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EVALUATION OF RESPONSE TO SELECTION AND 
INBREEDING IN A CLOSED LINE OF HEREFORD 
CATTLE 1 

By J. S. Brinks, R. T. Clark, and N. M. Kieffer, research genetici~ts, Animi:ll Husbandry 
Research Division, Agricultural Research Service 

INTRODUCTION 
Selection is the process, either Datuml or artificial, thn,t allows 

indi ddllnJs of difTcl'ing phenotypes to differ in nLte of reproduction. 
Man has practiced selection in animals since their domesticn,tion in 
his itUcmpt to itllpwvc performance lLnd to breed animals that conform 
to his idelLIs. 

The theoretical aspects underlying; changes in populations expected 
from artiiicinl selection haye been extensively explored. Much of the 
theM), has been checked throllghiletual experirllcntation. This is 
e:;pecilllly true of In,boratory animals, where genemtion iutervILls are 
short and the environment CIl.n be contwlled to iL greater extent than 
with hrge lwimals. C'lmpman (1 ns1) 2 cites a number of selection 
experiments on laboriLtory lwlmlds. :~dore recent studies include 
Lbose of Falconer (1953, 1955), Bell et al. (1955), Robertson (1955), 
Clayton et al. (1957), Clayton [LIlel Robertson (1957), and Thoday 
!Lnd BOiLlll (1961). Kojima and Kelleher (1903) discuss some of the 
morc recent selection studies inln,bo.mtory animals. Severn] studies 
concerning the intensit,y and etlectinmess of selection on poultry 
have becn published by Lerner {md Dempster (1951), Dernpster 
ct tLl. (1952), Dickerson (1955), Oliver et al. (1957), and Yamada 
et al. (1958). The results of these studies vary with the species {Llld 
Lmits !Lnd with the nature of Vllrill.tion controlling the tmits. In 
general, however, these studies ha\'e shown fairly rapid im.provement 
for the highly heritable selected tmits ill thc early stages of the experi
ment. This hilS ueen followed by iL steady decline in the effectiveness 
of selection llud eventUtLlly 11, plttLelLued popullLtion even though the 
(?enetic varill.bility llppeared to l'cLUain high. Possible explana(;ions 
lOr this situation have been discussed by Lush (1951a), Dickerson 
et al. (1954), Lerner (1954), Dickerson (1955), and other seientists. 

Reln,tively few studies hlwc e\Ttthmted the response to selcction 
in 1m'ge lLninmls. ~{m;t of tbese studies hrwe dm.lt wiLh time trcnds, 
which could not be !trcw-Il.tel,)"' partitioned into the l'especti ve genctic 
and envlronmentttl componeuLs owing to inadequate euvirolU1H.mtfLl 
controls. However, much illfonnatioll can be obtained from the 

1 'rhls study wus conciucted at the U.S. Range Livestock ExpcrimeIlt Station, 
Miles City, Mont., in coopC'mtioll with the :Montnna Agricultural Experiment 
Rtt1tion, uncier Western llegional Project W-I, The Improvement of Beef Cattle 
Through the Application of Breeciing i\[ethods. 

2 Names followed by year o~· years in ptLI'entheses refer to Literature citeci, 
p.34. 
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analy;;o;; of lime trelld,;, !LIld Lu;;b (1951b) present,.; c\'iclonce that 
,;eveml ill1 portant tmit,; of lh-c;;lock lliJ,Ye im proyed steacWy tW'ough 
the yem·,;. 

~lost of the studies that eYlLlwLtod selection in large l1uiml11s have 
been on swine. Lush (1936) analyzed time trench, ou the Dauish 
L!wclrac:e [wd foulld thM sen:l'n,l characteristics had changed markedly 
ill the pcriod studied. O(;her stuclies on the eirectinlless of selection 
in swine indude thoso by Comstock anc~ Wiutnl's (1944), K.:dder et iLl. 
(194G), Dickerson and Grimes (1947), Kottmnn et al. (1948), Fiue 
and '\-Tinters (1952, 195:3), Rempel and ,Yinters (1952), Dickerson et a1. 
(19'54), Dmllon mld Winters (1955), and Smith (l9(l2, 190:3). 'rhese 
stuclies have shown yaryiug degrees of response to selectioll, depending 
O!l the clutrtwtol'S studied and breeding systems followed. Dickerson 
ot ILL (1954) worked with diLta from several experimcnt stations and 
reported LluLt solneLioll in mildly inbred lines apparently Jnilecl to 
illlprO'"(' measurably the gOllntic merit for trni ts nssocin,ted with growth 
!Uld iiLler size 0\'(11\ after nclj usting for the effects of inbroeding. Selec
tion apparently 11ml been effective in producing large chiLllges in body 
dimollsions tlnd GlU'CilSS eOlttpmlition where heritability ·",ns higher and 
pr('\-ious sole('Lion hn.d been mild tmd hnd changed cLireetiolls frequently 
(Dickorson, 1951). Stuclics on sheep by Terrill (1951) and by Peters 
oL ILl. (19(31) IUH.l on clairy ('Itt.tip byVn.n Vlcck audHellclerson (190J) 
illcliclLle Lhat selection has bllt'n t'Lt leust pu.rliaUy efreetive in improlting 
tho t:mits stucliocl. .l<'lowpr et ai. (HlG4) reported estullates of lJositi\'e 
g(,llctie trends for birth ,,'eight and wenning weight in closed lines of 
Horofonl en.LLlp. 

Tll(' purpose of tho present iLlutlysis wns to study the intensity l1nd 
p(J'(wti,'eIlPss of spl('cLioll for sen'ruJ economic trn.its in l1 closed Here
ford line o V (11' It 35-ycmr period of COIlcurrent inbreeding tUld selection. 
The l'fl'och; of inbrc(1cling m'p clotermined and discussed in reln.tion to 
[,he l'eSpOllS(, to select.ion. The expocted nnd the actuol responses to 
spl(\elion t\,rc compm'ed and discussed. 

EXPERIMENTAL PROCEDURE 

Source and Description of Dcta 

The data used in tllis study were obtn.illed from fl single inbl'eclline 
(Lino 1) tlu1t >'ins fOtlncllld Ul 19:~3 by pmchnsing two holf brothers, 
Acl\'!wec Domillo 54,lh and .1'ulnLtlC'c Domino 20th, find mating them 
to fl select gl'Onp of registerod tOWS thn.t had been produced at the 
Unitod ;)tatcs Rltllge :Li,'csloek Experimcllt StlLtion. The first cfih'es 
worc dropped in 19:34, Ilnd Uw line has remiLulod closed to outside 
breeding SU1Ct' titn,t time. A list of the sires used and the number of 
pl'ogenytlLOY contributed is giyon in Litble 1. A cletai1ed description of 
the'origin or Line 1 wus l'nportecl by KntLPP et iLl. (1951). 

~ fllllagement pmet,iees tLnd facilitics ha ,'e renmined fn,irly constnnt 
()\"er the entire period; the SILllle stiLtion superintendent has been in 
ehiLrge. )'1tLnagelllcnt faetors sucb as breeding tmel ,,'caning dittes, 
lo\'ei,; or wintering, bull feeding mtioll";, and housing facilities for 
indi vidual feecling btl "(' llO L cLuwgecI l1mlcl'ially d ming the period 
o[ sLudy. 
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TABLE l.-Si'l'es fllsed in Line 1 

Name of bull 

Advance Domino 20th__ .. _ 

AdvlLnce Domino 54th_ .... _

Pmirie Domino______ . __ _ 

Chicf Domino ll,it____ . __ _ 

Alton Df)lllino _______ . __ _ 

Clayton Domino __ .____ _ 

L1B Domino lsL____ .. __ _ 

LtB Domino 2cL ___ .• _ 

A-A Domino ~d_____ .. __ 

Adam's Domillo_______ .. _ 

Albion Domino__ . _____ _ 

Curroll Domino_________ _ 
Cltrsolt Domino__ __ ___ _ _ 
C.,h~tsc Dom,ino- ____ . _.. _._[
CiucCi Dommo. __ . _ . _ . _ 

Ll .J)omino 10 _ _ _ _ _ 

L11)omin020th_._. 
L. t non.lino :35th_. 
1.,1 .Domillo 67___ _ 
.
Ll DOlllino 72 _ 
L I Domino n._ 
Ll [)omino ll;t _ 
Ll Domino 112.. 
I., I Domino lUi 
L I Domino 122 
Ll')ominol6X
LI l)omino 17L 
1,1 J)omillo lXI. 
L 1 j )omillo ~2() 
1.,1 Domino 2,ja. 
Ll Domino 2X4 
L I Domino 2>i(i
1.,1 DOlnino 311 

--I 


Bull Birth 
number year of 

bull 

1 1931 
2 19a2 
6 J934 
8 19:35 

22 1\)39
28 193n 
43 1940 
44 11)40
57 1941 

104 1944 
114 1944 
130 1944 
] ~'),,).- HH5 
153 1\l45 
1.57 .lll45 
19G 1H47 
215 1947 
241 .l94X 

.. _ ~92 H)4\J 
_--I ~!J7 11)4\)

_j 2\)S l!)4!J 
_ :3;{\) l\JfiO
.i 3!lO 1\)51 
-I :HJ:{ 1\)51 

__ I 400 U)51
_--I 547 195~1 

. __ I 550 195:3 
_1 	 MiO 1(l5a

Gil7 I H5'1 
7Ui 1055 
7f11. I !liili 
7\J;{ 1!l5G 
XOG 10;:i7 

BirLh year of progeny 

1934-40 n.ne! 1942 
19a5-40 and 1\),12 
11!40-H___ -- ... _-_ .. 
1IHL ____ . _ 

~- -~--... 
Hl43--46 ---"._- ... ---
1043-'17_ .. '" ,... - ... - ....... 1946_______________ 
1944-47____________ 
1945-4.6. ___________ 
1\)47-50____________ 
HHB ______ ... _______
1948_______________ 
1948-51___________ 
194.7-48____________ 
Ill47 _______________ 
lll49-54_______ ._._. 
H)51-52____1952_______________ 

HI53-5G. " ~-----~~ 

lU5~
_______ . _______ 
195a-54__ . _________ 
1\)53-54_________ 
1955-56____________ 
1\)53-54__________ ._
105G_______________ 
I!loifl ___ .. .. --- .. -~--

1Il.'>5 llnd ] H57-58~ ___
1955-5!l____________ t 
1!l5G-5X. ___________ 
] U5'i-5!L ___________
J\J5S-59 ____________ 
U);jihi!L ___________ 
l!lii!L ___ --_·_------1 

Cows were grazed on natin~ r!l.llge throughout the yen,r. 

Numbcr of 
progeny 
welLned 

ISO 
151 
124 
~;1 

\lX 
1' ,)1 

:I :3 
G5 
43 
83 
30 
22 
84 
44 
24 

142 
a7 
27 
Xli 
11 
:12 
");). 

51 
4G 
~1 
~3 
G4 

1m) 
7U 
G2 
4G 
44 
22 

They 
were moved to winter pllsture i\,round January 1 each yelLr, find vfiry
ing /l,mouuts of protein supplement were fed. Hay was provided 
when helw:y snow pre\'Emted nOl·[[Ullgmzing. Cows were phwed ill 
the c!l.king pnstures 11rolllld the middle of .Mn.reLt n,ndl'ell1.!1ined there 
until pltteed in tue smaller, single-sire breeding pastures ILrolUld 
June 1. 'rhe bulls were tlll'ned in with the cows on June 15 for fi 
period of 45 (ittys, n.ftet' which cows 11nd cltl ves 'were placed on summer 
range. C!Llves were well.l.ledhltc in October 11t fill ILVel'ltge 11ge of 
about 180 days, flfter 'which the cows were mo\red to fall mnge. 
After welwing, the selected bull cilives 'were individually fed for 196 
dttys. Heifer cI1keswfll'e wintered at heaclqwlrters and were fed to 
gain approxinultel:r one-half POlllld per day. Yem'ling heifers were 
gmzed on native mnge and provided with some supplemental feed 
during 1,he second \\'inter. Alliteifers were bred to calye at 3 yettrs of 
iI,ge. 

8election pl'aeticed wi.thin the line Ims been on the basis of perIorm
allce--prillltl1ily weights tlncl g!llllS. 80me emplmsis wn,s placed on 
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CoufOl·mu.tioll. No specifie index was used. Bulls used ill the. line 
were selected Oil the bnsis of "realling weight and score, POl'fOl'IlUUl('f' 
during tL IgG-day postwCiming test, aud ill most inst!LllCeS iL ]Jl'ogeny 
test. Hequentiitl culling WitS prnctieecl; some cLllling took place at 
ench of the till'ee stages. Approximntely the top hnlf of the rnnJe 
wen,nliug ctLhres were selected for the postweanillg peri'orntn,nce test 
ench yem'. From 1939 Lhrough 1957, the male ciLh'eH werc sort,ed 
around September I, and the top bull c11.h'es were selected on the 
basis of COnfOl'lluLtion tl,nd weight pel' day of age. ~I'hc remlLining 
cn.lves were castmted. All cltlves were returned to the rl1,nge with 
their mothers Ulltil weaning time. ' 

Sinee 1958 tbe top bLul ctt! ves wcre selccted In.te in October at 
weu.ning time, anel preweanin~ castI'ILtion was not pructiced. The 
selecte(l bull clLh'es were placcel Oll feed about No\'el1lber 1. and were 
given ::L 2-week warmup period beforc going on i,est. Bulls were 
individunlly fed for 19G dttys. A more detailed report of tbe feeding 
lLud managemcnL pmclieesis gi\"cn b:r ]{n!lPP e1, Ill. (I951), Shelb)' 
oj, ILL (19GO), alld Hrlilks of. ILL (\ OG2a). 'l'he Lop yearlillg bulls, on 
the bfLsis of thc perl'Ol'IHILIl(,C test Iwd welmillg weight iLnd score, were 
then mILLed to n. te:;tor group or nbout 20 ('ows each. From 2 to 10 
bulls werc progeny Le"t,ed clldl year. The top-pcrformillg bulls buscd 
on the pr·ogcu.r Lest \\'Nt' reLILilled 1'01' use \\"ithin thc linl). OceUf'.iollllTIy, 
outstlu)diug YCfLrlillg bulls W01'C used in thc line without benefit of It 

progeny t.est. J3ullstLmt pl'Ollueecl outstanding progeny within tbc 
line were used 8m"eml )"(,ILrs. 

Selectiou llLllong fellllties was pJ'H.c(,i('t'd Oil (,he un,sis of 18..:month 
weight 11l1el score, fert.ilit.y, age, lwcl ]Jmcl uction n.s meH.sLU'ecl by tbe 
welLIlillg weights of their 011.1\"CS. Cows t.lmt [!I.iled to produce iL cn.l( 
for 2 eOllsecuti\'e yellrs wm'e {'uUeci. All cows were culled [trter'they 
reILchod n.1l il.ge of 10 yom·s. 

Characters Studied 

SeYcl'I11 chlLl'tLCtel's of economic impol'ttLuee have been recorded 
iLml used as select.ion criteria through the yen.rs. To flwilitat.e I11mly
sis, tbese criteria were eli vided into three cLiHel'ent ctLtegories: (1) 
birth and wen,llliug tmits, (2) post.wCltnillg performance of bulls, and 
(3) post.welLlllng performance of femnles. The birth and weanling 
tmits studied in tills ttnnlysis were birth weight, welming weight, gll,ili 
Jrom bil'Llito \\"elwing, imd wCil,lling score. The postwen.ning tmits 
studied Oll bulls were J 9G-dny gil,in nod Jiml,l weight off test. Post
wenning C!uLl'lLcters si,udied on the fellln.les were gltin from. wenoning 1,0 
12mol1ths, 12-month weight, gtlin from 12 to IS months, IS-mouth 
weight, IS-mouth score, llllLtUJ'e spI'ing weight, matUl'e fall weight, 
and most jlrobnble producillg ability. \Yeauing ancllS-1uonLh scores 
were eXj)l·e:.:"ed as percentages on It sCILle on which the ideal ltuiuul,l 
wotucl be ~~ol'ed 100, 'rbe devilltion hom the line a\'Cl'n.ge in most 
probnble producing 11bility Wl1S computed by use of i,he formullL: 

nl' , ~ (cow's record f1I in us sire-yeiLl' iL \"lwH.ge)
1+(n-l)7'X--.----n-·---·· ..··"--~-·· .

\vllere n IS the numher or l'eeords pel' cow.' ILnd '/' IS J'epOitt!1bilit~T. 

http:a\'Cl'n.ge
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The cow's record refers to the ratio of her calf's adj Listed ISO-day 
weauing weight to the adj Listed sire-year subclass mean for weaning 
weight. The sire-yeu,I' n.vcmge WILS set eqUId to 1.00 in each case. 
The vo.ILle of 100 wltsthen aelded to the deviation so cows with values 
over 100 werc o.boye the POpultLtion mean and cows below 100 were 
below tbe nletlll, 

In ILclclitioll, coefficients of inbreeding were cn,lcuhtted for all t1llirlla1s 
in order tn determine the effects of inbreeding on performance and to 
asecrtiLin whether seletition had favored or clisru:i millated against 
h')rnozygosity, 

Adjustment Factors 

To hltv€; It basis of C01l1.pltrison, tfw data wcrc Itclj tlstecl for somc 
oIthe known sOLlrccs of endrol1tnel1tal ,'ari11tio 11 , Tbe l1c1justment 
illctors I1re shown in tl1ble 2. The 11dditive fllctors for I1ge of dam 
fOl'~he birth Imd wCl1lliing trni1;s 111'e those reported by Koch I1nd Ohtrk 
(1955), which were derived from duta from the sume station I1S the 
present study, The lUultipliellti\'c ffLCtOl'S for Hex 111'0 those reported 
by Brinks et nl. (l9Gl) and 111so It1'e based OIl dlLtlt frOlll the Silme 
station, '1'he wettning weights Iwd gl1ins fJ'olU birth to wellning were 
adj usted to 180 days of age L1sing tht' ettlf's OWIl 11\'emge dttily gn.in 
eluring L1mt period, 

The adjustmollt [n,etOl1:l for postW0I1lling trn.its woro calculatod 
SOPl1l'!Lt;(\ly for Otwit sox, Tho adjustmcnt factors for bulls 111'0 Lhose 
reported by Brinks at tlL (HJU2b), Filud ,n~igbt ofLhc bulls WIlS 

acLjusted (,0 376 cllty;; of ago, Adjustmont factors for 12- !Lnd 18
1ll0ntll heif(\[' weighls woro tn.b~H from 11 pl'oyious analysi.s, l1nd tho 
woights wore adjusted 1,0 :~65 !tnd 545 dl1Ys, l'cspect.ively, Adjust,mont 
fn.etol1:l lOt' [llU.t.lll't', Hpl'ing and fn.U c:owwoigltts woro pro\'iollsly l'opol'l,ocl 
by Brinks ot ttL (190211), 

Means and Variation 

Tho lldj ustlllOJl t factors in tablc 2 wore I1ppliod to tho eliLLiL, and tho 
1'0sulLing lll,0 [111 S, sLn.ndttl'd dcviations, iLnd coclliciont.s of Yltriu.tioll 
aro givon in t.n.ble :). AU st.andn.l'd dcvTiltt.ions wcro computcd within 
sire-year subgl'OU ps n.:ftm' tho adj us truonts had boo1l m!Ldo. Rocords 
on Jouuclatioll HJ.li.lwLls [1re DOt ineiucLocl in those vu;]uos cxcept for 
inbrooding or <l11lU. 

The mCll.nS [or inbroeding of tali' tLnd ([lUll ",p.re 16,1 11m1 :I 1.7 
percemL, rcspedin'ly, 11nd tlIOY.t'l'fl(\('[ Ihe nlild ini>r('erling pl'l1eliced 
in the sel(\('lion pwgmnl. III breetiilll! ill('reasecl slowly from u.uou I; 
1 percent in Lbe iniLiltl yetl.l'S to around 20 pereent in Lhe later ycars. 
The codficients of nlrin,tioll for inln'('eding O'f cnLt' lI,ud diUll were fairly 
high, amounting to 2G.7 B.nd :~9,:i [wrepn(, I't'spcetin'l.y, 

The tlcLjusted rneltllS fot' Lhe birth and welLIlling tl'uits llt'C very 
similat' t.o lhe lLlUldj usted n\(~!tr\s hN'ltlIse the dlLt!t wt'l'e ilcLjusLed up
wl1.l'd to II nlllt.Ul'c-clmn eq ui vilJell t !tnd dowuwt1rd Lo 11 l.wi:fcr basis, 
Tbe postwC!\.nlllg' wt'ights tlJ'P "light,ly hLI'g'er' t hu.n I he unu.djusted 
melUIS l>(I(~I1USl' the dltLa Wt'I'C ILdjust,t'ci \.0 It III at uI'p-dlllll or tt,se-of-cow 
bltsis. C'oeflieiertts ofntrilttioll Jo[' wt'ig-hls rH,ng'ed i'['(}rll 5,5 percent 
[ot' 1ilml weight otf Lest; in Llu' sf\lo('LocL popull1l.ion of buUsto lOA 
percenL for wcaning weight. 

745-000-65--2 
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'fABLE 3.-111eans anfl val'iationjol' perjm'mance traits andj07' inbreeding 
oj calf and clam 

-
Numbt'r IStandard Coem· 

Trait of ~rer.n dC\'ia Uon ciout of 
records variationI 

i 
Calf and dam: I 

JnbrN'cl!n~ of calL ... p!'rc!'ut._\ 2027 16,1 4. 3 26,7 
Illbr(!cdlllg of dam-----do----l 2027 11.7 4.6 :39. 3 

Calf: IBirth wpighL. ______ pOlllHls__ 2027 76.8 I 7. 4 9.6
ISO-day gain __________ do ____ . 2027 3~H 40 12.2 
\\:pun!ng "·cighL ______ do ____ l I2027 405 42 10.4 
\Y P!1lllrW; score ______pcrc('nL_, 1815 76. 5 ! 6. S 8. 9 

Bulls: 1 1] \J1l-day gain______ •.poullds __ ! 4.59 44S i 39 8. 7 
Final weight otT tcSL___ clO ____ \ 459 90l 50 5.5 

Femalps: . 
Gllin from wealling to 12

months____ •. _____ pounds... 9:3:3 89 3~ 36.4 
12-month WE'igltt. ______ do __ -J 933 49:3 46 9. 4 
Gain from 12 to IS months i 

pounds__ , 933 246 34 13. S 
IS-month w!'ighL _____ clo____ i 933 73)01 5fJ S. 0 -., t~-mOllth SCOl'('______ percrnL_ 904 I,). U 6. 4 8. 7 
~ltLtUl'P spring wright ' 

pounds__ ' 11770 1155 J 05 9.1 
)Iature fall wf'ighL ____ do ____ : 1 IT70 1152 114 9.9 
~lost pl'obablp producing abil

ity. _____________ pE'l'crllL _' 546 100 4. 6 4. 6; 
~--~ .-..~ 

I Ttl(' SllllH' cow is incllldpd each time she prOclllC('cl n calf. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Effects of Inbreeding 

The meiLllS llnd ranges for' the eoeffieien ts of ill breeding of CflH and 
darn hy yelU':, Ior t1nirnals used in the birth and weanling flnalysi,; are 
shown in Lltblc 4. The llverage rate of increllse in inbreeding of calf 
aud dam wa:, slightly under 1 percent vel' yen.T. 'rhe level of inbreed
ing WitS stable in the initial vetU'f) becnuse foundation cows were mated 
Lo' the two originnl sires. Fron) 1937 through 1940 there were It few 
tiU1CS in which the t.wo fou!1l1nlion sires were mated to cl!LUgbters of 
the other. The fir;;t cah'es by i1 :meprociueecl within the line were 
dropped in ] 940~ The inbreeding lewl increased sharply from 1940 
to 1941. when aU ::;ires used were produc.ed within the line, and most 
of the foundn.tion cows had been replaced. From 1941 through 1951 
the iubreelLing level increased gmclual1y, !tfter which lime jt remllined 
Illrnost comitant. 

The IWe1'age l'nnge of inbreeding of calf anel clam vel' yenl' 'wns 7.2 
to 26.5 percent ancl3.1 to 22.7 percent, l'especti\Tely. The rt1.n~es onr 
iill years were 0.3 to 55.2 and 0 to 40.4 percent, I'ei:ipeetinly. The 
within si.l·e-:year subclilSS stancln;rcl cle\riations WE're 4.3 n,ncl4.6 percent, 
respecti \rely. Thus, the opportunit.y for seleetioll for 01' llgltini:it homo
zygOSiLY in auy o[le yeaI' \vas Jairly substanliaL 

http:produc.ed
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TABLE 4.-l\1eans and -ranges oj coefficients oj 1'nbreeding of calf and 
dam by years 

Inbreeding of calf Inbreeding of dam 
Year Number 

of records 
Mean Range Mean Range 

Percent Perctl.t Percent Percent1934 _______________ 23 	 O. 7 O. 3- 1.2 1.1 0- 3.21935_-- ____________ 37 1.0 .3- 2.6 3.2 0-25. 7 
1936_-----------___ 35 1.0 .3- 5.4 1. 7 0-14. 7 1937 _______________ 1 47 	 1.5 .3- 7.9 2. 8 0-25.41938_. _____________ 

55 	 2. 9 .4-26.3 3. 8 0-26. 0 1939_______________ 48 	 5. 9 .3- 8.7 1.3 0- 8.41940 _______________ 1 

61 	 7.9 .9-17.7 1.6 .3- 8.41941_______________ 
1 	 58 15. 7 13. 8-17. 7 1.3 .3- 7.9 

69 11. 7 4.5-21.0 2. 8 .3- 8. 71942-----_---------11943_________ • ____ 90 16. 8 4.6-33.5 4.1 .3-14.21944 _______________ . 102 	 15.4 4.5-21. 2 6. 0 .3-17.71945______________ 1 72 14. 6 4.6-25.6 6.8 .3-21. 0 
1947 _______________ 
1946 _______________ 

68 16. 0 8.4-33.8 8. 7 .3-21. 0 
1948 ______________ 94 17.4 11.0-34.4 10.3 .4-21. 0 
1949 _______________ 118 18.6 10.3-26.2 11.7 .4-21. 0 

63 16. 1 9.1-25.4 15.4 5.8-21.11950___ " ___________ 
54 16.1 9. 1-26. 7 14.5 4.6-21. 0 1951 _____ . _________ 75 20. 1 11.0-40.4 15.4 5.6-30.81952_____ . _________ 
75 21. 6 9.6-37.6 16. 6 5.6-30.81953_______________1 119 20.6 11. 1-38. 3 16.7 5.6-30.8 

114 21. 6 Ii. 8-40. 2 17.1 5.6-30.8 
85 21. 4 13.9-40.4 17. 1 5.6-33.4 

1954 ______________ 

1955---------------11956_______________ 117 	 17.3 12.4-27.1 18.5 10.4-37.3]957 _____________ -i 91 18. 9 10.6-55.. 2 19. 6 9. 1-35. 9 1958_______________ : 
131 	 19. 3 12.0-38.5 19.1 9. 1-40. 4 1959_______________ 1 

126 21. 6 11. 4-34. 9 19.2 10.5-33.4I 	 -
Total 01' I average ______ 2027 16.1 7.2-26.5 11. 7 3.1-22.7I I


I 
.~,. 

The partial regressions in act.Hal uuits !lnd in standard measure of 
traits on the inbreeding of culf and dam by sex classes are shown in 
table 5. The parLial regressio:ns wer~ computed within sire..:year sub
dasses ontbe adjusted data. Tbe effect of inbreeding on the birtb 
tLIld weanling traits was found to be markedly difl'erent for the.two 
sexes and I1l'e, therefore, presented separately. 

In geneml, inbreeding of calf and dam had a marked detrimental 
effect on the birth and weanling traits. Inbreeding of calf had a 
more pronounced effect on females thnn on males. The partial 
regressions were over three times as large for females for birth weight, 
proweaning gain, und weaning weight. Stollaker (1963) reported 
that heterosis :ill female hoef calves for 260-day weaning weight was 
much greater tban in males 'when inbreds were compared with their 
half-sib linecl'oss contemporaries. He :reported the ratio of line
Cl'oss/inbred DULles !Lnd females to he 1.08 and 1.15, respectively. 
The renson for this mm'ked difference of inbreeding on the perform
ance between tbo two sexes is not readily apparent. 
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TABLg 5.-Partial r-egl'essions oj peljormance traits on ?'t/,b?'eeclinlj oj 
cal} and da:nt ill, actual and standard meaSiu'e ' 

Partial regression Partial regression
Number on inbreeding of calf on inbreeding of 

Trait of dam 
records 

b {!I b f3 

Birth weight:Malcs ______________ 1041 -0.1279 -0.0762 O. 0091 O. 0058li'emalcs ____________ .986 -.4012 -.2189 .0961 .0570 
ISO-day gain; 

:wlales____ ---- ______ 1041 -.4643 -.0489 -1. 8872 -.2133Femalcs ____________ 986 -1.7082 -.1850 -.4308 -.0507 
Weaning weight: :wralcs_________ - ____ 1041 -.5922 --.0596 -1.8781 -.2026J!'emulE)s____________ 986 -2.1094 -.2173 -.3347 -.0375 
Weaning score: lY.t:alcs___.. __________ 929 .0939 .0623 -.3156 -.2133Ji'cmalcs ____________ 886 -.3663 -.2297 .0252 .0166 
Hulls: 

HI6-day gaill ________ 459 -1.6748 -.1877 .1981 .0222 
Final weight 01I tesL 459 -2.2957 -.2027 -.8654 -.0764 

It'cmales: 
G/tin from weanillg

to 12 1Il0nths ______ 933 -1.2463 -,1609 .1868 .0255 
12-mollth wcighL ___ 933 -3.0447 -.2734 -.2165 -.0205 
Gain from 12 to 18

rnonths ___________ 933 -1.7851 -,2169 . 27J5 .0348 
J8-month weight_____ 933 -4.8298 -,3381 .0550 .0041 
l8-month score______ 904 -.5459 -.3482 .0376 .0258 
Muture springweight J__________ 536 -2.8441 -.1322 .. ... ---------~-----

Matw'e ftill weight J_ 536 -3.2766 -.1403 
Most p1'Obu.ble pro

ducing u.bility J____ 536 -.1846 -.1591 --------- ... -------

1 Regression of trait on inbreeding .instead of pn.rtial regression. 

Stonaker (1963) has di."cussed the hypothesis that genetic differ
onces between the two sexes may e:dst owing to differences in the 
sex em'omosomes. A second hypothesis discussed by Brinks et 01. 
(1963) is that essentially the same genotypes show a differential re
sponse in an OIlVITOnmou.t that is actually different for the two sexes 
in proportion to their potential for growth during the weanling 
period. The effects of maternal environment could mask the response 
to iubreoding, especially in the male calves. 

In contrast, inbreedjng of dam bad a more detrimental effect on 
preweaning gain, weaning weight, and weaning score of bulls than 
of heifers. Bulls, havin~ a gren:ter growth potential, are probably 
beld back morc than h(llfers by the decreased milk supply of their 
mothers that is associated with increased inbreeding of dam. It 
appeal'S that ilibreeding of dam had a negligible effect on birth weight 
because the parLial rogrcssions for both sexes were sligh tly positive. 

Inbreeding of calf had a sizable detrimental effect on postweaning 
gain andfiual weight off test in the selected population ·of bulls. 
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ThOl"O WIIS Homo compensation ill gllin during" tho postwonning poriod 
for L.llll tLl'lriltll'nttll ('H('ct 01' inbrneding of dnlll during tho pl'owelllling 
period. 'J'his wm; not enough to t'ompl'llStlte fully, illld the partial 
rogression of .lim\l weigl.lt olr test on inbrcoding" of dam WllS still 
-0.S(jfi4 or lL pound.

Intll"l)(\ding of CflU (~ollliJluo(l t·o hll.Yl' n largo tll'lrinll1utlll effect on 
postwclwillg w('ights Ilnd gains amoJlg' fOlllllh's. hI fuet, Lbo efl'oct 
of inbroeding of calf WIIS g'l·{,ttt('J." as Ilgo ill(,l'('IlROd t,o :I 8 mouths ill 
botll aetual unit:.; Imd slundnnl III cnsurC'. The eJl'ed, of inbreeding 
011 JUH,t·Ul"(" w(light is les:> tllHH Oll '\"('ight at 18 llJOllths uul, is still II 
vory Si:bllblc eff('eL. ;"!lltllre w('ight, lis llsNlllt'l'(" WllS nn Il\'Ol'n.ge of 
leU ,ycighLs taken j'l'om :iLo 10 yeaTs of n.go adjusted for llge-of-cow 
IWel yom' efl'C'cts. '.l'lwl'dol'C', it cannot be del,ermined jf the effect of 
lJlbl'c0tling clillliJlishos ilL I,ho oldol' ngos. 

AfL(\l' stmlyillg It mildly inbred herd of Holsteins, NelsoIl and Lush 
(1950) coududod tltat hwreused illbroecling resulted hl.S11l1l11el' size at 
loast to :3 ynlll'S of agn IlJul for some of tIll' later maturing measure... 
moues upLo 4 yonrs of B.g€'. The~y .l'cpol'ted a tendency fa).' larger size 
with iJl('l't:l1lSNl inbroeding at 5 yom'S of age. Nut;ritiollal 011:Vi1'011
mout llHty ue It Jaet-or that lnfluellces Lho lllagnitude null pel'sistence 
of Lhe eHects of inbreeding 011 growth. 

The Jemnle population also ",howed some cOlllpensnlioll during the 
postw(,!lnillg lWl'.iods 1'01' tlte slllllll dpLl'illlOlltnl effect of inhreeding of 
daHl d lll'ing tllc prewt'lUling period. COll1pen:mtioll for tile effccti::; 
evidenl from wettnillg through IX 1l101Iths of nge; tho ptu'lin.ll'egression 
nr l~-l\1()nLh weight Oil Illbl'eedin~ of di\'\rl Wi1S 0.0550 of [1 pound. 
'.I'LL" indien te:; that -full COl1lpl'Jl;';n:Uon -lor the PO{)ft:'l' prcw'olUliug en
YU'Ollll1C'nt lutd Laken pl!wt'. ~ 

The within sil'l'-yelll' eOl'l'daLioH between inbreeding of culf tLnd 
inbreeding of dlUIl Wi1" 0.~:3 when ull 2,02i cnlf-dn,1ll l'Morc1s were 
u:icd, [tlld il l'ttnge(L from O.~~ Lo 0.25 ill the ::;ubpopulnLiolls studied. 

Intensity of Selection 

Selection Dlfferentials 
Selection intensity is shown ItS annual selection diircl'entials-the 

avcu'lLge lWrJOl'll1ll1lCe of those who Ot:'Cltme pnreuts minus the n,vel'nge 
pE'l'fonnullce of the ulIsl'lectccl group in which they WCl'C bOl'lI, divided 
by till' average age of the pal'(,lIts Whf\ll the olJ'spl'ing are bam. Selec
tion differentiuls Wl're eornputed Sepal'H,tely :for sU'es and dn,IDs fOI' 
cOl11pn:ri.son pUl'poses l111d were then combiued to obtain overall 
)\,lIllu1t1 ::;deetioll di1Tel'entiuls. The fOl'mullLs used were essent,ially the 
Sll111e as llw;;e present.ed by Dic.kel'son et. nl. (1954) !tad were as follows: 

.6.S'=?!1~~'.tn;"'d- ... -t~!!)i1E! 
]\7.t1 
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where ni and n~ are the numbet, of progeny by It p!tt'hicular sire !Lnd 
cLum, respectively, in [1 given yelu'; S I and d, 111'e the superiority 01' 
inferiority of 11 parLicullU' ::;ire Iwcl dam ll1C!lsurecl as the devitttion [rom 
the mefLll o[ the llt1sele<.:ted group in which they wet'e borll; N is the 

, " _ 'i;n'A'-!-'1;-ndAd
number o[ progeny III a glvell yeiu'; and A= I 12N j j or Lile 

a\remge age of thn pal.·etlts when the oll'spring (Lre bom. 
The lllllllllli selection difreren LillIs Jor inbt'eecLing iLnd the birth iLne! 

weanling tI'tlits along with the iLnnual [wemge age 01' the parents Ilre 
lis ted in tn.ble G. Lis Led Ilt the bottom 01' tn.bln GIlre tIle avemge n,nnuu.l 
H.od gellemtioll scleetioll differen tials ill both Ilctun.l andstn,ndm'd 
deviation units Iwd tIle percent of the popult1Lion thn selected animals 
arn representative of under trullCl1tiOI) selectioll. Helectioll difl'erel1
tilll:-lllre not presented 1'01' 19:34 tlu'ollgh 1942 since l1li1ny o[ the plLrents 
were foundn,tion anirnllhi, iLlld perfOl'mrLllce infonnll,tion was lIOt 
!LVf1ilable in nU cases. PILt'ents of nU progeny born aiter 194:3 WeL'e 
produced within the line, tmel eomplete inforll1lttiOIl wns fwn.ihtble. 

The lwemge age of the parents when the offspring were bol'Ll, or 
genoration interval, was 4.9;,3, or slightly under 5 yefu's, Replacement 
riLtes were faster 011 the sire side-4.:n yeil.rs compared with 5,55 yeal's 
on the clfLIn side. 

There WIlS some selection ngainst homozygosity 11S indiCl1Led b.y the 
sllwll but fltidy consistent ncga.ti\re 8eleetion dilTerentials [01' inbl'eed
ing of calf and dfLiIl. HelectiQn Ill'e8sm'e WIlS somewI1l1t greater tto'l\inst 
inbreeding of cal[ tlHUl ngttinst inbreeding of dam resulting in 11\~el'llge 
f\,nmml selection ditferen tillis oj' - 0.20 and -0.01:) percent., respeeLi vely. 
'rhe selection differentials pel' genemtion of -0.99 and -0.:~9 percent 
indiclLte the fLverllge selection pressure lletulLUy pmcticed each yeal', 
[Lnd they represent the lower S~ and 96 percent or the poPUitLtiOIl for 
levels of inbreeding of ClLl[ alld dam, re8pectively. No direct atteu
tion WI1S ghren to level of inbreeding 'when uninllll8 to be l'el!Lined in 
tbe herd were selected. Therefol'e, some selection ng:1inst homo;"ygos
it,y is expected beclluse perJOl'l1l!LnCe decl'en8ed :18 inbreeding increased 
(table 5). 

Sinee there was some selection n.glLinst homo;"ygosity, the computed 
coeflicients of inbreeding IHf1y be binsed 80mewilat ft'om [Lctual 
homozygosity existing within the line. SeleeLion for heterozygosity 
per ::;e,- [H' for allelic ('ombilliLtions thtLt exh~bi.L o\"erciomiIHtllce, would 
l'tLUSe netunl inbreeding vlLiues to be less than computed values. 
Sele('tion and concurrent inbreeding slLOuld exert positive selection 
pressure for ttdVl11lLiLgeous hOlllo;"ygous combimLtions and negative 
press lire fur clislld vn,ntngeoLls LOltlo;"ygous combinations. If the 
decline in performance associl1ted with increases ill inbreeding is due 
to the IleGumuhtiu[l;; of disltd vlLlltageous homozygous combinations 
or to deleterious recessi \'e8, the number of disf1d VILntfLgeous combiniL
Lions mllst be grelLter or Lttve a larger !tvemge effect than advltntf1geous 
combinations becaLlse inbreeding was shown to have a detrimental 
efl'ect on ItU tmits studied, 

Heleetion differentials fot' birth [LnG weanling tmits lwemgecl positive 
on both the dam f1nd sire side o\rer the yen,rs. Helection on the sire 
side WitS lIluch more in tense than Otl Lhe dl1,m side, being about Ii ve 
times ltS gre:Lt for 1S0-clay preW8t1ning gltin and for welLiling weight, 
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TABLE 6.-Annual selection differentials for levels 
[Selection dilIerentiul symbols arc AD for dams, 

Num- Average age Inbreeding of culf Inbreeding of dUIIl 
Year of ber 

birth of 
prog- Dam Sire 11 AD AS AP AD AS AP 
eny 

Yr. Yr. Yr. Pct. Pd. 1'ct. 1'ct. 1'ct. Pct.
1943_____ 90 4. 80 5.50 5.15 -0. OS -0. OS -0.08 -U.10 0.17 O. U4 
1944- ____ 102 0.37 5. 1i7 5.52 '-,11 -.05 -.08 -.07 .1a .03 
1945 _____ 72 5.67 5.07 5.37 -. I"U -.20 -.17 -.15 .04 -.06 
1946 _____ 6S 5.75 6.03 5.89 -.10 -.17 -.14 -.12 -.12 -.12 
1947 _____ 94 5.63 3.50 4. 57 -.20 -.09 -.15 - .22 -.85 -.54 
1948 _____ 118 5.77 8.65 4. 71 -.1:3 -.23 -.18 -.15 -.47 -.31 
1949 _____ 63 4.70 3. Gl 4. I.G .02 -.31 -.15 -.12 -. :36 -.24 
1950 _____ 54 5.39 4.:17 4. Sil -.25 -.3!) -.32 -.21l -. Hi -.2:3 
195L ____ 75 5.24 '1. 59 4.92 -.IS ,12 -.03 -.08 .45 .19 
1!J5!L ____ 75 5. l!J 4.35 4.77 -.00 -. S2 -.41 -. OS -.15 -.12 
1!J53_____ 119 5.76 3. n 4.75 -.02 -.95 -.4!J -,02 .29 .14 
1!J54 _____ 114 5. 9U 4. Sl 5.3!J -,02 -. S7 -.45 -.06 .2S .11
1!J55_____ S5 6.38 a. 'U '1. !l0 -.10 -. '13 -.27 -.OS -.24 -.16 
195U_____ 117 5. Gli ,L:W 4. !JS -.08 -.16 -.12 -.OS -.52 -. aD 
1!J51- ____ 9L 5. 8!l ,; IX 4.5'1 -.04 .37 . 17 .O!J -.IS -.05
1!J5S_____ 131 5. Ga ;.,. 4a '.L 53 -.24 .24 ,00 -.04 .31 .14
1959 _____ 126 5. 5~ 4.05 '1. 79 -.0'1 .06 .01 .02 . '10 .21 

Total 

or 
 I 

InCfi.il'_ .. 1594 fl. fi5 '1. 3 q 4. 9:3 ------ ------ ------ ------ ------ -----

-- -- 1 

_Mean selection diITerential per year
ill actual units__________________ -0.17 -0.2a -0.20 -0.09 -O.OG -0.08 

lYIeun selection ditTerential per yenr
in standurd uuits________________ -.04 -.05 -.05 -.02 -.01 -.02 

:r.Jcnn selection dilrcrcntial per gen
cmtion i~ actualunits___________ -.S4 -1.13 -.99 -.44 -.31l -.39 

1IeiLll selectioll elilTerential per gen
cmtioll in standard ullits _________ -.20 -.26 -.23 -.10 -.07 -.08 

Corresponding value for percent 
saved under truncation splcction 
llsing standard izcel selection dif
f('rentinls per genemtioTL ________ 90 86 S8 !l5 97 9G 

The selection differentin.l per generation in standn.rd units on the sire 
side of 1.07 for wen,uing wei~ht indicates that selection WIlS fnirly in
tense for this tmit. The selected tmimals were representative of the 
top 34 _percent of the population. Although birth weight wns not 
selected for directly, positive selection differentials were obtained fOl' 

this trait because of its positive relationship with weights In,ter in life. 
Tho selection differenthtls on the sire side, 6.8, for postwoanillg traits 

of bulls are presented in tn.ble 7. The average nge of the paronts is very 
similar to that pl'esontod in the wenlliing datn, thore ha-vlllg been SOIlle 
tendency to select bulls from older dn.IllS. Selection pressure wus 
positiye and fairly consistent over the years. The annual selection 
differentials a\'emged 8.5 and 14.4 pounds for 196-day gain and 

http:standn.rd
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oj inbreeding undjol' birth a/ul wec£nling tl'(£ils 

~S for sires, und .j.p U\,C['ltgP rot' both p:mmtll] 

Birth \\'(>lgl1l; lKO·day gain \\'punitlg weight Wenning seon' 

'---"-"'-'-,--~-"---~---~ I" 
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final \\'oi~dl t ofr tPS t. 1'('S po(:(.i vel.\". Tn SlillldlU'(l II ni IS pOL' gOJ\(ll'[tLioll, 
tltis amoullt:; to 1.10 Itnd IAt) sLIUHlal'cl c!p\'iI1Lions, ILllcl rOI'L'cSPOllds to 
selnr.tinp; Llle top :~~ fmd l~ p<'l'eont of t,lt(' populiLLion. Considerillg 
thlLt Reluct,ioll 'NILS nol fOl' :LIly 0110 tmit; ItHd ChaL nulling was pmeticod
rOL' forl,jlily, nln,iotls (~oll(oL'lnn.tion ddeels, n.nd nOl\L'cgisLmble eolol' 
llltlrkings, the o\"m'ltll suloctjoll Pl'(lS<;Ut'O on tho siro side WllS filil'ly 
inLolUw: 

The itnnlllli sclection difr('l·cntin.l;; fOI' tbe [JCISt\\'(,ltllillg lmits for females 
lWei the It\"PI'ng<, ngp of lhe parMls Ill'(' list('(1 in table' K. '1'be fl\'(H'ngp 
age of tbe' pal'ent:;, 01' gOllemtiol1 inlcl'nll, WIlS Ilgain l1clLdy t:he SI1I1](' 
HS in IIIL' lar.geL' populatioll fOl' \'"Pllnli,lg Imils. AglLin, lhpL'P was 
SOItlP [nnd('lH'Y (0 s('I(,(,t hC'ifpl's fmlll t11(' SOIIl<'whlll oldpl' dlllllS, as il 
Will' in ! 11(' ellse rOl' bull:-l. 

j'·15···1J()() r.;). :: 
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TA BLJ;} 7, - Annualseler:tion cL~frel'enti(Lls for poslwelming l),(Lits fo)' male8 

j UJ(j-~It1.r! Final 
YeaI' of birth Dulls ______' galll i I\'('ighl 

.:l8 t>.8 
DUlll ;-;irc .i( 

I~ 

Seit'clion "~ns not intense for nn,r of the postwClUling tmils ill 
l'(,lllttles and lunolluled ess{'ntin,lly to 7.('1'0 1'01' gllin ill weight /'ml11 
w(,\U1illg (0 12 months, for Illi),[ure weight, il.llcl rOt' producing n,bility. 
Although smull, there \\--ns consistent positive sel('('lion pressul'r 
pltlced Oll 12-ll1onlh weight, gain ill weight f['olll 12 to It-; mon(,hR, 
n,nd IS-month ,,-eight j),nd score. The eows [hn.L nctually hud l'clllnll' 
olJRpl'ing tlull ['('(wheel these n.ges cOlTespond to ilbout Lhe top gO 
1)('1'('ent of U.H' [elllule poPUitttiOll [or theso [mits. The sel(\(,tioll 
(lifrel'en (iltls, !:.fJ, per genemLion in stiwc!tu'cl mensu re for IS-mOil th 
\reigil( and ~J('()l'!:' ILrr almost idenLicttl with lhe cOlTesJ)ollding seleetioll 
differentitLls [or \\'('luling "'eigh L il.ncl score, J'especLi vely, 

B('sides lhe dircc't seleetion differentiills discllsscd in this seetioll, 
t heJ'!:' WllS some selection pressure excrl cd on the basis or It f.opeJ'oss 
pt'o~('ny lest of siJ'es. Sires tlmt, perrormed well \\'itllin Che line wel'e 
I'pftlinpd as herd sires longer thil.ll those \\"ilh poorer progeny, All,hough 
only It linl.itcd number o[ sires were progeny [esled n,nd llsed, the 
Itt'tultl sel('(~ti!ln Pl'psslll'e for \\"(\igh(s, gltlnR, ilnd sr'Ol'PH is pJ'(liln.illy 
IlIldl'l'!':;! imntpd S()llll'\\·hl~t. 



']'\1I1.E X. '.:1111[1101 'c/lclillit dijfu'tltfial, .I'll flU,llI'(Ollill!! [rait,.,. }1' JiIlHIlJ.'< 

Uait! liuiu 
froUl 1"'l:!- frolll 1 ",. ~1111 l\t'\' ~lat\ll'l' 1'1'OlhH'

mOil \' h ;;prill!!; f:lll ill It:\ I1l11- A.'-l~r~l.!.!;V ~U!l· \"la~\lling muuth 1~ tn 1S' lIIollth ;;
:=:l'Ol'[' \\l'il!ht \I ('iu:ht ability

)'£':11' of brlh IlPl' uf IU l~ \\'l'iu:ht HIIllIl II" \I (·i!!.ht 

IJl'll!!l'll~ 
 IIHlllt lis 	 ~ 

/.
'I 

]Jam ~ir[' .t ~l) ~/) J.]) J.LJ j.]} j./) ::.lJ ~]) t=" 

_ ........,-- -* l'r~ }-r. y'r. ))1. -·-,;----1,.1-1,-~~-j!;.-·~ ..-r--' ])" u.. ],1" Pct. ~ 
H}·la. _______ •.• ______ . ,Iii 4.\10 ii.50 ::'.21.1 0.3 ! 0.4 O.li 10.9 -·1.5 ·-1.4 --0.04 'I,
HI44._. ____ ._ ... ______ a~ n.l0 5.74 r>.45 .b I.H .11 1.ii .n.o . Iii t=: 
LU-!ii.. _________________ ' :13 U.O:3 '.I. D4 ii.·1D 1 .4 I J.li . n 2. ii 2.0.1i. H t"' 

t=:
I94(L_________________ :32 5.72 6. on i). DO .·1 1 l.!l .S 2.7.U·.I . Iii G
10,\{ .• ______ ._. ______ • 4;i ii. UO :3. uo 1 4. liO . D I 1.. 1 1. 4 1 2. ii .0 - L:2 . Hi >-: 

U. o ... ,). '1 ,) 1 -. l) • 	 • ,- _.) 1" 1'-' ___ ... _ ... _ ... _ .. ,... ______ ... ~ 00 1 .J,- ....,,')() "lil:>l~ 1 ... ~ ~ l'"1 I') 1I 'J (' . -I • 0 • u·) c 
194IL_________________ i :n I ,I. Of.; :t 58 4 4. Ia -1. 2 ,\l . k I 1. 7 --1. 4 1.7 1U % 
J\150___________________ ! 27 ,1 5.;W 4.:2U I 4.82 -2. J 1. a 1. tl ! :1.:2 ,27 -, L . a . J.1 :::
1\)5L__________________ : al Iii. 2U 4. M:: I 4. \12 -.1 1. 7 1..J I :3. L . :2\J .. U ,7 .01 ~ 
l!l52___________________ :3\115.42 4,58 I 5.00 -.0 .5 1.4! 1.1l .:W i--I.ii '-.:2 -,OL c 
Ul53___________________ U7 I G. 10 , .1. 00 I 5.05 -.1 1. 5 ,5 I 2.0 . Hl ;-1. () -.1 .00 >-
ID54___-'_______________ 54 U.OH I 4. ua I 5.30 .1 1. G .4. 1 2.11 .15 1 ,0 .7 ,07 ~ 

t::: 
11) - -	 '3- (' - IJ ' " ~., i - 'I G J 'J .) '1 ,I ')'" .,." 1 - l '\1.OD ...... _______________ ....... I • I J. t~. ! d. /I.? ~ o. , . - -. I, '1 I t • d~ '-- .• n --~. '. " l'
• _4 	 ~ 
I\15U. __________________ 47. ii.h7! 4.:321 ii.IO 1.0 Li' 	 1.:1 :1.1 .:12·.2 .0.0:\ t=:11 

ll)=- -	 ...) ! G l)H ' ;j l ' ·t XO k j' 1 r I .. I .) 0 1x '3 U 'j 1 on 't=:
lh~s-----------------·- ~g i :-' ~~ q. '}4 I '1' ':.~ -'!J " u I 	 '/ ~ 4' 1 ! . 'j'- •. 'J" r. '-. 0') ....~~O------------------- :~, ,~,' ~·O) I. 

f) 

4' (~)') I, :1' ~~ -.:" 1 'J'.) I •. ;)1 ! .,'.J I • :,'1) ,- • :l' . 10 % " l '!D. ------------- .. ----1 ".. d ••J j ,0) • (' • ( I -- () I . , . ,).. i ' ,) • • • " c 

Total or meUIL ___ I--'733 :'5.-U4'1-4. 35 l"li.oo ________ =_~~=C=~ =---~~~.~.I='-='---, c 
>=: 

l\[(,HIl selectioll differential per ),('[\1' in aclual units... ___ -0. 1 1-1.-4--1-1~.-1-- --2~-ii ,.- 0.28 ,·-0." -0.:1 0.00 n 
l\lrun sel~ction dilTerenlial prr y('t1r in !'it!1lldnrd unil"'____ -.003 I .030, .0:32 I .074 .03G i --.004 , "-. OO:~ .01:3 I-;j 

===:;..;:=",,'===1 .,. _----_1-.. ," ... 
::: 

Meall selection differential p('r l!cnel'lltion ill nctuul units -.5 I 7.0 1 	 5.:) i J:2. ii 1..15. --2.0 - 1. 5 . :30 J-:: 
t:"l'.rC'llll sC'lection differenlial per ~('neration in standard 1 'I 	 ; 1 .0Gi)('o~~!~~'ol~cii~lg-~;I~;f~~I;e-rcc;lt-s'it~:-e~i~I~{ci;;:tl~~1c";;ti~~- -.OHi 1 . Iii2 . 162 11 .212 . IRO -.010 --. 01:~ 
t:=: 

selection using stnn(\ardizC'(\ spl~ction difTerentials prr:. II
generation________________________________________! un \13 j \12 8!l 01 Ull J \1\) 117 -I ,,-------------..----¥.'~-~--.- -->- ......"' ......_- 

http:3\115.42


IS TI!:UH).'IL'AL .BL'LLb:Tl':-: L:l2:J. t.:.~. V l!:1''1'. O~' AG!UCUL'l'UHE 

Selection Indices Actually Practiced 

Dickerson et ItL (19;>,1) illwe l:lllllWll tilltl tit{'. index IwlUtLlh- used 
llltly be caleulttled iil retl'ospect wilen Lhe selection cliffc·reulitLls fwd 
phcllotypic (,OlTclallons urc kuowu fot' aU traits tlult 'n'l"{' eonsideI"t'd 
in sPie{'lioll, HluTev lwd Bt'u.rdt·n a hlln clemousLrn,tcd lhis method 
in eorreifttiou nUllrlx form Iwd ltll\'e 111'pst'tlted tltbles on eXJl(,(·tecl 
g('(lcLie pl'Ogress ill caeh of l "'0 traits with ntryillg gCllctie jHtmLUcters 
llnd itltensilies of selectiott. 

Although flU tmils tlmt reeci \,(1 some emphasis through both nn,tlll'lll 
lI,ud ItrtifiGial selection wouid probably HOWl' bo induded in llll index 
in aeLulll pl'lleLic(1, thoso l:lUlt worD giWll primary eOllsidcl'!1,tioll
w(lights) gu.ills, 5(l01'(,S, ami pl'odueing flbiiitios-Ill'e considered hero, 
'rho phenotypic. {'orrohLLiollS tlnd seleetion clW'el'onLiah; for malcs per 
gOJlOl'lLtiOU in SLltlldttrd menSlll'O 0.1'0 gi,'cn in table 9. These nUty be 
j·(.ganLod us oqlmtiolls wiLh Lite corrolations being Lho illcif'pendoJlL 
\'itl'illble !tnd lito soloetion difl'el'olltial tho cLopomlont YfLl'iable. Tho 
phOIlOL.rpie eOl'l'olu,eiollS wore l'l'portccL pro\"iously by Brinks eL aL 
(I 9G~b} On t1w mdo population in the :, [ilC's City hord elmt wore 
[(Id in (1 pos!wot1l1ing Lrst and included inblNL linrs ollwr thltH Lino 1, 
ItiLlwugh Lino 1 n~ntL(\ up Lhe bulk of the dabL Prowennillg ami 
[lostw(mning gaills "'('L'U HO! tiRed in cltleulttling tllll illtil'X sineo Lhese 
LLre fully desel'ibed by tho nlr10llS woights. 

'l'.\BLB fJ.-P/tlH!otypic COI'I'{[{lt;oIlS a.nd sclectioll dUTerentiuls fot Ifwle~ 
llsed to ('(bll'lll11ic 8chf'/ic·/b iraie): in 1'cll'Ospcct 

---, I' •...•

\ 1\ c· I t·Ii .-,e cc '1011 

Truit B\\ F\\' I' ,•. dilrcrcll lilLI 
: (~8) 

~- - ._-"-- -'-- "·"~~~---i ·-!\-----.-

Birth lIl'ight (B\\'L ••• ,._. l. Of) D. au f 0 1:1! D. all; O.7ii 
\\"('ulling \\eigltl (\n\')._ .:10 1. DO j : flO j (j') ., L lJ7 
\\'pulling lieD!'P n\'~i .. -.- . \:\ ,50 I L ~!~ I :37 I! . ~() 

1. 'HjFill~I_\~V(~~i_g_ltl_Ol_r_l_(,;i_·t_(_.l__,'\_\"_l__--:' . ___•_:l~__ G') _~__ ~_1~D01.-.. 
:)oiYiug Lho oqulltions, the I'esulting index ill slltJl(IHl'd lllcn~ul'(1 

ltd ulllly [J m(' LiC(1d on [,Iw It \'omge\\'lll:;: 

l.o;=().20:-;;) (BWJ+O.l324 (\\'\Yl+O.2U~U (\V~)+l.lU\H (F\Y). 

This index UHliClLlt·s tluLt Jillnl \\'(\igltL off tosl 1'(!cul,'ec! lLlUdt lllOl'O 
olHphnsis limll w(lighls or SeOl'l'S takoH pl'edous to (ilmi \n·igllt,. 

The seloetion cLifl'oL'cntitLI in sttl.tl(ltmlmotlsUL·o fot' tho index I1cLu[dly 
p1'llcticcd Oll Lill' sirn side is gil'ell by: . 

~ 1.0;= «(LI81...!... (l282 +. . , (L,(8,,)1/~ (Hm"'oy alld Bl'anlpll) 

=[(O.:WS:) ((J.75) +(Cl.l:l2,l) (l.(J7) .. ((L~(j~9) (O.S[)) 

(1.1 !H)·I)( I..lU)]I/.! 
;..;; 1.50 

3 IIm'vl'''', \\'. It.. :'l!d [l('lll'd!'lI, (" I). Tabl(" of {'xpl'dl'd gl'lIl'til' progress in 
{'lIt'll o[ hiu lrait~. L~. lll'[lt, Agl'. ;\gl'. H!'!'. ;:-:('1'\'., A1tH 20-J2, UJQ2. 
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whoro (be is tho relative woight expressed as standard partial rogrof::siou 
eoofIicicnl, and Be is the selcction difl'erClltinl ill standard mcaSllre. 

Tho phenotypic corrclations and selection differentials for thc feumles 
ttl'e listod in table 10. The phenotypic correlationE' iuyoh'illg \\'eights 
and scores only wero reportod by Brinks at aL (1 964ll) and thosc 
involdng producing ability WN'C reportcd by Brillks ot Ill. (1964b). 
All corrclatiolls wcre deri\'od froUl the femnle poplIltttioll in Luo 
Miles City herd. 

TABLE lO.-Pltenol!Jpic CO'l'l'elat-io1Ls nnd selection cl~trel'enl-i(/ls fIJI' 
females 'useci to c(LlclllcLte selection index in 1'etrospect 

, i ; ; , i " Ii! odpt'Liull
Trait i 13\\';\\'''': W~ I~W'[XW! lS~' ~\\"i FW PAl diIT('r-

I il P pnUlll 
, ,i 1 i . !, pf) 

... __ .. ~.. ~.,...._~_f.~ _ •. : ___•. 1.__ 1_1._. _,~.~.__,_~p__.".._~ 
1 I I ' " i I j' Ii

lI,it'll! \\,t'igIJt ,(B\\"),,_,_ L OOU. ,1l,O. I:J!,lJ. 4~:O. .la,n. 1,0. :l5 O. 3ii 0.0'1'; 0.0,
'\\,. • It (\\'\\' , \J'I (1(1' 'Ii - .. ; U 'I'! I" 1 1-' (I() . '_'I ..(::tn~H~ \.\·.I'l~,l· r )..... t· ".)~ . _ f • i) : ••/t~l • '/!:" .:;~ .' ;)j . :J:~l· . il 

\\ (,lIUllg stOll (\\ 1")",' • I,) • oJl I. 00, . dh . _X .chI. l,} . __ ' .011 . I!) 
1~-IlI()llth Wl'il-(ltt (l~\YLI ,4~ .7:1i . :lUjl. 00, . i-i~: .3U .5,' .5, . Iii, . Li 
IS·month \\'t'igltt (Lii\\') ,! . ·1:1, . {iO' • ~S: . X:!: I. Oil ,4U . (iii. U71 . :!(): .,:!I 
1X-mouth Store (I S~) _ , , i • 17 . :!ijl . ;lii l • :Hj' . 40 1. ()() . :!!)' . :!U . (Hj . In 
~ lLLtUf(' spring weil-(itt i j iii, I ! " 
(~WI,.,_""", ____ ,! . ;)5 . ·13 . [!J . ii" .li' . :!!J). 00: . X,: . I,,' -. ():! 

~llLtlll'(, fall wl'il-(ht. lit i , ! ! 1 I I I 
(F\\'i_' ___ ~,,'-,_-- . :lij: .45, . :!:!, .57: . (\,i . :W; .K',l. 00, . (ll'j ". (II 

I'rodUl'illl-( ability (PAl. _f . 07! • 00 . 0 Ll' . 15 . :!(),' . (Hj . 1,; . 0 1'1. O{);I .0/ 
I '! i" j i I 

The rcslIitiug index ill slltudtLl'd UlenSlU'C actually used OIl tlll' It \'l'l'Ugo 
\\'11S: 

1" = -(J.O()(jk (BW) +0.1 :35;3 (WW) +O.L054 (WS) -(J.Wl ~ (I ~\,V) 
• +0.:3942 (lS'Y)-I-O.075S (lSt-;)-O.20;J4 (~W)-o.U)9a (F'\Y) 

+0.0:3;J7 (PA). 

The tmi t rc('oi \-ing the HlOSt CUlphtlSis iu the judcx \\'tlS 18-lllont It 
w('ight, \\'hieh \\"llS the tillle when some culling took pl!lt'o 011 tilt' felllale 
sick. TIll' s('loction diffcl'Cntial for the ind('x a<'lll!Llly p1'lleticed ou tbo 
r('tllrdes in sLtwdard tllOllSUre \\"11S C'ttlt'uln,tod ill the StLllle UltLLUI('J' as 

givC'lL prc\'iollsly for the nltdes iLnd is: 

j,J0= l	(-O.OO{3~) (0.07) + (0.1353) (0.21) + (0.1054) (OJ IJ)-I
(-().lG12) (().l.)) -J.. (0.:3942) (0.21) + (0.0758) (O.lS) + 
(-().2034) (-0.02) + (-0.1093) (-0.01)+ (0.03:37) (0.07)]112 

,-",U.3G. 

Expected Progress 

The cspcdcd genetic jll'()(rress (tl.G t ) ill ()lwlt or lhe l-mils taLl! be 
C'tLlculalcd dil'c('[\y from th~ reltlti\'c weights ill SltLndlLl'd 1I10nSlU'C 
(a J), tbe g't'L1rtit' COl'l'ChLlioLlS (rutlo), and square roots of Lho horitllbilily 
,'nIl! es (g.) ns: 

:':J.(/J= )'(/, J'ufuJ [j,f1J (Han'ey and Bearden) 
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The gelletie eOl'l'eiatiolls 11tlel sqlttLrC roots of heritability values \\'01'0 
taken fl'om the Sllnte studies as dled ill the previous seeLiotl for till' 
phenotypic correlations used in calcuitLting the indices (Brinks ct al. 
19G2b, 1964n, 19G4b), The genetic corl'eitttions !wd squllre roots oi' 
herilauilily \'ttlues for the mltles [lre listed in t!Lble lJ, It is iuteresting 
to lloLe that there tu'e no negn, Li n' cOl'l'elntiol.ls tlHLt would Lend to 
l'('lant ilupronmeLlt. Corrclt1tiolls of tl'ails with fillnl weight ILrc 
fairly high. 

T.\IJLE 11. Oenetic corl'eialiolb8 and 8ljlwre I'(lOi8 oj hel'ilabilitlj .for malcN 
used to estimate !len eric prO[jre88 

Tmil BW F\\' 
:":lqUlll'(! 
root of 

lwritabil
it,l' (y J 

...--~-t-'" .___•____1____ . 

! 
Ilil'lh \\'(,ighL (BW)_ _. l. 00 : 0.2 L D.20 ' o. ~~ ! 0.5\) 
W/'lIlling II'l'lght (W\V). ____ .: l. 00 ,7'2 . U( : .4!) 
\\\'(LIIing l:lCore (\VS) _ _• ___ :. _. __ _ 1. 00 .48 . . 4~ 
Filial weight olf ll'8t (1<'\\') ___ . L 00 : • (j() 

-------------------------- - --~..
'I'llt' ('xpc('Led ~etIeli{' progress, j,G(, ('lUI be obtai/lOci fro!);; IIliLLrix 

llIulliplielLlioll of ;\.'0 \\,It('l't' il' is the row '-cdor of Ow relalin' 
weights iu slu,lIdttrd lUCI1Slll'C !Lnd (; is the ~en()typk YllriILllcc-(:ol'tlri
!luce ullllrix ill stltud!ll'd tI\('IlSUl'l'. 'fit(' di!l~(J/1ll1 plNl1ellls ill tile (/ 
IlIllt I'IX be('olllc lhe herilllbility Yalllt'S, alld the off diagonal elelUllllts 
are (·ILIc.UltLtccl from I'alvj [J({/j. 

~l'a=l(o.~083 O,13~ll 0.~029 l.Hl94)lfo.3500 G.0007 0.0496 0.:W5:1l 
.0007 .2400 .1482 .2205 

L.0490 .14.8:2 .1800 .1aOlJ 
.3053 .2265 .1301 .4800 

The l'('sttlting t:,.(,',~ ndul's obLtlined UpOll 1l111lLiplielLtioll fU'C listed ill 
lable 12. Tlll' j,Gs n1.lues Ilre the l'xpeeted genetic progress pel' 
gell('mlioll in sLllllcittrcl lll('nsure rl'suiting from selection ItLU(llIg bulls. 
These valut's llIUSt be lIycrugecl \\'illl tbe t:,.Go , the expcelcd geueLie 
progrl'SS pel' generation in slilllclllrd measure l'l'sulling frolll seio('lioll 
tUl.lOng fl'lllIties, or halved if no ('oITesj)oncling lmit is HVllilHblc on lit(' 
rl'lllltle side, to estimate the on'l'llll genetie progress cxpetted front 
selectioll. Genotic progt·css resulting from Sil'C selcelioll wus expected 
rot' all LylLits uuder study, with lhe lttrgesL improvement expected ill 
fillill wctght off test. 

TABLE l'2.-B':cpeclcd {jcnclic jll'()[I)'C8i:i Ill')' !/f!.lIerat'ion in sland(ml 
measure jrom selectio/l. a,mon[! male8 

BirLh WC!Lning Wealling :FimLl 
HOIil weight weight suore weight 

olf test 

.·--·----~~....~·----I-----I-----:-----I----
/::;OSI ..._____________________ _ n. '1002! O. 3550 I O. 2441 O.705H 

1Expeded geneLiu progress n'::ntlling from seleelioH amollg sires. 
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T.\[H.r~ 1:{,--(Jl'ndic evrrtlalivll8 and SILluu'e. roofN (!/ IM'l'itCLbli1:l!l fol' 
Jemales 'uNed to MUtilate genetic pl'ogreg8 

; ::iqtHl\'P 
, l'OOt of 

'1'('(Lil BWWW\WS,12W 18WI188 SW,FW\ PA I hcritu
r I bility 

! (!I,) 
r, . ,I--,-----,------·--i---i---

Hil'th I\'(·[ght IBWI •• I.OOO.OO:O,O;'. 0.;'0 O.OOrO.23,O,(il.{}.O,s,-O, III O. 02 
,\' (,!l.nillj.!; \n\i~h t .,

I\\' W1___ • _______ ... _ 1. 00, ,27 . i I • i;) .07: .!iO ,51 o • (Hi 
\Y I'lUlillP: !iCOn' i ! 

tW::-l) •..•. • L 00 -, IH -, OS .10 ,10 ,O!l! ,IO!
I :!-llIouth weight

<12\\") _______ •.•.•• _ _ _ I, 00 ,!Joi ,21: ,(Hj , 14: • (14
I'HUtHtlb 	\\ ('ighl ! 

ilx\\'" ._. ____ ._. _______ ._ ., .. _•. _., L 00 ,U2 ,~·I ,74 ,25 · it 
l'i-ltIOllth:-l('tlI'I'IIS:4) ..... _ ••.• _ •. 1.00 .2K.:W, -,[Wi • ,1(\
:'I[aturp ~prilll!; 

\VPight [:4\\'1. __ .. _•. I. 00 . \):1: ,09; , -" 1
:\1:ttul'l' f:lll weight I. '\

I F \\' \ ... _• __ _ _ _ _ _ _ _ __ ..•• . _ _ " •. _., _... __ .... ;1. 00. -,10: if}· 
"mllll('illl!; ability

(PAi._ . __ • ______ • __ • ______ • _____ • __ •. _,. ___ .... __ •.• I 001 , 117. ;, 
• ~ .......,.<-~ .....-~.-- ---,..._---- .... '-.-.......-~~....",--<---..-.----,...----


Thr grllrti(' ('o/'/'ellltioIlR IWe! sqUMe roots or lh{' hB/'itabiliLy mJui's 
rill' ll'l~its llletlSUI'NI on tl\(, femnles IHC listed ill tnblc ]a, A few slUldl 
1l(,~II,tin\ ('Ol'j,('ltuiollS wel'e oblai[wd invohring wen,ning seor'e Rne! 
pl'odu('illg ubility. CorTelMions im'ol\·ing weigbts and gains dUl'illg 
nwiollS per'iods or IUl nnimtll's life \\'l'l'e gl'rwl'tllly quiLl' In.l'ge. 

'('!JfI \'ILiues in t.l~ble 1:3 were i.hen used to eOlllpute (,he :1G[) for 
r('IllILll;'s using the SIL1Hr I)ll\,t,rix llUlhiplielLtiol1 p]'ocedlll'e pre\'iollsly 
Illitiinrcl rOT t,h(' 1l\ldes, The 1't'Rld(,ing ;j,GD \·tdues for fenm\t·g fLl'(, 

lis((,(j ill tnble 14., 

TABLE 14,·EJ'plclfd [J(I/utic JIi'O!II'(,g8 lle/' r;enera.tion ,in slll.nrla.l'rl 
IfI{,(L,~l(,f'1' jrom ,o;I'[('(!(io/ (WUM{/ j(1l1wlrj.~ 

, 
Bil'thW('/tl1-\Y('nn- 12- ! IS- . IS- Mllt.lI :'Iltttlll'C" PI'Orill(" 

({Pill :wpightl ing , iug lmonthll1onth:lI1onth spdllg fall , illg 
'wdght, ~eol'(' ,\\,eight!\\,('igltt! SPOI'(' . \\'!'ighl 1 \I'!'ight ; ilhility - .-<~ ----.. -,..~: __ ~_:_~__l___;___;___' : i.-- ...__.

~ (/0 1- .11)..~I.(.~~rj~jl:jt~~I_~I~~ O;{Si/O, n;}i~4!~' O-lIO~[)()(i7i - n, O~-lI __ (L(~'(i'~ 
I J';~pP{'1 (.(\ W'lwt ir pl'ogrl'K~ I'csuli ing from lwil'elion amollg dlU\1:l. 

'I'll!' :;."GD 1'01' f'emlllt's ng-Illn would need 1.0 b(' 11 ,-crllg-ed wit It 111(' 
:::.Os for Illttles 01' hltJyed if no eOl'l'esponciing lel'fLit. ill the !lllLles wno; 
H\'Il.il H.ble in order to ,Preciiet ovemll expected geneLi(' j)l'og1't'SS, 
Although smnH, some gfH1eLie progress W!1S expected from sel(ll'lioll 
lU))OUg- remlttes ill nil tr'n.ils except rnnture JILl! weight. 

The SiUll(' lmils w(,I'e mettSlIr'ed on boLh sex('s f!'Om birth t.ftl'llugh 
\\'l'ulling t1,lld. 1 h(,l'dOl'f', II\(' ;la~ IUld JOn Iwrd ollly to hI' In'Pl'IlgNI to 
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pl't'dkt (jV('ntlt genetic pl'ogl'CSS. The .:1Us and ~GD' converted iutu 
IL('(lllL! units by Illultiplying by the l'especli\·c standlll'd c1(n-inlioIlR 
listed In table :1, 1l!'C showu ,in Lab'll.' 15 alon,g' wilh lbeiJ: aycmgc', 

T\BW 15."E~cpfclf'd genetic In'ogress pel' genemtion in birth (Inri 
!i'tanling il'aitsi)b actuallmitl? by sire.'!, dams, anet (werage 

Trait 

---- ---.'----
Birth \\'I,ight __ .. _•• _._. ___ ._.,p()lll'ld~__ ' a.4l O. 1.0 ! 1. 75 
(hdll [tom birth Lo wettllil1~_. __ • _.•do •••• 11. flO 2, HB ! I, ,2:1 
Wf':wing' woighL••• _. __ , _ ." _•••. do ____ ' 1·1. 91 ! a, OB S. !l!J 
\\" PlWill/,( :;('01'(, _ ' ••• ___ • __ • _. p(~l'(I(>nL., L {Hi ,21 .0-1 

! E:q)('Ct!'d /,(!'III't.i<- pl'lI/.!:rpss I'c',mlt ill/,( [rolll Heil'C'Uon [Llnon!,!; sires, 

" 1-::'1]('('(('(\ W'JlPtil' [JI'o/,(resl' I'(';;ult illg frolll lieiectioll tLJIlOllg' dtLIlI;::, 


.\Io... l of lll!' pxpp('kd gl'netic' progl'P";'; l'P..,ultpd I'l'OiIl ;,('I('c'lion nil 

\ hI' "il'!' sidl' It"; hIL... hl'Pll shown pl'l'yioll~l~-, TIll' px-jw('\pd progrp'iS 
ill gllill 1'1'0111 birth to \\'('lllllll:.\' Wth lakell as the dil]'('I'eIH'p bl'l\\'l'('n 
iJil''t II alld WPlI.llill;">: \\'('igil h. ':-)Olll(' tlddiliolllLl pIH'flOIYJlI(' I III PI'O\'('
1lH'1l\ wOllid a.b1J hl' (':-\jw(,tpd in w(,twin'!, \\'('igllt Ill1d in gain fmlll bil,t II 
to \\'(,Iulin;,:!' 1'('';lIlting rl'OJII ~(,IH'li(' illlpl'on'meflt In pl'O<ilLl'ilig u.bilil,\-, 
I I (j\\,(,\-(,I', lhi,.; would 1)(' ('xl){'('[l'l1 lO 1I11l0l"ll lo olily :.llJout I,fifi 
IHlIIlHi .... [WI' gPI\(II'U I iOll, 

('lIl('ulalillg lll(' ('xppc,tl'd gPlIelic (ll'ogrp,.;s ill lil!.' po-,l\\,(lnning 11'1111..; 
i~ morp dlrIi('111l l)('('lllISP Lhp two st'x('s ,,'I'I'P IllIUiliged rlil]'t'I'('lllh', lIlId 
difl't'I'(,1I1 lmih W(,I'(' nH\/l:,ul'('d, B('('IHbE' sl'iP(:lion IH'()SSlIl'i:; WiIS 

I pIal iH'ly InillOI' 011 post Wl'tlilillg t l'ltib in felllttles J II rnidy 1l(,(,lIral·(~ 
p... lirrlllle or exp('('Lpd gl'llptic illlpl'OYl'IIH'1I1 ill filml wpigitl 00' t.l'sl 1'01' 
bull... nUl," IH' oi>lllilH'd ,.;illlply by hllking litl' 6. Os fol' Jlllltl wpight ofr 
te .... t or bulb, .Ill ('oll\'l'l'ling till' exppc'Led progl'I'S"; or O,'i'O;iH slilndill'll 
dHinl iOIl unit-. illlillltl \\'l'ighl to tl('tual units, Dill' obtllins :\5,:30 
POLlIHk j)iddill:: [,his figlu'(\ by l\\'o yi('ld" n.n psl imn.lp or 17,GS 
jloullds [)('I' gl'l1('I'Hlioll 11-> thr. ('xl){'('[,('d genl'~i(' illl j)1'()\'PIlH'lll , 

Tbi... (' ...1iJl1111 p or illl prOYI'IlH'll l i:-i prohn,bly bill:-ipd down sOIll('wllll 1. 
IH'('Ulhl' [lIpl'!' W!L-. ,.,Olll(' po... it in' ,.;plE'C't ion PI'P'sSlll'{' for illC'I'PtlSPd w(ligll!. 
ntilClll;! tilt' I'PII1I1I('-;. I r (111(' ilSSlIllle,.; l hill 011(' SllllHb.l'd d{'\'itl.l.lOIl or 
... p\('('tI01\ pl'l' ......Ul'l' I'lli' \ S-mnllth wPi!-ht in I'l'nlll1(l'; is ('qunl 10 OIH' 
-.lHlIdtu,t! dl'YIlllioll ill Ji,1l11! wl'ighl ofr tpst fol' bull", till' ('XI}(Wll'd 
ilIlPI'O\(,IIl('llt PPI'J,':I'IH'l'ltlioll ill final wPlghl would I'is(' t.o \H,I;~ poullds, 
l~f'I'It\h(' I Ill' g(,Ill'\ i(' ('OI'I'(,blt iOIl bH\\'('l'n [In,tl weigh torr l ht of bulb 
Hlld lit!' I"Hllolllh w('ighl or IH'irpl',;would b(' ;('';'; Ihnll I, thl..; (',;111111111' 
wo!tld IH' billSI'd llPWI~I'cl,; SOIIlI'wliu,t. Tllp He\wil expPI'\(ld impl'oy(l
1IIl'lll would lll'o\ltlhly Il(, IWIWN'\l l'i',lif) lInd l~l.!:\ jllHIIHi,.; pl'l' 
gpn('I'1l1 iOll, 

\ 1 o... t or t li(' -;('}('('I iOIl PI'(''';-;lll'e fol' illcl'E'Il:-iC'd wl'igh l,: nnd gil ill'; \\'1\"; 

Oil (IH' "jl'(, ..;itlt' lwei, l h('l'cI'OI'('., sim ply luth'il\~ Lit(' 6.0 [) CO!' poslw('u!I
illg trait-; ill tit(' f('lI1nlp:; would UlldOlti.>LNlh' undpl'('slilllufp tllP px
l)(,('!pd !.!;t'lIdi!' pl'ogress ill Ll'Itits 1l1(~HSllrpcl i~1I Lltr fPIlUtl(,S, Been!l:-i!1 
[hI' I"HllOlllh wPiu:I'1 ill ir(,lf('l's nnd till' finttl. w(light. 00' L(',.;L in hull" 
d('~('ril)('d n\)olll l/rp ";11.1111' ..;tlt:.;!' or dpI'plojllll('lIl, nnd "ill(,(' holh 
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.traits appear to have ,nearly the same estimate of heritability and 
indicate similar genetic correlations with weights and gaius recorded 
earlier in life, it was decided to set one standard devin,tion of selection 
pressme in finnl weight off test of' bulls equal to one standard devia
tion of selectio.n pressme in IS-month weight of heifers. Although 
this procedure will probably bias upward somewhat the expected 
genetic impro\rement, it should yield n, reasonable maximum estimate 
of the n,rnount of improvement expected. 

The 1.460' selection differen tial for final weight of bulls was set 
equal to 1.460' of JS-month weight 01 heifers, and the expected direct 
response in 18-month weight and expected correlated I'esponses in 
other postwen,nillg trai ts in females were calculttted. The 6. Os 
for postweanillg traits in females are listed in table 16 alollg with 
the 6.GD and their avernges. 

'.rA TILE 16.~Ef.7Jecteci ge flelicl)J'ogl'es8 per genCl'c£f:ion in postwean.ing 
l1'(Lil.~ ofJemaie8 ,in (/,ct1t.(tl 'Imits by sires, dmns, an(Z cwernge 
.--~------------~----------------

Trait; 6Gs-l-6Gn
--2-

----~---- -----------1------
Guin [rolll w~auing to 12 months_pounds__ 7.44 -1. 30 3. 07
J 2-month weight... ________________do___ _ 27.46 1. 78 J4.ti2 
Gain froUl 12 to 18 IllOllths ________ do____ 15.61 1. 73 8. ti718-month weighL________________ do___ _ 4::1.07 3.51 23. 2H
IS-month score________________ perccnL_ 1.2() .30 .75 
Mature sprillg weight...__________ pounds__ 50.78 . .70 25. 74
Mature fall weighL ___________~__ do ___ _ -2.33 23. 5849. ~~ IProducing ability_______________ percent__ . nn .26 .41 

1 Expect.ed genetic progress resulting from selection LLlIlong sires. 
2 Expected genetic progress resulting .from selection among dams. 

The expected progress in the gnin periods was taken as the clifl'erel1ce 
between Lhe weights in question. On the assumption specified above 
iliat selection pl'essUJ'e Jor il1('reased finn} weight; olf test of bulls would 
Tesult in equivalent selection pl'eSSlU'e in IS.;month weight of heifers, 
it. is evident that sizable geneLic progress is expected in all weights 
lwd goins in the femnle populu,tion. rrothe extent that the genetic 
currelation between weights of bulls and heifers is not unity, these 
estimates of m,.-peeted progress ilre binsed upward. 

Response to Selection 

It was shown in the preceding section that considerable selection 
pressure was !Lppliecl and that a positive I'esponse from selection is 
8,xpected in all traits under consideration. Oom'ersely, it has been 
shown that increased inbreeding is associated with n, decline in per
{onnILuce, and thlLt adowl1wnrd trend fTom this effect is eA"]Jected 
with increased inbreeding over the yelU'S. 'rhis P!U't of the report 
pt'e::;ents information 011 changes inperiormn,lJce in a population where 
these two opposing fon:es are operat.ing cOllculTently. 

Since pliulIIed control populiltions were not carried, sepamtion of 
Lhe phenotypic chn,nge into its respective genetic and environmental 
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components is difficult. However, inspection of the data .revealed a 
sizable number of repeat matings, and this information has been used 
in .!In !lttempt to gain some insight on the !lmount of genetic and 
emirollluental changes th!lt h!lve been made on birth iI,nd weanling 
'tl'uits. Useful information also can be o-otained from phenot.ypic 
time trends o,-er the yelirs. The results n,nd discussion in this part 
of the report lu'e di,-ided into: (1) phenotypic time trends !Lnd (2) 
estimation of genetic: and environmental time trends for birth n,nd 
wen..nling t.rails frOB1 repeat mating information. 

Phenotypic Time Trends 

The meil.ns or Lhe pedorl11!lI1ce Lmits by yeal'S liud the phenotypic 
regressions on yellrs are lisLed in Lttble 17. Ouly lLnimlJs that were 

'l'ABL1~ 17.-l\feans JOI' lmjol'mance traits 
,-~ ---~--------;--'---------,

l Poscweaning traits 
Birth und weanling tmits 

'\ 	 nlales 
Yellr' 	 :____~__~_--,__--_;_--.,_--I---_,____--..__---I 

! I,! I
i Kllll1-: myth 'ISO-duy' Wean- tXllll1-!WCllu-l'Illlll- ]?inal 
, bel' of m'('lght gain inp:, bcl' of: iIl~ bel' of 19u-day weightIrecords! \\'dght t'cordsl score rccords gltin olf test 

_:_1__ I I--
I, ~Y, '_",-3'6__1 (:)._-, lju.,_"L.~,,' I.> __LU. 1'3" f/). I' Pd. Lb. Lb. 

1
if)3: _____ \ 4~u'~. 0 ;:;R~ 1348====== ====== 
HJ:~tL___ f 55 i7u, 2 li:.:~g3~ !,::(4)61~ 1"·--4-:--0-11!:"4~.-;;,-- ----8-- -3~9----- 8-;.'-8----
W::IIL___ ' 4S 177,0, "to ~ u 


1940_____ ! ul ~7H. 5 1325 !404 60 'j76. 9 7 3UO 808 

l04L ___ J 58 '76. (i \::1::14 All 58 17K 2 7 336 797 

HJ42_____ ' (iO fi7.5 316 '394 60 76.2 15 ::132 764, 

104:L___ : HO i73. shoo is74 HO \71. S 7 432 86S 

1\)4'L__ .! 102 '75. ,l \312 13BO 101 77.2 31 420 857 

]945_____ 11 7279.0 1324 1404 71 77. S Hi 456 913 

194u_____ , 5H :7H. S ,371 ;450 1 uS 172.0 16 4.61 H36 

1 H.r I 94 ;-q 1 .322 '402 II 94 74.4 25 431 879

(.'·-----1 11~!:" 9 ':339 14Hi 117 77.1 27 382 813 


1\).1\lH)4H _____ ; "~ I',';:OR.4 !2'~3 1!30'L:I ~">'11_6:1,.3u 1746? 810
_____ 0.3 J 


1050____ .1 54 '70.1 ,827 
u. 

13117 04 I'(S, 9 17 4S6 
-

945 

1051.____ 1 75 7H.5 1350 430 75 76.2 24 468 H20 


i8~~==_==! 1I~ :~t ~ :~i,~ ';I~~~ 1Ig :~~: i ~i :~* l!g~5
11l54_____ : 114 '7s' 7 i3{j6 444 113 \76.9 32 469 941l 

\955 _____ ; li5 77. 7 ;353 [431 85 178.2 27 !461 '934 

1056____ .1 117 79.0 i352 '4.:31 116 :75.6 35 1478 924 

H)57_____1 III :7S.5 1325 j'104 III i76.4 23 ·484 917 

lln, 1:31 '7K 7 I"33'! 413 1!31 '79.5 38 438 881 

Hl5H ____ -,. 0, - -- - _ 1_')6!76, 7 :,343 141 H 125 \82. 4 32 4\)0 929 

bp2 _____ J===' 0.2231 2. 154l. 2. 368j_____ J 0.178 ------ 6.296\ 5.831 
1 52 	 1132~p3-----t== 5.3 57 1------\ 3.7 ______ 122 

1 Denotes year of birth fo.1' all truits except HUlture weights of fcmales. For 
this trait it denotes yCllr in \\'hichthc weight was taken. 

~ lknotcs phenotypic regression Oll years. 
3 !lP=bp X nlllllucr of ycars. 
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produced ·within the line .are included, and foundation animals have 
been excluded. A weighted .avernge of the traits is presented for the 
years 1934 through 1936 because the same foundation sires anddnms 
were used during this period, and no offspring came into production 
until 1937. The birth .and weanling information was pooled over 
sexes even thougb inbreeding effects were found to be markedly 
different, since it was found that the differences due to sex remained 
nearly constant over the years. Appnl'ently the lIet effect of both 
inbreeding of calf [mel inbreeding of dam was nearly the same for 
both sexes. 

All limits show a sizable increase over the years although the tt-end 
is highly varin.bie due to lil.rge yelL!' effects (table 17). At the bottom 
of the lttble nre shown tbe iwemge trend £01' the vilrious tral ts indicated 

by years and phenotypic re[Jl'e~8ions on lIea.I'S 

Postweuuillg traits-Oontinued 

Females 

NUlll Guiu I 12- GUill, I 18- 18- I NUllI l\f:tture l\1lltUl'C 
ber of weuniug month 12-18 mOIl th month ber of spring fnll 

records Lo J2 weight mouths weight score records weight weight
mouths I 

Lb. Lb. Lb. Lb. Pet. Lb. Lb.
44 114 468 164631 75.1) _______________________ _ 
20 113 450 264 714 72.0 2 998 1000 
28 69 437 253 690 76.9 6 1032 1099 
22 116 525 220 745 70. \) 32 1077 1072 
35 121 526 215 741 76. 3 40 114.9 1076 
28 109 523 J99 723 73.0 58 1180 1161 
23 95 491 213 704 66. 8 68 1122 1138 
45 120 490 209 699 6\). 4 88 1061 1102 
:38 73 4.60 201 667 75. 4 ] 02 1054 1121 
35 60 472 270 742 70. 2 71 1104 11J5 
3') 1-') 452 2M 715 71. 2 6S 1123 lQ(H
45 39 427 316 743 6S. (j 92 1131 11 01) 
60 I20 449 179 628 69. 6 116 1095 1145 
:31 112 415 290 705 78. 5 61 1068 n68 
'27 ,.114 50H 293 801 76.9 50 1078 1167 
31 I 61 j4H5 269 764 73. 1 74 1194 1] 00 
31l IJ'2U '504 2(lR 771 72. 1 73 U89 1170 
(l7 j111 !547 26S 815 74. 6 115 1245 1228 
5'1 109 54(\ 290 836 74. 5 113 120n 1202 
37 82 15 12 268 780 76. 8 83 ] 219 1208 
47 99 \535 251 785 73. (j 116 1222 1212 
52 0(\ 14RO '250 738 71. 1 89 1178 1194 
5n 87 \4\)R 2'17 ,745 7\). '2 t 129 1211 1155 
34 )125 :554 240 1704 75.7 I 124 1183 1165 

1-_---------J-0.042: 2.3941-4-.-6-7-11-0-.-1-1-41--------1. 7.599 6.261__ 2.290 
________ 1-1 i 55 57 1112 2.7 -------- 175 144 

--~~..-~----"--,.;~--..:---..:......---~--~--..:---......:...---
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by the phenotypic regression 011 years and the estimate of the total 
change, which is computed by mllitiplying the regression by the 
number of years. 

The Tegression lof birth weight on years was 0.223 of a pound per 
year or- an estimated increase of 5.3 pounds over the years. Birth 
weight appears to be affected less by yearly differences than does 
preweaning gain and weaning weight. The phenotypic r-egressions of 
preweaning gain and weaning weight of 2.154 and 2.368 pounds per 
year indicate an increase over the yeaTS amounting to 52 and 57 
pounds, Tespectively. The regressions of birth weight and preweaning 
gttin sum to the regression for weaning weight except for rounding 
enors. The regression of weaning score on years of 0.178 also indi
cates an upward trend amounting to 3.7 percent over the years. 
Differ-ences among scorers over the years would add to the environ
mental component of this trend. 

Postweaniug perfOTmnnce of bulls also shows a considerable in
crease through the years. nmounting to itn estimated increase of 132 
and 122 pounds on 196-dn,y gitin and final weight, respectively, over 
the 21~year- period. The phenotypic re6"Tessions of 6.296 [md 5.831 
pounds per ye!ll' appenr extremely large. Iuspection of the annual 
means shows It In,rge increase in 1943 and thereafter over previous 
years, which could ILccount for the Inrge Tegression coefficients. 

The phenotypic regressions on years for postweaning traits in 
females also indicate suh"ttwtial increases over the YelLrs except for 
crain from wenning to 12 months, which ::;hows almost no change. 
the average gn,in during this per-iod oyer the 24 years WitS 89 poullds 
or about 0.5 pouud per day. The estimat.ed total change in 12
month weight is about the same as that for weaning weight, and the 
phenotypic regres::;ions on years of weaning weight and gain from 
weaning to 12 months nearly sum to the regression of 12-montlJ 
weight on years. 'l'ills indicates that the small loss in number of 
females between weaning and 12 mouths had yery little effect on tlJe 
regressio ns. 

The pl'enotypic regressions of gain from 12 to 18 months n.nd 18
month weight of 2.394 and 4.671 per year indicate a substantia] 
increase oyer the years. The estimated total increase in gain from 
12 to 18 months of 57 pounds is the same as the estimated total 
increase in weaning weight oyer the same period. Eighteen-mouth 
}lCore of heifers showed a phenotypic increase of 2.7 percent over the 
yen,1'8, which is slightly less than the phenotypic increase iu weaning 
score. 

Estimated phenotypic change in mature weight of cows indicated 
substantial increases in both spring and fall weights amounting to 
175 .and 144 pounds, respectively, over the years. 'l'he regressions 
of mature cow weights on years appear to be exceptionally high. 
Inspection of the annual means shown in table 17 indicates that the 
average mature cow weights were markedly lower in the fust few 
veal'S when numbers were small. It is probable that these regressions 
overestimate the actual genetic improvement, and that some of the 
chn.nge is due to sampling error and abrupt environmental changes. 
Only cows that weaned a calf in the fall were included. Cow weights 
weJ:e adjusted to a 6-yeaT-old basis, and each cow's record appeal'S in 
every year she produced a calf. The differences in phenotypic in

http:estimat.ed
http:BULLET.IN
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Cleases between 18-month weight aml spring and fall mature weights 
were 63 and 32 pounds) respectively. The differences between the 
amounts of estimated inm'euses at various weights indicate that 
positive phenotypic changes took place at all stages except from 
weaning to 12 months of age. 

Genetic and Environmental Time Trends 

Repeat matings from all inbred lines raised n,t the U.S. Range 
Livestock El\.lJeriment Station were used to estiml1te the environ
menttal trend over the yettrs for the birth and weanling trl1its . 
.t.\1though the sampling elTor is probo,bly high for anyone 2-year 
compltrisoll, the average regression over a fairly long period of time 
should yield some idea of the environmental trend. The existence 
oi interactions involving sire, dam) year) sex) l1nd age-oi-dam effects 
could cause a bias in this method Ol estimating environmental trends. 

Separate adjustments ior age-oi-dam effect were made in this 
analysis using age-of-dam differences from repeat observations on the 
same cow, as computed by method B in the work of Koch and Clark 
(1955). These age-oE-dam adjustment factors are biased because of 
confounding with the effects of culling of cows based on pel'formance 
of their calve;;. Howevel', using tthese n,cljustments, one adjusts fOL' 

the effects of nge of daIU and efIecbs of culling simuHaneously. The 
assumptions must be tna.cle thlLt the amouut of culling among cows 
on perfol'mn.nee in the repel),t mn,tings is the sa.me as in the data from 
which the IHljustmcnts were derived, and that a fairly constant 
culling intensity was urn.cticed en,ch year. Devin.tions in culling 
intensity from year to yen.l' may have little effect on the overall 
environmental regression on years, but a consistent bias in one 
direction may leiLd to misleading resuHs over a period of years, 

As described previously, the environmental difference between any 
2 cousecutive years was tlLken as the difference of adjusted calf 
weights produced by repelLt mlLtings after adjustment had been 
miLcle for age of (bill. In years when repeat mlLtings were not avail
able, the en vit'Olllllcntl11 dULng-e was taken as the phenot.ypic change 
wi(;h the genetic clllmge fot' tlllLt yen.r being set to zero. This would 
bias doWnWtLL'd somewllfLt the estimated genetic change if genetic 
progress WItS iLctUll,lly being made. 

The elwil'oUlllental year to year deviations computed from the 
l'epen.t nuttings were added ILucl n,ccumuhLted to obtain yen,rly meaIlS 
tl1l1t would indicate the eu vironmental trend and also cOL'l'espond 
to the method llsed to calculate the phenotypic regression on years 
CUthle 18). 'rhe base point was taken as the weighted mean for 
19:H-3G. 

'fhe environmental regression of -0.184 for birth weight indicates 
l1 negiLtive trend that ILlllounts to -4.4 pounds over the 24-yeat 
poriod. The environmental regression on yeurs of gain from birtth 
to woaning iLncl woaning woight was positive, indicating that environ~ 
mental conditions for faster preweanmg gain improved over the years, 

Tho gonoliic regrcssions on yeal'S, obtained by subtracting the en~ 
vil'onmental regressions from the phenotypic regressions, arc shown 
in tablo 19 along with tho estimates of total genetic change over the 



----------
----------
----------

28 TECHNICAL BULLETIN 1323, U.S. DEPT. OF AGRICULTURE 

TABLE is.-Environmental tfetal jor birth and weanling traits by years 
(Lnd environmental regressions on years 

Trait 
Nu.'nber 

Year of repeat 
matings 1 

1934-36____________ 
1937 _______________ *--------

891938_-- ____________ 201939 _______________ 201940 _______________ 
1941 _______________ 69 

111942 _______________ 
27 
60 

L943 _______________ 
1944 _______________ 

521945_______________ 
111946 _______________ 20 

19'17_______________ 201948_______________ 
391949 _______________ 20

1950_-- ____________ 481951 _______________ 
801952_______________ 
751953 _______________ 
761954 _______________ 

1451955_______________ 
911956.-_____________ 411957_______________ 
281058 _______________ 
291959 _______________ 
.50

--IbB 3 - - - - - ___ -\- _______ti B j _________ ! __________ 

I -

Birtll 180-day 
weight gainI 

Pr)UllciJ Poullds 
68. 6 276 
66. 5 278 
75. 7 289 
77.4 337 
79.1 330 
77.9 341 
77.5 330 
75.2 324 
75. 3 326 
74.0 331 
72. 9 378 
73. : 330 
73.2 346 
64. 5 248 
66. 9 3.18 
74.5 356 
71. 9 332 
72.8 332 
69.1 345 
72.2 335 
74.1 329 
74. 1 322 
69. 1 340 
67.5 I 327 

-0.184 I 1. 286 
-4.4 31 

Weaning 
weight 

Pounds 
345 

345 

365 

409 

409 

419 

408 

399 

401 

405 

451 

403 

419 

313 

385 

431 

404 

405 

414 

407 

403 

396 

409 

395 


1. 135 
27 

Weaning 

Bcore 


Ptfctllt 

74. 7 
75.4 
75.0 
72. 7 
68. ti 
74.4 
iL7 
66. 1 
7i.O 
70.3 
56.4 
70. 4 
68.9 
70. 9 
70.4 
68.0 
70.0 
66.9 
70.2 
74.0 
75.4 

-0.135 
-2.8 

1 Fl~ures ~iven llre for matings in u, particular year, "'hieh are repel1ts of matings 
nladn tho previous year or group of YC'ars as in the period 1934-36. 

2 There were no repeat matings available in these years and the environmental 
change was set equal to the phenotypit} change with the genetic change equal to 
zero. 

3 Donotes environmental regression on years. 
I ~E=bE X number of years. 

years. All birth and weanling traits studied indicate that substantinl 
genetic improvement wns made over the ye!ll'S. The estimated total 
genetic increase of 9.7 pounds in birth weight over the 24-yelll" period 
is more than one standnl"d deviation. The estimn,ted genetic increase 
from 1936 through 1959 in preweaning gain and weaning weight 
ltmounts to 21 and 30 pounds, respectively. These vnlues indicntc 
that about half of the phenotypic increase in weaning weight may be 
[),ttributed to a genetic increase. The genetic change in wenning score 
also itppem:s to be in a positive direction and t),mounts to 6.5 percent 
over the 21-yeal" period or appro)..imately one stnndard deviation. 

Pllrtitioning the phenotypic trend into the genetic and environ
mental eomponent;,; wa;,; not attempted for postweaning trnits owing 
to the small number of repeat mil,tings in each of the sex subclnsses. 



RESPONSE TO SELECTWX AXD INBREEDL';G OF CAT'rLE 29 

TABLE 19.-Estimated genetic 1'egressions on years and total !Jenetic 
response 

Trait 

Item 
Birth lSO-dav I 'Yeaning IWeaning

weight gain· I weight score 

,---------i-------
bG 1... ________________________ P0(i.11107 pO(l.n I 1'0L'1~~)4 perO~I~13

1 S67 
t:.G -.-- •... -.----------.-------1 0.7 21 I 30 6.5 

----------------~------~--------
1 bG is dHfcrence when envirollmental regre;;siou i" subtracted from IJhenot\-pic 

r!'gression. 
~ :1 G= U(J X Jlumbel' of years. 

Comparison of Expected and Actual Response 

The expected llnd lleLuul tUllOllllts of respon;.;e to selection in the 
\'Ilrious tmit:; hllve be(,ll pres('nted in tbe pre\-i01L'i two sections. The 
discl~sion ILnd tOlllpnri!':>on of thes(' results llrC in this part of the 
report. 

Sinee til(' cxpc('ted progress WIIS cllieullll('d from srle('tioll clifrer
('nlilL!:; during the period 194:~ throll~h 1959, phenoL ,-pie, ell\-iroll
menttd, llnd gcn('Lie regTe;.;:;iolls OIl years were rectlletilaLed to cor
respond lo thi;.; SlllllC period for compilrL'iOn purposes. The regressions 
on YCllrs were clticulltted in the St111l(' nllllluer It'; de,;erihed previou::;ly 
fwu. the Il.nnllltl lllCltll;; in lable::; 17 tUld 11'. Thc phenolypic regre::;
sion on year;; for birth weight, gain frolll birth to wellllin~, welwing 
weight, and weaning score were 0.148 of l1 pound, 2.091 pounds, 2.210 
pounds, I\,nd 0.:37'1 percent., respecti \rely. The eorresponding en viron
mental regressions on years wem -0.22R of n. pound, 0.054 of n. pound, 
-0.162 of n. pound, and 0.1i)3 p('t'cent; lU1d th(' gClIPtic regressions 
were 0.;~76 of n, pouud, 2.0;37 pounds, 2.:378 pounds, and 0.220 percent, 
respeetively. 

The cxp{'('lt'd gt'lwlie respou,;c ilnd e,.;timate,; of the ll\-cmgp genetic 
[I.nd phenotypi(' re:->pon;.;('s per genern lion are lL'ilpd in llLhle 20. The 
phenotypic- and p,;linmled genetic response,; per genertLLion were 
obtained hy nlulliplying the gellPI'llLioll int(,LTld of 4.9;) ycal's by thc 
('oITcspollding regre;:,,;iou Oil yenrs. 

The datIL ineLicate thn,t genetic progress wns expected in nil I:raits 
studied. 'rho ntlues obtained for the estimated genetie response fmd 
iLV'emge phenoLypic changes ineLien,te that improvement wns nllldc ill 
these traits. The ('stimn.tecL gelletic respons(' was fairly neltr but 
consistently greater thnn the cxpected gOH('Lic respollse for all birth 
nnd welluling tmits. The estimated genet-ie re~ressions on years [rom 
1943 through 1959 for gain from. birth to welUling aud for weaning 
weighl were greatcr than corrcsponding regressions 0\'0l' the entire 
pcriocl of 1934 through 1959. This ma.\- bf' due to the flt(;t thilt. the 
cal ves produced in the iniLial YOilTS wcn~ either outcrosses or cnl ves 
from outcross dfulls. 

The mtio of Lhe iwerngo pLtonol.\-pit: reHpOllse to the expeete(\ 
gonotic responso showed more Yl1rit1.bility nnd indicates that ellviroll
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TABLE 20.-COmpCLrison oj expected (Lnd estinwted average genetic and 
phenotypic I'fi?pon,<;es in, birth CL1zd weanling traits lJer generation, 
llJ4S-5tJ 

-
Expected Estimated I Ratio A.verage Ratio 

Tmit genetic genetic phenotypic toI toresponse response expected response expected 

Birth WeighL ___poundS__! 1. 75 1. 85 1. 06 O. 73 0.42 
G~in from birth to wean- ! 

Illg. - - -- - -- - 7.2·1 10.04 1. 39 10.31 1. 42 
\Yeaning weight ___ pOlllldS--1do____ 8.99 11. 72 1. 30 10. !l2 1. 21 
Weaning score __ percenL_, .94 1. 09 1. 16 1. 84 1. !l6 

, 

mental factors probably have iln important influence on the phenotypic 
regressions. 

1\'0 estimates of actual genetic response were obtained for post
weaning traits since the repeat mating information in each of the 
sox subclasses was consideredinadeqnate. Oomparison of the ex
pocted genetic clulllge and thel1verage phenotypic chaugo over a 
fairly long poriod of yeaI'S should, however, be useful in assessing 
progress. 

Tho phenot.ypic regressions on years for the period 1943 through 
1959 for bulls were 3.037 pounds and 3.760 pounds for 196-day gain 
and fwal weight off tost, respectively. The phenotypic regressions 
on YOI1,rs for trait.s measured on the females were gain from wmming 
to 12 months, 2.993 pounds; 12-month weight, 5.255 pounds; gain 
[l'om 12 to 18 months, 1.120 pounds; 18-month weight, 6.358 pounds; 
IS-month score, 0.317 percent; mature spring weight, 10.228 pounds; 
mature fn.ll weight, 7.135 pounds. These regressions are, in general, 
greater than the phenotypic regressions o,er the entire period listed 
in tuble 17. 

The expected genetic. chnnge and the (Werilge phenotypic change 
per gOlloration for postweuuing tmit.s of bulls and females are listed 
in table 2L The pl1enot.ypic responses per generation ugitin were 
obtaine(l by multiplying the gellemtioll intm'vul of 5.02 years for 
bulls and 5.00 yenrs for females by the phenotypic regressions on 
years. 

Genetie progl'(':;:; ilgn,in WitS expccted in Illl tmits for both bulls 
n.nd fell1tLles. There WilS (1 po:;iti\-e phcnotypic clli1nge in 11.11 truits 
whi('h gencmlly wa:; substantially grel1ter than the cxpected genetic 
chitnge. The mtio of the It\'eruge phenotypic chitnge to the expected 
gCl1etie ehllnge shows more Vu.ril1biliLy for the gaill periods than is 
tbe eHSC with the ,-ul'ious weight:;. It i;; ev"ident from inspection of 
the ItllnulLl men,n:; (tltble 17) that the phenotypic re:;ponse is influenced 
strongly by elwironmentlLI f\uetuittions. The average phenotypic 
I'C;';P0I1S0 per yen.l' O\-Cl' the entire period of 1934 to 1.959 was generally 
le:;8 thl1ll lhe phenotypic dUll1ge [rom 1943 through 1959 for post
weillling tl'l1.its of fen1l1ie:;. 

Although the phenotypic regression:; llIay Q\rel'cstimute the itctUiI.l 
genetic I'espol\:;c in most of the trn.iLs, there wn.s 11.ppttrently 11 positive 
response of considerable mn.gnilude. The duta do not suggest thu,t 
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TABLE 21.-Co'/Yl,pal"ison oj expected genetic and wIJerage phenotypic 
responses in postweaning traits pe'r generation 

- _______ e ____________________~~------~------~------

Expected Average lluLio to
Trait genetic phenotypic expected 

l'l'SPOIlSt;' I'CSPOIlSC 

lJulls: 
19G-duy gain_, __ • ___ , _______ •.,pouuds._ 10. 14 15.241
Finul w(·ight off tcsL ____ . ___ . ---do---- J!). 1;~t IS. 87 I

Fenmlc!s: I 
Gain from weflning to 12 Illonths ... clo ___ , 3.07 14. nG 1 '1. 8712-mouth \l'eight .... _____ •• _, •• ,<10. ___ · I·t. (j2 <Jt< <,-v. .... 1 1. 80Gaitt [rolll 12 to IS I11onths, ______ .• <lo • __ 1-;. G7 5. GO ' . tiSIS'lllOIllh 'H·ighL ________ • ___ " _do ___ _ 23.2!l :H.7H 1. 31i[;';-month Bl·Ore. _ • _____ .• percpnt __ .75 j I. 58 2.11
.\[UllU'l' spring \\·pighl ___ '" _ • __ pounds __ .)- -l ' 

_D. f' 1: 51. 14 1, !H)Mature [ull wl'ight •• , ________ .<10 ___ _ ~3. 58 35. ti7 1. 51 
--,.~~ ----...--,.-------"._----- .----'-----.!--------!.----

LIth; n'spo!lse WtlS leBs tlmll was expecLed. 'l'his is not in agreement 
with the results n'portcd by Dickerson et al. (1954) in which 11P
paretttly seleetioll in mil(liy inbred lines of swine failed to improve 
Illeu::;w'itbly the genclic merit for trtLit::; n,ssocIILted with growth aud 
litter size even idter adjusting for the effects of inbreeding. 

There are ::;e\'e.ml refLsons why the apparent differences in results 
eould have been obLitined, '1'he Lypes of traits and the nature of 
\TnriaLion in \'01 ved appeul' ~o be It ltu·ge factor. Heritubility values 
for trtLits (k;soci!Lted \vith growth appear to be much larger in cattle 
than Lhey were for swine. In adclit;ion, there was no selection for 
multiple births in this study. In these Ci1ttle dlLta, there appear to be 
no strong genetic llntngonisms among the traits under selection, and 
the genetic eorrell1Lions among traits associated with growth are, as a 
rule, 1111'«e1' than the phenotypic correlations. 

Resull." from limited Lopcross tests reported in the work of PI1hnish 
et aL (L \)(j I, 19(2) I boLtolUCt'OSS tests reported ill the WOl'k of Flower 
C19(2), 111ld otber unpublished results indicate tlmt the line has high 
geu<lral combining ability for weights and gnins. Although it is 
not kuown lhtlt gencral cOlubining ability has increased O\Ter the yel1t'S, 
this infOl'tll!LLioll would suggest thn.t genetic progress has been made 
or at least genetic merit lllfl.illtnillecl for traits associated with growth. 

The foregoing discusiclion on response to selection involved dltia 
thlLt wore not Ildjusted for the efrect!> of inbreeding. Inbreeding 
efreel;; repol'ted in previOlls sections were genemlly fairly lurge. 
n the aetuI11 rcspomics were adjusted for the effects of inbreeding, 
the ('slimales of llcLunJ response would hlwe been much greater than 
the cxpcetcd genetic response. 

Inbreeding depression is usually ascribed to nonadditive variation, 
with SOtne degree of domiuance thought to be the most likely genetic 
mechanism (DickersOll et ItL 1954). There is also information in 
the lite1'l1tul'e (Lemc!', 1954) t:.hnt heterozygosity pel' se may be re
sponsible fOl· hcterozygote advantage and that hetet'o:~ygous individuals 
llre rnOl'e bufrered agiLinst ellvironmentnl stresses thitn the inbred. 
Tbe difl'ercntiitl respollse to inbreeding of ctLlf and d11tll by sex classes 
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suggests UH~t (\m'il'onnH'nt mn)' pln,y ltIl impoL'taltt role in deter
niiniug the tlUlgnitude of the inbreeding effeet. The estimates of 
inbreeding dedine were obtltined 00 0, 'within-sire-yen!" subclass basis. 
If It llLrge portion or Lhe dedilll' WitS clue to it degree of hO!l1o;t,ygosity 
/. eIlyil'OlUl\('ut intet'!lt'lion, lldj usting the dilttL COl' the effects of 
inhr('t'ding on'r yelLrs tnny lIot be justified. This would be espeein.lly 
true if the en\'irotuttt'lllttl conditions showed 11 posilh'e trend over' 
the y('llr~, as llppPILl'S to he lit<' ('use for sev(,ntl of the trllits. Although 
[hut of tlit' Li('clint' associntt'cl with inbreeding ls probably due to tbe 
It('{'lllllllitLtiou of dl'l('t('rious rN'pssin's, it is applLrellt that. lise of till' 
VultH'S ubtllillPd would it'ltd to Illi o\'emdjustllH'ut for the ef[eds of 
inbr(,pdiug. 

SUMMARY AND CONCLUSIONS 
'l'h(' purpos(' of this Illlitlysis WlIS tf) stud.\' the intensity tlnd effccti\yl'

liP';'; of st'JpC'l ion for sl'\'prul ('('OllOlI1ie l mils Ltl a dosC'd Hcrd'ol'd line 
lllldpt' It brN'ding sysl(-ttl (hIlt comblllC'd mild inbrel'(ling' Ilnd st'jeetioll. 
'1'11(' dtllll WOl'(~ ('()Up('tNl Itt tll(' l'.S. HiLngt' LivC'slo('k Experilllcnt 
Stillion, :'Ilil('s ('ily, :'lIon!., ullder It ('oop('mtin pTojeet betwN'll 
llll' 'C,S. Dppttrluu'nl of AgI'i('ulturp fLnd thl' ~r()lltl\.lllt Ag:ricultumJ 
E:~q)('rilllt'nt Stillion. A totlll of 2,()~7 t'al,,('s by :3:~ sires wC're welwed 
during the' period of In:~4 tbmugh lH59, Till' tmits stmiied 'were 
\\'('ighls, gltins, and body Sl'OI'eS froUl birth through lIutturity, which 
w('r(' Itdj ust Nt for sp\'C'ml ('n \'ironlllentlll sourees of Yilriittioll before 
lilr tLlltlh'sps '.\'e1'(' IlllldC'. 

I niJrpedin!.!: 'wns l'pllLtivrly mild Iwd ill('rCttsed from Illl Ilveritge of 
0.7 to 21.!i pt'r(,Pllt from U):~4- lo 1969. It tt\'C'rllged 16.1 percent over 
thp pnl iJ'l' ])('rio(\, Fneilities llnd prflC'tiC'C's sul'lJ lIS cuIYLng and 
wC'ILLling dlLtpS, wintering rt'gilnes, feecling methods Ilnd rlLtions, and 
other lllllnlLgptnpnl facturs lun'p rl'mtLined fllidy eonstllnt ovcr the 
('nl il'P l'xjW!'imE'nlnJ pl'riod. 

Thl' following condusions ttl·(, dmwn frOlll lbr study: 
I. Im'/,C'llsed inlll'('cding lHle! It detrim('ntlll elrl'ct on !Lll tmils 

stlldi(~d. TIJl' d\'('('( of inlll'P('ding un wpight l'clteited It peak at 18 
lllollths (If ng<' in II('irl'l's Ilnd deditH'd SotnC'WIIlt!:, ILt ll111ture wrights. 
Filllli w('igiJl oIl' (psI 02 to l;{ lllonths) waS nJl'e('ted mort' by im'rellsed 
iBht'(,('ding 11111[\\\"(\1'(- \\'('igills lttkell l'ttrli('[" inUr(· in bulls. 

2. IIH'/'('nsps in iniJrppding of dllll1 had !L dctrinH'llllll cffe('l on 
gl'owl II from hirlh to W('tUlIllg and (In\\~ctlning wPlght, presumlLbly 
llu'ough ([pel'('Hsed milk product iOll. This C'(reeL WItS (,Olll pletely 
('Olll[WllSILtPd rOI' ILl l.\-IlIOU! It wpight in heifcrs Ilnd was grclltly 
rt'<i.u('p<1 in bull;.; Itt linal w('ight of!' test (1~ to l:~ ll1onths). 

:L '1'Iwl'l' W,ts n, dilr(,l'('nt.iILi l'('sP!JIlSP hy S(OX to inbrt'Nling of cnIf and 
inbl'('('ding ()f (bUll in Wf'illlling tmits. InIH·p(,eling of (,ILII' hild i1 mort' 
Pl'OIlO1UH'l,d ('fVl'd un fpmnlt·s t hitn on 11\)\.1(,5, Wh('rellS inhrt'eding 01' 

dalll itlld It grPl1tpl' ('(r('('L on PI'I'\H'fLning ~I1in, w(,l1nin~ wl'igitt, ILnd 
wI'IUllng SC'(H'\, or hulls lluUl of Iwif('['s. l.t- i:i postub1tNl thlLt hulls, 
lm\'ing 11 gl'Pll.tl'l' gm\\*th poLI'ulill.l, IU'l' ltdd lmek \\lOl'(' Lhlll1 heifers 
h.\* th" dt'('l'('lLs('(1 lllilk sllppLy or Ilwi!' dlllllS LlliLt. is Ilssoell1tpd with 
il.)(~I.'('lts('d inbrl'('din~ of c!11111. This lllt1t<'l'I\tl.l Pll dronll1C'nt mil\' II1ask 
lltl' l'p:lj)onsl' to inl;I'I'('dill~ of (,lllf lo :t ~n'llL('r px.t('nt i.n ll1lll (,iLlves 
than in hpifprs. 
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4. ThE' splt'eLion difI'PJ"entitt1s for inln'cl'ding of (,Itll' "'NP SllllLll but 
('onsisktHlv t1('gn,tiv(' for both sin's and clnms. S('lf'etpcl sires n,lIel 
diuTIS that' PI"()(hl(,Nl ofl'spring 11vPI'agpcl - L [:1 tLud -0.84 pPl'cl'nt 
h·ss inbl'('(l UUUl tll(> Hy('ntge of Ul(' l.uh;('lpctpcL popultttiolt ill ",llich 
lhpy W(,l'p hoi'll, S!'l('('Liotl cliffl'l'('nlials [01" inbt'cNling of dam wpre 
itLso fn,irly eousisU·nLly l\(·gative flUd HYPt't1.gpd -0.:30 lLUe! -0.44 
ppre('nt 1)('1' p'lH'mtion for sires tLud dittUs, rpsppelivp]y. 13ecaus(' 
thpl'P WllS SOlJlP sPlection ttglLinst homozygosity, thp splecLl'cL indi
viduII,ls mil.\' be SO/l1l'whltL less hOll\ozygous thlltl the Gilleuit1.tod 
c()('Hi('it'uts or inbreeding would indicate. 

5. Till' aV(,l'!lg(' gl'Il('I,tLtioLt llltervid for bil'lh n.lld wCiwling tmits 
WllS 4.9:3 .\'(>ILI'S. Th(, sin's Itnd dams ttvl'nLgl'cl 4.31 illld 5.55 yellrs or 
IlgP, I'Ps[)('('lin'ly,. wlwu tlll'i.r progc'ny \\'PI'P horn. 'rill' g('ttl'I'I1.Lioll 
illle'l'vnl ('lllculltlNL rOI' postwt'ltuing lmits iWPl'ugNL ILbouL 5 ,\'('ILI'S. 

(j. Splp('t·iotl pt·PSSUI'(' fof' iJ\('(,PII.:H'd w('igllts, gltlllS, IWcL bod,,' S('UI'(~S 
WllS fI1irl\' itlLplIs(' Oil till' sil'(' sidl'. 'l'hp 1Il('ILIl sl'lpeli()tl difl'('rPlltifd 
(WI' gPlIpj'ttl iOLl in si.ltndtwd 'twits rOl' filml \\'(ligltt ofl' tl'sL WitS l.4!;O', 
which is f'Ppn'sl'nLn.Liv(' of thp top 1i-i l)('I'{'('lll of til(' popuitLtioll ulldpl' 
lI'UI\('il.tioll ::wl('('Lioll. Splpl'lioll pnwLic·pd lLtllOng I'I' IIIItll's wus I('ss 
i I1lt'I\;;P lllil WitS ('oll:lisll'lltiy posi liv!' t'X('PP L fo l' gain frOIl1 WPILIl ing 
to l~ IlwnLlu; (first. willtpr pl'riod) ILlld 1'01' mat.u.n' \\'(·igh!s. '.I'h(· 
ItII'ILll sph'dioll difJ'pl'('IlLiI1l 1)('1' gl'IIPl'tLlioll for l~-llIolltLt \\'('ight WllS 
0:21 cr. whi(·1t ('()IT('spouds to lll(' lop H\) p('I'(,l'nt of Uu' pO]JuliLtion. 

7. Till' sph'eLioll iueLi('PH LLllLl W('t'(' ILl'LUII,lly pmdi('pd W(,I'(' en.l('ullLted 
ill I'Plr'os()('('t, using tlw piwllotypi(' (·OITPll1.LioIlS and statldll.reLiz('d 
spLl'dioll difrl'rl'nliILis. Thl' splpC'Lion lt1d('x ill stllncLt11'd lI1('iISUf'l' 
ll<'ttlltll.\' pI'IL<'li('('d ou hulls on llH' lLveI'ltgl' WllS: 
IB O,~O});~ birtb wl'igl! I -;. O.1:~24 wPlllling wei~dll +0.2(j29 welwing 

S(,(H'e +- 1.1904 finnl weight ofl' Lost. 
'rill' sl'lpdion difl'pl'('nliltl 1'01' Ul{' incll'X wa>:' 1.50cr/. 

Tltp sdecl ion index 1'01' rellllttes WIlS: 

fue. -O.OOGS birtLl \nigh! +0.1:35:1 weaning weight +0.105'l welltting 
~('Ol'l' -0. t() I~ 1~-ll1olltlt weight +-O.:39-!~ 18-111onth weight 
~;'·().()7;)S 18-IUOl\tll llcore -0.20:34 malul'e spring weigllt 
-0. LOn:>, II1ltLUJ'(' fall wei~ltl +-0.0:3:17 producing ability. 

Tite s('I(,(,t ion difl'('['Ptltilti for Ilt~· indl'x WIIS O.:~(jcrf' 
X. Thc' ('Idculated nllues fur l'xp('cted genetic progrcss ill the \'nriOlls 

tl'llits, dl'l'i nd frOtll the llel'iltLbilily \'Itllles, genetic correll1licHls, Iwd 
relati \'p w('ight~ in Illl' indl'x, illdicate thl1t tOllsidel'ltble posili \'0 
gl'ut'ti(' ('lltll1g(' WIlS f'xpeeted in lill tmits sludied. 

I). The IL\'pragp pLH'llolypie dutugt's cluring t Itt' pel'iod 19;H t !tl'ough 
l\Jii9, !'ld!'ullllpd us litp l'egl'Pssions of tht' lLUllliltl nlOILtl villues or Ow 
1.1'1l,its 011 :n'llI'S, illdi('ILU' sitatble posiLi\'p dmng(' for ILll lmils stuclit'd 
l'x(,l'pl gll-itl 1'1'0111 W('IUling lo 12 months in h('ift'rs, whieh WitS essl'lIlilLlly 
XCI'O. 1n g('l1 l'1'1l I , these ciln,nges wel'l' somewhnL gt'cat('1' llmu till' 
(\xpceted g('Il('tie elH11lgt'. 

1O..1~sl illlltil's of l'lwil'Ul1l1lpnlld <'lmng('s from 19:34 Llll'ough tH59, 
calcula(ed (01' birth Itnd \\'PlLnling tmits from r('pelLL mlLlillg illrOI'II1II
t iOll, inclielll£' sligh t lIl'gllli n' Lrl'lIds fol' birt It weigLlt IUld wMlling 
S('Ol'l' lwd subslllnLial positiv(' tr('nds for gltin from birth to wPluliug 
Iwd for welwing weight. gslinI!Lf.('s of ('1\\'irOI1l11£'nlld trends roe 
POSl,\·pil.ning ll'tLils \\"('('P tlot obtained. 
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ll. Esti1l1l1LeS of g(llleLie dll1uges, calculn.ted by subtmcting the 
envirOllmental trend from the phenotypic trend, indicate that sub
stantial genetic progress ,nlS outained for bidh weight, gain from biL·th 
to wCluting, wenning weight, and weaning score. Estimn.Les of total 
genetic', response from lU:~4 through lU59 were U.7 pounds in birth 
weight, 21 pounds in gn,in from birth to weaning, ao pounds in wcalling 
weight, n,nd (j.5 percent ill wetwing score. 

12. Compnrisons of expl'C'ted Ilrtd estimated genetic l'CSPOIISP from 
1U43 thl'ough 1959 indietlte thttt slightly more respollsP llmu pxpeeted 
WitS oblitined in birth weight (lOG peI7cent) Ilnd wealling seol'o (11G 
percput), and considc,l'!1bly wore Limn experted wus obttl,lncd ill gaiu 
from uirth to weiLlling (1:39 percent) nnd wellning weight (130 pcrcent). 
Adjustu)euls for the cletrlnl.entll1 etfecls oJ inbreeding were not inelud,ed 
in these Ytllues. U acij lIstmenl::; for the ('Heels of iubreediug .had been 
nmclc, ('sliL11!1.tes of ('ol1sidenlbly Ilion' progress tho.n l'xpccted would 
hlwE' bN'll obto.illed ill these lI'H.lts. 

1:3. ('olllpltrisOLls of expected g(,l1cti(' respouse flnd lu'tunl phenotypic 
n'sp0I1SP 1'01' POSLWt'lll1illg trails from JH4a through lU59 indicatl' that, 
in gpneml, Lbr tl('tutlll'('SpOllSe WitS nS groat us 01' gl'l'n.ter Hntn l'xpected. 
Although (,llvil'onmrnl is !t fador ill these trcllds, t.IWl'C flpPILrently 
hilS beco ;;orn(' gel1Ptic ('l'SPOl\S(', l'Lnt! the dab do not suggest UU'LL this 
respollse is less than ('xpf'eted.

The rl'sults of this st ud:,>~ lnclicl'Lle, that i'L long term breeding pL'Og;mm 
lhfLt combines inlel1SI' s('ll'etiou o.nd mild inbreeding in a fn.irly ltLt'ge 
closed line sbould hI.' u('ll('fi('inl in im prOytllg the genetic merit of tn\ils 
ilsf:,ocilLled with growLh. Results on the ('Hedin'ness of selection in 
other inbred lin(:8 ll(,E'd lo bE' studied b('[o1'(' conclusions onn be made 
Oil the geneml applit'tLtioll of Litis breeding system. 
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