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Procedures for estimating the breeding value for average daily gain of beef bulls
across breed and across test groups are described. The estimates are best linear
unbiased predictions taking inb account breed, test -sroup, paternal half-sibs and
heritability. Breed differences based on canadian test stations indicate that Angus
gatn approximately .05 kg/day less, Shorthorn about the same and charolais .25
kg/day more than Hereford, with these differences fairly similar for all provrnces.
The use of evaluations across groups is compared with evaluations within group,
considering the difTerences between large sample and small sample selection and the
accuracy of estimating breeding values across groups relative to within groups.
Expected genetic progress was found to be similar for across- and within-group
selection procedures for fixed tested population size with an advantage for selection
across groups for groups with many sires, especially for small numbers of bulls
selected. Evaluations across groups can be mure flexible, allowing for selection both
within and across groups.

Les auteurs d6crivent une m6thode d'estimation de la valeur g6n6tique de taureaux
de type de boucherie pour le gain moycn quotidien. Les estimations, d6termin6es
entre diverses races et entre divers groupes d'essai, sont cles pr6dictions linelaires
sans biais de variance minimum tenant compte de la race, du groupe d'essai, des
demi-frdres paternels et de I'hdritabilit6. Les dif'f6rences de rice. bas6es sur les
stations d'essais canadiennes montrent que les Angus gagnent approximativement
0.05 kg/j de moins, les shorthorn d peu prds autant ct lescharolaii o.23kgljde plus
que les Herefbrd, les diff6rences 6tant sensiblement 6gales dans toutes les provinces.
Les 6valuations inter-groupes ont 6t6 compar6es avec les 6valuations intia-groupes
en ce qui a trait aux diff6rences entre un grand et un petit 6chantillon, et b la
pr6cision I'estimation de relative de la valeur 96n6tique inter-groupes par rapport d
I'e_stimation intra-groupes. Le gain g6n6tique attendu a 6t6 le-m6me pour les
m6thodes de s6lection inter et intra-groupes dans le cas de groupes de population
fixe. La s6lection inter-groupes semble avantager les groupes comptant de nombreux
taureaux, surtout quand il s'agit de s6lectionner un petit nombre de taureaux.
I'6valuation inter-groupes peut 6tre plus souple et permettre la s6lection ir la fois
dans un gr()upe el parmiplusieurs groupes.

Performance testing of beef bulls is carried
out to bring about genetic improvement in
growth rates of feedlot cattle. The key
requirements for improvement are testing a
very large number of bulls and having many
bulls measured under similar conditions. A
testing structure with many groups, each
containing several bulls, is necessary to
Can. J. Anim. Sci. 55: 359-367 (Sept. 1975)

make possible both accurate and intensive
selection.

Selections are often made both within
and across groups, but evaluations are often
made that are only appropriate for selection
within groups. The purpose of this paper is
to describe an evaluation Drocedure for
selection across groups and to compare the
expected genetic progress in growth rate
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from selection across groups with
sclcetion u ilhin grttuPs.

ACROSS-GROUP EVALUATION
PROCEDURES

Comparisons across groups or herds are usually
impossible bccause of onc or ntorc of the folloq'-
ing reasons: suall numbcrs pcr group. r'ariablc
breed t'cprcscntzltion pcr gror,rp. and u'ithin
brecd gcnctic dil'fcrcnces pcr srotlp.

Various proccclures nright bc considcrcd ttl
makc across-he rcl ot' group cotttparisorls. The
most direct is to test all thc btrlls 1'rotn scrcral
hcrds togethcr'. Altcrnatir.t-11'. rltndolll salllples
of hcrcls could bc tcstcd to-sethct'and thc results

uscd to rate the hcrd. This wotrld bc appropriate
only lirr thc concurt'cttt test itnirr.rals r,' ithin the

hcrd since thc follo*ing ycrr's calvcs r,rould

oltcn be by ditTcrcnt sircs. Thc procedure dc

scribed hcre is thc ttse of standard tcst procc-
dures and calculations for lat-gc nttt.tlbcrs ot

!ro11pr. Onll .'ri'upr I))r'( linS tttinitttttm re-

cluircr.ncnts for nunrbcrs of sires ancl bulls pel'

sirc arc uscd. Tht- rctltLifcntcnts ar-c dcsignccl to
nrininrize sanrpling gcnr-tic dil't'ct'e-nces bctuccn
gr()ups.

Stanclard test proccdurcs cottlcl bc carricd or-rt

for gronps iu * hich
l . A minimut.n specified ttLttlber of stres arc

representcd with a minirnttm nuntbcr of br'rlls pcr
slre.

2. All bulls in a gror.rp arc tre ated alike and
standard proccclures tbllowed.

l. Start of tcst and end of test ucighings are

sr.r pc rv ised .

Stanclard procedurcs could be

l. Age of all bLrlls at start of test should be

rclatively similar (for examplc betwce n 190 and

265 days),
2. All bulls should bc givcn a 28-dav n arrr

r-rp to olfset prc tcst environment. This has

lu15-el1 bt'en lrehicrr'tl in stltti,rtt ld\l\. il\ ll \L'r)
low phenotypic corre lation bc-trveen -qror',th rate

on tcst anci startin-r $'ei-sht lfter uarm-ttp has

been firund by Wilton et al. (1973) and Batra and

Wilton (1972). Similar adjustment periods
r'r ould bc nccessary tbr within-hcrd tests.

3. Test period lcngth should bc 140 days.
21. Growth ratc e valuzttions should be com-

puted by a standard procedurc.

Across-Group Models
A complcte rrodcl tbr grou,th rate tl'tust bc

specifiecl to dcterntine cvalttation proccdrtres

The model used here is:

r ijrr: & i bi'f g1f .!11 *2i1p1 * r'111

Where l';;L1 - avcragedaily gain (ADG)on
tcst record

lL : ovcrall mcan of all grouPs in a

specified Year
l, i : constant common to all bulls of

the lth breed

8.i : constant common to all bulls
tested in.71h grouP

.! ijx - random sire cff'ect of the I'h
breed whose ProgenY appear
only in the f 'n grouP

p ijkr : random bull or progeny eff'e ct of
the ,tth sirc within the lth bree d

and7ln -urouP, and
{'ijxr - rlndom crror cffect with cach

rcctl rd

nith s, p, and c having mean zero and variances

o.', tro' and o"r, respcctivcly. A linear additive
mrrdcl shoulJ he apprupriatc. :inr'c prc\ l()u:

rcscarch has indicatccl no changes of variance
ri ith chan-ses in ntcan (Wilton and Batra 1972).

Accounting for Brecd Effect

Sinrultaneous solutions could be obtaincd for all

e ff ects after a spccified period of time How-
cver, it is oftcn ncce ssary to provide immcdiate

cvaluations, which would be donc after each

group has coupleted test. In this event, there are

often not enough bulls of various breeds tcr

accurately elitr-rinate breed cff-ects. A common
breed adjustment based on u priori breed differ-
ence estit'nates could be used as long as breed

ciiffercnces rvere similar for each group. Studies

of the intcraction of brceds and location (repre-

scnting different groups) using data from B.C.,
Alberta, Saskatchewan, Manitoba, Ontario and

the Maritirr-res. as dcscribcd in Table I , indicated
no si-unif icant interactions existcd on a practical
basis. Approximately l'Z of thc total sums of
squares were explaincd by interaction (Table 2).

Brced differences were fairly consistent fiom
location to location (Table 3). A common breed

adjustment appcars rcasonable' although it
ri,ould not cxactly removc all breed cff'ects from
cach group. Onc of the largest diffcrences is the

superiority o1' Charolais over Hereford in On-

tario relativc to that in Albcrta. a diffcrence of 3

kg/clay rather than .2 kg/daV Comparisons of
Charolais sires might be differcnt by I kg/day

from these two provinces if tcsted mainly with
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WILTON F-T AI-.----GROWTH RATI: ITVALUATION PROCEDURES 361

Table I . Numbers per subclass (N) and means for average daily gain for four brecds in several locations

Angus Hereford Shorthorn Charolais

Location Year
lvlean
(kg)

Mean
(kg)

Mean
(kg)

Mean
(ke)N

Manitoba

Alberta

Maritimes

British
Columbia

Saskatchewan

Ontzrio

7l
'72

13

7l
12
73

7l
72
13

7l
12
73

7l
12
73

'71

12
73

T]
27
29

51
50
4)

ll
9

l3

l8
z)
/a

30
44
44

33

2'7

62

t.-J)
t.36
r.36

|.17
l. 16

|.25

l.0r
1.03
1.24

|.24
t.42
t.26

1.26
1.21

t.3u

t.22
r.20
t.-tz

t36
14
ll0
11

61

-59

40
33

3-5

29
l+
20

129
r04
r83

t44
180

209

1.31
t.4l
1.4'l

l.2u
I,I.5
1.22

t.t2
|.14
t.26

l.15
1 .30
1.20

1.26
L34
1.40

1.36
1 .34
r.38

L-)

25
20

l0
l5
10

t2
4
7

r0
5

2

l4
25
3ti

l8
33

1.28
1 .33
I.43

1.23
1.12
t.26

1.13
t.l8
1.28

|.23
|.26
t.38

t.37
1.30
1.44

1.32
r.30
r.40

45 l.-59
29 t.62
4-5 |.61

38 1.41
43 1.41

28 |.46

| .91
I 1.35
6 1.50

5 r.5r
20 1.49
18 I.59

20 r.53
14 t.57
5 1.73

39 1.76
53 1.61
69 1.68

Table 2. Analysis ofvariance for average daily gain for group tested bullst

Source df
MS

(kg/day)'? R )(c/c)

Locationi
Brecds $

Groups/location I

Groups/location 2
Groups/location 3
Croups/location 4
Groups/location 5
Groups/location 6
Location x brced
Residual

5

3

2

2

2

2

2

23

t-5

) q7s

1.73
3.49
0.6.1
Ll0
0. r6
0.4u
o.62
0..51

0. t3
0.03

62.86++
1 26.88', i
23. 1 8x*
,+0.09*i

5 .78 i'*
17 .3l++
22.5'7"*
t8.62*J;
4.7 l'):)r

5.70
6.91

.8.1

1.16
.21

.63

.82
L]1
1.28

+*P < 0.01.
fModel:yi;11 - lL+ pi+ bj+ (pb).\j* g11 * r,1p1
ln which p is location;

D is brecd (Angus, Hereford, Shorthorn, Charolais);
g is group rvithin location (usually year); and
e is a random effcct associated with the /thobscrvation u'ithin thc trh group, distributcd N (0, o'z")

ilocation, Manitoba, Alberta, Maritimes, B.C., Saskatchcwan, Ontario.
$Breeds, Angus, Charolais, Hercford, Shorthorn.
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362 CANADIAN JOURNAL OF ANIMAL SCIENCE

Table 3. Breed-f differences for average daily gain (kg/day) on a within location basisl

Location
No. of
bulls (A_H) (e-A)tS-Ht

Manitoba
Alberta
Saskatchewan
British Columbia
Maritimes
Ontario

-.06+.02$
- .03 + .02

- .05:! .02
+.08+.03
-.08+.03
- .09:t .02

.06+.03

.02+.03
+ .03 +.02
+.08+.05
+.02+.04
- .03 + .02

.22+.O2

.20+.02

.26+.03

.29+.04

.17 + .06

.30+.01

580
490
6s0
228
112

l 002

fA, Angus; H, Hereford; S, Shorthorn; C, Charolais.
fBreed differences estimated from separate analyses within each location
Model:y; : p'f bi -l- gi * ell with terms defined in Table 2.

$Standard enor of difference.

Herefords. This would, however, not have a

major influence on selecting the superior bulls
(say those gaining more than one standard devia-
tion above average or .2 kg/day above average).
Breed adjustments based on the differences
below would appear suitable.

Breed bi

Hereford .00
Angus -.04
Charolais + .25
Shorthorn .00

These are based on the analysis of the data just
described and presented in Table 4. Since
Herefords are mo\t numerrru\ in tcsl groups.
Herefords would appear to be the most suitable
base.

Development of Evaluations
The model for an adjusted record would then be:

(rrrxr bi)- tr+ 8:*Jux*p;11 *e1p1.

Using this model, first with records on
Hereford, Angus, Shorthorn and Charolais, the
development of an evaluation procedure apply-
ing the general procedures described by Hender-
son (1973) is as follows:

Let zi:r< : (il,i:tr - b). a breed-adjusted
average daily gain record. Assume that

E (s u) - E(p,:*) : E(e t:*) : 0 for all i, ,1, k

E (aJl crossproducts) : 0

Var (zi:J - osz + oo2 + cu2

-2 | - 2
L2 u\ TUp 

- 5n" ;!+Cj + u7- "

and all n 1x (number of records per bull) : I

Since o.2 : rft c62 - fa (additive genetic variance),

coz:3o"
a : c.zlc"z-4

o : oozl-tl"z -,
oc_

4 :c"zlop2-l333 ,and

f : opzlo"2-3'

In order to simplify the calculations assume that
l Breed adjustments have not changed o,2 :

(J"2 + cD2 -f tf"2: 6*2.
2. Sires are represented in one and only one

group. This assumption is not valid, but should
have little, if any, effect on evaluations within
groups, and probably a small bias in compari-
sons across groups. This assumption is imposed
strictly for computational reasons. If there were

considerable cross-classification of groups and

sires and if data from several groups were

available simultaneously, a different model and

procedure would be m()re appropriate.

Table 4. Analysis of variance and breed differences in

average daily gain based on a model including breed and
grouPf

Source

MS
(kg/day) I Rz(Vc\df

Breeds
Groups
Residual

3 8.68
3 8 0.94

2,990 0.03

309.44** 11.16
33.36** 23.44

Breed dffirences (kg)

(A-H): -.0s+.01
(S-H) : .00+.01
(e-ff) : +.2s+.ol

tModel: )ijk : /, + bi + I j I e11 with terms defined in

Table2.
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WILTON ET AL.-GROWTH RATE EVALUATION PROCEDURES 363

3. Sires are unrelated individuals, and non-
inbred.
Re-writing the model in matrix notation,

y : Xb I Z"u"+ Zpup+ e

Eb)) : Xb

u lu,-l f 0l
I a" | : I 0 |L"l Lol

Var F r" -l J-lo"2 0 0 1

Li"J L3 'ror lo", l
Note that since all n 11 : 1 , Z p: L

To minimize the erors of prediction using
linear unbiased predictors the equations to solve
would be

li:!+ tr';,!,;*," il:2-. ,,] tfr] liilLZ',"X Z',oZ, Z'oZ.;llt

The vector 6 contains solutions to the group
effects (differences). To solve for 6, solve for r? o
in terms of 6 and t?r, then substitute into the
previous two sets of equalions

fip: (Z'J,e+lq)-t Q'o! - Z'&rfi"-Z' ,Xb);
butZo:7, ro

fi,: I (ll(+q))tj Z"n"-X61.

Now substituting into 6 and fi" equations and
simplifying gives

frr X'2, 1l6f_fx',ylIIb',, Z'"z.rra I Lr.l Lr; I
, a (l*o\where ot: ''' -t' :7.

q

Thus, no change (except in the ratio added to the
sire by sire diagonal coefficients) is made in the
sire and group equations, since each progeny has
only one ADG record. Due to the nested struc-
ture of sires within groups, ri" can be absorbed
into the b equations to yield the following results

(,' ?f+) ttit
(" - ? ;3r) ,> n?n

s )ij.4-
j nijt a

> nij

i fliit a

where n1 is the number of progeny of the jth sire
in the I th group. This estimate of the group effect
is a weighted average of sire averages.

Working backwards,

3,, : )r:. - nif i : ni: () i.; ii)" nij+a nila
which is a regressed deviation from the group
estimate of the mean. A bull's breeding value
within a group is

siirpi;r )iil-- fitqjii
rfq

The complete across-breed evaluation is then b1

+ sij + fr,1 for bulls of the /th breed (Angus,
Charolais, Hereford or Shorthorn). This evalua-
tion is the best estimate possible of each bull's
breeding value.

For bulls of other breeds and crosses. the
across-breed evaluation can be approximated as

I

u(wiixt - ii). This gives the estimated
lTu

breeding value based on the deviation of the
original average daily gain record expressed as a
difference from the best estimate of the group
mean. An exact estimate could be obtained as
soon as breed differences could be estimated. An
allowance of approximately 3-5% because of
heterosis could be made for crossbreds (Prestorr
and Willis 1970).

This method of evaluating bulls has the fol-
lowing advantages:

l. Each evaluation has the smallest prediction
error variance possible of all linear type evalua-
tions, and is unbiased.

2. Information on half-sibs is incorporated.
This is done directly from the model specified
and requires very little extra computing. Al-
though comparisons with a reduced model have
not been made, simple comparisons based on
procedures described by Van Vleck (1974) for
including half-sibs in evaluations of bulls indi-
cate increases in accuracy or correlation of true
breeding value with the evaluation (ry) of 2Vc

for 5 and 4o/c for lO half-sibs.

Measuring the Accuracy of Evaluation
The accuracy of estimating a bull's true breeding
value is shown in Table 5, assuming each sire
had an equal number ofprogeny within a group.
The accuracy increases rapidly until the number
of sires per group approaches 10. The formula
for calculating 12.11 for any bull, using the de-
scribed

,"r- 
|.
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Table 5. Accuracy ofevaluation of individual bulls (r1) ftrr various compositions ofgroups

No. of sires per groupNo. of
bulls per
s lre

I
2

3

4

5

6

1
8

l0
zo

.0
.40
.+o
.49
.-5 I

.52

.52

.53

.53

.54

.55

.50 .58

. )6 .bJ

.60 .61

.67 .6-5

.62 .66

.63 .66

.63 .61

.64 .61
64 .67
.64 .61
.65 .68

.63

.06

.61

.68

.69

.69

.69

.69

.10

.'70

.7 1

6l
.65
.66
.67
.68
.68
.68
.69
.69
.69
'70

.6s .65 .66 .61

.67 .68 .68 .69

.68 69 .69 .69

.69 .69 .70 .10

.69 .'70 .10 .'70

.t0 .'70 .'7 | .11

.70 .10 .T | .7 |

.10 .7 1 .71 .7 1

.10 ,11 .7 | .7 |

. 70 .1 1 .'71 .71

.t 1 .12 .'72 .12

where cro2fo.2:3
o"2 loo2: I .333 .

: f--r'li L/7irtG I
7.0(v:

ni., : numberof pro-venyofthc
,f 

th sirc in the lth grottP

ki - nii* a.

The confidence interval (CI) for a bull's
evaluation could be simply compr-rted by adding
and subtracting

t x arr: 1o which equals

,fl-m"where 1 is Stucient's t at

some probability level, (rrr :to is the conditional
standard deviation of breeding values -qiven that
a particular evaluation (1u) has been found, and

other terms are as previously dcfined. This
figure could be reported along with etrch bull's
evaluation. However, it will probably be very
similar for all bulls in a group. and even for all
bulls in groups of some specificd minimtrm sizc.

Minimum Group Size

Genetic differences bctween any two group solu-
tions can be rather lar,ue depending on the
number of sires in each group and the number of
bulls per sire. For example, two groups each
with two sires and two sons per sire may differ
nrarkcdly if lhe two sires in ()ne,sroup are
genetically superior to the two sires in the

second -uroup. B1' chance occtlrrence the first

-croup may have had a much better than average
reprcscntation of sires and bulls than the second
group. Thesc kinds of diff'ercnces can be les-

sencd by having a certain number of sires per

group and a certain number of bulls per sire. The

differences between any two group solutions can

be u ritten as

? (+")
? (,-ft-t

Now the variance of a particular solution is

var (ir - I (':a;lilze;^., \ 4
,-, \ tniit a)' / c'

Using only the genetic contribution and as-

suming two groups of the same size.

Var6rs,-5i,r- zi /rlll,lirf^l i
,='\otnii+at'/ ('-

where m : number of sires per group, and

,,: (> ,1, \'
\ 

j 
'?iir 

a/

Notice that when m : I and n11: I , Vara; (f 1 -
E ) : 2o,:'.

The percentage of o62 remaining for various
combinations of n and n;; is shown in Table 6,

and in Fig. I for one bull per sire.

Decreases in variation become less at approx-
imately 25c/c of o62 (Fig. l). With 25c/r t'tf Ihe
gcnetic variance remaining, the genetic sam-

olinc ditference bctween trvo minimurn-sized
groLip, would u" vE-i-IIIlEdP - .oq

kg/day. This coLrld be reduced to less than .05

kg/day bV toing to no more than l07c of the

genetic variation. This would require. for exam-
ple. 20 sires with one bull per sire or 8 sires with
five bulls per sire, in each grouP.
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wILTON hT AL.-GRO\ /TH RATE EVALUATION PROChDURES 3 6-5

No. of
srres per
group

Ntr. of bulls per sire

60 .5.s

30 28
20 18

14 t1
)2 ll
l0 9
88
17
t6
oo
11
-) -)

tl

Genetic differences betwccn groups for
reasons other than sampling tright also exist.
Selection of calve s going on test would be onc
such reason. Howcver. the bias in evaluations
should be small. sincc thc correlation of weight
at start of test with ADG on tcst is low.

COMPARISONS OF SELECTION
WITHIN AND ACROSS GROUPS

The advitntaucs ()l sclc( ti()n lre r()ss !r{)uJrs Jrc
increascd selection intensities through iarcc

Table 6. Percent of genetic variance rcmaining in the
difference bctwcen two groups

salnple rather than small sanrplc sclcction and
through increascd possibilities firr selection. In a

fixed testing popr"rlation and a fixed number of
bulls selected. large sanrplc sclcction resr.rlts in
higher selection intensities than sntall santple
selection (Tablc 7). For example. selecting the
top bull from a glor"rp of 20 in l0 diffcrcnt
groups (small samplc sclection) r.rrruld be only
9O/c tts efTectivc as selccting thc top -57r of all
200 bLrlls (lalgc sample selection). The difl'er-
ence is nrost pronoLurccd for small numbers of
bulls selected per -sroLrp. The diflerence be-
comes less as nunrbcrs ol bulls selected in-
creases. especially ifgroup sizcs are largc.

Thc increases in selection intcnsitics can bc
ofTset by inacculucics in clirlinatin-l group ef-
l-ects. Thc ratio of u'ithin-uror-rp to across--gl'oup
accuracics (r'1'1's) can be deterniincd by diviclin-t
the within-sroup or sinrple r'11 values calculatccl
as describccl by Van Vleck ( 1974) by thc valucs
in Tablc -5. Thc simple 11y varlucs fol cvaluating a

bull using inlirrmltion l.rrur that individLral plLrs

fronr half'-sibs afe .707 for thc individual alone
and.713..1 t7. .121 ..121. .726..128,.130.
.132. .733 

^t1d 
.'742 for thc individual and l. 2.

3. 4, -5, 6. 7. 8. l0 and 20 half-sibs. respective-
ly, assuurin-u a helitability of .-50. Thc *'ithin-
group rrr's arc not chanqecl by chanuin-u nuntbct s

of sires pel group. sincc thc -rrroup cflict docs
not nccd to bc elinrinatcd. Thc ratio of annual
cxpcctcd gcnetic progl'css fronr within- to
across-group sclcction is thc product <t1'thc
ratios firl selectiou intcnsity and /rr's. sincc thc
genetic standalcl dcviation and -ucnclation inter-
val are constant. i-c..

A?'ivithin
AI across

whcrc AI is cxpcctcd annual gcnctic chan-uc in
!r()\\ lh riltc und r is scleetitrn intcnsil) .

The conrpalisons depcnd on nurlbcrs of bulls
pcl sirc and on nurrbe ls of sircs pcr -sroup (Tahle
ll). Glur.rps that utinirrrizc lrcnctic sanlpling var-
iancc u'oulcl usually includc scvcral sircs. so thc
expected genetic plo-qlcss flour sclcction q ithin
and across gfor.lp would usualll'bc fairly siurilar.
Selcction acl'oss gtoLrps is advrnta-ucous u,hen
snrall nunrbers ol'bulls are selectcd. espccrally
in gror.rps u ith rrany sircs and I'cw bulls per sire.
Sclection u'ithin groups is advanta_seous u hcn
lar-ge r nunrbers ol' bulls are selected in groups
ri ith highr'r rturtthcls rrl bulls pcr sirc und li'u e'r

sircs. Pnrccdulcs o1'bccf hull cvaluation appear
to bc lclatively uninrportant in dctclminirr-u rates
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Table 7. Ratio of small sample to large sample selection intensities for varying sample (test group) sizes

No. of
bulls tested
per group

No. of bulls selected per grouP

5020t0

.99

.99 l.00

.99 1.00

.99 1.00

8

IO

t2
l5
20
50

100

500
r,000

.86

.88

.89

.90

.90

.90

.91

.92

.93

.93

.94

.95

.96

.91

.98

.98

.98

.94

.95

.96

.97

.98

.98

.99

.96

.98

.99

.99

.99

.95

.96

.98

.98

.99

.99

.90 .91 .9 r

.91 .92 .92

.92 .93 .93

.92 .94 .94

.93 .95 .95

.94 .96 .91

.95 .96 .97

.96 .91 .98

.96 .97 .98

of genetic progress, especially relative to total
numbers of bulls tested, which greatly increases
selection intensities for either within- or across-
group selection.

A potential advantage of evaluations across
group is that selection possibilities could be
increased. This would most likely be of interest
to artificial insemination units who might wish
to select accurately amongst bulls tested in
several diff'erent groups. They would be able to
obtain a fixed, usually small, number of bulls
from a largcr number of bulls, increasing selec-
tion intensity. Selection across groups could also
avoid any reductions in genetic variability and
increases in inbreeding Ievels that could arise
from selection within groups.

Evaluations across group provide flexibility,
since they can be used for selection both within
and across group. The use of evaluations across
group as described could be useful for specific
cases such as selection of a small nulnber of
bulls, selection from groups with many sires and
few bulls per sire, and selection from a larger
total number of tested bulls, while still being
useful for selection within groups.
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No. of bulls selected

Sires
Bulls/

slre
Bulls/
group 5020IO
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5
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l0
l0
l0
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l2
t2
l2
IL

20
20
20
20
50

r00
100

I .00 1.05
.94 .99
.92 .96

t.03 1.06
.95 .98
.92 .95

L03 1.06
.99 1.02
.97 1.00
.95 .98
.93 .96

r.03 1.07
.96 .99
.95 .99
.92 .95
.94 .98
.95 .99
.92 .96

r.06 1.06
1.00 1.00
.9'7 .9'7

r.07 1.07
.99 .99
.96 .96

1.07 I .07
1.03 I .03
r.0l l.0l
.99 .99
.9'1 .97

1.09 l .09
l.0l l.0r
l.0l l.0l
.9't .97

l.0r 1.02
r.00 l.0l
.9'1 .98

1.09
1.00

.9',7

I .08 1.08
1.04 1.04
r.02 t.oz
1.00 1.00
.98 .98

I.l0 l.l0
t.02 1.02
1.02 '1 .02
.98 .98

t.02 t.02
r .02 t.o2
.99 .99

l. l0 l. t0
t.02 t.02
t.02 t.02
98 .98

1.03 1.03
l.o2 t.03
.99 1.00

1.04
I .03 1.04
r.00 l.0l
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