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CHAPTER I 

INTRODUCTION 

In most large animal and plant populations, the economic 

value of the organism is a function of more than one charac

teristic. It seems logical that each character contributing 

to the net merit of the individual. snould receive attention 

in selection. Th.is would indicate that some type of index 

should be used. 

In 1936, H. Fairfield Smith developed a discriminant 

function for plant selection which was designed to combine 

the information from several traits into an index. Hazel 

· (1943) expanded on the theory developed by Smith from the 

genetic viewpoint and illustrated how selection indexes could 

be constructed for three swine traits. Prior to this, Hazel 

and Lush (1942) stated that selection for an index which 

gives proper weight to each trait is more efficient than se

lection for one trait at a time or for several traits simul

taneously with an independent culling level for each trait. 

Almost three decades have passed since this theory of selec

tion indexes was developed, but s.el~ction indexes have not 

been and are not now a commonly used method of selec~ion. 

One might wondE:ir as to why they have not been used more. 

One explanation might be that the theory is not well 

1 



enough understood to apply it to the development of new in

dexes. This does not seem likely due to the number of re

searchers who have written short mimeographed papers on the 

construction of selection indexes including :!the application 
I ... . ,: ··. '• . c ·, • 

of.~he method of least squares in their construction~ 

2 

A second explanation might be the difficulty encountered 

in solving n. simultaneous equations. This crnuld definitely 

have been a deterent several years ago, but with the advent 

of the modern computer this problem should have been elevi-

atedo 

The third.ap.d probably the most plausible explanation 

is the problems involved in the estimation of the parameters 

used in the construction of the index •. Hazel (1943) .con

cludes that an index constructed from data taken on a herd 

in one locality may not be widely applicable. The reasons 

being: 

1. Relative economic values for a trait may vary with 

the particular locality or nature of the enterprize .. 

2. The genetic constitution of herds may differ, es

pecially where they are under distinctly non-random 

mating systems such as intense inbreeding. 

3. Different ~anagerial practices may cause the stand

ard deviations for the traits to vary tn different 

herd1;3 .. 

4 .. Few herds are large enough to provide data suffi

cient to make the sampling errors of the genetic 

constants small. 
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The primary objectives of this study were to (l) deter

mine the proper method of weighting economic values when us

ing the least squares method of construction, (2) compare 

the use of positive versus negative economic values forcer

tain traits, (3) determine the economic val~es for different 

swine traits, (4) examine the effect of varying the estimates 

of the genetic and phenotypic correlations on the correla

tion between the index and the aggregate breeding value for 

a two and three trait index, (5) construct indexes involving 

various combinations of swine traits and (6) compare the in

dexes constructed with respect to their predictability of 

the aggregate breeding value. 



CHAPTER II 

SELECTION INDEXES 

Construction 

A selection index can be defined as an arithmetic de-

vice designed to combine information from different charac-

ters and from different sources into one value for each indi-

vidual. The purpose of a selection index is to make selec

tion more effective in terms of the total performance of the 

organism. 

The phenotypic value, expressed as a deviation from the 

mean, for a particular trait can be defined as: 
' 

P. - P. =a.+ e. 
J. J. J. l. 

where: 

Pi - Pi= phenotypic value of trait :j_ expressed as a 

deviation from the mean 

ai = breeding value for trait i 

e1 = remainder (includes dominance, espista~ic, 

and environmental deviations)9 

The breeding value and remainder are assumed to be independ-

ent. 

If it can be assumed that the aggregate breeding value 

of an individual is a linear funption of the individual 

breeding values for each trait, the aggregate breeding value 

4 



of the jth individual can be.expressed as: 

= t v.a. 
i 1 1. 

5 

where the Vi represent the relative increase in net worth ex

pected from one unit increase in trait i, independent of 

changes in the other traits (i .. e. relative economic values) 

and the ai are the bre.eding values for the vari,ous traits of 

the jth individual. 

However, . only phenotypes of the individuals· can be mea-
. ~ 

sured. Therefore, the index to be developed and used must 

be a linear function of the phenotypic values. The general 

form for the index would be: 

,where the Pi-Pi denote the phenoty:ves of th~ va~ious charac

ters of individual j as deviations fr1om t.he mean and t~,~ bi 

t_he weights to be given the various phenotypic values. The 

b. should be such that both: 
1 

1. the correla~ion between A and I is a maximum, and 

2. the sum of squares of deviations, 4 [Aj-Ij] 2 , is a 
~· 

minimum. This is essentially two ways o:f saying the.same 

thing. The method 9f least squares can be used to minimize 

the sum of squares of deviations. The model is: 

A-= I . .;. e. 
J . J J 

or 

The V's are constants, the P's and a's are variables and the 

b's are partial regression coefficients. To minimize ., 
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1 (Aj-Ij) 2 the partial differential with respect to each bi 

O I:(A --l.) 2 
( . j J ~ 

is taken and set equ~l to zero i.e. - - 'b bi ) . The 

summation is over then individuals upon which the index is 

to be based. The resulting normal equations can be written 

in the following fo:rm by dividing every element by n-1. 

+ ••• + 

+ ••• + 
A 

bn Op 2-n 

. . . . . . ~ . . . . . . . . . . . . . 
A A A 2 A 

b1 ap + b2 Op + ••• + b-ri-0:P . = Op A 
1n 2n n n 

The -covariance between the. nth pllenotypic value (Pn-Pn) and 

the aggregate breeding value ca,n be expressed: 

but, 

p .... p =a +e · n n n · n 

and.--it was assumed that breeding val-ues and remainders were 

independent so, 
A 
aa. e = 0 

J. n 
A 

which leads to the following result for ap A• 
n 

This result le~ds to the following expression for the normal 

equations: 
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A " A A 
b18P2 

A 2 
+ b2aP + ••• + bnaP :::, V1a -+ v " + • • • + Vnaa1n 1 12 1n a1 2 a12 

A A A A 2 ·. A 2 A 
b10'p + b2aP + • • • + bnaP2n = V1aa + V2aa + .... • + Vnaa2n 

12 2 12 2 

• • .. • • .. • • • • .. .. • .. • • • • • • • • .. <! • • .. .. .. • 

" A " " A 2 " 2 
b1C1p + b20'p + . .. . + b CTp :::, V1cra + V2cra + • • •. + Vnaa 

1n 2n n n 1n 2n 17-

where 
A 2 
Op. ::::; an estimate of the phenotypic variance for trait :i. 

1 
A 
a = an estimate of the phenotypic covariance between p,. 

" 

1J 
traits i and j. 

A 2 
a· = an estimate of the additive genetic variance for 
ai 

trait i. 

a = an estimate of the additive .genetic covariance a .. 
1J 

between traits i and j. 

v. 
. 1 

= economic value for trait i • 

b. = 
1 

partial regression coefficients. 

These are a symmetrical, non-singular (full rank) sys

tem of equations which can be solved by any appropriate meth

od such as the Abbreviated Doolittle. 
' Since the normal equations are to be solved fo:r the bi' 

estimates must be obtained for: 

lo the phenotypic variance for eac~ trait 

2. the phenotypic covariance or correlation between 

each pair of t.raits 
A, 
CTp .. -

1J 



J. the additive genetic variance or heritability for 

each trait 

8 

4. the additive genetic covariance or genetic correla-

tion between each pair of traits 
A A A 
a = r aa. oa. aij g .. 

J. J J. J 

5. relative economic value for each traito 

An estimate of the correlation between the aggregate 

breeding value and the index can be determined as follows: 
A 
0AI 

A I\ 
0 r 0 A 

where 
A2 A 

v? 
A 2 A 

aA =EV. v. a = E aa. + E V.V. 0 
ij J. J a .. i J. . . J. J a .. 

J. J J. 

i~j 
J.J 

11.2 b. 
A b? A 2 + E b.b. 

A 
al =Eb. a = E aa. a 

.. 1 J P .. i 1 ; . l. J P .. 
J. J J.J J. 

i~j 
J.J 

A A 

0 AI = E b. 0 P.A i 1 
1 

The first set of normal equations illustrate that: 

therefore, 

so, 

Eb. 
j J 

I\ 
CJ P .. 

J.J 
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The correlation between the aggregate breeding value and the 

index t~rns out to be the ratio of the standard deviation of 

the index to the standard deviation of the aggregate breed

ing value. For an index .involVing only two tr~its, the var

iance of the aggregate oreeding value and the index would be: 

and 

A 
+ 2V 1V 2 a 

a12 

· From this, Willham (1964) states that the heritability of 

the index would be as follows: 

h2 A2 A2 
= aI/aA I 

2 = RAI 

Hazel (1943) states that for the special case where the 

traits are uncorrelated, RAI is a maximum when each regres

sion coefficient is equal to the product of the relative 

economic value and the heritabj_lity for each trait .. This 
A A 

point can be illustrated by letting all a and a be P.. a .. 
l.J J.J 

zero in the normal equations .. The normal equations then be-

come: 
(\ 2 A 2 

b1 Op = v aa 
1 1 1 

I\ 2 A 2 
b2 Op = v2 aa 

2 2 

• .. .. • .. .. • .. 
A 2 A 2 

bn Op = v d'a n n n 



and the solution to each of these equations is as follows: 

A 2 A 2 . 2 
b. = v. a / op = V.h. 

1 1 a. . 1 1 
1 l 

10 

Another interesting point is made by Kempthorne (1957) when 

he shows in the case where all economic values are zero ex-

cept one, the index will still depend on the observed values 

for the other traits. The normal equations would become: 

A 2 A A A 2 
b 1op + b2oP + • G O + onoP = V1oa 

1 12 1n 1 
A A 2 A A 

b 1op + b2oP + $ .... + b (J = v (J 

12 2 n P1n 1 a12 

• • 0 • • 0 • • • • • • • • • • • .. • • 

A A I\ 2 A 

b1crP + b2crP + • ~ 0 + bncrP = V a 
1n 2n n 1 a1n 

Solutions would exist for all the b. if and only if genetic 
1 

relationships existed between the traits. With solutions 

for all the b., then the phenotypic values for all the 
1· · .. 

traits would appear in the index. 

An index of the form given earlier where all the pheno-

typic values are expressed as deviations from their mean is 

cumbersome to use in practiceQ The index would be more con-

veniently used if it were expressed in terms of the observed 

phenotype. This could be accomplished by adding the sum of 

the products _of the regression coefficients and the corre-

spending mean to the index value. 

In a selection index, it is not the absolute magnitude 

of the index values which is of real interest but rather the 
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relative magnitude of the index values. Also, for a given 

population,~ biPi would be a constant for all individual$Q 
1 

Therefore, adding a constant to all index values does not im-

pair the usefulness of .the values. The index to be used in 

practice could.then be written: 

without changing its usefulness. 

Hazel (1943) illustrates the construction of selection 

indexes with n simultaneous equations involving correlations. 

The simultaneous equations appear as follows, using the nota

tion of this chapter. 

where: 

B1 r 
P12 

" .. • . 
B1 r 

P1n 

A A 
= bi crp./crA 

1 

• • • 

+ B2 + 0 • " 

• • • • • 

+ B2 r 
P2n 

+ Bn r :::;: rp A 
P2n 2 

• • • • • • • • • 

+ • • • + B = n rp A 
n 

= the correlation between the aggregate breeding 

value and the ith phenotypic value. 

The correlation (rP.A) can be expressed in the following 
1 

manner: 

and, 
A /1. 

d. = V. cra./crA 1 1 1 . 
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r = the correlation between the breeding value and a.P. 
1 1 

phenotypic value for each trait .. This is equal to 

the square root of the heritabili~y (hi). 

hi 
[V1 " " " rP.A ::::: -,:-- O'a r + v2 O'a r + ..... +,Vn csan r 

1 aA 1 g1i 2 g2i gni 

The estimate of the standard deviation for the aggregate 

breeding value appears on both sides of each equation and, 

therefor.a, does not need to be estimated. 

J 

Henderson (1951) presents a procedure which allows the 

economic values to change without causing the index to be 

recalculated. The principle is to compute n indexes (I1 , r 2, 

••• , In) to predict the breeding values (a1 , a 2, ..... , an) 

for eaQh of then characters under consideration .. 

The index for the ith trait is: 

where the P's represent the phenotypic values for the traits 

of interest and the b's represent the partial regression co

ef,ficients whi.ch maximize R1 . a... The b' s ar;e obtained by 
. 1 1 

solving the following simultaneous equations. 

I\ 2 A A " bi1 O'p + b.2 (J + .... + bin a ::::: C1 
1 1 P12 P1n aia1 

bi1 
A 

bi2 " 2 
·A. " a + O'p + .... + b. a ::: a 

P12 J.ll P2 aia2 2 n 

• o o • ~ Q • e • e • • • • • • • • $ • • • 

" ..... = 0 a.a 
1 n 

Then individual indexes are combined with then economic 

values (V 1, v 2, ..... , Vn) to give the total or over~ll index. 
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A Numerical Example 

Three traits will be used to numerically illustrate the 

construction of a selection index. The traits used will be 

. weaning weight (P 1), . average daily gain (P2) and probe back

fat (P3). The desired form of the index is: 

I= b1P1 + b2P2 + b3P3 

wh~re the b's represent partial regression coefficients.and 

the P's are the phenotypic values for the above three traits. 

In .this example, the aggregate breediµg value which is b~ing 

predicted will be .defined as.: 

A= v1a 1 + v2a 2 + v3a 3 

where the a's are the breeding values of the res~ective 

.traits and the V's are the corresponding economic values. 

Construction of a selection index requires estimates of 

the phenotypic variances, economic values, heritabilities 

and genetic and phenotypic correlation.s. The estimates of 

the genetic correlations assumed in this example are 0.52 

between weaning weight and average daily gain (r g ) , -.05 
12 

between weaning weight and probe backfat (r g ) and - .. 18 be-
' 13 

tween average daily gain and probe backfat (r ). Corre-
. . . ·. g23 

sponding estimates of the phenotypic correlations are 0 .. 37 

(rp ) , -. 22 (rp ) and - .. 02 (rp ) • The remaining parameter 
12 13 23 

estimates are summarized in Table I. All parameter esti-
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TABLE I 

PARAMETER ESTIMATES USED lN CONSTRUCTING AN 
EXAMPLE THREE .TRAIT,SELEOTION INDEX 

Trait 

P1;Weaning weight, lb. 
~2:Average da~ly gain, 

.P3:Probe backfat, inch 

Economic 
Value a 

1.00 
lb./day 11.11 

-9.26 

6.10· 
0.18 

0.16 

37.21 0.08 
0.0324 0 .. 33 
0~0256 0.40. 

aThe determinations of the econo;m.ic values are give'.!'.! in. 
Chapter III. 

m,.ates except the economic values are based on a review of 

the literature. The economic values presen,ted are on a rel

ative basis. 

The normal equations (in matrix notation) which are 

used to obtain the partial regression coefficients when the 

method of least squares is used are as follows for this 

example. 

I\ 2 A 
a a 
p2 P23 

I\ A 2 
O'p23 . O'p3 

= 

It is evident from the normal equations that e~timates need 

to be obtained for the phenotypic covariances, additive ge-

netic variances and additive genetic covariances.. Estimat·es 



of these parameters can be obtained using the identities 

presented on page seven of this chapte+o 

= 0~40626 

A I\ /\ 
cr = r er er = -.21472 

P13 P13 P1 P3 
I\ I\ /\ 
cr = r a a = -.00058 

P23 P23 p2 P3 
I\ 2 2 /\ 2 2.9768 oa = h1 O'p = 

1 1 
A 2 2 I\ 2 
a a = h2 O'p = 0.01069 

2 2 
I\ 2 h2 " 2 
cr a = O'p = c.01024 

3 3 3 
A ,.. A 
a ::i r o o = 0.09277 

a12 g12 a1 a2 

I\ A A 
CJ = r CJ CJ = -.00873 

a13 g13 a1 a 3 
I\ A /1. 
CJ = r cr a = -.90188 

a23 g23 a2 a3 

15 

Substituttng these estimates and previous estimates results 

in the following normal equations: 

37.21 0.40626 -Q21472 

Oe40626 0.0324 -.00058 

-e21472 -,,00058 0 .. 0256 

2,,9786 + (ll.11)(0009277) + (-9$26)(- .. 00873) 

= O. 09277 + ( 1:L 11 )( 0,, 01069) + (-9 o 26 )(-. 00188) 

-.00873 + (11.11)(-.00188) + (,-9026)(0.01024) 

which simplifies to the following: 

b1 

b2 

b3 
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37.21 0.40626 -.21472 b1 4.08831 

0.40626 0.0324 -.00058 b2 = 0.22894 

-.21472 -.00058 0.0256 b3 -.12444 

The partial regression coefficients obtained by solving 

the above system of equations are: 

b1 == 0.00795 

b2 = 6.88328 

b3 = -4.63827 

which yield the following selection index: 

I= 0.00795 P1 + 6.88328 P2 - 4.63827 P3 

The index constructed indicates that a one pound increase 

in weaning weight would increase the index value 0.00795 

units. Similarly, a one pound per day increase in average 

daily gain would result in 6.88328 units increase in I. 0n a 

more realistic basis, a one-tenth pound per day increase in 

~ain increases I by 0.688328 units. A one inch increase in 

probe backfat decreases the index value by 4.63827. However, 

a decrease of one-tenth inch in backfat (the desired direc

tion of change) increases I by 0.,463827 units., Therefore, the 

heavier a pig is at weaning, the faster his daily gain and 

the smaller his probe, the larger will be his index valueQ 

Determining the correlation between the index and the 

aggregate breeding value (RAI) requires estimates of the var

,ian-ce ,of the index arid the VEtfiance of the aggregate breed

ing value. Estimates of -thesJ3 qcu.antities can,.be obtained 

using the formulas gi veh on page eight oLJ;_):J.;is chapter. -
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= 0,530 

An index value of this magnitude indicates that the in

dex value is not a good predictor of the aggregate breeding 

value. In terms of multiple regr~ssion, only about 28 ,per

cent of the variation in the aggregate breeding value is ac

counted for by the index. Also, the heritability of the in-
2 dex values is approximately 0.28 (RA1). It must be remem-

bered that even though I is not a good predictor of A, it_ is 

still the best available • 

. It should be apparent from the example that the partial 

regression coefficients are dependent upon the economic val~ 

ues, phenotypic variances, heritabilities and genetic and 

~henotypic correlations. 

Review of the Literature for Swine Selection Inde~es 

The first indexes developed using swine traits were 

developed by Hazel (1943). The indexes involved combina

tions of thr.ee. traits, 180 day weight, market score and sow 

productivity. The relative economic values used were 1/3, l 
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and 2 for weight, score and productivity, respectively. Sow 

productivity was measured in the following manner: 

The N1 s refer to number of live pigs in the litter at farrow-

ing, 21 and 56 days and the W's refer to litter weights at 

21 and 56 days. The estimates of productivity are for the 

litter in which the pig was born. 

The first index constructed involved only 180 day weight 
I 

and score~ 

I 1 = 0.137 W - e268 S 

1:rl':te second index contained all three traits. 

I 2 = 0.136 W - .232 S + 0.164 P 

The third index included all three traits plus the average 

weight and score of the litte~ as a fourth and fifth vari

able. The regression coefficients for productivity, litter 

weight and litter score were dependent upon the size of the 

litters. For a litter size of five pigs the index was: 

r 3 = 0.098 W - .165 S + 0.166 P + 0.088 W - el97 S 

The correlations between the index and tl':te aggregate 

breeding value were 0.363, OG395 and 0.404 for indexes 1, 2 

and 3, respectively .. Index 2 was 8.8 percent and index 3 

was 11.3 percent more efficient than the first index. Hazel 

concludes that the second would almost certainly b~ prefer-

able to the first. The third might also be chosen over the 

second, since genetic progress could still be increased, and 

the amount of labor required would only be in computing and 
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using the litter averages from data already takeno 

Bernard et al. (1954) present four indexes using cornbi-
. ~-- . 

nations of four swine traits. The four traits were number 

of pigs per litter at birth (X1), number of pigs per litter 

at 154 days (X2), litter weignt at 154 days (x3) and indi

vidual pig weight at 154 days (X4). Litter records are for 

the litter in which the pig was born, •. Tl,le indexes. wer~ con

structed µsing the method presented by Hazel (1943) with 

some modifications suggested by Henderson (1951) .. The four 

indexes presented are as follows: 

Ib = -.070 X1 + 0.990 x2 + 0 .. 103 x4 

IC = 1.33 X2 - .003 x3 + .. 103 x4 

Id ::;: - .. 102 x1 + 1.459 X2 .... .004 x3 + 0.103 X4 

The corresponding correlations are 00394, 0.395, Q.397 

and 0,..399 .. Based on the magnitudes of the correlations, 

they recommended using index d. They stated, however, that 

probably little would be gained by using index din prefer-

ence to index a .. In order to make the indexes more useful, 

they modified them by multiplying by a constant and rounding 

off the coefficients,resulting in the following indexeso 

I I 
a 

I I 
d 

= 4o5 x2 + 0.5 x4 

= -.5 X1 + 7 x2 - .02 x3 + 0.5 x4 

These are the indexes which they recommended for practical 

usee 

A selection index was used by Christian (1957) as the 
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selection criteria in. an experiment where selec:ti.on was car-
• • \ •, ', .' ' I 'I 

ried out under __ two nutritional environments with swine. The· 

two nutritional environments were a high energy diet and a 

low (70 percent of the high). energy diet. The index used as 

the selection criteria was: 

I= B + 2W + 35G 

wll.ere B refers to number of ;pigs born alive and W to number 

of pigs .weaned in the litter in which the individual was 

born, and G to rate of gain from weaning to 150 pounds. The 

coefficients in th,.e index were determined by the method of 

path coefficients. 

Five generations of selection indicated that no increase 

had been made in number of pigs born alive or number of pigs 

w~aned .. Gain did show an increase after five generation$ of 

selection. The high energy line increased from 1,21 to 1.48 

pounds per day, an increase of 0.27 pounds per day, and the 

low line increased from 0,77 to 1.02 pounds per day, an in

crease of 0.25 pounds per day. This indicated that selec

tion based.on the index was effective in increasing rate of 

gain, but ineffective in increasing either number born or 

number weaned .. 

.An. index for boars of the Iowa Swine Testing Station, 

Hazel (1956), was constructed giving equal weight to growth 

rate and feed efficiency but emphasiz:i,.ng fatness twi:.ce as 

much. All genetic and phenotypic correlat·ions were assumed 

to be zero .. 

I= 260 + 35 Gain - 40 Feed - 75 Fatness 



21 

where gain is the boar's rate of gain per day, fatness.is 

measured by backfat probe and feed is feed required per poun~ 

of gain and is based on a pen of three pigs. The constant 

of 260 was added in order to give the index value$ a mean of 

about 100. This index has since been modified (deBaca, 1962). 

The resulting indexes are: 

Index== ll7+(50Xgain)-(50Xfeed e;f'f.)-(40Xprobe)+(3X II-1%) 

and 

Index~ 240 + (50 X gain) - (50 X eff.) - (50 X probe) 

for boars1witli full-brother barrows and half-brother barrows, 

respectively. The term H-1% refers to the percent ham and 

loin of the chilled carcass for full-brother barrows~ 

Robison 2,! !!· (1960) used phenotypic ~nformation avail

able on.the parents to predict the aggregate phenotypic value 

of the progeny. The aggregate ph,enotypic value of t,he prog

eny was, expressed as V == ! AiXi where the A's are the rela

tive economic values and the X's are the phenotypic values 

of. the progeny. The progeny phenotypic values of c.onoern 

were 154 day weight, percent lean cuts and litter size at 

154 days with relative economic values of, 1, 2.67 Eµid 20, re

spectively., .Four different indexes inclu.~ing various combi

nations of parental traits were conE;itru.cted. The traits in

vol.ved were indi vidu.al 154 day weig~t (X1), .depth. of cnest 

(X2) ,. wid_.th b.ehind the ~.hciulders (x3), length of foreleg 

(x4), backfat at the shoulders (x5 ), baCJkfat at the loin 

(x6). Data on the litter in which the dam was raised w.ere 

. number. of pigs in the litter at farrowing (X7), number of 



22 

pigs in the litter at 154 days (x8) and weight of the litter 

at 154 days (x9 ). The resulting indexes were: 

Ia= 0.062 x1 + 0.243 X2 - .314 x3 - .407 x4 - 1.805 x5 

- 2.564 x6 + 0.127 X7 - .154 Xa - 0.000 Xg 

Ib =0.072 x1 - .238 x3 - .446 X4 - 4.408 X6 + 0.107 x7 

- ~156 x8 

IC= 0.047 X1 - .162 X3 - 3.383 x6 + 0.064 X7 - .109 Xs 

Id= 0.054 X1 - .403 X4 - 4.334 x6 '+ 0.123 X7 - .204 x8 

Correlations of o. 34, (). 33, o. 28 and o .. 32 wer·e obtained for 
., 

·the respective indexes. Based on these correlations, the 

authors recommended using index d modified for easier use. 



CHAPTER III 

ECONOMIC VALUES 

Weighting pf Economic Valuas 

Economic values play an important role in the construc

tion of a selection index. The methods by which these eco-
. ( 

nomic values are determined and incorporated into the index 

varies. It is not the value itself which is of interest at 

present, but iihe method by which it is incorporat~d into t:P,e 

index • 

. A regression coefficient in the index should have units 

of m~asure which are the reciprocal of the units of measure 

of the phenotypic value to which it corres;ponds in order to 

make the index value unitless. To illustrate this, assume 

the following index. 

I:;:: b 1P1 + b2P2 
' . 

. ,If the units of measure for phenotypic value P1 is u1 and 

the units of me~sure for P2 is u2, then the units of measure 

for b1 and b2 should be 1/U1 and 1/u2, respectively., 

One method which has been described for incorporating 

economic values into a selection index is to determine the 

value of one unit change in the traits, multiply each value 

by the corresponding standard deviation to place all values 

23 
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on a comparable basis (i.e. each is unitless), and then gen

erally the smallest value is divided into the rest to place 

all values on a relative basis. These relative values are 

what are used in the normal equations when ~~e method of 

least squares is used to d.etermine the regression coeffi

cients. Table II is used to illustrate this procedure using 

average daily gain and weaning weight as the two traits in

volved. The units of meas1,1re for average daily gain is 

pounds per day and for weaning weight it is pounds. 

TABLE II 

ONE METHOD OF DETERMINING RELATIVE ECONOMIC VALUES 

~rait Economic E.V. x C1 Rel~tive h 2 

Value Economic, Value 

Gain $3.00 0.18 0.54 l;.00 0.33 

Weight $0.27 6 .. 10 1.647 3.05 0.08 

The index which would result from using the relative 

economic values of TaQle IIand assuming both the genetic and 

phenotypic correlation.· to be zero would be 

I~ 1.35 Gain+ 1.00 Weight 

The inde~ indicates that a one pound increase in weaning 

weight would add one unit to the index value and a one pound 

per day change in average daily gain would add only 1.35 
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units to the index. The validity of this could surely be 

questioned. 

The inappropriateness of this method of determining rel

ative economic values can be illustrated by solving the norm

al equations just using the units of measure of the appropri-

ate terms in the equations. It should be noted that when 

only units of measure are used that u1 ~ u1 is equal to u1 

and not equal to zero. The system of equations can be solved 

using the Abbreviated Doolittle Technique. 

u2 
1 

u2 
1 

1 

U1U2 

u2 
2 

U1U2 

U2/U1 

u2 
2 

1 

U1CU1+U2) 

U2CU1+U2) 

U1CU1+U2) 

(U1+U2)/U1 

U2CU1+U2) 

(U 1+U2)/U2 

Therefore, the units of measure for b1 are (U1+u2)/U1 and 

for b 2 are (U 1+u2)/u2• Based on these results, the index 

would have units of measure which are a combination of the 

units of measure of the traits involved. This leads to the 

conclusion that these particular relative economic values 

are inappropriate when the least squares method is used to 

determine the regression coefficientso 

The question now becomes, what are the appropriate eco

nomic values to use? It seems reasonable to consider the 

values given in Table II under economic value (ioeo $3~00 



26 

and $0.27). Units of measure are associated with tnese val-

ues and are the reciprocals of the units of measure of the 

standard deviations. The normal equations can be set up 

again using these terms as the economic values. If just the 

normal equations of the units of measure are considered, 
" 

they will appear as follows, and this system can be solved 

to determine the µnits of measure on the regression coeffi-

cients. 

u2 
1 U1U2 

u2 
2 

U1U2 

U2/U1 

u2 
2 

, 

U1* 

u 2 

U1 

1/u1 

u2 

1/U2 

*In te:vms of units of measure v1a! + v2aa = 1/U,1 • U~ + 
1 12 

1/U2 • u 1u 2 :: u 1 

The units of measure for b1 and b 2 are 1(U1 and 1/U2,, 

respectively. These are the reciprocals of the units of mea-
; 

sure for the two traits and will lead to a unitless index. 

T1l.is leads to the conclusion that tne economic values ·· 

should not be multiplied by the standard deviation to remove 

the units of measure. For the regression coefficients to 

have the proper units of measure, to yield a unitless ;index, 

the units of measure should be left on the economic values if 

the method of least squares is used to determine the regres

sion coefficients. 
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It should. be noted that the economic values used can be 

placed on a relative basis by dividing all values by the mag

nitude of the smallest value. Dividi~~ by a. constant does 

not change the uni ts of measure as·sociated with eacn value. 

Positive Versus Negative Economic Values 

With som~·traits such as probe backfat and age at 200 

pounds, the smaller the phenotypic value the mar~ desirable 

ia the individual animal. Therefore., selection pressur~ 

should be exerted to decrease the phenotypic values for these 

traits. If the selection criteria is a selection index val~e, 

. it would be desirable for the. regression coeffic.ients cor

responding to these traits to have a negative .sign.· This 

coµld be accom,plished in at least two ways: (1) ~he economic 

value of the trait could be taken as negative, thereby caus

ing the calculated regression coefficient to generally be 

negative, or-(2) using the economic value as positive, which 

would generally make the regression co.efficient positive, 

but giving it negative emphasis in the index. The problem 

arising here. is that the :m.agni tudes of the regression coeffi"".' 

cients will change depending on how the economic values are 

incorporated into the const~ction of the index. 

If the relative economic value is defined as the.in

crease in profit expected to result from one unit change in 

a trait, it would seem that all values should be positive., 

However, it also seems reasonable to measure the unit change 

the same for all traits. Either the unit change is a unit 
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increase or a unit decrease in all traits. This would. give 

some traits a negative economic value since a unit increase 

might result in a loss of profit. Thus, method 1 above would 

appear to be the most valid method. 

In order to obtain some insig~~ into which method would 

be preferred, sample indexes could be ,constructed using both 

positive and negative estimates of the economic values. The 

correlation between the aggregate breeding value and the in

·dex (RAI) will be used as the criteria for compari,$on. 

To obtain some idea of what happens in a three trait 

selection index, indexes were constructed involving weaning 

weight (P1), ave~age daily gain (P2) and :probe backfat (P3). 

The economic values of the three traits were assumed to be 

$0.30, $2.80 and $2.20,. respectively. On a relative basis 

the values were 1.00 (V 1 ), 9.33 (V2) and 7.33 (V3)o The 

'basic parameters used in the construction are presented in 

Table III. 

/. 

TABLE III 

PHENOTYPIC VARIANCES, STAN"DARD DEVIATIONS AND 
HERITABILITIES ASSUMED IN THE CONSTRUCTION 

OF THE THREE TRAIT SELECTION INDEX 

A 2 A 
Trait O'p ap 

· P1:Weaning weight 72.25 8.5 
P2:Average daily gain 0.04 0.20 

Pl Probe backfat 0.0225 0.15 

h 2 

0.12 
0.28 
0.45 
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In addition, the genetic and phenotypic correlations be-
• ·' ·,· . . ! : 

tween weaning weight and average daily gain used were 0.45 

and 0~50, respectively, tor all indexes calculated usini 

these three traits. The correlations .between the index and 

the aggregate breeding value, for the sixteen pairs of in-

. dexes calculated, are presented in Table IV. The right four 
·, 

colunms indicate the value$ for the remaining parameter esti

mates which were used. All sixteen possible combinations of 

positive and. negative estimates of the parameters are repre

sented. The left two columns show the correlations (RAI) 

obtained when. the eco.noinic value of probe backfat was incor

porated i~to the normal equations as a negative value (v3 
negative) and when it was incorporated as a positive value 

(v3 positive). The asterisk indicates the correlation of a 

pair with the largest magnitude. 

It is apparent that with certain indexes, a larger cor-

relation (RAI) can be obtained by_ using .the economic value 

as positiv~, but with other indexes the negative economic 

value yields the largest correlation. The correlation with 

the largest ;magnitude (rg13 in
2
this example) appears to be 

the determining factor. When the genetic correlation (rg ) 
13 

is positive, the largest correlation (RAI) is obtained with 

a positive economic value. With a negative_genetic correla

tion between weaning weigp.t and probe, the largest c.orrela

tion is obtained using a negative economic value$ 

It might seem that the theory is not vali¢i since two 

indexes 9alculated with the same estimates of the genetic 



TABLE IV 

A COMPARISON OF USING A POSITIVE VERSUS NEGATIVE 
ECONOMIC VALUE FOR PROBE BACKFAi IN A 

~HREE TRAIT SELjCTION INDEX 

30 

Index RA.I when Economic Value is: · CorI,'ela tion Coe:fficient0 
No. 

Negative Positive r 
P13 

r .. 
P23 

r 
g13 

r ; 
g23 

l. 0.394 0.445* 0.12 0.20 0 .. 30 0.10 

2. 0.405 0.440* 0.12 0.20 0.30 -.10 

3. 0.525* 0.416 0.12 0.20 -.30 0.10 

4. 0.533* 0.407 0.12 0 •. 20 -.30 -.10 

5. 0.397 0.504* 0.12 -.20 0.30 0.10 

6. 0.408 0.493* 0.12 ..... 20 0.30 -.10 

7. 0.478* 0.402 0.12 .... 20 -.30 0.10 

8. 0.480* 0.392 0 .. 12 -.20 ..... 30 -.10 

9. 0.392 0.480* -.12 0.20 0.30 0.10 

10. 0.402 0.478* -.12 0.20 0.30 -.10 

11. 0.493* 0.408 -.12 0.20 -.30 0.10 

12. 0.504* 0.397 -.12 0.20 -.30 -.10 

13. 0.407 0.533* -.12 -.20 0.30 0 .. 10 
' 

l4. 0.416 0.525* -.12 -.20 0.30 - .. 10 

15. 0.440* 0.405 - .. 12 - .. 20 -~30 0.10 

16. 0.445* 0 .. 394 -.12 -.20 -.30 - .. 10 

a r 0.50 and r o •. 45 for all indexes. = = 
P12 g12 

b Subscript one refers to weaning weight, two to average 
daily gain and three to probe backfat. 
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and phenotypic parameters do not yield the same results. 

However, it must ~e ·reme!llbered .that when the sign on the eco ..... 

nomic value is changed, the dependent variable (A) is. al~o 

changed. There are really two different sets of normal equa

tions involved. 

The question is, what :i,s the economic value which should 

be used?. The positive correlation between weaning weight 

and probe (rg = 0.30) indicates that some of the genes 
13 

which affect weaning weight also affect probe. The positive 

si~ indicates that if these genes act to increase weaning 

weight, they would also act to increase probe and this is 

not the desirable situatiqn. The desirable situation would 

be to increase weaning weight and decrease probe. If this 

is the true relationship, then the greatest progress from 

selection could be made by selecting to increase both traits. 

If an increase is desirable for both traits, the economic 

value for probe backfat would de;finitely be positive and the 

correlation between the index and tne aggregate breeding 

value would be higher than if a decrease is desired because 

greater progress could be made in both traits due to the pos

itive genetic relationship. If a decrease is desired in 

probe backfat, then selection for both traits simultaneously 

would result in less progress in both traits due to the pos-

itive genetic correlation between the two traits. Therefore, 

it seems reasonable that selection on an index would result 

in a smaller correlation.between the index and the aggregate 
. ' 

• ' L • 

breeding value when a decrea£e is desired in. one trait and 
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an increase is desired in the other with a positive genetic 

relationship existing between the two traits~ Therefore, 

the smaller correlati.on (RAI) when the ·,economic value for 

probe is used as negative appears reasonable. 

The expected result when the genetic correlation between 

the two traits is negative would be that the correlation 

(RAI) would be higher when the economic value for probe was 

used as negative. The results of Table IV bear this outo 

Due to this negative genetic relationship, selection would 

result in desirable change in both traits. 

The correlation with the largest magnitude appears to 

be the factor that determines which economic value will yield, 

the largest (RA1). In order to further investigate this 

point, another sixteen pairs of indexes were constructed, 

only this time the genetic correlation between weaning weight 

and probe was red~ced in magnitude from 0.30 to 0.05. The 

resulting correlations are presented in Table V. 

With the exception of pairs eight and nine, the correla

tion (RAI) with the largest magnitude is determined by the 

phenotypic correlation between average daily gain and probe& 
I '· 

Howev~r, the sign of the phenotypic correlation and the max

imum RAI value for a pair are exactly opposite from the first 

example. This would appear to contradict the results prev-

iously presented~ However, if one line of the normal is 

examined, 
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TABLE V 

ANOTHER COMPARISON OF USING A POSITIVE VERSUS NEGATIVE 
ECONOMIC VALUE FOR PROBE BACKFAT IN A 

THREE TRAIT SELECTION INDEXa 

Index RAI when Economic Value 
Coefficientb No. of backfat is: Correlation 

Negative Positive r r r r 
P13 P23 g13 g23 

1. 0 .. 427* 0.402 0.12 0.20 0.05 0.10 

2. 0.438* 0.394 0.12 0.20 0.05 -.10 

3. 0.450* 0.395 0.12 0.20 -.05 0.10 

4. 0 .. 460* 0.386 0.12 0.20 - .. 05 -.10 

5. 0.396 0.439* 0.12 -.20. 0.05 0.10 

6. 0.404 0.427* 0.12 -.20 0.05 -.10 

7. 0.412 0.420* 0.12 -.20 -.05 0 .. 10 

8. 0.418* 0.408 0.12 -.20 -.05 -.10 

9. 0.408 0.418* -.12 0.20 0.05 0.10 

10. 0.420* 0.412 -.12 0.20 0.05 -.10 

11 .. 0.427* 0 .. 404 -.12 0.20 -.05 0.10 

12. 0.439* 0 .. 396 -.12 0.20 -.05 -.10 

13 .. 0 .. 386 0.460* -.12 -.20 0.05 0.10 

14 .. 0 .. 395 0.450* -.12 -.20 0 .. 05 - .. 10 

15. 0.,394 0.438* - .. 12 -.20 - .. 05 0.10 

160 0.402 0.,427* -.12 -.20 -.05 -.10 

a 0 .. 50 and r 0.,45 for all indexes. r = = 
P12 gl2 

b Subscript one refers t@ weaning weight, two to average 
daily gain and three to probe backfat .. 



it can be noted that rp is on the left of the equal sign 
23 

and v3 is on the right. In order to see how one variable 

affects the other, both should be on the same side of the 
,. 
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equal sign. When this is done the sign of one of the vari-

ables must be changed and the results would then be the same 

as previously stated. 

The reason that pairs eight and nine do not conform to 

the theory is not known. The magnitude of the differences 

in the correlations is not very. great. It would be advantag

eous to attribute this nonagreement to round off errors as

sociated with the various values used, but there is really 

no evidence to support · this. conclusion. One reason might be 

that phenotypic correlations are not directly multip~ied by 

economic values so their effect may not be as great. Also, 

all the genetic and phenotypic correlations are small so the 

effects may not be very great. 

The correlation with the largest magnitude is the de-

termining factor due to the fact that it has the greatest 

affect on .the normal equations. The larger the magnitudes 

of the correlations, the larger will be the difference in 

the RA1 valueso 

Based on these results, the economic val.ue for.a trait 

for which a decrease is desirable should always be used as 

negative. The genetic and phenotypic relationships will de

termine how large the association is between the index and 

the aggregate breeding value~ If the genetic relationship 

between two traits, one in which an increase is desired and 
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one in which a decrease is desired, is positive this associ- · 

ation will be lower than if the relationship is negative. 

Determination of Economic Values for Swine Traits 

The determination of economic values depends on the 

size and nature of the operation as well as current prices. 

Economic values which are calculated in tllis study are based 

on average figures and are presented in Table VIo All 

traits presented are assumed to be of importance in the over-

al.l operation. 

Litter Size -
The economic value of litter size at weaning is a func ..... 

tion of average litter size of the herd. Based on present 

management recommendations, sows will consume an average of 

five pounds of feed per day during the pregestation and ges

tation periods (125 days) and approximately 12 pounds of 

feed daily during the lactation and reconditioning period 

(56 days)o This results in a total feed consumption of 1330 

pounds. If average litter size is six pigs, increasing to 

seven pigs results in a savings of l3RO - l3~0 or 31 pounds 

of feed per pig weanedQ Assuming sow feed costs of $0~03 

per pound, the economic value of litter size is $0 .. 93., If 

the average litter size is four pigs, the economic value 

would be l3£0 - l3~0 times $0003 or $1095. Values for other 

litter sizes are presented in Table VIo The following simple 

relationship can be used to determine the economic values 

for litter sizes between three and 10 pigs weaned with a 
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TABLE VI 

ECONOMlC VALUES FOR SWINE TRAITS 

Trait Units Economic Relative 
Value Economic Value 

Litter size at weaning pig 

Ave. = 2. 
Ave. :;::;: 4 
Ave. = 6 
Ave. = 8 

Pig weaning weight lb. 

Average daily gain · lb./day 

Age at 200 pounds day 

Probe backfat inch 

Feed efficiency lb. feed 
lb. I. gain 

% lean cuts % 
Carcass backfat inch 

Loin eye.area < 4.00 
sq. in. 

fair degree of accuracy. 

Eo Vo = 27 + X 
2 x 

$6.50 46.43 
$1.95 13,93 
$6.93 6.64 
$0.54 3.86 

$0.27 1.93 

$3.00 21 .. 43 

$0.14 1 .. 00 

$2.50 J,7.86 

$4.88 34.86 

$0.30 2.14 

$2.50 17.86 

$0.75 5.36 

where X represents the average number of pigs weaned. 

Weanine; Weight 

If a feeder pig is worth $18 and weighs 50 pounds, he 

is worth $0.36 per pound. If the overhead costs to get a 

pig to weaning are $0 .. 09, then the economic value of wean-
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ing weight is $0.27 per pound. Based on current feeder pig 

pricing structure, a pound of weaning weight is worth one 

and one-hai.f times the market price. Therefore, the value 

of $0. 27 per pound is valid if the ma.rket price, is $18 a 

hundred weight '(approximate 10 year average for Oklahoma 

City). 

Growth~ 

Growth rate is measured both as postweaning average 

daily gain and age at 200 pounds. A pig that gains one . . 

pound per day will require 150 days to gain 150 pounds, 

while if he gains two pounds per day the time required is 

only 75 days. Therefore, one unit change in daily gain re

sults in 75 days l.ess time to reach 200 pounds, . With post

weaning overhead costs of $0.04 per pig per day, the eco

nomic value of daily gain is $3.00 per pound per day. 

Figuring overhead costs at $0.04 per day per pig and 

feed costs at $0.10 per ~ay for maintenance (3.0 pounds of 

feed at $0.0325 per pound), the total cost would be $0.14 

per day.for each day extra that a pig requires to reach 200 

pounds., Therefore, the economic value of age at 200 pounds 

is approximately $0.14 per day. 

Backfat Thickness 

The economic value of probe baokfat at 200 pounds can 

be determined by dividing the difference in price of number 

one and two mark;et hogs by the range in fatness. If the 

price differential is $1., 25 and the fat differential is O. 5 

inches, the economic value of probe backfat would be $2.50 



38 

per incha The economic value of carcass backfat can be as-

sumed to be the same as the val1+e for probe backfat. 

Feed Efficiency 

A pig that requires one less pound of feed per pound of 

gain (3.0 pounds of feed .. per pound of gain versus .4~0 pounds 

of feed per pound of gain) would require 150 pounds.less feed 

to produce 150 pounds of gain. If the price of feed is 

$0.0325 per pound, the economic value of feed efficiency, 

measured as pounds of feed per pound of gain, would be $4.88 

per pound of feed per pound of gain. 

Lean Cut Yield ---
Robison et·~· (1960) reporte.d the difference in value 

of lean cuts and all other parts of the dressed carcass to 

be approximately $0.20 per pound. Assuming a carcass weight 

of 150 pounds, a one percent increase in lean cuts would re

sult in 1.5 pounds more lean cuts. The economic value of 

percent lean cuts, on a carcass weight basis, would be 1.5 

pounds X $0.20 per pound or $0.30 per percent. 

Loin Eye~ 

Wilson and Company receives $0.05 per pound premium if 

90 percent of the loin is greater than four square inches. 

Therefore, the economic value of loin eye area would be $0. 75 

if loins are assumed to weigh 15 pounds. This economic 

value only applies to increasing the loin eye area from be

low four square inches to above four square inches. A dif-

ferent economic value would probably need to be determined 

if percent lean cuts was not included. 



CHllPTER IV 

PA.RAW!ETER ESTIMATES 

As was stated earlier, it is necessary to have estimates 

of th.e phen.otypic variances or standard deviations, pliemo

typic and genetic correlations and the heritabilities of the 

various traits in order to construct a selection index. Es-
' 

tim.ates to be used in this study are e~timates obtained from 

a review of the literature. 

A summary of the results trom many sources is presented 

in Tables VII through X. Table VII contains a sununary of 

the phenotypic standard deviations, Table VIII the phenotypic 

correlations, Table IX the genetic correlations and Table X 

the heritability estimates. 

Each table consists ef a column for the trait or traits 

involved, the number of estimates obtained, the range of the 

estimates, the siII1,ple average Qf the estimates, the "best 

estimate" and the references ;from which the estimates were 

taken. The colunm headed best estimate indicates the value 

which the author :f'elt was probably the most accurate esti-

mate of the parameter. In most cases, it agrees with the 

simple average; but in a few instances where an extreme esti

. mate greatly affects the simple average, the value that rep

resents the majori,y of the estimates was used. 
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TABLE VII 

PHENOTYPIC STANDARD DEVIATIONS 

Trait Number Range Simple Best References 
Estimates Average Estimate 

-
Number pigs weaned 4 2.33-2.72 2.50 2.50 25, 59, 67; 86 
Pig weaning weight, lb. 7 4.60-8.42 6.10 6.10 19, 25, 67, 75, 81, 87, 

Average daily gain, lb .. /day 12 

F d ff. . lb .. feed 6 · ee e ·· 1.c1.ency, lb. gain 

Age at 200 pounds, days 3 
Probe backfat, in.. 13 

Carcass length, in. 15 

Carcass backfat, in .. 21 

Loin eye area, sq .. in .. 15 

~ lean cuts (carcass) 12 

0.05-0.25 0 .. 15 

0.11-0.35 0.23 

8.50-15.6 12.00 
0.09-0.23 0.16 

0.28-1.27 0.84 

0.10-0025 0.16 

0.32-0.61 0 .. 48 

1.40-2.90 2 .. 24 

0.18 

0 .. 23 

12.00 
0 .. 16 

o .. 84 

0 .. 16 

91 
6, 25, 35, 41, 48, 5 2, 7 3, 
75, 77, 78, 81, 91 
6, 25, 35, 41, 77, 78 

2, 33, 66 
2, 25, 38, 41, 49, 59, 66, 
70, 71, 73, 75, 81, 91 
2 , 2 5 _, 31, 3 3, 3 5,, 4 5 , 4 9, 
52, 55, 66, 69, 70_, 77, 
78, 84 
2, 6, 25, 31, 33, 35, 45, 
46, 48, 49, 50, 52, 55~ 
66, 69, 70, 71, 77, 78, 
84 

Oo52 2, 6, 25, 31, 33, 45, 49, 
50, 55, 66, 69, 70, 71, 
78, 84 

2.24 2, 6 , 4 5 , 48 , 4 9 , 5 0, 6 6 , 
691 70, 71, 84, 91 ..j::,. 

0 



Traits Correlated Number 
Estimates 

Number pigs weaned and: 
Pig weaning -weight 1 

Pig weaning weight and: 
Average daily gain 6 
Feed efficienc;;,r 1 
Age at 200 pounds 1 
Probe backfat 3 

Average daily gain and: \ 
Feed efficiency 8 

Probe backfat 3 
Carcass length 6 
Carcass backfat 8 

Loin eye area 4 
% lean cuts 4 

Feed efficiency and: 
Age at 200 pounds 1 
Probe backfat 2 
Carcass length 6 
Carcass backfat 8 

Loin eye area 4 
%.lean cuts 3 

TABLE VIII 

PHENOTYPIC CORRELATIONS 

Range Simple 
Average 

0.17 to 0.44 0.35 

-.29 to --.12 -.22 

-.84 to 4\.24 -.62 

-. 3" to o. 21 , -. 02 
-.56 to 0.13 -.08 
-.14 to 0.37 0.03 

- .. 10 to 0.24 0.03 
-.19 to -.06 -.14 

0.00 to 0.12 0.06 
-.16 to 0.01 -.05 
-.15 to 0.26 0 .. 16 

- .. 16 to 0.04 -.07 
-.26 to 0.03 -.08 

Best References 
Estimates 

-.51 67 

0.37 19, 29, 75, 88, 91 
...;;.19 29 
-.52 66 
-.22 66, 75, 91 

- .. 62 6, 7, 29, 35, 52, 77, 78, 
85 

- .. 02 75, 85, 91 
-.02 15, 28, 35, 52, 77, 78 
0.03 6, 7, 15, 28, 35, 52, 77, 

78 
0.03 6, 15-, 77, 78 
- .. 17 -6 , 7, l5-, 28 

0.51 33 
0 .. 12 85, 91 
-.04 28, 33, 35~ 52, 77, 78 
0 .. 20 ~8 7, 28, 33, 35, 52, 77, 

-'-c,07 6, 33, 77, 78 .j::,. 

- .. 08 6, 7, 28 1--' 



TABLE VIII (Continued) 

Age at 200 pounds and: 
Probe- backfat 3 -.18 to -.13 -.16 -016 2, 66 
Carcass length 3 -.16 to 0.09 -.06 -.10 2, 33, 66 
Carcass backfat 4 - .. 19 to -.03 -.14 -.14 2, 33, 66 
Loin eye area 3 0.06 to 0.16 0.11 0.11 2, 33, 66 
'lo lean cuts 2 0.31 to 0.45 0.38 0.38 2, 66 

Probe baekfat and: 
-Oarcass length 4 -.45 to -.28 -.37 -.37 2, 27, 66, 70 
Carcass backfat 6 0.55 to 0.71 0.62 0.62 2, 27, 48, 66, 70 
Loin eye area 6 -.45 to -.08 -.25 -.25 2, 27, 49, 66, 70, 71 
fo lean cuts _ 8 -.79 to -.22 -.54 -.54 2, 27, 48, 49, 66, 70, 

71, 91 

Carcass length and: 
Carcass backfat 15 -.66 to -.11 -.35 -.35 2, 3, 27, 31, 33, 35, 4~ 

52, 55, 62, 66, 77, 78, 
79, 84 

Loin eye area 13 -.29 to 0.38 0.01 o.oo 2, 3, 31, 33, 45, 498 55,~ 

fo lean cuts 8 -.08 to 0.57 
62, 66, 69, 77, 78, • 4 

0.24 0.24 2, 14, 45, 49, 62, 66, 
69, 84 

Carcass ba.eld'at and: 
Loin eye area. 15 -.57 to 0.27 -.16 - -.16 2, 6, 27, 3l, 33, 49, 50, 

55, 66, 69, 70, 77, 78, 
19, 84 

% lean cuts 13 -.Bo to -.29 -.56 -.56 2, 6, 14., 27, 45, 488 49, 
50, 66, 68, 70, 79, 4 

Loin eye area and: 
%- lean cuts 11 0.,37 to 0066 0.51 0.51 2, 6, 14, 15A 45, 49, 5~ +>-- _ 66 70 79 4 I'\) 

~-- --~~ --~-----_L___-~______!____L! 



Traits Correlated Number 
Estimates 

Number pigs weaned and: 
Pig weaning weight 2 
Average daily gain 2 
Feed efficiency 1 
Loin eye area 2 

Pig weaning weight and: 
Average daily gain 8 
Feed efficiency 2 
Probe backfat 2 

Average daily g&in and: 
Feed efficiency 9 

Probe backfat 4 
Carcass length. 5 
Carcass backfat 8 

Loin eye area 3 
% lean cuts 2 

TABLE IX 

GENETIC CORRELATIONS 

Range Simple 
Average 

-.25 to 0.13 -.06 
0.04 to 0.07 Oo06 

0 .. 02 to 0.20 0.11 

0.20 to o.87 0.52 
-.77 to -.54 -.66 
-.05 to 0.61 0.28 

-.92 to -.22 - .. 67 

-.98 to 0.70 -.18 
0.06 to 0.19 0.11 
-.26 to 1.34 0.24 

-.38 to -.04 -.18 
- .. 61 to 0.44 -.10 

Best 
Estimates 

-.25 
0.06 
- .. 08 
Ooll 

0 .. 52 
-.66 

? 

- .. 67 

-.18 
0.11 
- .. 08 

- .. 25 
? 

References 

89 
89 
89 
89 

2~, 75, 81, 87, 88, 89 
29, 75 
81 

l, 29, 35, 52, 68, 74, 
T+f 78, 87 
75, 81, 91 
28, 35, 52, 77, 78 
7, 9, 28, 35, 52, 77, 7~ 
89 
77, 78, 89 
7, 28 

~ 
l,J 



Feed efficiency and: 
Age at 200 pol.1.Ilds 
Probe baek!at 
Carcass length 
Carcass baCki'at 

-Loin eye area 
'lo lean cuts 

Age at 200 pounds and: 
Probe backfat 
Carcass length 
Carcass backfat 
Loin eye area 
fo l.ean cuts 

Probe backfat ai:ld: 
Carcass length 
Carcass backfat 
Loin eye area 
'lo lean cuts 

Carcass length_and: 
Carcass backfat 

. Loin eye _area 
'lo· lean cuts 

l 
l 
6 
9 

4 
2 

l 
2 
2 
2 
l 

1 
1 
1 
1 

8 

5 
1 

TABLE IX (Continued) 

-.25 to 0.27 -.04 
-.58 to 0.27 0.03 

-.34 to -.13 ~.24 
0.25 to 0.67 0.46 

-.15 to 0.97 
·-.60 to o.oo 
-.45 to 0.10 

0.41 
-.30 
-.18 

-.72 to 0.19 -.33 

-.51 to 0.08 -.16 

0.37 
-.46 
-.10 
0.20 

-.24 
? 

-.20 
? 

-.30 
-.18 
0.27. 

33 
91 
28, 33, 35, 52, 77, 78 
1, 7,._ 28, 33, 35, 52, 11, 
78, ~9 
33, 77, 78, 89. 
7, 28 

2 
2 33 , . ' 

2, 33 
2, 33 
2 

...:.53 2 
0.83 . 2 
-.24 2 
;...58 2 

-.33 

-.16 
0.30 

2, 31, 33, 35, 52, 57, 
77, 7cJ 
2, 31, 33, 77, 78 2 . 

t 



Carcass backfat and: 
Loin eye area 6 
"/o lean cuts 2 

Loin eye area and: 
"/o lean cuts 2 

TABLE IX (Continued) 

--.37 to 0.10 -.16 
-.81 to -.58 -.10 

0.49 to 0.77 0.63 

-.16 
-.10· 

0.63 

2, 31, 33, 50, 77, 78 
2, 50 

2, 50 

.;i:,. 
VI 



Trait 

Number pigs weaned 

Pig weaning weight 

Average daily gain 

Feed efficiency 

Age at 200 1 bs. 

Probe backfat 

Carcass length 

Carcass backfat 

Loin eye area. 

fo lean cuts (care.ass) 

' TABLE X 

HERITABILITIES 

Number Range 
Estimates 

12 -.09 to 0.32 

16 -.18 to 0.24 

26 0.15 to 0.77 

16 0.12 t~ 0.59 

6 -.07 to o.68 
16 0.15 to o.87 

18 0.20 to 0.73 

21 0.12 to 0.69 

10 0.35 to 0.82 

5 0.29 to 0.64 

Simple 
Average 

0.14 

0.08 

0.33 

0.38 

0.39 
0.40 

0.51 

0.46 

0.53 

0.45 

Best 
Estimates 

0.14 

0.08 

0.33 

0.38 

0.50 
0.40 

· 0.51 

0.46 

0.53 

0.45 

References 

5-· -··Hl,--17-,--21-,·-2-2-,····24,---34, 
58, 59, 61, 63, 86 . -
4, 12, 13, 17, 191 23, 29, 
34, 56, 63, 81, 8ti, 89, 91 
1, 8, 9, 12, 19, 21, 22, 
2~, 29, 30, 34, 35, 42, 51, 
52, 57, 60, 64, 68, 73, 77, 
78, 81, 88, 89, 91 
1, 6, 7, 21, 22, 28, 29, 
33, 34, 35, 52, 68, 77, 78, 
89, 91 
2, 12, 33, 51, 65, 83 
2, 20, 36, 37, 38, 46, 47, 
5~, 59, 72, 73, 81, 91 
1, 2, 12, 22, 28j 31, 33, 
34~ 35, 51, 52, 57, 60, 65j 

·11,18,83 
1, 2, 6, .9, 12, 22, 28, 31, 
33, 34, 35, 50, 51, 52, 54, 
57, 60, 77, 78, 83, 89 
2, 6, 22, 31, 33, 34, 50, 
77, 78, tj9 
2, 6, 22, 28, 50 

~ 
(J'\ 



CHAPTER V 

EFFECTS OF GE~ETIC AND PHENOTYPIC PARAMETERS 

ON SELECTION INDEXES 

As was noted earlier, it is necessary to have estimates 

of t:n.e phenotypic variances, phenotypic correlations, genetic 

correlations and heritabilities of the various traits in 

order to construct selection indexes involving these traits. 

Change1:1 ;i.n these estimates will affect the partial regression 

coefficients of the index. The amount of change, that can be 

inade in the estimate of a par~eter without greatly affect-: 
. . . . . 

ing th~ predictability of the index is not definitely known. 

However, the task of examining this by varying·one estimate 

at a time while holding all others constant is for all prac-· 

tical purposes impossible. It should be poss~ble to precise

ly estima1ie the .. phenotypic variances for a given population, 

and obtain estimates of heritabilities with relatively small 

standard errors. In a~diti9n, herital:;>ilities. for most eco-

nomically important tr,ai ts, hav~ been estimated by many d,if

ferent workers from many different types of popu].ations such 

that the magnitudes of the estimates are fairly weli deter

mined •. Therefore, for purposes of this study, only the 

genetic and phenotypic corr.elati9ns will be varied.. Also, 

only a two and a three trait selection.index will be exam~ 

47 
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ined, since any definite patterns which exist should be pres

ent in these simpler indexes. 

It would be desirable to obtain some simple relationship 
I 

between the genetic and phenotypic correlations which wqu+d 

indicate the predictive value of a given inde~ compared to 
. . 

an index using diffe.rent estimates of the correlations with-

out actually computing.the indexes. 

Two Trait Selection Index 

The two trait selection index to be examined will in-1 . . . .. 

volve average daily gain and probe backfat. Estimates of 

the economic values, phenotypic variances and herita.biJ,.ities 

assumed are pres~nted in Table XI. These estimates were con-
.' ! 

stant for all 14 indexes cqn!,;3tructe~. 

TABLE XI 

CONSTANT PARAlVIETERS USED IN ,THE CONSTRVCTION OF A 
SELECTION INDEX. INVOLVING AVERAGE DAILY 

GAIN AND PE.OBE. BAOE'.F~T . . . . . . I 

Trait 

.•• J. •. · :;.;; __ .- ••• ·: 

P 1: Average daily. gai~ .. · 
P2:Pro1?e backfat 

Economic 
. Value 

1. 20 
-1.00 

0 .. ,0324 

0.0256 

2 h 

0.33 
0.40 
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The 14 indexes constructed are presen~ed .in Table XII. 

In orq.er to make comparisons among the indexes easieI', the 

regression coefficient co:rresp0nd~ng to average daily gain 

(b1).was given the value one for all i:r:idexes! Also, the in

dexes are arranged so that the index with the smallest cor

relation between the index and the aggregate breed.ing value 

is presented first and the index with the largest Gorrelation 

is presented last. 
r 

.':,. 

First note that index seven has a correlation (RA!). 

which is approximately in the middle of the 14 correlations. 

In fact, the numerical average of all 14 HAI.values is 0.597. 

Index seven was constructed assuming the genetic and pheno

typic correlations were zero, so the regression coeffi·oients 

were simply the heritabilities times the economic values. 

This :illustrates that unless confidence can be placed in the 

estimates of the genetic and phenotypic co.rrelations, it is 

probably safer to assume they are zero. Tl:l.is wo.uld prevent 

placing too much emphasis on either of the traits. If the 

estimates are correct, then less progress would be made by 

assuming them to be zero than by using the estimates. How

ever, if the estimates were incorrect, then greater progress 

could be made using index seven t:tia:n by using the index con

structed from the estimates. It is essentially using a mean ·, 

value rather than individual values if all these possible 

combinations are present in swine populations. 

The magnitude of the correlation (RAI) appears to be as

sociated with the difference between the genetic and pheno-



TABLE XII 

THR EFFECT OF DIFFERENT ESTIMATES OF THE GENETIC .A.ND 
PHENOTYPIC CORRELATIONS ON A SELECTION INDiX 

INVOLVING AVERAGE DAILY GAIN 
AND PROBE BACKFAT 

50 

Index b (.A.DG) ·f···· ......... b (Probe) 2 ... . RAI rp rg r -r ·g p 
No~ 

l. 1.0 - .496 0.409 -.34 0.40 0.74 

2. 1.0 - .749 0.470 -.34 0.18 0.52 

3~ 1.0 - .871 0.517 0.20 0.40 0.20 

4. 1.0 - .915 0.536 -.02 0.18 0.20 

5. 1.0 - .930 0.547 0.02 0.18 O.l(> 

6. 1.0 -1.026 0.563 -.34 -.18 0.16 

7. 1.0 -1.010 0.598 0 0 0 

8. L. 0 - .986 0.604 0.20 0.18 -.02 

9. 1 .. 0 -1 .. 146 0.614 -.34 -.40 -.06 

10. L.O -1 .. 073 0.645 -.02 -.18 -.16 

11 .. 1 .. 0 -1.077 0.658 0.02 - .. 18 -.20 

12. 1,,0 -1 .. 096 0.671 0 -.25 -.25 

13. 1 .. 0 -1.092 0 .. 728 0 .. 20 -.18 -.38 

14 .. 1 .. 0 -1 .. 132 0.795 0.20 -.40 -.60 
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typic correlation (rg - rp) used in the index construction. 

The larger the magnitude of this difference, the greater is 

the deviation of the RAI value from the RAI value for index 

seven~ In all cases when rg - rp was positive, the RAI value 

was less tha,n 0.598 (the RAI value for index 7); and when 

rg - rp was negative, the RAI value was greater than 0.,598. 

In Chapter III it was discussed that the phenoty})ic and ge

netic correlations are on opposite sides of the equal sign 

in the normal equations. To determine the effect of both 

correlations together, they would need to be put on the same 

side~ This ie essentially what has been done by examining 

rg - rpa If an antagonistic relationship exists between the 

two traits, the RAI value would be expected to be less than 

0.598, since simultaneous selection for both. traits would re-

sult in less progress for both traits than if they were in

dependent. The degree to which the RAI values are different 

would depend on the magnitude of the antagonism. If there 

is a nonantagonistic relationship between the two traits, the 

RAI value would be expected to be. greater than 0.598, since. 

simultaneous selection would result in greater progress for 

both traits than if they were independent .. This point ap-

pears to be indicated in the difference between the genetic 

and phenotypic correlations (rg - rp) for the present example. 

If the difference is positive, an antagonistic relationship 

exists; and if the difference is negative, a nonantagonistic 

relationship exists$ The results in Table XII would tend to 

substantiate this conclusion. The degree of antagonism or 
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nonantagonism is probably not just simply the difference be

tween the genetic and phenotypic correlations, but the differ

ence appears to be a good indicator of the amount of antago

nism or nonantagonism. One might hypothesize that the true 

relationship might be the genetic correlation minus some fac-

tor times the phenotypic correlation. The RAI values of in

dexes three and four or five and six indicate this factor 

should probably be less than one. These results indicate 

that if the magnitude of the difference (rg - rp) is large 

and positive, selection on an index will be less effective 

than if the difference is large and negative. 

Another interesting point can be made by considering 

the relationship between the phenotypic, genetic. and environ

mental correlations. The relationship between these corre

lations is presented in Falconer (1960) and c~n be rearranged 

thusly: 

r - h.h.r 
::: p 1Jg re 

· I ( 1-h?) ( 1-h~) 
·~ 1 J· 

This relationship illustrates that the greater the magnitude 

of the difference between the phenotypic and genetic corre

l~tions, the greater the magnitude of the environmental cor-
, ,, 

relationo For example, index one would have an environmental. 

correlation associated with it of -.77 and for index. four

teen the value of re would be Oo54 compared to the environ

mental correlation associated with index seven of zero. If 

the difference between the genetic and phenotypic correla

tions becomes too large, the environmental correlation will 
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be greater than one or less than minus one which is theoret-

ically impossible. For example, if rp = -.50 and rg = 0.50 

for these two traits, re will equal -1.07. This indicates 

that large differences between the estimates of the pheno

typic and genetic correlations should probably be questioned· 

with respect to their accuracy. Also, indexes developed 

from estimates of this type are probably inaccurate •. 

The RAI values for indexes six, eight and nine indicate 

that the predictability of these indexes is changed only 

slightly by either increasing or decreasing the genetic and 

phenotypic correlations as long as .both correlations are in

creased or decreased by approximately the same amount. In 

other words, as long as the magnitude of the difference b~:-,-
• .• - • . i • ·L. ·, ·. I :': • ~ 

tween the genetic and phenotypic co.r;i;:-elations is close to · 

zero, the. predicta,1:>ili ty .of the .. index is not changed. How

ever., the regression coefficients .for probe backfat ~b2) for 

inde:.x;:es six, eight and nine do noi. conform to the 'pattern ... 

established by the other eleven indexes. Although there is 
. ·. . l. 

no appa~ent reason for this discrepan,ey, it may ~ossibly be 

due to the fact that even though the difference between the 

correlations (rg - rp) is small, the actul?!-;L magnitudes of 

these correl~tions are relativ~ly large .. In fact, the phen

otypic correlations used were the extremes of the estimates 

obtained from the literatureo In addition, the sign of both. 

correlation coefficients is the same within each of the 

three pairs.. Table XIII contains four indexe.s constructed 

with extreme values of the genetic and phenotypic correla-
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TABLE XIII 

INDEXES FOR AVERAGE DAILY GAIN AND PROBE BACKFAT RESULTING 
WHEN EXTREME ESTIMATES OF THE GENETIC AND ·PHENO~YPIC 

CORRELATIONS ARE USED IN THE.CONSTRUCTION 

Index b 1 (ADG) b2(Probe) · RAI r p rg 

1 1.0 - .945 0.592 0.50 0.50 
2 1.0 -1.225 0.602 -.50 -.50 
3 1 .. 0 - .923 0.581 0.75 0.75 
4 1.0 -1.816 0 .. 605 -.75 -.75 

tions. The differenc~ (rg - rp) is zero in all cases and 

the RAI values are essentially the same, but the magnitudes 

of the regression coefficients are quite different. Greater 

differences in the regression coefficients are present when 

both the genetic and phenotypic cor~elations are negative. 

This agrees with the results obtained for index nine in the 

previous example. These results seem to indicate that ex-

treme estimates of the correlations, in the same direction, 

tend to give inconsistent results. The RAI values are es

sentially the same, but this is not ref~ected in the regres

sion coefficients. However, it must be remembered that the 

predictability of any of these indexes is only moderate 

(R2<0.40)o Some different individuals would be selected us

ing these indexes 9 but the overall change in the herd might 

be essentially the same due to the· moderate pre.dictabili ty 
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of the three indexes. 

To help in the understanding of why the regression co-: 

efficients are different, but the RAI values are essentially 

the same for indexes six, eigh~ and nine in Table XII, the 

general solution for the regression coefficients in a two 

trait selection index can be obtained. 

b1 = V h2 
1 1 

2 2 A A 
It should be noted ·that if V 1 = V 2, h1 = h 2 and ap1 = ap2 • 

changes in b1 and b 2 would depend solely on rp and rg •. If 

these assumptions are true, then regardless of what the ge

netic and phenotypic correlations are the ratio of the re

gre~sion coefficients (b1/b2) would always be the same and, 

in fact, would equal one. Therefore, if the two traits in

volved have equal heritabilities, phenotypic variances and 

economic values, any estimates, equal or unequal, of the 

genetic and phenotypic correlations will yield. equal results 

for b 1 and b 2• In other words, if the above assu~ptions are 

met, b1 would equal b2 and on a relative .basis the values 

would be independent of the genetic and phenotypic corre.la

tions. If the above assumptions are not met, it is diffi

cult to say just what the ratio (b1/b2) would be. 
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The ,sol~tions for b1 and b2, in terms of the genetic 

and phenotypic correlations, fqr .the e~rur1ple involving aver

age daily- gain and probe, bac:)cfia.t,:al:'e: 

. b1. = 0,.396 + 0,.356 rp - .. 323 rg - .4)6 ,rp~g 

b2 == -.400 - .44.6 rp + 0.490 rg + O .. Jq3 ..rp~g. 

With indexes l;:lix, eight and,nine, the 13:Lgn of both the ge-:-

ne.~ic ar;td. phenotypic cor,relat:j.on~ ii:! the same, so .t'he g_uanti

ty · r1f g wou:}.d always be po~i tiye. Notice. that. fo.r b1 the 

coefficien~ for rp is larger than for rg, but the reverse .is 

true: for b2.·, Also, the coefficient for rprg is considerably 
_, 

With index nine, the genetic correla- · 

tion is.larger than the phenotypic correlation (-.40 versus 

-.34)0 The large coefficient on rprg causes b1 to be less 

th~_-b2; thus, .giving the. large poefficient for b2• When 

the magnitudes·are not as large (tndexes six and eight), the 

change in the ratio of the regression coefficients is not as 

pronounced.,. However, these nonconforming regression coeffi-

cients would appear to qe due to the fact that the coeffi

cients of rp, rg and rprg in the general solution for b 1 and 

b2 are different in this case, and the valu~s of the genetic 

and phenotypic correlations are large and have the same sign. 

The reason that the correlation (RAI) is essentially 

the same is due to the fact that the difference in the cor

relations (rg - rp) is smallo With a small difference 
A A A A 

(rg - rp), the effect on o1 and oA (RAI == o1/aA)1 ·should be 

essentially the same regardless of the magnitudes of the es-

timates .. 
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Three Trait Selection Index 

Weaning weight (P 1 ), average daily gain (P2) and probe 

backfat (P3) are the three traits used in the three trait 

selection index to be examined. Similar to the two trait 

selection index, the economic values, phenotypic variances 

and heritabilities used were constant for all indexes. A 

summary of these parameter estimates is presented in Table 

XIV. 

TABLE XIV 

CONSTANT PARAMETERS USED IN THE CONSTRUCTION OF A 
SELECTION INDEX INVOLVING WEANING WEIGHT, 

AVERAGE DAILY GAIN AND PROBE BACKFAT 

Trait ,Economic 2 
ap 

Value 

P1 :Weaning weight 1.,00 37.21 
P2:Average daily gain lloOO 0.0324 
P3:Probe backfat -9$26 000256 

The seventeen indexes constructed are presented in 

h2 

0.08 
0.33 
Op40 

Table XV. The regression coefficient for average daily gain 

(b 2) is given the value one for all indexes to facilitate 

comparison of the indexes. The indexes are arranged so that 

the index with the smallest correlation between the index 

and the aggregate breeding value is listed first, and the 



TABLE XV 

EFFECT:. OF DIFFERENT ESTUJATES OF THE GENETIC AND PHENOTYPIC CORRELATIONS ON AN INDEX 
INVOLVING WEANING WEIGHT, AVERAGE DAILY GAIN AND PROBE BACKFAT 

Index b1 (W:. Wt.} b2 (ADG) b3(Probe) RAI r r r r r r r -r r -r 
P12 P13 P23 g12 g13 g23 g12 P12 g13 P13 

1. 0.0063 1.0 - .4753 0.353 0.37 -.22 0 0 0.28 0 -.37 0.50 
2. 0.0211 1.0 - .1136 0.356 0 -.22 -.02 0 0.28 0.18 0 0.50 

3. 0.0218 1.0 -1.0103 0.445 0 0 0 0 0 0 0 0 
4. 0.0263 1.0 -2.3371 0.446 -.37 -.22 -.02 -.52 -.05 -.18 -.15 0.17 

5. 0.0202 1.0 - .3868 0.447 0 0.22 0 0.25 0.28 0.18 0.25 0.06 
6. 0.0052 1.0 - .3874 0.479 0.37 -.22 --34 0.52 -.05 -.18 0.15 0.17 

7. 0.0032 1.0 - .2799 0.493 0.37 -.22 -.34 0.52 0.28 -.18 0.15 0.50 
8. 0.0008 1.0 - .3460 0.514 0.37 -.22 -.02 0.52 0.28 -.18 0.15 0.50 

9. 0.0011 1.0 - .6740 0.530 0.37 -.22 -.02 0.52 -.05. -.18 0.15 0.17 

10 •. -.0046 1.0 - .6741 0.530 0.50 -.25 -.02 0.50 -.05 -.18 0 0.20 

11. 0.0047 1.0 - .6680 0.530 0.25 -.25 -.02 0.50 -.05 -.18 0.25 0.20 

12. 0.0036 1.0 - ,4160 0.530 0.25 -.25 0 0~50 0.25 -.25 0.25 0 

13, -.0056 1.0 - ,4492 0.534 0.50 -.25 0 0.50 0.25 -.25 0 0 

14. 0.0036 i.o - .6614 0.545 0.25 -,25 0 0.50 0 -.25 0.25 0.25 

15. ~.0056 1.0 - ,6644 0.548 0.50 -.25 0 0.50 0 -.25 0 0.25 

16. -.0024 1.0 - .5665 0,559 0,37 -.22 0.20 0.52 0.28 -.18 0.15 0.50 

17, -.0029 1.0 - .8129 0.641 0.37 -.22 0.20 0.52 0.28 -.18 0.15 0.50 

8 K = r + r - r - r - r + r 
g13 g23 g12 P13 P23 P12 

r -r 
g23 P23 

0 

0.20 

0 

-.16 

0.18 

0.16 

0.16 

-.16 

-.16 

-.16 

-.16 

-,25 

-,25 

-.25 

-.25 

-.38 

-.38 

r 

o.87 

0.70 

0 

0.16 

-.01 

0.18 

0.51 

0.19 

-.14 

0.04 

-.21 

-.50 

-.25 

-.25 

0 

-.03 

-.o~ 

V1 
0) 
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index with the largest correlation (R ) is listed last. 
AI 

Index three, in which all traits are assumed to be ge-

netically and phenotypically independent, is not near the 

middle of the indexes as the corresponding index was .for the 

two trait selection indexes. Part of the reason for this is 

that for twelve of the indexes, a relatively large nonantag-

onistic relationship is assumed between weaning weight and 

average daily gain. Indexes one and two indicate that when 

the correlations between weaning weight and daily gain are 

small, the correlation (RAI) is less than the 0.445 for in

dex three. However, index four illustrates that an antago-

nistic relationship between weight and gain is, by itself, 

not sufficient to cause the RAI value to be lower than 0.445. 

Apparently an antagonistic relationship in weight and gain 

would need to be coupled with an antagonistic or close to 

independent relationship in the other traits. Independence 

in the relationship between weight and gain coupled with an-

tagonistic relationships in the other traits (index two) 

causes the correlation (RAI) to be less than 0.445. It 

should be remembered that the greater. the relationship, the 

greater will be its effect on the resultant regression coef

ficients. Therefore, if all possible indexes were construc

ted using both positive and negative estimates of the genet

ic and phenotypic correlations, the RAI value for index 

three would probably be essentially the mean. 

Since r - r appeared to be a good indicator of the g p .. 

magnitude o_f the RAI values for the two trait selection in-
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dex, then Er - Er would be expected to be an iµdica-
giJ' pi. J 

tor for the three trait indexes. The traits are such that a 

nonantagonistic relationship between weaning weight and aver-

age daily gain, as indicated by r - r. , is a positive 
gij piJ 

value; but for weaning weight with probe backfat and average 

daily gain with probe, a nonantagonistic relationship is a 

negative value. Therefore, to place all traits on the same 

basis, the following relationship is used. It will be de

fined as K to simplify its use in the discussion. 

The pattern established by the K values is not as clear 

as rg - rp was for the two trait selection indexes. Howeve~ 

it should be noted that in all indexes, which do not conform 

to the hypothesized pattern, at least one of the simple cor..;. 

relation coefficients is an extreme or antagonistic value 

(index 4: rp = -.37, rg = -.52; index 6: 
12 12 . 

index 7: rp23 = -"34, rg13 ~ Oo28; index 8: 

Also, there is generally one difference (rg .. - rp.) which 
, 1J 1J 

is relatively large and generally the diff19rence is of an an-

tagonistic nature. The failure of the indexes to fit the 

pattern nicely would indicate ~hat there is some type of in

teraction between the simple correlations for the three 

traits which might be a function of the magnitudes of the 

phenotypic variances or heritabilities of the trait~. Also, 
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it might indicate that simple sums and differences of the 

genetic and phenotypic correlations are not a sufficient in..

dicator. 

The magnitude of the RAI values indicate that none of 

the indexes are very good predictors of the aggregate breed

ing value (A) defined in terms of these three traits (0.12< 
2 R <Oo42). However, the RAI values do ;indicate that the 

changes which wer.e made in the genetic and phenotypic corre

lations do not greatly affect the predictability of the in-. 

dexes. In general, less change .in the RAI values is present 

with tJ;ie three trait selection indexes than was. seen. for the 

two trait selection indexes when the estimates of the genetic 

and phenotypic correlations are varied. This indicates that 

the more traits which are involved in an index, the less 

sensitive the index is to changes in one or two of the esti

mates. 

With index three (all traits independent), the partial 

regression coefficients for average d~ily gain (b 2) and probe 

backfat (b3) are approximately equalo For most of the other 

sixteen indexes the regression coefficient for probe is less 

than the coefficient for daily gain .. With almost all of 

these indexes, there is a positive relationship between wean~ 

ing weight and gain~ When the relationship between weight 

and gain is negative (index four), the regression coeffi

cient for probe is over: twice as large as the coefficient 

for gaino This indicates that even though a trait has a low 

heritability and contributes little to the index value, 
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fairly high genetic and phenotypic relationsh.ips between 

this trait and other traits can greatly affect the regressio~. 

coefficients of all traits involved in the index. 

There is some difference in the coefficients of the sev

enteen indexes even though the RAI values are not greatly 

different. However, the predictability of the indexes is 

such that the mean of the selected individuals for all in

d~xes would :i;:,robably be roughly the same for all three 

traits .. 



CHAPTER VI 

SELECTION INDEXES INVOLVING VARIOUS . . 

COMBINATIONS OF SWINE TRAITS 

The ideal selection index would be one which maximizes 

the correlation between the index and the aggregate breeding 

value, is composed of traits for which measurements are eas

ily obtained and contains as few traits as possible. 'Theo

retically, an index which satisfie~ all three of these ;ideals 

simultaneously is impossible to obtain. Multiple regression 

theory illustrates that the addition of new variables to a 

multiple regression equation never decreases the multiple 

correlation coefficient; and if the dependent variable is to 

some extent dependent on these additional variables, the mul-

tiple correlation coefficient wil~ be increased. Therefore, 

the greater the number of traits, which affect the agigregate 

breeding value, included in a selection index, the larger 

will be the correlation between the index and the aggregate 

breeding value. Also, a trait such as feed efficiency has a 
' 

large economic value, but is difficult to measure .. The l)Ur

pose of this chapter is to construct indexes involving vari

ous combinations of swine traits a,nd to compare the predic

tive value (RAI) of these indexes. If the addition of a 

certain trait to an index increases the predictive value of 

63 
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the index only slightly, it might be excluded from the in

dex, especially if it is a trait which is difficult to mea

sure. Some characteristics such as carcass traits are dif

ficult and sometimes expensive to measure, so they must in

crease the predictive value of the index enough to c.ompen13ate 

for this increased labor and cost. 

Average daily gain and age at 200 pounds are both mea~ 

sures of growth rate. Therefore, it does not seem necessary 

to include both traits in the same selection index. Two 

s.ets of indexes will be constructed: one using average daily 

gain as a measure of growth rate and the other using age at 

200 pounds as the measure of growth rate. A similar situa

tion exists for pr,obe backfat and carcass backfat since both· 

are a measure of fatness. The phenotypic variances an~ eco

nomic values are the same for both of these traits and tne 

heri tabili ties, phenotypic and genetic correlations are not 

different enough to warrant construction of two sets of in

dexes. Therefore, only one measure of fatness will be in

qluded in any indexo .. Both measures could be included and 

approximately half the empnasis for fatness would be given 

to each trait. The regression coefficient obtained can be 

used as e;i.ther probe backfat or carcass backfat depending 

upon which measurement is available.. It must be ,remembered 

that . if .the coefficient is used for ce.rcass backfat, it :inust 
. ' . . 

be weighte.d by the appropriate factor depending on the rela.-. 

tions~ip to the individual in qv.estion. 
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Parameter Estimates Used 
I 

The estimates of the economic values, heritabilities 

and phenotypic variances used in construction of the various 

indexes are prese)?-ted in Table XVI. ·The estimates of the 

heritabilities. and phenotypic variances used were obtained 

from a review of the literature. The estimates of the eco-

nomic values were derived in Chapter III and presented in 

Table VI. No satisfactory economic value could be obtained 

for carcass length, so it was assigned the value one on a 

relative.basis .. Estimates of the genetic and phenotypic cor .... 

relations used are presented in Table XVII. They also rep

resent estimates obtained from a review of t~e literature. 

TABLE XVI 

ESTIMATES OF ECONOMIC VALUE~, HERITABILITIES AND 
PHENOTYPIC VARIANCES USED IN THE CONSTRUCTION 

OF SELECTION INDEXES 

Trait 
A 2 Economic ap 

Value 

Number of pigs we3aned 6.64 6 .. 25 
Pig-weaning weight, lb. 1.93 37.21 
Average daily gain, lb./day 21.43 0.0324 

Feed efficiency, lb. feed -34.86' 0.0529 lb .. ' 
... 

gain 
Probe backfat, in .. -17.86 0.0256 
Carcass length, in .. 1.00 0.7056 
Loin eye area, sq. in .. 5.36 0.2704 
~ lean cuts 2.14 5.0176 
A~e at 200 pounds 2 dals -1.00 144.0 

'· 

h2 

0.14 
0.08 
0.33 

0 .. 38 
0.40 
0.51 
0.53 
0.45 
0.50 



TABLE XVII 

ESTIMATES OF GENETIC AND PHENOTYPIC CORRELATIONS USED IN 
. THE CONSTRUCTION OF SELECTION INDEXESa 

Noa WoWto ADG Age FoEffo Probe Carcass 
Weaned Length 

Number pigs weaned "--- - .. 51 0 0 0 0 0 

Pig weaning weight -025 0.37 -.52 -019 - .. 22 0 

Average daily gain 0 Oo52 -- - .. 62 - .. 02 - .. 02 

Age at 200 pounds 0 0 -- -.16 - .. 10 

Feed efficiency 0 - .. 66 -067 0.37 """.o04 

Probe backfat 0 -.,05 - .. 18 -.20 0.20 -.37 
' 

Carcass length 0 0 0.11 -.15 -.10 ,...33 ~ 

Lein eye area 0 0 -.25 -.18 -.24 -.16 - .. 16 

% lean cuts 0 0 0 0.27 0 .. 46 - .. 58 0 .. 30 

81,henotypic correlations above main diagonal, genetic correlations below. 

LoEoAo 

0 

.0 

Oo03 

0~11 

-.,07 

-.20 

-.01 

~ 

% 
Lean 

0 

0 

-.17 

0 .. 38 

-.,08 

-.55 

0.24 

0.51 

CJ', 

°' 
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The phenotypic correlations are given above the main diago

nal and the genetic correlations are listed below the main 

diagonal. Mo.st of the estimates of the genetic and pheno...;. 

typic parameters are the "best estimate" presented in Tables 

VII through x. 

Information Based on Collateral Relatives 

Traits involving carcass measurements are impossiole to 

measure on the breeding animal. Carcass i~formation on col

lateral relatives must, therefore, be relied on to furnish 

eome indication of the breeding value of the breeding anim,al. 

Since the information is not obtained from the animal direct

ly, but from a collaterli!J. relative; it is not as reliable an 

indicator of the individual's breeding value as if the infor

mation were from the.individual himse;J.f. If in:formation 

from enough collateral relatives can be obtained, then this 

mean value may be as reliable an indicator of the individual's 

breeding value as if the information were obtained directly 

from the individual. The number of collateral relatives re

quired depends upon the type of collateral relatives involved 

(i.e. full-sibs, half-sibs, etc.). 

For purposes of a selection index, it would be desirable 

to have some method of utilizing information from collateral 

relatives. The nature of the method needs to be relatively 

simple and preferably would involve only the regression co

efficients of the index. This would allow for the use of 

information from different types and numbers of collateral 
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relatives without causing recalculation of the entire index. 

Even if the method is not completely accurate, it would be 

much more practical and, if the bias is small, almost as re

liable. 

Figure 1 is a path coefficient diagram which illustrates 

the relationship between collateral relatives. The Ai and Pi 

refer to the breeding and'phenotypic value, respectively, 

for the ith trait of the individual of interesta The A1i, 

A2i and Ani are the breeding values for trait i for collat

eral relatives one, two and ne The P1i, P21 and Pni refer 

to the corresponding phenotypic values of the collateral rel

atives. The degree of relationship between the collateral 

relatives is indicated by the correlation coefficient rand 

h represents the square root of the heritability for trait i. 

The correlation between the individual's breeding value 

(Ai), what is trying to be predicted; and his own phenotypic 

value, what is observed, can be represented as follows: 

R = h A.P. 
1 1 

The correlation between the individual's breeding value and 

the mean phenotypic value of the collateral relatives is 

equal to: 

I 1 P =n[1+(n-1 )t] ·"'· 



r 

t1 n ~ p1 

r 'A . h 11 _ ___::.:.........,__~ P1 ° 

A21 h pJ~~ 
Ani. h Pni 

Figure l. Path Coefficient Diagram Illustrating the 
· Relationship Between- Collateral Relative's 

O'I 
\..0 
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For traits such as carcass traits, the mean phenotypic. 

value for the collateral relatives wi1:J,. be used instead of 

the individual's phenotypic value. Thus, ;Lt·seems reason

able to weight the regression coeff;i..cients for the carcass. 

traits by the ratio of the above two correJ.ations. 

where r = the relationship between collateral relat.i ves 

n = the number of collateral relatives·· 

t = the phenotypic intra-class correlatiop. between col-

lateral relatives • 

. If the collate;r:-al relative information is obtained from 
. . 

full-sibs, r would be equal to one-ha],f assuming no inbreed-

ing. Also, if the phenotypic ;intra-class correlation (t). is 

due to genetic causes (i.e. no common environment effect), 

which is reasonable for carcass traits, t ean be represented 

·in terms of known quantities. From the.piith·diagram: 

t = r 2h2 

If the collateral relatives are full-sibs (r = i) and 

for simplicity, the heritabilities of all carcass traits are 

assumed to equal one-half, then 

and 

R -A.P. 
1 • 1. R .. 

A.P. 
l 1 

t = l/8 

:::: . / 2N . 
V 7 + N. 



It can easily be obtained by setting the ab:ove ratio equal 

to one that it would.require seven full-sibs .. to have as. 
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much information as if the information were from· tne indi vid- · 

ual itself. If carcass data i1;;1 available on only one full

sib, the regression coefficients corresponding to carcass in'"'." 

for~ation should be multiplied by one-half; and for two full

sib1:1, the value is two-th:i.rds. 

All regression coefficients presented in the remaind,er 

of this chapter for carcass traits will "be equivalent to the 

regression coefficient for seven ful1-s;i.bs or information on 
. . 

the individual itself. Therefore, to utilize any of the :in-

dexes presented, these regression coefficients would need to 

be multiplied by the appropriate fraction .. 

Selection Indexes ;rnvol.ving Average Daily Gain 

As a Measure of Gro~th Rate 

The aggregate breeding value for all indexes constructed 

in this sectio~ was defined as follows: 

A= v1a1 + v2a 2 + v3a3 + v4a4 + v5a5 + v6a6 + v7a7 + v8a8 

where 

a1 ·- number of pigs weaned 

a2 = pig weaning weight 

a3 = average daily gain 

a4 = feed efficiency 

a5 = probe backfat 

. a5 = carcass length 

a7 = loin eye area 
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a8 ::;: percent lean cuts ·· 

Vi ;:: corresponding economic val1les. 

Eighteen different indexes were constructed involving 

average daily gain as the measure of growth rate and contain- · 

:i,ng various combinations of traits. ·. The :partial regression 

coefficients obtained and the correlation between.· the index .. 

and the aggregate breeding value (RAI) for each inclex are 

presented in Table XVIII, Average daily gain was present in 

.all indexes except .index 18 ,. so the partial regression coef

ficient for e?;iain was given the valu,e one in all indexes, ex-

cept index18 in which the coefficient for probe.was given 

the value one, to .. simplj..ff' co,mparison of the various indexes. 

As was expected, the, index containing all eight traits 

had the largest correlation (RAI) •. However, there was only 

o.i87 difference between tlle largest an~ small.est RAI values. 

For correlations of the magnitudes obtained for·the various 

indexes, there is probably not a great d.eal of difference in 

the predictive value of the sixteen indexes. Index one is 

45.8 percent more efficient than i.ndex eighteen (probe, car .... 

cass length, loin.eye area and J?ercent lean) and, thus, may 

be worth the extra time and expense involved in obtaining 

the ~easurements. 

Indexes two and four, three and five,. seve.n .and eight,· 

nine and ten, an4 twelve and thirteen indicate that the addi

tion of weaning we:;i..ght·to·a selection index does riot increa1;:1e 

the predictive value of the index. This is also reflected 

to some degree in the magnitudes of the regression coeffi-



Index 

1. 
2. 
3. 
4. 
5. 
6. 
7. -
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15., 
16~ 
17. 
18. 

TABLE XVIII 

PARTIAL REGRESSION COEFFICIENTS AND RAI VALUES FOR SELECTION INDEXES 
INVOLVING AVERAGE DAILY GAIN AS A MEASURE OF GROWTH RATE 

No. W. Wt. A.D.G. F. Eff. Probe Carcass L.E.A.a % 
Weaned Length a -Leana 

·, 

RAI 

0.221 - 0.054 1.0 -2.987 -2.755 0.264 1.-244------ -.092 - 0 .. -595 
1.0 - .992 0.454 
1.0 - .793 0.055 0.271 -.007 0.516 

-.004 1.0 - .974 0.457 
-.002 - 1.0 - .796 Q.052 0.262 -.007 0.517 

1.0 -1.356 - -1.844 0.504 
1.0 -1.623 -1.895 0.131 0.690 -.055 0.560 

-.002 1.0 -1.570 -1.861 0.126 o.669 -.054 0.560 
1.0 -1.848 0.429 

0.010 1.0 -2.112 0.431 
0.122 0.027 1.0- ~1. 567 - -1.387 0.096 0~050 0.546 

1.0 - .641 0.032 0.-028 0.469 
-.003 1.0 - .650 0.029 0.027 0.47l 

1-.. 0 -1.095 -1.225 0.059 0.033 0.511 
1.0 0.084 0.231 0.022 0.483 

0 .. 036 1.0 - .992 0.484 
0.034 1 .. 0 0.084 o._231 0.022 0.512 

-1.0 0.055 0.333 -.036 0.408 

a Regression coefficients for carcass traits are equivalent tG information from seven 
f'ull-sibs. 

--J 
L,.J 
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cients for weaning weight. The absence of any increase in 

the R.A,I value when weaning weight is added to an index is 

probably partially due.to the low heritability and relative]y 

small economic value for weaning weigh.t. In addition,. the 

genetic and phenotypic relationships between weaning weight 

and the othe.r traits involved in the index could be respons

ible for the lack of i~portance for weaning weight, although 

none of the relation~hips appear to 'be antagonistic. The 

low heritability for weaning weight can not be the complete 

cause since number of pigs weaned, which also has a low her-

.itability, is constderably more important than weaning 

weight. Indexes two and sixteen and fifteen and seventeen 

ill¥strate that the inclusion of number of pigs weaned does 
!,. 

increase the predictive value of an index sligntly. The 

higher economic value for number weaned and its assumed in

depf;'lndence of all traits except weaning weight indicate that. 

t:b.e economic value of weaning.weighii or the genetic and phen"'!" 

otypic relationships involving weaning weight account for 

the failure of weaning weight to increase the predictive 

value of an index. Irregardless of the exact cause, weaning 

weight would not need to be included in selection indexes 

constructed using the estimates of the parameters used in 

this study and involving this same group of traits. 

In all indexes in which feed efficiency is not in.eluded 

with 1;1verage daily gain and probe back:fat, the partial re,.; 

gression coefficient for probe is less than the coefficient 

for gain. When feed efficiency is included in addition iio 
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gain and probe, the regression coefficient for probe is 

larger than the coefficient for gain. The genetic and pheno

typic correlations between, ga;in and feed efficiency are high 

(rg = - .. 67, rp = -.62), while between feed efficiency and 

probe they are low (rg = 0.20, rp;::: 0.12). Also, the eco

nomic value for feed efficiency is extremely ~igh. This 

would indicate that feed efficiency is reducing th~ emphasis 

placed on gain due to the high genetic and phenotypic rela

tionships, but due to the low relationships with probe, feed 

efficiency has little effect on the regression coefficient 

for probe. 

· The partial regression coefficients for perce~t lean 

cuts are negative in indexes one, three, five, seven, eight 

. and eighteen. This would appear undesirable· since an in

crease in percent lean cuts is desired. However, percent 

1ean cuts and loin eye area are fairly highly related gene"'."" 

tically (rg = 0.63) and phenotypically (rp = 0.51). In addi

tion, both traits are to a certain extent a measure of the 

same quantity. Therefore, it would probably be better to 

consider both traits together when examining the indexes. 

This point can partially be illustrated by examination of 

indexes eleven, twelve, thirteen and four;teen. When loin 

eye area was excluded from the indexes, the regression coef-

ficients for percent lean became positive as desired. How-

ever, it is probably not entirely the relationship between 

loin eye area and percent lean which is causing the negative 

coefficients for percent lean. This is illustrated in in-
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dexes fifteen and sixteen where both the coefficient for 
' 

loin eye area and percent lean are p0sitive. However, feed 

efficiency and probe backfat are not present in either of 

these indexes and both are fairly highly related to percent 

lean genetically (rg = 0.46 for feed efficiency and rg = 
-.58 for probe backfat). These two traits could be partially 

contributing to the negati,ve regression coefficient for per

cent lean in some indexes. Index eighteen indicates the neg

ative coefficient may be due more to the relationship with 

probe than with feed efficiencyo It would appear that with 

the parameters assumed in this study, loin eye area is a 

more desirable measure for predicting the aggregate breeding 

value than percent lean. 

Selection Indexes Involving Age at 200 Pounds 

As a Measure of Growth Rate 

The aggregate breeding value. (A) for indexes constructed 

in this section was defined the same as it was .in the last 

section using average daily gain as the measure of growth 

rate except that age at 200 pounds was substituted for gain. 

The ten indexes constructed using age at 200 pounds as 

the measure of growth rate are presented in Table XIX. The 

regression coefficient_ for age at 200 pounds was given the 

value one for all indexes. 

The most noticable difference betwe:en the indexes con-, 

structed using age at 200 pounds as a measure of growth rate 

and those using average daily gain is the 4igher correlations 



Index 

1.9. 
20. 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 

TABLE XIX 

PARTIAL REGRESSION COEFFICIENTS A.ND R.A.I VALUES FOR SELECTION INDEXES 
INVOLVING AGE AT 200 POUNDS AS A MEASURE OF GROWTH RA.TE 

NG. W. Wt. . Age F. Eff • Probe Carcass a fa L.E.,l. 
Weaned Length a Leana RAI 

- .. 229 .-.999 -l .. O -6.719 -31.105 o .. 55·9--------l--3-.·1-"-- ---- --.4-8§- - --0.-703 
--l.O -35.730 0.527 
-1.0 -25.408 2.564 19.183 -.887 0.650 

-.955 -1.0 -37.176 0.593 
-.917 -1.0 -29.592 0.275 12.567 -.236 0.700 

-L.O -23.476 -37.480 0.549 
-1.0 -24.623 -29.589 4 .. 354 25.734 -2.010 0.666 

-!>946 -1.0 -7.673 -31.024 0.762 14.405 -.566 0.703 
-l.O -35.951 0.513 

-'. 764 -1.0 -25.912 0.534 

a Regression coefficients for carcass traits are equivalent to information from seven 
full-sibs. 

-.J 
-.J 
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between the indexes and the aggregate breeding value for the 

indexes involving age at 200 pounds. The· reas_on for this is 

the higher heritability assumed for age at 200 pounds than 

was assumed for gain. The heritability of an index (R!1 ) 

should be some function of the. heritabilities of the traits 

included in the index, and the Only difference in the two 

sets of indexes was in the trait Uf;led as a measure of growth 

rate. One might th,ink that using age at 200 pounds instead 

of average daily gain will increase the predictive value of 

an index.. Th:;Ls will be true only if the parameter e~timates 

are accurate. The heritability for age is based on relative-· 

ly few estimates and is, therefore, less reliable than the 

heritability ;for average daily gain. In addition, since age 

is a measure of growth rate, tb.e heritability would appear 

to be higher than expec~ed. Therefore, before too much can 

b1;3 said about the higher predictive value of indexes involv

ing age at 200 pounds compared to indexes involving average 

daily gain, more estimates of the he~itabil:;i.ty for age at 

200 pounds are needed. 

With indexes involving age at 200 pounds, including num

ber of pigs wean.$.~ does not increase the predictive value 

of the index (index 19 versus index 26). However, including 

pig weaning weight increased the RAI value of the index (in~ 

dexes 20 and 22, ·21 and 23, 25 and 26, and 27 and 28). This 

is contrary to what was observed with the indexes involving 

average daily gain. The reason for the differences is not 

readily apparent, but is involved·with the estimates of the 
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parameters used. Whether it is economic values, variances, 

genetic or phenotypic correlations causing the differences 

is not known. The negative sign on the, partial, regression 

coefficients for weaning weight might be due to the fact 

that the genetic correlation between age and weaning weight 

was assumed to be zero since no estimates were available. 

If an estimate of the correlation were known, the right hand 

sides of the normal equations would, be changed due to the 

large variance for both weaning weight and age; thus, caus

ing the coefficient to possibly be positive~ 

Similarly, to the indexes involving average daily gain, 

the partial regression coefficients for percent lean cuts 

were negative for the indexes involving age. However, the 

regression coefficients £or loin eye area were positive as 

before, so the overall value of carcass meatiness would be 

positive. As was suggested earlier, the interrelationship 

between percent lean cuts, loin eye area, feed efficiency 

and probe backfat is probably the major cause for the nega

tive signso No specific parameter estimates can be pointed 

to as the entire cause. 

Indexes Constructed with Loin Eye Area Omitted From 

the Definition of Aggregate Breeding Value 

To try and gain some insight into what was causing the 

negative sign on the partial regression coefficient for per~ 

,cent lean, a s'et of indexes was constructed eliminating loin 

eye area both from the index and the definition of age;regate 
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breeding value (A). The aggregate breeding value was de

fined identically to the one given in the section on average 

daily gain in4exes except loin eye area was omitted. The in ..... 

dexes constructed are presented in Table xx. The regression 

coefficient for average daily gain was again given the value 

one for ease of comparison. 

The regression coefficients for percent lean were gen

erally positive when loin eye area was omitted, but the mag

nitudes of the coefficients were small. This fur~her illus-
.· 

trates that it is not entirely the high genetic and.pheno-

typio relationship between loin eye area and percent lean 

· which is causing the deemphasis of percent lean .cuts. The 

reJ,.ationship of percent lean to poth probe baclcfat and fe~d 

efficiency are pr.obably also involved. 

As was true with the other indexes involving average 

daily gain, the addition.of weaning weight did not increase 

the predictive value of a given index. Also, number weaned 

did increase the predict~ve value of an index as was true 

earlier. The regression coefficient for probe was again 

less in absolute magnitude than the regress.ion coefficient 

for average daily gain when·feed efficiency was not included 

in the index, but greater when feed efficiency was included. 

The regression coefficients for carcass le:rJ.gth were smaller· 

in the above indexes than they were with the· previo1,1s aver

age daily gain indexes. The interrelationship between.loin 

eye area, carcass length and the .other traits would almost 

certainly be the cause, but the exact cause is not evident. 



TABLE XX 

PARTIAL REGRESSION -COEFFICIENTS AND RAI VALUES .FOR .SELECTION _INDEXES .CONSTRUCTED WITH 
. ·_ ~OIN EYE AREA OMITTED FROM THE-~DEFINITION OF .A.GGR.EG.ATE J:3RI;:EDIN(J VA!JUE · · ·- ·. -

"':'"-i ·- --.--~ ~"":'"'~---.-. -.~---------. ----;- .--,--------

Index 

29. 
JO. 
31. 
32.· 

33 .. 
34. 
35. 
36. 
37. 
38. 

No. 
Weaned 

0.086 

W. Wt.---· AoD .. G. 

0.017 

-.004 

-.004 

-.004 

0.004 

1.0 -

1.0 

1.0 

1.0 

1.0 

1.0 
1.0 

1.0 

1.0 
1.0 

F. Eff. 

.• -.954 

-.755 
-.739 
-.688 

-1.010 

-1.074 

Probe 

-1.173 
- .869-
- .681 

- .857 
- .69], 

-1.271 
-1.100 

-1.082 

Carcasi 
Length· 

-

fa 
Lean a RAI 

-- Q~];09--· "' - --· - 0-.02-!)- - ----- · 0-;; 5 64 

0.490 

0.050 0.009 0.499 
0.493 

0.046 0.008 0.501 
0.522 

0.080 0.000 0.529 
0.073 -.001 0.530 

0.447 
0.448 

a Regression coefficients for carcass traits are equivalent.to information from seven 
full-sibs. · · 

co 
I-' 
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The regression coefficients for feed efficiency are 

considerably smaller when loin eye area is omitted from the 

definition of aggregate breeding value (A). However, the 

genetic and phenotypic correlations between loin eye area 

and feed efficiency are small. ~his would indicate that the 

relationship between loin eye area and the other traits in~ 

valved is what is causing the reduction in the partial re~ 

gression coefficients for feed efficiency. 

Another interesting point needs to be made with respect 

to the two sets of indexes involving average daily gain~ 

When loin eye area is omitted from A, indexes not including 

carcass traits have a higher correlation (RAI) than when 

loin eye area is included. This seems reasonable since 

these non .... carcass traits can account for more of the varia--

tion in A when loin eye area is omitted. On the other hand, 

indexes including carcass traits have lower RAI values than 

they previously had. This indicates that loin eye area adds 

to the predictive value of an index. As a trait, loin eye 

area probably accounts for more variation in A than either 

of the other two carcass traits. This indicates that loin 

eye area should defi.ni tely be included in the carcass 

traits., 

RAI Values When Carcass Data is From Full-Sibs 

The correlations (RAI) presented in Tables XVIII, XIX 

and XX reflect the predictive value of an index if all mea

surements were obtained from the individual itself., In the 
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case of carcass measurements,data from S$Ven full-sibs would 

be equivalent. How much will the predictive value of an in~ 

dex be reduced if carcass data were available on only one or 

two full-sibs? The RAI values obtained when it was assumed 

that carcass data was available on only one or two full~sibs 

are listed in Table XXI. Probe backfat was assumed to be 
- . 

carcass backfat in index 18; thus, all four traits in index 

18 are carcass traits. 

The amount the RAI value is reduced depends upon the 

number of traits involved in the index and the number of 

carcass traits involved. Indexes 11 through 13 and 29 

through 36 contain only two carcass traits, and, thus, the 

reduction is less than in the other indexes in which there 

were three or four carcass traits. Loin eye area was the 

trait omitted from all these indexes, so this could be an. 

indication of the importance of loin e~e area in a selection 

index using the parameters assumed in. this study. Also.; the 

greater i;he number of traits included in the index, which 

can be measured on the individual, the smaller is the reduc

tion in the RAI values. Index 18 demonstrates ·the greatest 

reduction and is composed of only the four carcass traits. 

Index 15 exhibits the next greatest reduction and the only 

non-carcass trait in index 15·is average daily gain. All 

other indexes contain at least one other non-carcass trait. 

This indicates that smaller numbers of sibs could be used 

with indexes containing greater numbere:3 of non-carcass 

traits without greatly affecting the predictive value of the 



Index 

1. 
3. 
5. 
7. 
8. 

11. 
12. 
13. 
14. 
15. 
17 •. 
18. 
19. 
21. 
23 .. 
25. 
260 
29 .. 
31. 
33. 
35. 
36. 

TABLE XXI 

CORRELATIONS (RA.I) WHEN CARCASS DATA IS AVAILABLE 
ON SEVEN, TWO AND ONE FULL-SIB 

84 

Seven Full-Sib$ Two Full.-Sibs One Full-Sib 

0.595 0.550 0.537 
0.516 0,467 0.446 
0.517 0.468 0.448 
0.560 0.519 0 .. 503 
0.560 0.520 0.503 
0.546 0.531 00525 
0.469 0.448 0.439 
Q.471 0.450 0.441 
0.511 0.497 0.490 
0.483 0.415 0.389 
0.512 0.452 0.424 
0.408 0.272 0.204 
0.703 0.645 0.622 
0.650 0.577 0.549 
0.100 0.642 0 .. 621 
0'!666 0.592 0.562 
0.703 0.643 0.620 
0.564 0.554 0.549 
0,.499 0.485 0 .. 479 
0 .. 501 0 .. 488 0.482 
0.529 . o. 519 0.515 
0.530 0.520 0 .. 516 



85 

index. 

With almost all of the indexes, there does not appear 

to be sufficient reduction in predictability by having car

cass data on only one full .... sib to :r-ecorrunend excluision of 

carcas·s data from the index. However, it should be noted 

that in all indexes, using gain as the meafiure of growth 

rate, the correlation (RAI) for an index with carcass data 

from only one full-sib is lower than the RAI value for the 

corresponding index excluding the carcass traits. Indexes 

two and three illustrate this (RAI = 0.454 for index two 

and RAI = 0.446 for index three wit4 one full-sib). This is 

theoretically impossible and could possibly just be rounding 

error since it was not true for the i!ldexes :Lnvolving age., 

It could; .. however, indicate that the fraction one-half is not 
. ;· . . I 

the correct fi;tctor to multiply the regression coefficient _by 

for carcass data on one full-sib. The RAI values are only 

slightly_less and coupled_ with_ slight~y larger RAI values 

for the age indexes, the bias associated with the factor one

half is probably not suff~cient to overcome its practicality. 

The extreme closeness of_ the RAI values for indexes with one 

full-sib to the corresponding index with no carcass data does 

indicate that if carcass data is available on only one full

sib, it is not ext;r:-emely valuable in predicting the aggregate 

breeding value of an individual. If carcass data from one 

full-sib is available, it should.be used; but, j,f it is diffi

cult to obtain and can only be obtained on one fu11..:s1;b for 

each individual, its value could certainly be questioned. 
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Summary 

The first and probably most important point which needs 

to be made concerns contributing the differences in two in

dexes to one or two specific parameter estimates. It could 

certainly be true and. probably is th.at these specific ;param,.... 

eter estimates are the major reason for the changes observed 

in the regression. coefficient~:!:, but it Inust be re:\llembered 
' ' 

that it is the interrelationship a~ong.all parameter esti

mates whichdeterminesthe magnitude of the regression coeffi-

cients. 

The c::tianges whicn were observed·in the various indexes 

illustrate ,the ;need for accurate .estimates of the parameters. 
. . ( . . . 

This is especially true of·genetic correlations for which 

accurate estimates are not available. Erroneous estimates 

of a genetic correlation could have a large effect on the re-· 

sulting regression coeffic;i.ents. However, there wa$ not a 

great deal of difference in the predictive value of the in

dexes constructed. This indicates that even though the re

gression coefficients are different, causing different indi

viduals to be selected, the mean genetic change using any of 

the indexes would probably not be greatly different. There 

would be some differences between the index containing only 

a !ew traits to one containing a large number, but the addi

tion or deletion .of one trait does not affect the predictive 

value greatly. 

It is difficult to recommend specific indexes since 

this would depend on the measurements available in a ]?artip-
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ular operation. The amount of time, labor and expense re~ 

quired to obtain a particular measurement for a specific 

operation would need to be determined before deciding if the 
'' ' 

measurement is worth obtaining. The indexes involving age 

should probably be questioned until the heritability of age 

at 200 pounds is more accurately determined. Also, the addi

tional information gained from carcass data on only one full

sib is questionable; and .if it is expensive or difficult to 

obtain, it should probably be omitted providing probe is 

evaluated. 



CHAPTER VII 

CONCLUSIONS 

A selection inde~ is a mathematical tool which, if 

proper weight is given to each trait, is more efficient than 

1;3election for one trait at a time or for several traits with 

an independent culling level for each trait (Hazel and Lui;;h, 

1942). In order to give the proper weight to each trait, it 

is necessary to obtain accurate estimates of the parameters 

involved in the construction of the index. 

In the present study, the correlation betwe.en the index 
I . 

and the aggregate breeding value (RAI) was used as the cri

teria for comparing indexes constructed using different esti

mates of the parameters and indexes involving various combi

nations of traits. A selection index is essentially a multi

ple regression equation and it is the multiple correlation 

coefficient which in.dicates the predictive value of a given 

equation .. The RAI value is the multiple correlation coeffi-

cient for a given index. 

Results of this study indicate that the economic values 

of the traits considered may be placed on a relative basis 

by dividing one of the economic values into the rest prior 

to incorporation into the normal equations. The relative 

magnitudes, not the absolute magnitudes, of the resultant 

88 
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regression coefficients are of primary interest; therefore, 

dividing all economic values by a constant will not affect 

the relative magnitudes of the regression coefficients. How

ever, the economic values should not be multiplied by the 

standard deviation of the trait to which they correspond be

fore placing them on a relative basis since the least squares 

procedure, where the normal equations are composed of vari

ance and covariance estimates, adjusts for differences in 

variability of the traits involved (see Chapter III). 

The economic value of a trait is defined as the increase 

in profit expected to result from one unit change in that 

trait. However, a decrease is the desired direction of change 

for certain traits such as probe backfat, feed efficiency and 

age at 200 pounds. Thus, these traits would have a negative 

economic value. It was demonstrated in Chapter III that high

er correlations between the index and the aggregate breeding 

value (RAI) can be obtained using positive economic values 

for traits in which a decrease is desired if antagonistic re

lationships exist between this trait and other traits in the 

indexQ This is to be expected since selection to increase 

this trait would result in more rapid progress due to the an

tagonistic relationship. If selection were to increase this 

trait, then the economic value would be positive, not nega

tive. If the relationships are compatible, greater progress 

can be made by selecting to increase certain traits and de

crease others. The RAI value will be higher in this case 

using negative economic values for the traits for which the 
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decrease is desired. Since the desired improvement is to 

increase some traits and decrease others, negative economic 

val-ues should be used for all . the traits in which a .decrease 

is desired. 

In order to evaluate selection indexes involving differ-

ent parameter estimates without actually calculating the in-

dexes, it is necessary to determine some relationship between 

the parameters involved which indicates the magnitude of the 

criteria used to compare the indexes. In this stu~y, since 

RAI was used as the criteria, some si~ple relationship be

tween the genetic and phenotypic correlations (since the 

phenotypic variances, heritabilities and economic values were 

not varied) was desire~ which would indicate the magnitude 

of RAI for each index. In order to have much practical util

ity, the relationship needed to be simple. 

Fourteen indexes were constru.cted in Chapter V, invol v-, 

ing average daily gain and probe backfat, to try and deter

mine what effect varying the correlations had on RAI and to 

try and find, if possible, a simple relationship between the 

genetic and phenotypic correlations which would give an in

dication of .. the magnitudes of RAI o The magnitude of the cor ... 

relation (RAI) appeared to be associated with the difference 

between the genetic and phenotypic correlations (rg - rp) 

used in the construction. The larger the magnitude of this 

difference, the larger or smaller the correlation (RAI) de

pending on the traits'involved. If an increase is desired 

in one trait and a d~crease in the other, a positive differ-
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ence (rg - rp) would indicate a smaller RAI value than if 

the difference were negative. With the indexes involving 

average qaily gain and probe backfat, the smallest RAI value 

(Oo409) was associated with the largest positive difference 

(0.74), while the largest RAI v~lue (0.795) was associated 

with the largest negative difference (-.60). If an increase 

were desired in both traits, the reverse should be true; 

small RAI values should be associated with large negative 

differences and large RAI values with large positive differ

ences. The difference (rg - rp) was no~ a perfect indicaton 

The results indicated that a more accurate indicator would 

have been rg minus some factor times rp. The factor in

volved was not able to be determined except that it should 

be less than one. 

The pattern establ;i.shed by using the sum of the genetic 

correlations minus the sum of the phenotypic correlations 

was not as clear an indicator of the magnitude of the RAI 

value in a three trait selection index as it was in a two 

trait index~ However, less change was present in the RAI 

values for the three trait indexes when the estimates of the 

genetic and phenotypic correlations were varied~ This indi

cated that the more traits involved in an index, the less 

sensitive the index is to changes in one or two of the param-

eter estimates. 

It was illustrated in Chapter VI that the correlation 

between the index and the aggregate breeding value (RAI) 

does not differ greatly for indexes constructed from various 
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combinations of swine traits (range in RAI values was 0 .. 408 

to 0 .. 595)0 Certain traits (average daily gain, feed effi-
, 

ciency, probe backfat and loin eye area) increase the pre-. 

dictive value of an index more than other traits (number of 

pigs weaned, weaning weight, carcass length and percent 

lean)o Even though indexes composed of different combina

tions of traits do not differ greatly in predictive value, 

the amount of emphasis for each trait (magnitudes of the 

partial regression coefficients) varied among the indexeso 

Changes in the partial regression coefficients from index to 

indE;!X could be explained, for the most party by specific 

genetic and phenotypic correlations as the major cause .. It 

was evident, however, that it is the interrelationship o.f 

all variables involved which determine the magnitudes of the 

regression coefficients~ Failure of the regression coeffi-

cients to be similar from inp.ex to index should not affect 

the mean genetic change expected in a population if the cor

relations between the index and the aggregate breeding value 

are similar~ To a certain extent, different individuals 

would be selected using different indexes, but with identical 

RAI values the mean genetic change in a population should be 

the same for both indexeso 

The particular traits which should be included in a se-

lection index depend on the nature of a particular operation. 

The amount of time, labor and expense involved in obtaining 

particular measurements must be weighed against the increase 

in predictive value expected~ The inclusion of oarcass 
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traits in a selection index is warranted if suitable numbers 

of collateral relatives are evaluatedo The number of collat

eral relatives required depends on the relationship between 

the individual and the relatives- It is questionable, unless 

emphasis is entirely on meatiness, whether information from 

one full-sib is sufficient to overcome the difficulties in

volved in obtaining the measurements. 
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