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INTRODUOTION

To the poultry keeper certain feabures relafed to the egg production of laying stoclks are
of direct economic significance. The annual number of eggs laid and their size determine
the cash reburn from each bird, Other characters such as the size of the bizd or its period
of sexual maturity, thab is, the period from its hatching to the date of laying the frst
egg, are concerned with the economy of feed consumption. Besides, the size of the bird
would affect the price it may fetch when, as the end of its laying career, it is sold for meat,
The breeder engaged in the improvement of egg production alms at incorporabing sach
characters in his breed in so far as their genetic or physiclogical relationship would
permit.

Productivity or the capacity of laying a large numnber of eggs is an inherited character,
and st least some of the controlling genes are located in the sex chromosome, so that
those factors are transmitbed from the sire to the daughter (Pearl, 1912). Similarly,
significant differences in the daughters’ egg weight from different sives was. demonstrated
by Hays (1941), who also discusses additional evidence on this peint and, in confirmation
of his previous view (1929) shat inheritance of egg weight is autosomal, concludes that
both sires and dams must be selected for factors affecting egg size in order to secure a -
uniform progeny. Poultry breeders usually devote considerable care in the selection of
suitable sires, and the evidence available shows that this selection is ab least as important
as thas of dams, if not more, in breeding better laying stocks. The importance of baving -
selected sires is increased by the fact that only a few cocks are maintained for mating in
the breeding pens. The chiect of the present paper is to describe the application of the
diseriminant function (Fisher, 1936) for judging the genetic potentiality of the sire.

The discriminant function provides an extremely useful technique for selection when,
as in the present case, selection is to be based on several characters simultaneously. The
individual characters may show different degrees of variation due to genetic and environ-
mental causes, and their true value in assessing the genotype will also depend upon the
strength of their mutual correlations. In evaluating the diseriminant function hoth these
factors are taken into account and the relasive weight to be attached fo the ohserved
values of different charachers is so fixed that the resulting compound score 15 most highly
correlated with the true genetic value of a variety or a line. The application of this tech-
nique to plant selection is shown by Fairfield Smith (].936). The use in selection in poultry
presents no essentially different features. '

' MATERISL
The daba analysed relate to a stock of Brown Leghomms maintained ab the Tushitute of -
Animal Genetics, Edinburgh, and cover three seasons, 1938, 1936 and 1937, in which the
pullets from different matings were hatched. Records for the number of eggs laid dormg
five months from November to March, the average egg weight in March, the body weight
of the pullet when further growth had ceased, that is, at an age of approximately 40 weels.

'
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- and the age at sexunal maturity are available over the first pullet year for 218 pullets -
belonging to the progenies of seventeen sives, These four characters are of primary in-
portance in defermining the productivity of the stock and are analysed to obtaln a
diseriminant fanction. The number of hens from individual sires which were allowed 4o
complete their year’s record was too small, and therefore egg production from November
to March is used as & measure of the laying rate. The figures are comparable because
hatching was so arranged that almost all puliets had started laying in the heginning of
Novemher, The egg weight in March, when all pullets were in full production, is consiclered
to he more consistent and more suitable for comparison than the average for the whole
year. The pullets were kept in standardized twenty-bird pens and all received the same
diet and treatment. The pullets from individual sives used in any one year were nos kept
separately but were intermixed.
While the matings were not controlled, in the sense that each sire was not mated to
- the same set of dams, the dams all belonged to the same common stock, and no deliberate
selection was exercised in arranging matings. Highty-seven hens in all were mvolved,
and hens belonging to different age groups were used in each of three seasons. Twenty
three of the hens were mated to different sires in more than one season. Variation within
a sire’s progeny would be increased by contributions from genetic differences hetween
mothers, but differences hetween sires are not likely to be biased from this cause, since
the matings were apparently random. The size of each progeny ranged between fonr and
twenty-nine, the average being thirteen puilets approximately,

. METHOD OF ANALYSIS AND RERULTS
Each season’s data were analysed as between sives’ progenjes and within progenies; and
the analyses for the three seazons pooled together, The results are shown in Tables T and 2.

Table 1. Pooled analyses of variance for number of cggs, eqy weight,
body weight and period of malurdy

Mesn squares and variance ratios

. E -
Degrees Now ol eggs Bgg weight Body weight Maturity
. of - ¢ — e e I oy
Due to freedom  mLs. V., I8, V.R. M5, V.R. BLS. YR
Between sires’ progenies 14 462.6 137 015 B78T 0 2304 1-31 2673 1-69*
Within progenies . 201 8373 — 12-14 — 1821 — 1582 n
* Significant, v 1%, P =005, T Siguificant, P =001,

Table 2. Pooled analyses of covariance belween rawnber of eggs, egqq weight,
T ' bady weight and period of maturity

Mean products and correlation soefficients

i
Degrees  Bug no. »egy weight Bggne. » body weight  Feg no. x maturity
’ D_f i LS p A N P A,
o o ~ freedom ME. T TP, 3 KL r
Bebween progenies . id 48-dd. 0260 5361 0-510  -431.7 - 0388
Within progemies | 2N 153 0020 -0-86 0011 - 1750 o (b 84
. Mean products and correlation voeffcients ’
SUDNUNEE . —
Degrees Ege wt. xbody wb Bgg wh = maturity  Body wi. < matarity
of Faa ’__ﬁ b g - Is K
freedom M.T. r .7 r AP, »
Between progenies 14 17173 0433 55-09 0136 - 6058 G200
Within progenies . 261 620 0-41a 201 0014 SB8Z 0040

C For n =18, 7 =0-514 for =005, and for n =200, » =0-13% and 0-181 for P =005 and P =0-01 respectively.
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There are no significant differences between sives for the body size of their daughters
and the purber of eggs laid. This is probably due to these two characters having beey
subjected to intensive selection over a Jong peviod. ligg weight, on the other hand, shows
strildng differences, and the period of maturity betwesn progenies also differs almioss
significantly. This indicates shab there is some scope fot increasing the egg size, and, to o
less extent, for decreasing the period of maturity i this stock hy selecting sultable sives,

Corvelation coefficients between progenies are not significant except between the nuwmber
of eggs laid and body weight, which approaches the 5 9, level. This correlation, paz-
ticularly in the absence of any gorrelation in these two characters within progenies .
would be interpreted to mean thatb sires which affected the body weight of their danghiers
would also affect their productivity in the same direction. There is a significant negabive
correlation hetween the number of eggs and the period of sexual maburity within the
progenies. This is to be expected, Knox, Jull & {uinn {1935) also observed a aignificant
correlation of —0-27 in these two characters within a flogke of White Leghoms, The
significant positive correlation between body weight and egg weight within progenies
mdicates that birds with a bigger body produce larger eggs. This is the informabion ob-
tained from simple correlations. Tf partial correlations ave worked ous, additional
information useful in developing criteria for selection would become .available. The dis-
criminant function which is hased on the variances and covariances between all pairs
of characters utilizes all such information. '
. Tf the genotype of sire conld be accurately measured for the various characters related
to the egg production of its danghters, and i the relative weights to be atbached to these -
meagures were given, the correct formula for assessing bhe genetic value of the sire would
become immediately available. Inthe present case, with four characters, @, €,, T3 and 2,
and with their weights, a,, a,, aq and o respectively, this formula would be.

€y 1y = Gy Wy 1 (g g+ By Ty

Actually the sire’s genofype is only estimated through the mean performance of the
progeny, and these observed values are subject to exiranecus canses of variation and may
‘also be mutually correlated. This necessitates an adjustment to the weights to be attached .
to the observed values. The new formula in terms of these values and modified weights
may be written down as '

X = by @y 4 by + by Ty o+ Oy 2y -

With the help of the discriminant funetion technique, the coefficients by ... b, are 50:
evaluated that the compound score X is most bighly correlated with the trme genetis
value of the sire. ' : .

The value of the discriminant function scores will depend partly on the weights, 4,
initially chosen. For the present material the following three alterndtive sety of weights
were suggested: . S

g thy 22 &y
. {egg no.)  (epg weight) {hody weight) (age at maturity)
Set 1 7 G 5 ~2
Set II 7 5 5 -3
- Bet 11 5 5 5 _a

These coefficients must he interpreted as giving the relative values on a common seale
of a unit change in the genetic measures of the four characters. :
The two covariance mabrices necessary for setbing up the simultansous equations. 1o
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N coefiicients, b, ave obtained from the mean squares and mean products given in Tables 1
and 2. The details of the calculation need not be shown here as the method is fully
described by Fairfield Smith (1936). The solution of the equations gave the following

valnes for &:

by b

Uy s 2
{egg no.)  (egg weight) {body weight) (age at maturity)
Set L 0-7166 35628 2.3837
Set 11 1-4362 54173 17517
Set 11T 0-2007 5-65935 3-1198

Since the coefficients are adjustable, we may put.one of them, say b, equal to unity
and rewrite them as follows:

;51 bz b3_ ‘7)-1
Bet 1 1 9-15 3-33 - 200
Set 11 1 307 1-22 -1-20
Het 111 1 18-85+ 10-41 — 580

Tn correspondence with the wide differences existing between progenies for egg weight,
this character has the highest selective value in the discriminant function. The coefficients
for ege number and body weight are considlerably reduced when compared with the
theoretical weight given to these characters, A numerical score can now be assigned o
each sire by substituting the mean values of its progeny in $the ciscrimmant formula,
and this score will best indicate the selective potentiality of the sire.

I the present data, she genetic component of various characters is not estimated with
much accuracy, being based on only 14 degrees of freedom. The analysis for body weight
appears particularly suspicions; because In the covariance matrix for the genefic com-
ponent, obtained by subtracting the mean squares and mean products within progenies
from those bebween progenies, the mean squaze for body weight is very low and the
correlation coefficient between body weight and egg number exceeds unity! For this
reason hody weight was entirely omitted from the data, and a fresh diseriminant function
based on the other thres characters was calenlated. Tfs coeflicients are:

by be i
{egg no.) {egy weight) {age at maturity)
Set T 1 _adi - (81
Set I1 1 3.4 -{-88
Set 113 1 AT 182

The difference between the three sets of coefficients is now much less. Egg weight
continnes to have the highest selective value, bub less disproportionate to egg number
than in the criginal fonetion.

The discriminant function can be altered by modifying the theovetical weights. It may
be -considerad that one or more of the characters included in the discriminant funchion
are of no direct value. The coefficients, a, for such characters may consequently be equated
0 zero. The selechive value of these characters in the discriminant fonefion aill then
- depend only on their correlation with the other characters. As an illustration we recalou-
f Jate the new funchion after putting the a coefficient for the perviod of maturity agual o
| zero, on the assumption that this character 18 of no direct monetary value. The coefiiclents
| :
{

of the function are altered as shown below:

F)j 1':: ’ bii
{egg no.) (egg weight) {age at waturity)
Bet L 1 4-80 061
Set 1 1 919 ~ 068

Set HT 1 833 -~ (61
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The selective value of the period of maturiby is further reduced ag 16 now depends only.
on its correlation with the other two characters. The coefficients for egg weight are neaﬂy;
domnbled.

The object of selecting sives is to increase the mean productive value of the stock. [t
is of considerable interest to study what advantage the use of the discriminant function -
equivalent to the usa of
the observed values for.
scored by means of the

has over straight selection in this respect. Straight selection i8
thecretical weights, that is coefficlents, a, in conjunction with
different characters. [n other words, the value of the sive i

formula

23

gty Ty gy e (T
in place of the discriminant formula
by - bogig + byea + by,
@y, Ty, #y and z, representing in both formulae the mean performance of the progeny
for the four characters. ' ‘
Tairfield Smith (1936) has given the expectation of genetic advance hy selection over
the mean of the original population as
By,
b
where z and ¢ ave determined by the degree of selection applied, B is the coefficient of
regression of the true genetic value on the compound score nsed for selection, and Vs
the variance of this score between progenies. _
With the intensity of selection fized, the expectation of genetic advance when selectio
is made with the help of different formulae will be proportionate to the quantity BFE
This quantity was calculated for the two formulae given above, The results are shown
in Table 3. ' '

Table 3. Compurison of genetic advance with discrimingnt funciion and strasght selection
9/, excess of

All four characters Tndex of genetic advance {(BF £ advance oy
- ~ \ dizeriminant
4 s @ 0y Discriminant function Straight selection funchion
Set L 7 ] aoo-2 215 1097 10-8
Set 1T 7 5 5 -3 126-9 120-8 31
Bet 1L 3 3 5 -2 130-0 113-1 . 149
Three characters
(body weight omitied)
(—""—)\—“"—\
@, ty fhy
Set I 7 6 -2 98-8 9-d4
Set 1T 7 5 -3 1133 46
Set 11T 3 5 -2 161-3 107
Beb I 7 § 0 710 23-5
Set 1T 7 5 0 65-1 ~ 308
Set T ] 5 0 70-3 329

The expected genetic advance is greater t-hz:éugheut when selection is based on th@.'
diseriminant formaala. This is & consequence of the diserimmant formula being most:.
highly correlated with the genetic value of the sire among the various alternative formulae
that might be used. The magnitude of actual difference betwean the two is not appreciablé -
here, being only of the order of 10 %,; but when a character which on ibs own aoeount ¥
not considered n be of any valus is included, the difference would be enlarged. This @
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illustrated in fhe iast group of sets in Table 3, where the expactation of genetic advance
through the use of the diseriminant formula is 50 9/ greater than with the other formula.
Selection by means of the discriminant function should prove defimitely more profitable
1 such cases,

The question whether the estimate of genetic advance is significant is dependent on
another, namely, whether there is a significant diserimination hetween sires, uging she
particular discriminant formula. In the absence of significant diserimination there is
no possipility of a significant advance by selection. The general problem of the tests of
significance of discriminant functions is discussed by Fisher (1940), and an analysis of
variance of the discriminant score, X, between progenies and within progenies would
appear to provide a direct method for making such a test. When this test was applied to
the diseriminant scores based on all four characters, a significant diffevence hetween sires
on 5 % level was observed for sets 1T and III of the @ coefficients. In such an analysis,
hewever, an adjustment of the degrees of freedom between the two components is neces-
sary, by transferring p-1 degrees for  variates from ‘within progenies’ to ‘between
progenies’ (Fisher, 1938). The present case is not strictly analogous, since the discriminant
function is chosgen not to maximize the differences hetween gires as such, but to dis-
criminate between them in respect of their potential genetic value. Tt is not clear what
bearing this point would have on the guestion of adjustiment. Reallocating the degrees
of freedom, however, it was found that the diseriminant funetion corresponding to seb 11
only just showed a significant difference on the 5 9, level. These resnlts indicate that thers
18 a basig, though not appreciable, for selection among the sires examined. A similar
analysis of the other discriminant functions considered would he useful.

Discussion

The present results are of interest chiefly as an illustrabion of a very useful technigue for
making sslection for several characters simultaneously. Their value in providing practical
guidance to the breeder in selecting suitahle sives is limited. To obbain diseriminant
formulae of greater practical utility it is necessary to analyse data from a larger number
of sives mated either to the same seb of hens o fo randomly selected groups so that genetic
differences between dams are either eliminated from the coaparisong befween sives ox are
randomly distributed among them.,

The appropriateness of the theoretical weights employed in evaluating the discriminant
functions alse requires a closer examination. These weights shonld be proportional to
the monetary value or value on some obher common seale of a unib change in the various
characters mcluded in the function, the units being those in which the measurements
of the characters are analysed. Wor the present analysis the weights suggested by poultry

must he taken as

experts have heen emploved; and the four welghts, a., a,. a, and a,
being proportionate to the mouetary value of an egg, the preminm obtainable per gramme
ncrease in egg weight, the preminm for a 10 g inerease in body weight of the hen after
making an allowance for the increase in feed consumpiion that this increase iu body
weight may mean, and the feed value for each d ay by which the start of laying is delayed.
The weights will have to be altered if they do not conform to this interpretation. and this
would result in a corresponding change in the ceefficients of the diseriminant funchion.
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SUMMARY

Egg production in poultry is controlled by genetic factors ab least partly inherited from
the sire. Selection of sives ig therefore important in ensuring highly productive progenies;
A discriminant function score based on different characters of the daughters velated b
egg production would be the hest criterion for thig purpose, since the coefficients of the
function are so ohtained as to maximize bhe regression of the genetic value of the gina
on his phenotype as reflected in the mean performance of the progeny.

Data on the number of eggs laid, egg weight, body weight of the pullet and her Deriod
of maturity were examined for 218 Brown Leghom pullets belonging to progenes of
17 sires. There were significant differences between progenies in agg weight and period
of maturity. Noue of the simple correlations hetween progenies was significant except
that for egg number and body weight which approached significance.. The diseriminang
function obtained showed that egg weight had the highest selective value. Selection with
the help of this function was fonnd to register » somewhat higher genetic advance than
straight selection. The application of the analysis of variance for testing the significance
of diserimination between zires iz pointed ous.

T am thankful to Dr F. Yates, Statistician, Rothamsted Experimental Station, for
suggesting the present investigation, and to Dr A. W. Greenwood of the Institute of
Animal Genetice, University of Edinburgh, for kindly placing the necessary data at my
disposal.
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