any supplement during summer grazing. The heifers

are removed from summer grasing around the middle of October amd at thia
time are weighed and typed scored. The typa scoring ism conductad by o
comiittee of three judges, sach judge working independently amd using tha
following =coring aystem: I

Score Code

1 16 Suitable type for show prospect

1- 13

2f 14

2 13 Buitable type to be used in purebred herds

2- 12

3f 11

3 ‘10 Aversge range heifers

3 9

¥4 -]

: ‘g Heifers of this grade and lower are pnot recommended lor use
.
&
L]




Tables I and Il list the mean 18-month weight, weaning weight
snd li-month type score by ywars, ranches and sires. In the case of
18-month weights, the weights are esdjusted to & common age of 550
days and to the basis of & lmifer from a six year old dam. The wean-
ing weights presented @re sdjusted to a 130 day baslis from o six year

old dam. Correctigms for the #fTects of Lmhreeding on wWemning weight

vara msde.
Tuble L. Year amd Ranch Means
Year No. 18-Month Ho. Weaning No. 18-Month
of of Weight of Weight of Type

Birth Progeny (1be.) Progeny (1lbs.) Progeny Score

19438 20 681 20 379 20 11.2
1949 27 853 27 33 27 10.9
1950 16 T 19 39% 19 10.7
1951 30 o9 32 411 a 10.5
1952 bl 763 Inds 388 153
1953 b1 763 b1 bs5T k1 10.4
1954 50 758 60 A%k a0 10.5
195% Lol 5% g s Ly 10.%
Ranch

Head bl 705 &9 37Tk 59 10.5
Cotton- 108 T05 109 196 105 0.7
wooid

Antelope 132 758 136 e W0.T
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The means in Table I show that the 18-month weignt of the
heifers did vary from year to ymir, ms indicated by the mean of TT9
pounds for hmifers borm in 1950 and the mman of (53 pounds for tha
1949 heifers. Weaning weights varied from = high of 457 pounds in
1953 to & low of 343 pounds in 1949. The 18-month type scores varied
from 11.2 im 1948 to 10.4 in 1955. The table also indicates thet
the heifers borsm st the Antelopa Range Field Station had heavier
weaning and 18-month weights than the haifers born &t the other two
stations. The means for type smores &t the three stations show
little varistion as indicated by tha measm of 10.5 for h@ifers born
at fHesd Hameh and 10.T for the Cottonwood amd Amtelops heifers.

Differences im mbility of sires to produce heavier heifers
% 18-month of uge im shown in Table II. The mesns vary from a high
of B&S pounds for sire 022, to & low of 430 pounds for sire Oll.
Considerabls Variatiofn 18 Slso imdicated for weaning weights, with
a range from 302 to 472 pounds. Little difference im the means for
type score is found, with the exception of sire Oll whose heifers
wveraged T.5.




Table II. Sire Means

No. 18-Month No. Weaning No. 18-Month
af Weight of Weight of Type
Bire Progeny (1bs.) Progeny (1bs.) Progeny Score

oz2 2 Bas 2 (e 2 10.5
xx3 2 820 3 Ly 3 1.7
012 18 810 18 k72 18 10.5
233 10 Tok 10 470 10 9.8
101 ko 719 k2 Lhs 42 10.4
436 7 7o 7 451 | 10.3
219 10 772 10 523 10 11.3
030 5 766 5 411 5 10.8
o1k 1k 759 ik b5g 1k 11.0
339 b 751 & 362 4 10.8
228 13 T50 13 48 13 10.8
920 12 Thé 12 Lag 12 1.8
k33 10 Th3 10 400 10 10.8
132 5 7% 5 bh3 5 10.4
o2t 9 725 9 k5] 9 10.4
o271 | 723 5 ITh 5 10.5h
032 10 717 10 kod 10 10.9
k-4 | 8 T1h 8 h18 8 10.&
G02 8 712 8 368 8 10.5
013 2 712 g b1k 2 11.0
ko2 8 705 9 hof 9 11.2
015 6 702 6 368 6 10.3
024 18 1 18 388 18 9.9
x08 17 7 17 364 17 12.1
601 23 2;2 23 359 23 10.7
xxch 3 3 31T 3 11.3
023 | 550 10 390 10 10.3%
on 2 630 2 g = 2 7.5
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STATISTICAL ABRALYSIS
Age Correction Factors for 18-Month Weight

In order to mmasure the effect of age on 18-month weight, the
regression coefficisnt for waight on age waa cslculated. =& hundred
asd thirty-ones heifers from 15 sirem vwere used for this study. Tha
data imcluded heifers from thrse ramches dropped during the period
1988 to 1952, inclusive, usimg the con-inbred animals only. In the
analysis of varimmce, pesr mml ranch effectsz were svoided by analym-
ing the data on an intra-year, intra-rsmch basis. The sums of sguares
snd cross-products were than poolsd to obtain the regression cosffic-
ient for 18-munth weight on age. The intercapt of the regression line
on the age axis was delermined for use in the mquatiion developed by
Whatley and Quaifa (1937):

y = -1 .

whers Y i# tha cormection factor, 8 is tis standard age, I is the

intersept amd A is the actusl age.

Effects of Inbreeding

The effecta of inbreeding of am animal on its weaning weight,
18-month weight amd 18-month type score were determined by using the
least squarss method of estimstion of sultiple classificsticns with
nonorthogonal dsta. This method was studied amd diascussed by Yates

(1934), Crump (1946), (1951), Eisenhart (1947) and Henderson (1953).




The inbreeding study included records from 143 heiferw raised
st three ranches curing the pericd 1953 to 1955, inclusive. The data
for sll animals were adjusted to a common age. The weaning weights
were correctesd to 190 days by using tha correction factors obtained
By Jommson and Dimkel (1951). The 18-month weight age correctiom
fastors developed by Dinkel [1953) were used. The inbreeding coef-
fscients were detarmined Ly using the methods outlimed by Wrignt
(1922) and Beik and Terrill (1949).

The first step in this mathod is to form & mathematical model
daseribing the manner in which the observations are influsnced by the
scurces of variation. The following mathsmatical model was assumed

for this study.
Yijmmo » W £ gy /by / ®4 Jkmo
¥i jigno * 18-montn weigntu in the ith year from the jth

line at the kth ranch, with m inbreeding smd
of tha oth individusl.

U ® the sffect common to all calved.

%jjk = the effect common to all calves born in the ith
year from the jth line at the kth ranch.

by = the effect common to all cslves from the mth
inbreeding group.

®ijgs = sum of all other things which c#use that im=-
dividual observation to vary.

Constants were than fitted for each independent variable. Ia
this study constants were fitted for 20 sire-ranch-year groups, and

=ix inbreeding classificaticng.
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Is solving the least mquares equations, the zero inbreeding
classification was deleted, making the equatlons indspendent. The
estimates obtained for each remaining inbreedink classification are

deviationas from the m#ro classificatiom.

lcritabili_tl Estimntes and Genetic Correlitions

Lush (1940) lists several methods for sstimating heritabilisy.
The two methods that he lists that appear to lend themselves to this
data mare the paternal half-sib cerre#lastion and the intre-sire regres-

@ion af offEprimg on dEm.
Paternal Half-sib Correlations

The data awailabls for the paternal half-sib amalysis included
the records from 126 helfers, reised during the period 1948 o 1952,
inclusive. Fifteen sires were represanted. The wemming and 18-month
weights were adjusted to = constant age by using the correctiom factors
obtaines by Johnson asd Dinkel (1951) smd Dinkel (1953), respectively.
The correction factors for age of dam, Koch end Clark (1955a),were
used w adjust the veaning and 18-month weighte. The data were ana-
lyzed on mn intra-year, intra-ranch basis. Some sires wers used in
more than one year, ‘bv-ver, each yearly sample wWould be an unbiased
@stimate of the sire differences. In the analysis the between and
vithin sire sums of squares were pooled to obtain estimaten of Lhw

componenta af variance.




The methods used here for estimating the components of variance
and covariance have been studied and discussed by Hazel, et al. (1943),
Knapp and Clark (1947), (1951), Henderson (1953) and Snedecor (1956).

A muber of factors may affect both weight and score of mm
animal. Since each source of variation is quantitative, or partially
0, estimates of ecach source can be made. The weight of the heifer,
X, 18 the sum of two varisbles, (1) a genetic sourece (G), composed of
the average effects of all gonas vhich influence the charagteristics;
(2) & residusl effect (B), including the effects of the deminance,
epistasis and envirommental factors peculiar to the individual heifer.
This is also true for any other characteristic. Then the weight or
score of &n animal ¢msn be defined by the following equation:
X206 /B § 2Cowgg. BSince the data were analyzed on an intra-year
intra-ranch basis there is no reason %o suspect that a correlation
exists between G and E, and it is assumed therefore to be zero. Ths
variance in weight or score may then be defined as follows: V(X) =
v(e) £ v(E). To obtain the components of varisnce the intra-year
intra-ranch variance must be broken down into two mean squares; be-
tween sire groups and within sire groups. Under the conditions of
random mating, halfesibs each receive a sample half of their sire's
inheritance; hence the genetic velue of half-sibs would be correlated
by one-fourth, dominance deviations are uncorrelated, and epistatic
deviations are correlated by & small but undetermined amount. If the
environmental correlations between halfesibs have been adequately re=-
moved and epistasis is negligible, the expected value of the sire
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otmponent s, Vg « £ ¥(@), under random mating. The expected value for
the within sires meen square is V » 3/4 V(G) £ V(E). Based on these
sasamptions the genetic and environmental variances may be calculated
as follows!

o) = W,

WE) » ¥V - 3V,

In an infinite population, the sum of ¥V £ ¥y 18 the total or
population variance, mm_v“.'_',_'_;.,ummmchum.
relation among halfesib groups and when multiplied by four represents
the theoretical additive genetic portion of the total variance or
heritability (h%).

The fiducial limits for the paternel half-sib correlstion
estimates of heritability were computed by following the method out-
lined by Knapp and Nordskog (1546). The procedures for obtaining the
limits are as follows: The significance of the mean square is first
obtained by dividing it by its appropriate error mean square. The
resulting ratio is F. hmdmmmr-q_k_"_-_

vhich 1s equal to (1 £ kyS.. V.ilthufmemw_{L{_LE_
for n end n' degrees of freedom. Since h° is equal to

substituting P-l'mv.nwmm.mmm:u!pm
expresses the sampling error of h2 = 0, B} 2 7~-::nma-
%o caloulate chence deviation from true heritebility (b° is greater
than zero) it is necessary to employ Fisher's z for which the upper
end lower limits may be obtained for a given level of probability.




2k

By convertimg the fiducial limits of z in tarms of F and substituting

into the formulm: _& "" 1) the fiducial limits of h° srs obtsined.
1 -

Genetic and Environmental Correlations

The genetic and envirommental correlations can be obtained frum
the components in a paternal half-sib analysis of variance ammd covar Lanca.
The procedures for #his study were discussed by Hagel, et sl. (1943) mnd
Knapp and Clark, (1947), (1951), snd the data were those used in the
piternal half-sib mfinlysis.

The covariamce components can be calculated in the same sasner
as the variance components. The werisnce in waight or score was defined
as due to two sources of waristion; thst due to genetic source (G), mnd
the other due to residusl (E), which included dominsnce, epistasis and
environment. The covmriasnce, betwesn say two traits can likeuiss be

divided ismto:
Covysx; * Co%age, / OV,

Frovided each source is statisticoanlly imsdependent of tlw other soures.
The expected covarliance velus for the sire component of covariance would
be the same as in the variance ualniomdm]dhcovsisd-_- lcow}md,

under random mating. The expscted value for the within sire msan square
would be Cov * 3/h CovmyG | / CovE4E;. Based on these assumptions the
@enetic and envirommental covsriance betusen two traits may be calculated

&s follown:




mVG 10.‘ - h mv’isj’

CO"g“j = Cov - § C°VS;|,IJ-

From these equitions and the ones from the half-sib amalysis, the cor-
relation of the effect of ome source of variation (either G or E) be-

tween one tralt and another mamy bea calculated as follawum:
ml‘d . %10 3

,/"'ﬁ 1) « W(Gy)

Regression of Qffspring on Dam

The data suitable for the imtrs-sire regression of offspring
oen dim comsisted of records from 113 heifers and thair dams for wesning
weight, 110 pairs for l0-momth weight and 132 psirs for 18-month type
score. Tha beifers vere born during the peried 1951-1955, ismclusiwve,
ufd included animals fruow the one-sire inbred lines. Tihe wmaning amd
18-month weights were adjusted to = constant age by using the corrac-
tions obtained by Jokmson mmd Dinkel (1951) amd Dinkel (1953), re-
spectively. The age of dum corrections obtained by Koch and Clark
(1955a) were used. Corrections for the effect of inbreeding on wean=-
ing waights wers made by using the estimntes obtained from the inbreed-
ing study.

The mathod of mnmlysis used here was outlimed mmd discussed by
Hugel and Terrill (1945). The data were analyzed on am intra-sire
intra-year basis. The é#stimates of the phenotypic variance and co-
variance for the traits were obtained from the pooled sums of squares

Emd cromm-prodiicts, within sire subclassesm. In analyzing non-~inbred




populations the formula for estimating heritability from ths intra-
sire regression of offspring on dam is 2 cov (b where Cov (b) is
the covariance between a dam and her offspring within the sire growp

end B' represents the variance between dams mated to the seme sire.
In onee-sire inbred lines, the dams are related to each other and also ‘
to. the sire, necessiteting the modification of the formula for her= |
{tability., The formula for estimating heritsbility from one-sire ine |
bred lines is ms follows:

2 -

I -

(1945). ' ond £ are the inbreeding cosfficients for parents and
offepslug, swopsullvely.

The stendard error of the heritability estimate would also be
bissed by the ichresding. The formula for sstimating the standard
arror would be:

2 . e wv (0 Hagel and
TW (30)5 (nk ol » 1)

Torrill (1945). The component B represents the variance between

heifers by the same sire, o tho mmber of mires and k is the number
of galves per sire.

Somperisons of Selestion Metbods |

The effectiveness of the selection program is an important
consideration in any range beef operation. This effectiveness cun
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be measured by the uie of a sélection differentiml. Selectliom dif-
ferentisl is defined here us the difference# between the uversge of
those s=lected to be parents amd the average of the whole populationm
in which they were born. Selection differentiuls vere dmtermined for
vesning welight, lB-month weight snd l8-month type score for each
method of selection used. The methods of sslection used ware based

on the following traits and combinstions of truits:

Selection
Method Trait or Traits Involved
1 Woaning velght, lB-month welght and 18-month
type score
2 Weaning weight and 18-menth weight
3 Weusning weight and 18-month type score
4 18-momth weight and 18-month type score
5 Weaning weight
& 18-month weight
7 18-month type score

The data used in this study coamslsted of records from 254 pure-
bred Hereford heifers borm during the perlod 1948-1954, inclusive.
The weaning and 18-month weights were corrected to a constant age
by using the factors cbtained by Johnson and Dinkel (1951) and Dinkel
(1953), resgpectively. The weaning weights were corrected for age of
dam by using the factors cbtained by Koch and Clark (1955s).

The index of net desirability of an animal was determinea by
combining the credits or penaltiss of esch trait considered in u
gelection method. The credit or penalty to be placed on sach tralt




was determined by dividing the deviation from the yearly average by
the standard deviation of the trait. This would place egqual emphasis
on each trait considered in a selection method. The standard devia=
tions used vere obtained from the total variance of the population

and are as follovs: weaning weight 53, 18-month weight 92, and 18-
month type score 1.6.

Forty percent of each yearly heifer crop was selected as ree
placement on the basis of the index of net desirability in each sel-
ection method., The totals of the weights or type scores for each
year's selected group were combined and averaged to obtain the average
of the selected group. The difference between the average of the
selected group and the average of the whole populatiom, for sach
trait would be the average selection differential.

The overall genetic progress that could be made with each method
of selection was determined by combining the selection differentials
for the various traits after each was weighted by ita boritability and
its economic importsnce.

The economic value assigned to a trait was the relative effect
this trait is assumed %o have on profit vhen it varies one unit. The
average price of 100 pounds of Good to Choice beef heifer calves sold
at the Omaha, Nebraska market was $17.00, during the months of August -
to November, inclusive, in 1955 and 1956. For the same period of |
time and at the same market Choice yearling beef heifers were selling
for $17.70 per hundred, and Medium to Good yearling heifers were sell-
ing for $14.32. The economic value for type score was determined by




considering Chcice heifers would score Lm the Type %wo range and the
Medium to Good would be in the Type three range. The average differ-
ence in sale price for adjacent classes is $.84 per hundred. The
average 18-gonth wsight of beifers im this stasdy was 716 pounds,
therefors, mm incrcsass in ome-third of & type score would be an in-
crease of $5.01 in incomes. These estimates were based on data prau-
sented by Markst News (1956). The relative economic values obtainet
from the mbove comsidarstions and used in the study &re: weaning
veight .17, 18-marth weight .18, and 18-month type score 6.01.

The heritabllity estimates used were obtained from estimates
reported by other workers. Tiwm estimste of 25 gercent was used for
veaning weight which is in agreement with Esgis=tes reported by mast
workers. The heritability estimate for 18-month weight used was 47
percent, Xoch and Clark (1955a) snd the sstimatis far A\8-mamth type

Bcore Was 27 percent from the sams mtudy.

Selection Indgla-_

It has been shown that selection for at lemst the additiw
genetic partion of variation, whes considering more than one treit
per individual, can be done most ufficiently by selecting for tha
trafts simultaneously, Hazel and Lush (1942). The index of net de-
sirability of an mmimal is gonsiruwted by combining into ome figure
the gredits ond penalties given osch animal sccording to its super-
iority or inferiority of each trait. The metbods for constructing

salsction indexes have been discussed by Mascl (1943) and used by




Karam, et al. (1953) and Bernard, st al. (1954).

The goal toward which selestion will be directed should be
considered im ths first step in constructing an index. Therafors,
the aggregate genetic value of an animal is defined as:

B = 107 £ agG # 303
where Gy, Oy, and Gy are the genetic values for weanming welght,
18-momth weight and 18-month type score, respectively, and &), a
and a3 mre the relative economic values of these trailtas.

The index is & linear function of tim obseérved records,

I 20Xy J} baX2 £ b3l3,
whare the X's represant the phenotypic performance for the traits,
and the b's are multiple regression coefflicients, designed to make
Tig @8 large as possible. These regression ceefficlisnts msy be cal-

culated from simultansous @&quations:

B / Barxixe 4 Bargyx, = vkl
By, g% 4 By - e
BirxyX3 # Baryexs £ : riy8

wheres By = by _6- Xj __ @and X8 is the correlatiom between H mmd
C H

the ith phenotypic measurement. The standard deviation of ihe breed~

ing walue (H) is ms follows:

= =4 ¥
5 VE125 612 F agro 622 / ---7231%0’01602131%/ bia
wheredG;2 « hy26°X,2, 1 1 the heritsbility estimate of the X;

trait, The correlation between H mnd the ith phenotypic measursmént
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im ns follows:
"XqH = T0,x id.lrc 4 ferg.G, £ dsr } \
i 16y ﬂjﬁi

wvhere d; = ro . ‘
e dy = Ay _G_.i}_ » end gyX, is the correlstion betueen gamotype
and phanotypic performance for esgh tralt.
Genetic improvement will be proportional to the multiple cor-
relation between the index and H, (ryy). This correlstion provides

a means of comparing the accuracy of the indexas.

The data available from the South Dakota Experissnt Stmtion

rmcords did not furnish all the estimates reguired for the comstruc-

tion of the indexes. With the halp of statistics reported by other

vorkers, thw construction af the imdexes wis poamibls .
»




Age Correction Factors

The relationship between 18-month weight and age, expresesd
in days, is shown in Pigure I. The renge in age wvaried from A&S9
days to a maximum of 593 days. The meen sge was S5U2 days. The dotas
represent the sawerages of ull wights swailsble for sach day of age.

The x's reprsssnt tha sverags weights of all heifers within successiwe

10 day periods. The struight lins drawn in the figure is the limsar
regression or welght on age. The rigure showvas that the growth Crom
about 490 days to 580 days is practically an sdditive effact, however,
the obeervations within sach day class vary considarably.

Table III gives the test of significance for the amalysis of
variance and covariance for 18-month weight mnd l8-month age. The
F-test indicates that the #ffect of the heifer's age on her 18-month
waight is highly significaai. The regrasaion coafficlient of weight
on ags wss 1.18. The standard error for the regression cosfficiesnt
was ! .20, The regression line intercepted the age axis mt -42 days.
Using the method outlined by Whatley and Quaife (1937) the correctionm
factor is ms followsi

er = 292 .
Actual age -~ (-42)

The age correction factors for the 18-month weight obtained
from the analysis of variance and covariance are listed in Table IV.
One hundred and thirty-one animals were used in this study. With

these limited data the correction factors should be considered only
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as estimates, until more data are availuble to confirm tham.




18-Month
Weight
(1bs.)

810

780

750

720

690

660

630

600

570

540

510

480

l
5

« 1 Day Average
x 10 Day Average

o

bl 1 Lol 1. 1 | J !
460 470 480 490 500 510 520 530 540 350 360 570

18-Month Age (days)
Figure I. Relation of 18-Month Weight to 18-Month Age




Table III. Analysis of Variance and Covarisnce for 18-Mootn Age
end 18-Month Weight

Residuals
Sums
1B-uon3h Age 18-Month Wt. of Mean

Source of Variance af Sz Sxz 8x@ af  Squares Squares
Between Sire Groups 17 25,695.09  49,596.72 270,965.72 17  184,398.86 10,846.990¢
Within Sire Groups

(Brror) 105 4,854 .98 22,982.87 370,2u8.02 106  307,664.46 2,958.31
T/in 122 70,550.07 102,579.59  6b41,213.74 121 492,063.32

** Highly Significent (P<.01)

143
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Tabla IV. Age Correction Factors for 18-Momth Weight of Range Heifers
Standard Age = 550 days

Actual Correction Actual Correction
Age Factor Age Faztor
7% 1.23 514.518 1.06
Lo kks 1.22 519-524 1.05
bhy6S-nko 1.2 525-529 1.04
450-453 1.20 530-535 1.03
sk k5T 1.19 536-541 1.02
458-461 1.18 5k2-547 1.01
kE2-hah 3.47 548-552 1.00
46T7-470 1.16 553-558 .99
BT1-475 1.15 559-565 .98
NT6-4T9 1.1h 586-5T1 97
480-h84 3:13 5T2-5T7 .95
k85-488 1.12 578-584 .95
k89-h93 1.11 585 -591 .9k
Lok -498 1.10 $92-597 .93
499-503 1.09 598 -0k -92
S04-508 1.08 60% ~510 91
509-513 1.07 611- .90

Table V shows tha compmrisonm of corrected weights whan two dif-
ferent methods were used to adjust the 18-month to o constant uge. The
gorrection fastors for Method I, vere determined by Dinkel (1953), from
& sclution of least squares simultenesous equations. The second method
is from the analyasis of variance ami cowiiriance just outlined. The
standard errors indicate a slight favor for the Method II correction
factors. The "t" test indicates that the difference between the two

methods is non~significant.
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Tabls V. Comparisons of Two Methods for Correcting li-Month Waight
to n Constant Age of 550 days

Actual Corrected Weights Actual Corrected Weights
Weight Method I - § 4 Welight sm—zzﬁn-

860 880 880 788 788 780
odho 80 &80 768 Blk 8z
8s2 861 Bal &9k 715 118
T8 807 Bo7 822 Blk a1k
790 782 TTh T4 Tho 739
788 788 788 726 726 186
768 750 753 TOS 727 T3k
T2 135 17 &78 g 698
728 721 T21 81k 822 822
Bo 798 798 822 g22 81k
Rg 772 772 700 700 707
753 753 036 0bl b6l
ok 598 T10 TiS 709 695
735 768 795 TN 818 825
592 633 6 T6a 800 800
858 678 ﬁ T80 727 127
664 ol Ta0 To0 T68
Bee 81k Boo That Th9 T49
770 T70 T70 T00 Th2 T49
Thi T3% T3 ypLl T07 707
Thé 739 731 Toh Tok T0L
832 815 815 778 786 T86
721 Tik Tih 538 702 TO08
6'1‘0 EﬂaE 702 720 73 7&.23
T4l (4 T2 22
519 595 566 ‘!a‘&ﬁ uk u,{‘zg
e i, Sl % - -
418 e &12 - t_;ﬂ T41.T0 Ta2.15
753 738 738 Error +7.68 * .55
1"'09 Tu T'hE t = 5895
660 650 653 :
753 75 7& %05 for 59 d.f. = 2.0008
Te= T T
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Effects of Inbroedigl

The estimates of the effects of inbreeding on weaning weight,
18-month weight and 18-month type score are presented im Table ¥I. In
solving the lesst squares equations in this saalysis, the sero inbreed-
ing classification was deleted, making the equations independent. Theére=
fore, the sstimates presentad in Table VI are deviations from the saro
classification. For example, a heifer that is 25 percent inbred would
be expected to welgh 5T pounds lsss at l8-months than & non-inbred.

The effects of inbreeding on weaning welght and 18-month weight ware
curvilinear, as indicated by the irregular decreape in the wejights aa
inbreeding approached 25 percent. Howewver, the increased inbreeding
hsd wery little effact on type score, as indicated by the reduction of
only one-third of a grade in the 16 to 20 percent inmbreeding classifi-
cation and less than cne-third of u grade in the 21 to 25 parcent class-

ification.
Table VI. BEstimates of the Inbresding Effectis
Dbrecding  Aninals Waignt® Veissc  pe Beore
(] 25 Q ] o
A-5 19 -23.30 -22.77 0.27
6 - 10 » -20. kb -¥.55 0.2
1 -1 » -25.89 -33.86 ~0.20
15 - 2 » =55.55 =h3.h0 -L.00
a -2 2 - 56.62 -52.50 -0.45




Table VII. Analysis of Varisnce for 18-Month Weight

Degreen Bums
of of Msan
Bource Fresdom Squares Bquaren F-Valuas
Total 2 79,180, 827 .000 - -
Totual reduction
due to (a,1) 30 78,905 ,798.952 - -
Due to ywar=-linm-
ranch (a) 25 78,884,132.835% - -
Due to inbreeding (1) 5 21,0866.107 b4,373.2234 1.79
Remainder 1.2 274,228.088 2,448.5647

The analysis of varimmce for 18-menth weight Lo showm in Table WII.
The difference betwsen the lewals of inbreeding for tha rasduction in 18-
sonth welight was not significant.

Tha totsl reductlon im sum of squmres due to fitting constanmis for
the year-line-ranch snd inbreeding classifisations is 78,905,998.952.
This reduction was obtained by summing the products of the estimates and
their corresponding right hand sides in the original mstrix. The sums
of squares dus to the inbreeding classification were obtained by subtract-
ing from the total reduction, th& reduction dus to fitting @ll but tha in-
breeding classifications. The error term used iln the analysis is Lim ra-
mainder shown in Tmble VII.:

Table VIII shows the analysis of variance for weaning weight. The
analysis vas carried out in the same manner as the analysis for 18-month
weight. A sigmificant difference, at the .05 level of probability, waas

found between the levels of inbreeding.
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Table VIII. Analysis of Variance for Weaning Weight
Degrees Sums
of of Mean
Source Freedom Squares Squares F-Valus
Total k2 2k, 440,125.000 - -
Total reduction dm
to (a, 1) 30 2,291 ,453.995 - -
fue to jymér-line-
ranch (a) 25 24,272,557 -989 - -
Due to inbreeding (1) 5 18,886.006 1,T77.2012 2.85%
Remainder 112 148,581.005 1,327.5090
® significamt (P <.05)
Table IX. Analysis of Variance for l8-Month Type Score
Degrees Sums
of of Mean
Bource Freedonsi Squares Squares F-Value
w m ﬁ,l%.m - £
Total reduction Jus i
w (a, 1) 3 15,995.6TT - -
fus to year-lima-
runch (m) 25 15,981.111 - -
Due to imbreeding (1) 5 15.566 3.1138 1.80
Remainder 1z 153.383 1.7261
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A ponesigntficant difference was found betvesn the lsvsis of {n=
breweding for 18-manth type ecore. This is iadisated by the snalysis of
variance givem in Tahle IX.

Heritability Estiscies end Genetic Correlations

Paternal Ealf-sidb Analysis

Table X givesa the mran squares and covarianca terms that wars
gbtained from the pooled paternal half-sidb analysis of variances and co-
variance. [ significant differaence was found hetwesn gire groups for
veaning weight. Howaver, thes difference between gire groups for 1B-month
weight wns significent st the .0l lewel of prodebllity. Significence at
the .05 leval was found for differwnces betusen sire groups for 1B=montb
type msore.

The pon-significant difference betveen sire groups for weaning
weight, and the highly significent diffsrence betwesn sire groups for
1B-month weight, is confusing. With wesaing weight Soing e laves come
ponent of 18.manth waight it vould be expectad that the two traits would
ruact similarly. Sinces the data from the Cottoowood station taken in
A548 to 1951, inclusiwe, inclided records from heifers on the rate of
grezing study, it was felt that this vould magnify ths vithin sire dif-
ferences for wmaning weight. If this were so, a non-significant aif.
ference betvean sire groups might occur. However, when the data were
enalyzed on an intra-year intra-pasture treatment basis & nonesignificant
Eifference was still found betasmen gire groups for weaning weight, aa
showvm by tha poolsd analysis of wmriamce in Table XI.




Table X. Analyeis of Variance med Covariance for Weaning Weight (X),
18-Month Weight (Y) srd 18-Month Type Score (Z)

— —_

Mean Squares Crogs -products
Bource of Theoretical
Variance ar Composition 4 Y L o 5 3 =
Between Sire Gnups‘/ 16 BikA 1,835.28  1u4,041.9/™e 4 76% 2,818.96 10.35 19.17
Within Sire Groups 108 B 1,866.89 3,095.08 2.3 1,320.55 2.70 9.52

Within year-ranch groups

Highly Significant (P <.0l
* Significant P<.05

cn
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Table XI: Anmlysis of Variance for Wesning We g tund 18-Month Weight

Mean 8
A et e T

Varisnce dr Weight Weight
Betveen Sire Groun-‘a'/ 20 1,528 A1 7 46T .69na
Within S8ire Groups 17 L,76380 3,089.13

&f Within year-ranch-pasture treatment grougpe
#% Highly Significant (P<.0l)

Table XIT+ Components of Variances snd Cowarismces for Weaning wcight (I)’
18-Month Weight (Y) and 18-Month PType Score (2)

Bource Weaning L8-Month 18-Month
of Weight Weight Type Score
Variance X XY Y =" 2z Xz
Sire Variancs (a) -4.10 #9.27 2,113.38 L.B6 a6 1.48

Within Sire (B 1,866.89 1,320.55 3,095.08 g.52 2.3 2.70

The components of warisnce and cover imnce for weaning weight, 18-
soeth welght, and 18-month type score are given in Table XIT,

The half-sib estimates of heritability for weaning weight, 18-
odth weight and 1B8-month type score wre given in Table XIII. Probably
the best estimsta for heritahility of weaning weight from these data
would be zero. An extremely high estimste of 1.52 was found for the

b {tability of 18-month weight. The fide id 1 imits estimate thae




sampling error of these heritability estimmtes, urd indicate that one
of the probeble causes for the large runge of heritability estimates would

ba that the population is too restricted to give reliabls eatimates.

Table XIII. Hsritability Estimates Cemputed from the Patsrnal
Half-sib Anslysis

Weaning 18-Month 18-Month
Weight Weight Type Scors
95 percent fiducial limits
Upper o 2.52 1.57
Lower -.38 g2 .09

The gene=tic, #nvironmentil and pk=motypic components of varisnce
and covarimnce among paternal half-sibs are given in Table XIV. The
negative genetic componént of variance for weaning weight is due to the
greater variamce within sire groups tham between sire groups. The larger
between sire component of variance, compared to the within aire compon#nt,
for 18-month weight would cause the negutive environmentsl component for
18=month weight. The environmental variance was determined by the formmla
V(E) = V - 3V,, whers V is the within sire variance component and Vg is
tha sire voariance component. Conssquently s large sire warissce compaonent
would csuse & nagative envirommental compoment.

Tha genetic, snvirommantal mmd phenotypic correlutions that wers
avieilable in these data are presented in Table E¥. The negative components

of warimnee that appear in Table KIV, make it impossible to vbtain msoms of




Ta:le XIV. @enetic, Envirommental and Phenotypic Com

and Covariance among Paternal Half-sibs2

a5

te of Variance

Weaning 18-Month 18-Month

Weight Weight Type Score
Wesnlng Weight Genetic -24.40 1,157.08 5.92
Bavirom. 1,885.19 hs2.74 ~Jee Tl
Pheno . 1,860.79 1,609.82 4.18
18-#cnth Weight Genetic 8,k52.72 T.44
Environ. 3,244 k& 3.5k
Phano . 5,208.26 11.38
18-Month Type Genstic 1.84
Environ. 1.00
Pheno. 2.84

E/'hrianc- on main dimgonal; covariance off main dimgonal.

Table XK¥. Genetic, Envirommantsl snd Fhenotypic Corraletions
among Paternanl Half-sibs

18-Month 18-Month

Weight Type Score
Weaning Weight Genetic s _—
!nViron . e - .0)4
Pheno. .52 .06
18onth Weight  Genetic .06
Bnviron. -—
Pheno. .09




the correlation coefficients. The formula used Lo obiaim the forrslatisn

coafficiemts vas as followsi

r. = JCov(XiXi)

RN e
vheres the X'sm can represent G, E or P. Consequently, whem conflicting
signs appear in the denominator it is impossible to obitain tlm correlatiom
coefficient. Lov genetic amd phenotypic correlations ( .06) and (.09)
vere found batween 18-month waight and ¥8-month type score. A phenotyplc
correlation of .52 was found between weaning weight and l8-month seight.

The phenotypic correlation between wesaning weight and 18-month type scora

was 06, with a nagative envirommantal correlation af -.0k.

Regression of Offspring on Dam sis

Tne heritability estimates obtainsd from the intrm-sire ragrassion
af offspring on dmm are presented in Table XVI. Tha negative heritsbility
obtained for weaning weight i® du® to the negative cross-product term ob-
tained within sires. One of the possible csusss for Lle negative crosa-
praduct would ba if the cowe with heavisr weaaing weights produced calves
with lighter veaning veights and those cows with light weuning wvelghts
produced calves with hemvier weaning weights. The L8-momth weight esti-
mate of heritability is .19 =nd the estimate for 18-month type score is
.26. Tbe standard errors for the beritability estimate of weaning waight
dre below the range that would be necessary Lo hring ths amtimate above

saro, svun though true heritability csn never be negative.
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Table XVI. Heritablility Estimates Computed from Regression
of Offspring on Dam

Weaning 18-Month 18-ionth
Weight Weight Type Score
Standard error i’ .24 - S 14 i .22

Table XVII. Mean Squares and Covariances for Weaning Weights
of 113 Dams and Daughters

Source of Meun Bquares Croan=
Variance ar roducts Constants

~ Dams  Daughters s

ters

Betwsen Sires® 23  3,051.74%  7,877.320%  -1h9.14 £' 3 .00h
Within Sires 85 1,657.2k 1,315.50 -182.34 £ = .092

a/ Within birth year groups of dsughters
#% Highly Significaat 2 P<.01

#* Significant P<L.05

The mean squares and covariances for wsaming weights are givem in
Table XVII. A highly significant difference was found between sirsas for
thair daughters' weaning weights. A significaat difference st ths .05 lawel
of proEability wad found between sires for the weafiling weights of the dmas.

The difference between sires for 18-month weight of Iwmifers was
Found mignificsat at the .01l lswel of probability we indicated in Teble
XVIII. A non-significant difference was found betwean sires for 18-month

walght of the duma.




The mean squares a=d cowariusnces for 1l8-menth type score are
givem in Table XIX. No significant difference wss found between sire

groups for type score of their daughters.

Table XVIII. Mean Sguares and Covariances for 18-Month Weights
of 110 Dames and Daughters

———
Source of Cross-
Varimnce ar Mean 8 roducts Commtanta
Dams ?‘Txﬁﬁrl ams and
Daughters

Be=tween 'l-l'l‘;‘/ 2k 10,5825.,%2 ﬁ,598.1h -978.03% ft'= .005
088

Within Bires 81 8,835.51 2,223.39 &8 35 5

8/ Within birth yesr groups of daughters
Highly Significaat (PF<.Ol)

Teble XIX. Mean Squarss and Covariancas for 18-Month Type Scores
of 132 Dams and Daughters

Source of Cross-
Variasce ar Mean Squares E.“%. Constante
Dams Daughters  Daughters
Between Sires? 2V 4.15% 3.03 0.225 £ _ .008
Within Sires 103 2.3 2.01 0.271 r o 985

&/ Within birth yesr groups of daughters
#* gignificsat (P<.05)



Comparisons of Several Methods of Baslection

Table XX shows the improvem#nt, in the threa traits, that would

k& made above the average of the population in which ths haifers were
born had sslection been made by each of the various methods. The
intensity of selaction used in this study was 4O percent of each yearly
haifer crop. The teble, rather clemrly, shows that whean & breeder
selects his replacement heifers on 18-month type (Msthod #7), he 1ia
ssorificing increased weaning weight and J)8-month weight for & slignt
improvement in type score. It also shows that when selection is made
on weight mlone (e#ither weaning or 18-manth) & slight improvement in
type score is made.

Table XX. Average Selection Differentimls for Weaning Weight (X),

18-Month Weight (Y) =nd 18-Month Type Score (&)
by Baversl Mathods of Selaction

Metbod We 18-Month 18-Month
of Traits Weight (X) Weight sr) Type
Belection Involvad m..g (lbs. Boore (2)
1 XYZ 33.hk2 hiz . kO 1.02
2 XY 39.54 Sh.AT .25
3 v 2.9k 31.00 1.15
L ) -4 20.19 bo. 77 97
b X &%.10 36.97 .n
& Y 27.33 62.53 18
7T Z 1a. 20.87 1.35

The progress thsit could be made with ssch me#thod of selsction
is presented in Twble KXI. Ths progress pmr generation was determined

by comiiining the seleciiion differentials for tha various ftruits aftar
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sach vwas veighted by ite heritability and its economic importance. The
beritability estimates used were: weaning weight 25 percent, 1B8-month
weight 47 percent snd lB8-month type score 27 percent. The relative
sconomic values used were) weaning welght .17, 18-month weight .18
und 18-menth type score 6.01. The total progress column indicstes the
relative value of each method of selsction. The table indigates that
the most efficlent method of spelsction for the breeder would be on Lhe
basis of ull thres traits, however, almost egual progress could be made
by selecting for l8-month weight alone. BSelection on the basis of 18-

month type score would result ln the lesast progress.

Tuble XXI. Progress per nmnmymr Several Methods of Selection

M=thod Weaning 18-Month 18-Month Total
of Praita Uoi?xt weight ty{e Scors Progreas
Balection Involved (x (x z)

1 XYZ 1.42 2.93 ) 7-01
2 4 4 1.68 .61 A4 f.79
3 pvA 1.40 2.63 1.87 5.30
b Yo 86 h.21 ST 6.64
5 X 1.87 3.13 34 5.34
T -4 33 377 2.19 k.49

a/ Belection differentials weighted by haritability estimates and
economic value.

Selection Indexes

Tabkle XXII presents the statistical informtion reguired for the
construction of am index baged on two or idre traits. The heritability

estimates and the genetic mmd phenotypic correlations ware obtained by
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Koch and Clark (1955a). The phenotypic standsrd deviations vers ob-
tained from the samlysis of the data in this study. The relative
#conomic values used here ware discussed in Comparisons of Belection
Methode im the Btatiatical Analyvis sectliom.

Table XXIT. Statistlical Information Required
for Comstruction of the Indaxes

S Comjlgtio%:

Econ. 8td. notypic netic
Trait Value [Bev. Baritability Y Z Y .

Weaning Wt. (X) .17 Lo .25 U7 .26 .54 .23

1B-Month Wt. (Y) .18 53 A7 .56 49

Type Scors (Z) 6.01 1.48 .27

Seven indexes ware calculated and gorrelations between sach of
them end H were compared. The sume H value, aggregate genetic valus,
wag used in th# correlation with each of the seven indexes. Ths re-
gression coefficimnts and T’ the multiple correlation betwean eash
index and the aggregate genetlec value are given in Table XXIII for each
index. WValues for tha equations were calculatad by substituting the
statistics from Table XXII.

The amount of genetic progress expect#d when & given index is

used is proportional to ry Tharefore, these values frovide & msans

Hi
for choosing an index. Compsrison of the correlation etween auch of

the seven indexes mnd the aggregate gmnetic valum shows that tha first




index consisting of weaning weight, 18-manth weight and 18-month type

score has littles advantage over sglecting on ilw basis of 18-month

weight alone.

Comparisons of the corrslations =lso indicmte that wean-

ing weight or 1B-momth type score contributes wery littls to an Index

that includes 18-month weight.

Table XXIII. Comparistns of Indexes
Indexes
Treits B Sy Ny ol g I,
Weaning Wt. (X) 018 .018 .OTé& .010
18-8onth wt. (¥) .1@25 .11 .132 .138
Type Score (2) .383 2.k88 .32 3.02k
IR B28 .27 kS8  .626 w2 .62k .383




DISCUSSION AND CUNCLUSIONS

The purposs of this study wss to investigate the [actors which
Pplefiotypically amd gemotypically influsnce sconomic characteristics
of range beef heifers amd to construct aa index for selscting rangs
beef heifers. Tha s=mple studled is probably large &nough to obtain
reliable phanotypic sstimstes buk not large enough to glwe piwcislos
to the genotypic setisatss.

The apalysis of the dsta has shown thit the auge of & Beifwr doss
have & significamt effect on her lB-month weight. The linear regres-
sion coefficient found was 1.18. This is lsrger than those obtained
by Dinkel (1953) and Hitoheock, et al. (1955). The regression co-
efficient of waight on age that Dinks]l obtained was .97. Hitchcock,
et s1. found a partisl regressicn coefficient of 1.09 for yearling
veight on yearling wge and concluded that the growth rate Is linear
for range beef lmifers around the 520 day weigh peric.

The adjustssnt of weights along & straight line requires ths ss-
sumption that growth rsts La linsar ower the period the veights were
taken. To sctually eheck the correction fmctora, veights would have
had to be taken on the sstusl 550th asy. This bas not bean dona.
However, Figure I indicates that the growth rate of the heifers in
this investigation has & linear temdency. The standard errer slso
indicates that the dsparture, If any, from linearigy would be slight,

The regression of weight on &ge obtainsd in this study and the
onie odLainas by Dinliel, wers taken from the same data, over the sume

pariod of years, with the expepilon that the analyals in this investigation
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izcluded heifers born im 1958. The two corrsction fmctors, Dinkel's
and the one obtained from this study, were compared by correcting the
weights of 60 randomly selected heifers. Bo significant difference
was found between the two methods. The correctiom factors for li=-
menth welght obtained by Dinkel were used to make the needed adjust-
ments in this study. These [lmctors obtained by solution of simultan-
#ous equations mhould have an advantage in that the sources of war-
lation, cther than age, would be more adequately removed.

In agreement with previous research this study indicates that
the wesnming weight of u calf is significamtly influenced by inbresding.
Eoch (1951) found that the regressiom of weaming weight on inbresding
of the calf was -0.48 pound for each one percent of inbreeding. The
mean inbreeding inm Koch's study was 12.4 percent. Tha findings af
Burgess, et al. (195k) with higher inbreeding (mean of 30 perceat),
wers congiderably lsrger, -l1.75 pounds per one percent of inbreeding
of tha calf. In this study the estimates of reductiom in weaning
veight due to inbreeding are larger than reported by Koch (1951), but
correspond to Burgess, et al. (1954), vhen expressed in terms of u
kinear regression. Tha linear reduction in the present study was -1.70
pounds per ona percent inbreeding. The analysis in this investigation
vas designéd to taka into consideration the possibility of curvilinearity,
while the estimates of Kosh (1951) and Burgess, et 2l. (1954) wers ex-
pressed as linesar ragrassion coafficients. Ths curvilinearity noticed
in the sstimates are in support of tha findings of Burgess, et al.
(195k), when they reported a significant deviation from linearity for
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the affect of the calfl's inbreeding on weaming weight.

The estimates obtained for the effect of the heifer's imbresding
on her 1B8-month weight appear to have about the same curvilinearity s
found for wemning weight. The reduction of 18-month weight appears to
be less than would be expected, when compared to the estimates for wean-
ing weight. The reduction between the levels of inbreesding was not
pignificant. Nelson and Lush (1945) with dairy cattle found that the
regression coefficient incrmasad up to two years, then decreased until
five years, at which time maximum weight wms reached. That this is tha
case with range beef heifers is not known, but the indications are that
the effects of inbreeding on weight are still of the same magnitude st
18-months of age as they ware &t weaning. Apparsntly the inbred animals
are gaining as riapidly from weasning to 18-months of sge as the non-inbreda.
In view of this it seems possible that the inbred heifers will attain o
mature weight comparsble to the non-inbred heifers.

The reduction in type score betwesn inbreeding leveals wams not
mignificant. At the lover levels of inbreeding, & slight Lmprovement
over the non-inkred heifers wis noticed. However, & raduction of one-
third of & grafie was found at the higher levels ef inbreeding. HNelson
and Lush (1945) suggested n slight but not significent tendency for im-
breeding to be detrimental to type rating in dairy cattle.

This atudy indicatam thet inbreeding does have a curvilinsar
depressing ef'fect on weaning weight, 18-month weight and 18-month type
score for range baaf heifers. With the limited numbers representesd in

somé of the Zpbreeding classifications the estimatem obisminad for tha




affects of inbreeding ashould not be considered sufficiently relisble

fer genersl uss, However, the estimates do repressmt the effects of
indbreeding as found in thepd data and may be useful in mubssguent
studias.

The cause (or causes) for tha wide range in heritability esti-
matas is Dot knovn., Tha estimntes are probebly affected by the lack
of encugh enimals in the study. Indications that the populaticn 1e
t00 restricted im size to giwe reliadle heritability astimmtes is foumd
in the wide renges of fiduscisal limits and standard arrors.

The estimates from the parent-offspring regression would oorm=
nlly ba expected to yield larger valuss than the half-sib esti-iizs,
due to the added matsrnal envirviment included in the parent-offspring
regression estimmtes., Howmver, this is not the cass in this study.
The parent-offspring estimates could k& subject to two otlar biasea;
ane being that the dams' records were not necessarily made on the pusm
ranch ss their daughters' records, and second, that the ysar the dams
wire calwd was not congideredl in the enalysis. 3¢ the year end placs
of birth of dams had been included in thes enalysis the nmusdber of sub-
classes wuld have increased and the sise of the subclasses decremsad.
7nis vould result in the loss of a large portion of the data. To
avoid the loss of too many animals in the study the year and plage of
birth of the dmma were disregarded. Disregarding either or both year
of birth and placs of birth could increasa the wariation of the dama,
resulting in biasing tha estlmntes of bheritability in thw negative
direction.



The negative astimate of heritability for wveaning weight from
the parent-offspring analysis is due to tha negative cross-product in
the within sire group. Since the year of birth of the dams was not
considered in the snalysis, the negative cross-product term might arise
if dams heawiar at veaning were heavier becauge of an advantsgeous
year effect mmil subsequently bad daughters lighter at weaning becnuse
of a detrimental yeixr effect. The converse of this would aleo have
to ba trus. Thase coRLradiotory mMlationships Detwsen dams and dougntére
would have to be paired nearly psrfect vithinm & nire group; shie sesms
unlikely with the more or lase rendom nsture of year affects affecting
both dams and daughters.

The ostimite of haritability for 18-month welight, obtalned from
the regruasiom of offspring on dem in this study, Ls mueh lower than
the astimstes reported by other vorkers. Knapp snd Nordskog (19hc)
reported an estimate of 61 percent by the patermal hslf-sib correlstion
method. By the sume method, ¥och and Clark (1955a) listed an estimate
of 47 parcent from the records of 1694 heifers. Tie ssse suthoras (1955b)
listed an estimaste of 43 parcemt by the regression of 1023 helifera on
822 dams. The estimais found in the present study was 19 perceant. The
astimetes reported by Koch and Clark are supported by & much greater
volume of data and are felt W present & more reliabls estimata of her-
itabllity for 18-month weight.

The heritanility estimate (25 percent) obtained for 18-menth
typa score, by the offspring-ism analysis, is in agressmmnt with the one

reported by Koch sad Clark (1955a). These suthors reported sn sstimste
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of 27 pervent for yearliug heifors, by the pateredl Malf-eib «dAlymis,
Both of these eatimates are JArgor than those reported by Xoch and
Clark (1955b), 1k percent sad McCormick, et sl. {1956), 15 Pércent.

The paternal Dalf.sid carrelatioc estimtes for haritsbility
of veandng veight (-.01) and 1Bsonth welgbt {1.62) are tlmoreticully
Imgpomsivle, The negative sstimate for weaning welight is caused by the
auch larger variation vithin asire EXoups CRao dDetwnep sire goOuUps.
One of the rzeapoRe for tho smell betveen 6ire variasce for vesming
veight aigbt be the lack of geastic variebility among the =irws gsed.
This seemis inprovadla in viev of the eppbrent 4 ifference batveen Bires
for veaning wajights of taeir daugliters.

¥n the helf-eib enalysis, it is difflcult to ucderztand why
thers should be 8 ea8ll between eire varimuce for veaging veight, but
for 18-month weight an extremecly large between sire vaerisnce. Siuce
weaping weight is 8 lsrge comgmoest of the 18-aonth weight tbils wouldn't
be expected. Xoeh aad Clark (1955c) suggested that sslection on the
besie of gain frao veliring to yearling age wuld incyremse tMe genetic
valusm for yearling gain, dut will ceuse 8 saall losa in @epetic walue
for milking ability. If there is » negative relstionship betwsen 18-
Eonth peight and wilxing wbility snd the aires with the genotypes most
favorable for rapld growth by ciidnoe vare mated to the covwa heaviast
st 18-months, then this mivmmtion may come about. With so many mse-

sumptions involved thig seems unlikaly but 16 a Poesibl » explapation.



The most probable reason for the vwide ranges im heritsbility

aatimatas, foumd in thism study, is that tha population is oo restricted
B0 yisld relishle estimitem. An estimate of these smmpling errors is
indicated in the fiduciml limits. It is apparent fram the astimates
obtained, that the paternal half-gib estimetes of heritability are
subject to larpge sampling arrors.

The genatic correlaticns betwaen 1l8-momth weight und 18-menth
type score (.06), found is much lower tham the correlation (.49) that
Eoch mmel Clark (1955s), reported. However, the gemetic correlations
in this study would e subject %o the sampling errors that appeared in
tha halrl-sib estimatis of beritability. With these sampling errors
presant, it is felt that the genetic correlstions found are unreliable.

Belaction of beef heifers on the basis of weaning weight, 18-
month weight smd 18-manth type scordé showed the greatest increase in
sElection differentials for the methods of selection used. When the
threa factors were considered, increases of 21 pounds for ws=aning
welight and 25.5 pounds for lB8-month weight were found as compared o
sslaction by 18-month type score alone. Sslection for mll three treita
slmul tapsously resulisd in a dacrease of .33 of ome-third of a grude
in type mzore belovw tha lewwl attained by sslaction for type mcore
alonw. This would amount to only .33 of the differunce batwesen u 2
and & 2f, which is so amall that it would not be apparent % the eye.

Selaction on the basis of 1lH-month weight alome, increased
wemning weight 14.9 pounds and 18-month weight §l1.7 pounds, sbove the
salection by 1B-month typs score slome. The gain in Lyps score was

ona-thlrd of a grade lesas tham when sslsction wvas by typa score aloms.



It is appareat from this study that lon order to meake maximus improws-
smnt in beef cattle herds, selection methods should include weight
fecords as well as types score and that considerations of weight far
age are morz important for progress in sconmmic traits than type score.
Comparisons of the cerrelations between emgh of the ssven in-
dexes, dawveloped in this study, and the aggregate genetic value, shows
that the first index, whieh insluded veaning veight, 18-month weight
and 18-month type scorm, should provide the greatest gains. Indax ),
can estimats the gemetiec valus of the mnimal .526 as ocourately as if
ths genetic coastitution of each animal were completely known. Bow-
ever, the index that used 1lB8-moath weight alone predicts the aggregate
genstic value of an animal elmost equally as efficient, as LIndicated
hyrxa' 624. The importance of lf-month welght was alse shown in
the Selection Methods section vhen total progreas hy aslscting for 18-
month veight was 6.99 and 7.0l when weaning weight, 1l8-month weight
and 18-month type score were used. Hence, the sixth index (18-month
weight slone) is indicated by this stady to he squivalsst in precticsl
vilue to Index 1. In many herds this will resolve itself to selecting
the heifers on 1B-month weight aloss. It is fortunate that this is mo
because the helifers vould have %o be weighed onsé and wWwulisn't have to
bas typed scored. Disregmrding iype score 13 to an advantage becausa
of the subjectiwe basis for type score classificmilom amd the highly
2rbiirery nature of the decislon ms to ths relative etonomic valus

for type score uwsed im thie studys
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The most efficiamt metliod for selacting range beef heifers ob-
tained in thim study wguld be Index 1. For essier mpplication this
index misy be simplified to:

;

I, = .18x £ 1.25Y £ 3.83%,
where, X 1s the weaning weight at 190 days, Y represents the weight at
550 days und Z the 18-month type score based om & Ecoring system of 15
clagsificatione. Howaver, the selection index that would be used,
Would probably vary frain breeder to breeder. Ons breedér may bs inter-
enstad in improving his herd in weaning weight, 18-month weight and 18-
month type score, whils another may be interested in only weaning
weight and type score. The opportunity, need mmd demire to improve
thest characteristics will wmry, and personal preference, variation
in the herds, the selectionm imtsmsity for replacement n®eds, economic
changes and time trends will determine the mmount of prograss made.
The importamt thing is to set & gosl as to what gharacteristice will
ménn greater dollar returns for improvemsnt in them. Then once tha
goal is set, a salsctlon index Lls the mat effective way of achiéving

it.




SUMMARY

The purpose of this study wea to investigate the faetors that
genotypically umd phenstypically influence ecomomic charucteriwtics of
runge beef m@ifers mmd to develop & sslesction index that would be
adaptable by beef cattle breeders. rhe charsetaristics =Vwiied Vere
weaning welght, 18-month weight and 18-month type score. Correction
factors ware determined for =djusting lB8-month weight to & constumt
agn. Correctlons were also detarmined for the asyrassing effects
that lnbreeding has on wesning weight, 1lB8-month weight and 18-month
type score. Heritability estimates were determined for the various
traits by the msthods of patermal hall-gib analysis and intra-sire
regression of offspring on dam. Qenetic correlstioms were obtalned
from the paternal half-sib snalysis of variance amd covariance. The
effectiveness of several methods of selsction based on Lhe truits
of scomemic importance were jnvestigated. Selection indexss for
renge beef heifers vere developed and the accuracy of &a&h imdex for
predicting the aggregate genetic valus of mn animal was determined.

The data included records from 303 eifers raised by the South
Dakota Agricultural Rxperiment Station during the perioa 1948 to 1955,
inclusive. The heifwrs were from purebred Bereford cows carried at
sunstations in western South Dakota. The results are as follows:

(1) The age of ® heifer does have a significant effect am

her 18-msnth weight. T liscar regression cosfficlent



(2)

(3)

(%)

(5)

(%)

(7)

found was 1.18 pounds per day.

The study indloates that the veaning weight of = ealf is
mignificantly influenced by its imbreeding. Curvilinearity
wvas found for the effects of imbreeding on weaning weight.
The effects of the inbreeding of heifers on their 18-month
weights have & similar curvilinear effect as found for wamm=
ing weights. However, the reduction in 18-mo=th weight be-
twesn the levels of inbresding was non-significant.

The 18-month type score reduction betwesan the lewvels of in-
breeding was nom-significant.

The beritability estimates obtained from the intra-sire re-
gression of offepring on dam are as follows: weaning welight
-25 percent, 1l8-month welight 13 percent snd 1S-month type
score 26 parcent.

The heritebility satimates and genetic correlations for wemnm-
ing weight, 18-month weight mmd 1l8-month type score obtained
from the paternal half-sib analysis sre pelieved unrelisuils,
due primarily to ths restricted population mnd the limited
nusber of slres representsd.

Sslsction of 4O percent of emch yearly lmifer crop on the
basis of weaning weight, 18-month weight mad 18-menth typs
score masultad in &m increidse of 21 pound# for wesniing weight
and 25.5 pounds for 18-month weight, over the increases that
were midle when sslection wiis by typa score slon®. This re-
sulted in a gain slightly less (.33 of one-third of & grade)

than was mads by selection by type score alone.



(8) Tte most efficient selaction index for retge beef hailfere

would ¢ cre thet includsd; weening w2ight, 18-wenth weight
and 18.mooth Cype scere. The greciaion of Predicting the

aggo@ste Eenetic valle of an animal by this inmdex wes .628.
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