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Heritability estimates for grease flesce weight and grade
and repeatability outzmnto Tor grease fleece welight were do—
termined from sheep records from the Michigan State colltst
sheep flocke The data included 1,590 rcoord. rrem 419 o
ewss of the Oxford, Shropshire, Hampshire and SGuthde!n
breeds, covering the period from 1933 to 1949, A ltuay
of the contridbution of ocertain environmental factors to
greagse flsece wtigpt was made and appropriate adjustments

wore indicated.,

The study of environmental fastors ineluded thn effects
of age, number of lambs raised, breed and year on grease
fleece weight, The least squares proceedure of analysis
was used to study these environmental effects and the fole
lowing is the estimate of the effects of different environ-
mental factorst )
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The analysis of variance was done by the method of fitting
conatants and only tho,cn?irannancal fagtors whzeht&niﬂuakﬁd
for at least 6 peroent of the total variations were conw
sidered to bde important enocugh to justify sdjustment in a
selection progrem. The enmironnnntal fhctoﬁs %hnt u‘odod -
sdjustment were breed und ytara in gmuunt flesse w.&;hﬁ,  6&'
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comparison of the phenotypic parsmeters of grease thieo
welght to grede it was found that the heaviest fleees .
welight was ancooiutcd with the poorest grsde. The |
phenotyple eomrolatian coeflficlient Letween grease :1.«».
weight and grade was ostimated by correlating the tuv §,~

ocharacters in the same animsl and was found to be ~o,aa*
OsO4bs.

Repeatability for gresse fk ece wtigbt was oltimud
by the method of intra clnsa correlation from records or
156 ewes of the Shropahiro breed and this estimate was
0sdd 2 0,08

Retimates of heritability, after adjusting for 1ni~
portant environmental effects, were first made for onch of
the four breeds by the method of intra-sire rogrosn;on of
offspring on dam and intra=-sire daughter«danm earrtluqaon@

' 'Th&n the weighted average of the four bDreeds and twqf‘
‘methods were taken to give the best estimate of haﬁ}tability.
.Fow grease fleesce weight 160 daughter«dam reairs wc$buun0d ;
in snalysis and the best estimate of heritability Was fousd
to be 038 + 0.1l FoOr greasse rloeéo grade 187 . e

dam pairs were used and the estimate of herits
found to be 04«20 T (10,.
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When the subsoripts (1) and (2) represast the parental and
£1llial gensration respectively and 1,%1 are two charsaters.
The estimate was found to be =0,357. ’

Ly ’,
Under the assumption that 25 pordont\pr thofo'oa are

replaced each year with ews lambs from zn. 6ont ao persent of -.

the ewes and that the average loss due to doath f”d sccidents
is 15 percent; the anticipated gain tbn a rlock 9; 100 ewes
in one year was estimeted to be 0e17 pohad rérid;oaco flesse
weight and a little less than 0,10 unit for gn.n-o fleece
grade.The gain in grade when 1ntorprut¢¢ in 5!5&. of the p.r-

centage of animals which may be oxpaotqd tozhcvo up one sxndo
in one year s a little less than 10 ﬁbroqnt. ;;f
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INTRODUCTION

() - General.

Biolorical investi_sations on sheep production have
tended to concentrate on tlie lmportent problems of patholozy,
parasitolozy, anc nutrition. The Impressive -losses from

al

n
"

eage and drousht have directed research to problems whose

s3]

olution wes an immediate necesslty. lNore recently the need
for baslie information on zenetic fectors has been recognised.
The theoretical basls for zenetic studies that mizht be
anplied to most economic cliaracters has nheen developed
larzely by ilser (1210, 1930) end Wri ht (1921, 1931).

The lozicel consecuences of l'endellan inherltance, have

been interpreted in stotlstical terms, so tihhat the results

of various systems of selection can be predicted with some
degree of accurecy. Iush (1932, 1948, end 1948) has de-

veloped applicatlions of genetic theory to animel breeding

practice.

Since 1lmprovement in the senetic composition of one zener-
ation of & populetion 1s transmitted to succeeding zenerations,
each runy in the ladder of genetic Ilmprovement 1is permanent and
may be considered a capital galn. IJence, a small cenetic ad-
vance 1s worth conslderable effort becesuse the expense lncurred

in advencins one runy will yield dividends for many generations.

In order to better understand tre enetic advance that can
be mede In wool production, the purpose of trnis study was to
estimete herltabllity of grease fleece welght and zrease fleece

zgrade, and repeatabllity of srease fleece welght.




Since genetlc gain mey be increased by the eliminatlon
of ldentlifiable sources of environmentel variation the
following environmental effects on grease fleece weight
were also studled:-

l-Age of shearin-.
2-Breed.
3-Number of lambs reised.

4-“ear 1in which the record was made.

Little need be sald concerninr the inportence of fleece
yield. Fleece contrlbutes an important source of income 1n
sheep production. Winter, etal. (1946) found that fleece
yleld was responsible for fifteen to twenty five percent of

tle income in sheep production.

The followin~ discussion will explein concepts funda-
mental to tiils study. The phenotype of any individual
organism 1s determined by 1lts genotype and the environment
in wkich it lives. Its phenotype willl also be affected by
Interactlon of genotype and environment; that is, the value
of a given genotype will depend on the environment in which
- 1ts possessér . develops. In case of trelts such as fleece
weizht, which are expressed more than once in an animals
life, environment can be divided into two portions; one
portion the effect of which.is constant for all expressions
of tne tralt, and another portion, the effect of which 1is

variable for different expressions of the trait.
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Iet P symbolize the phenotypic measurment of a par-
ticular trait. For example, 1in the case of wool production,
P would be the pounds of wool obtained 1n one shearing. If
p 1s used to symbolize the phenotyplc deviation from the
population mean, (p=P - P) the deviation may be expressed

as a functlon of the contributing effects such that:

f:}g,c.: ‘y;-p e; + Cx +ﬂ‘;.",K +"Z:.J'_Ke<.

where-

'léi;ndc 1s the phenotypic deviation from the population
mean for the &« th expression of the k th in-
dividual with 1 th genotype developed in the
J th environment.

g is the effect of the 1 th genotype

eL is the effect of the j th environment
éx ls any environmental effect constant for all the
expressions of the k th individual.
A&VK is the sum of the interactions amonzg the par-
ticular combination of);(-cw and chk.
ls the error 1n measurement assoclated with the
Z-=j.k-¢ 1jk& th expression.

Under the assumption that the zenotypes occur among the
varlous environments at random, the phenotypic variance G;',

may be partitioned in the following manner;

X |
Gi» :6&"“,.4. de + de -f-(,.;, + Tz
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*
For convenlence letfgy and dZ be included in (2 such that
3 2 2 1%
dp = Gy ¢ @< + Ce
Thus d¢ includes all the observed variance other than

tnhe portion attributable to constant differences between in-

dividuals.

¥ow conslder tne quentity y, which 1s the genotypilc
effect contributing to the phenotyplc expression of the

tralt. Iet z be the least squares approximation to y for

tirils population on assigning additive effects to each gene
replacement for all pailrs of genes contributing to the ek-
pression of the trait. Iet d be the deviation from g due

to dominance, that 1is, d 1s the sum of the deviations from

the additlive scheme for each palr of genes because of domi-
nant effects. Iet r be the deviatlions from gz because of

interactlons of non-allelic gene palrs such that

-Z.s 4 4+ d +h

3

and the variance of y,(ii s 1s partitioned;

(;f = G2 + G& + GA
where 53' is the total genotyplc variance andg,ﬁ and 0 m
are the variances due respectively to additive gene effects,
domlnance deviations and non-allelic gehe interactions or

eplstatic effects.(Wright 1935).

(C et L 1aeT N

;.




(b)=Heritability

In & broad sense, heritability (Hp) of a characterlstic

is then Gﬂ%

Thils siﬁply answers the question; what fraction of the
observed phenotyplec variance is due to herséditary differences
between those individuals; heredity being considered as the
whole comblnation of genes in each individual? Theoretical-
ly heritability can range from zero to 1.0, although actually
these extremes are rarely encountered. A heritabiiity estimate
pertains to a particular characteristic 1n a certain population
et some definite moment., It can be raised or lowered by any
breedling system or practice or any alteration of environment
which will increase or decrease either CTLy, G% or 5;;,

Iush (1948) discussed the following features of

heritabllity in the broad sense which seem to deserve mention
here s~ »

(a) Presence‘or absence of a characteristic at birth
1s not a cqiterion of 1ts heritability.

(b) Rarity or abundance 1s no criterion of heritability.
Rarity or abundance comes into the pilcture only in
that a rare contrast contributes little to the total
varience in a popﬁlatién while ;f'the same contrast

were more abundant 1t would supply much veriance.
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(¢) Dominance or recessiveness has nothing to do
with herltabllity 1n the broad sense, althouzh it
does lower the resemblance between relatives. A
completely recessive trait 1s as truly hereditary
as & completely'dominant one.

(&) Perfect heritability does not mean perfect llkeness
| of parents and offspring. The sampling at segre-
gation, and the fact that the individual has two
parents not necessarily alike in the characteristic
belngz considered, are enough to keep the resemblance

between parent and individual offspring from beilng

perfect, even when heritebility 1is perfect.

As far as the anlmal 1tself is concerned its genotype
functions &8s a whole. This actual functioning of the
genotype &s a whole 1s what 1s meant in the broad defini=-
tlon of herdtabllity. BEut the gene, not the whole genotype
i1s the unit in transmission from parent to offsprihg. If
it is assumed that each zene substitution has, in évery
genotype, exéctly the same effect as the average effect
which it actually does have in that population, then by
adding all these average effects of the constituent genes
we can get an "expected" functioning or value for each

genotype. Varlance among these "expected" ygilues con-

stitutes the additively genetic variance in that population.
Therefore, the narrowest definition of heritability, H,, for
& particular tralt 1s defined as the fraction of the~totg

phenotyplec variance which 1s additively genetic, H“ =_f2.




Permanent lmprovement from phenotypic selectlon 1is pro-
portional to this heritable fraction of the observed variance
and varies from tralt to trait (Lush 1935). Thus, herit-
abllity is lmportant to the breeder because 1t represehts
the portion of superiority in selected parents which can be
expected to be passed on to their offspring. Thilis expected
senetlic gain, gg, from a single cycle of selectlion for a
single trait measured in terms of the difference between the
expected mean performance of the offspring of selected
parents and of the offspring of all possible parents may be
estimated, (=),in the following manner;

gs (=) sH
where the selection differentlal, s, is the mean difference

in performance of selected parents and all possible parents.

Wheﬁ the economic value of an orgenism is a function
of more than one characteristic, selection for a single trait
may result in selection for or against or haﬁe no effect on
other traits depending on the genetic correlations existing
bétween the trait selected for and these other traité. Hazel
and Lush (1942) showed that it ié more efficlent to base
selection in every generation on an Index involving all

traits which affect the net merit of the organism provided

s i

each tralt 1s given 1ts proper weight relative to the others
than to follow the plan of improving the individual traits

one at a time or the plan of lmproving the traits simiultane-
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ously by the use of minlmum cullingz levels. Herltaeblllty
estimates are included in the information needed to arrive
at eptimum weights to be glven to several tralts 1ln an 1lndex.
Even in the other two methods of selection, heritabllity

estimates would aild in properly weighting the various traits.

In addition, herltability estlimates are essentlal
in determining the effliciency and cholce of different breed-
ing systems (Wright, 1939). If heritability is high for the
deslred cliaracteristics, the best method will be mass
selection with little use for pedigree, relatives or progeny
test selection. If herlitability 1s low, a better plan would
be to make considerable use of pedigree and some use of
prozeny tests, (Dickerson and Hazel, 1944) and of selection

on the basis of faemily.

(c) - Repeatabllity

I'or traits which are expressed more then once bj
the same Individual, repeatability meay be defined as the
regressibn 6f future performaence or phenotfpe on past per-
formance es measured by one expresslon of the trait. Using

previous notations, repeatability, R, 1s defined such that;
R g+ o0k
which amounts to the fraction of the phenotypic variance

that 1s attibuteble to constant dlifferences hetween individuals.
This repeatable fraction of the total variance 1s the portion

of the superiority in selected individuals that may be ex--

pected in future performance. Thus the expected gain, ps’ 1n 



future performance from & single cycle of selectlon,
measured in terms of the mean difference between the ex-
pected future performance of selected iIndividuals and
the performance of all individuals, mey be estimated in
the following manner;

£, )R
s 1s agzain the selection differential which 1s defined as
the mean dilfference in performance of selected individuals

and all individuals of that population.

It may be worthwhile to mention the relationshilp
of heritabllity to repeatablility. Since neither the zenes,
nor the dominance, nor epistatic deviatlons change during
the indivlidual's lifetime, repeatabllity should be at least
as large as heritaebllity in the broad sense. Repeatabllity
may be still largef because 1t also lncludes the permanent
effects of environment. For exemple, the kinds of feeding
to which calves and young helfers are subjected, do affect
their production all through the rest of thelr lives.

These effects would be included in the repeatability but
they would not be heritable. ~Consequently repeatability
is useful in séttihg; an upper limit to heritability.
Repeatability may not be much larger than heritabllity 1in
the broad sense but it can hardly be less. Usling prevlous
notations the relationshlp can be.represented as;

R d;“f Gk + Tn + O

-
Hw v

%%
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(d) - Means of Increasing expected geln from selection,

When selection is based on an average of n records
per individual the expected gain per cycle of selectlon 1s
increased by the fractlion

n
T (7 - IJR (Iush, 1947)

such thet

- nk
pg (=) 8 g T (=R

Similarly the expected genetlc gzain, gg, from
selection based on n records per individual 1s increased

such that

gg (=) s .

nH
1+ (n-1)JR

However, the picture of increasing the gain by
averazing records ls not complete because the selectlon
differentlels are different for different values of n.For the
purpose of illustratlion and in theoreticsl problems the

selection differential may be defined such that

s = cl;G?
when q 1s the selectlon differential in units of the
phenotypic standard deviation, 6;, (Hazel and Iush, 1942).
The magnlitude of q depends on the portion of individuals

selected and the size of the population.

Rewrlting previous notations;

?s(=JSH




¢
: .85 (=) .

which is equivalent to

And substituting G2
P

| 7
s 0 [ +oE vat

The effect of averazing n records per individual

1 3
in essence is to reduce J¢ to 93} ; and the expected
zenetlc zein for thls condition, gzg (n), expressed as a

fraction of the expected genetlc galn for one record,

2 (l), is T
8 . > 9 L8
‘ ’ Gé, + Ge + Qe

- - -
-

s (1) T Yood
1 Loy + or 45
whiich reduvces to

. ‘ % ,
ZS (M) = ?surﬂr'+ (" -DR

g was assumed to be constant for this i1illustration. Thus

it 18 seen that the effect of using n records is to ilncrease

genetic gain directly proportional to . - -
N
1+ (- R

per cycle of selectlon, Pg 1is increased by the use of n

records 1ln the same manner.

Other means of 1lncreesing genetic gain are worthy
of conslderation. Since gg4 (=) q“aéi““?gs may be lncreased
by increasing g orO’g",_ or by reducing 6‘15 .

q may be increased by reducing the portion of in-
dividuals selected and/or by increasing the size of the
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population. The latter condition is practically of no
importance except that by increasing the size of the popu-
latlon the portion selected can possibly be reduced. Now-
ever, t-ese condltions depend on the reproduction rate and
longevity of the species under consideration and the state
of development of the population wilth respect to numbers,

about which breeders generally have little control.

It has already been shown that ( p may be reduced by
thhe use of &an averas e of n records per individual for the
basis of selection. Carrying this concept one step furtler
0o may be reduced by‘basiné selection on averagés of groups
of individuals such that Gp is reduced to 6B, the phenotypilc
standard deviatlion of means of zgroups of indlviduals. How-
ever, 1t should be pointed out if tre use of averazes of n
records of an individual effectively reduces the number of
cvcles of selection over & perliod of time, then the total
gain for the entire period could actually be reduced al-

though the zain per cycle of selection wes increased.

The method most readlly available to the breeder for
reducing €p has yet to be mentioned. Consider the quantity
629’ which is the sum of sll variances among phenotypic
expressions other than those attributable to constant dif-

ferences between individuals. Among these summed variences
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there may be certaln identifisble sources of environmental
variastion which can be adjusted for. As an example, con-
sider that the year,the record was made,exerts considerable
influence on the grease fleece wéight. I selectlon occurred
amonﬁ individuals whose fleece welght occurred in the same
vear, the effects of years would be sutomatically eliminated,
or if the welghts occurred among different yeafs they could
be adjusted for yearly differences. Iet the environmentel

2 "
portion eliminated be Oe (o) and let

Then

> ‘
d= = v !l'c‘; ()
Thus the increase 1in 55 is directly proportional to

j’vﬂa 35 where a 1s the frection of the total variance ad-

Justed for. The effect on H is
1

H= ‘—’*jt'_“
£ (-4

and the increase in H 1s directly proportional to 4

}

I~s) °
Similar concepts hold for pg and R. However, as would seem
lozical, only adjustments that are practical for use in

routine selection programs should be applied to the data

in estirations of appropriate H and R.

NETHODS AND MATERIAL

(a) Source of Data: - Data used in thls study were obtained
from the flock of sheep at Michigan State College. The flock

contained the followlng breeds:
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Shropshire, Hampshire, Oxford, Reamboulllet, South-

down, Cotswold and Black top Delaine.

There were also some grades and cross bre?ds. The
feeding and managcement of the flock have been as good as
precticable in keepling with its objects of tesching, re-
search aﬁd extenselon demonstration. A general survey on
the productivity of the flock made by Venkatachalam (1949)
showed that of the tWo-year-old ewes, 65.3 percent gave
birth to sinsgles; 353.7 percent to twins and one percent
to triplets and of the mature ewes, 5l1l.2 percent gave
birth to singles; 46.4 percent to twins and 2.4 percent
to triplets. There has not been s major disease problem
among ewes slnce the early 30's; but there was high lamb
mortality during recent years. All sheep were usually
shorn about the middle of February. The lambing season

was from the middle of February to April.

The data 1ncluded the shearing records made by the
college flock from the year 1933 to 1949, The records
from only medium-wooled breeds, Southdown, Oxford, Hamp- -
shire, and Shropshire were used in tiris study. A grand
topal of 1599 records from 412 ewes were used in the enalysis.
Out of the 412 ewes, there were 240 Shropshire, 77 Hampshire,
38 Southdown and 57 Oxford ewes. The ewes that lambed as
yearlings were not included in this study. In order to

facllitate statlstical analysis of grease. fleece grade the




following numerical figures were assigned to the different
sgredes:

Grade Numerlcal Figure Asgssigned

1/2 blood 5
3/8 blood
1/4 blood
low 1/4 blood

common

O +H N G

braid

(b) = Characters observed:

A serles of charscters, bibth weight, weaning welght,
grease fleece weight and srade have been routinely recorded

in this flock.,.

Grease fleece welght: Grease fleece welzht 1s the weight of

fleece immediately after shearing; expressed in pounds. The
welxht includes not only wool substance, but also wool wax,
suint, dirt, vegetable matter, moisture and other materials,
Frenny and Turner, (1938) discussed factors which affect this
welght. In particular, the molsture content varises in dif-
ferent fleeces even at constant relative humidity. The lamb's
fleece was weighed at the first shearing (about 11-12 months
old). A yvear later when the sheep was about 23-24 months old
the second fleece was welghed and so on. Grease fleece weight
at the ages of one, two, three, four, five, six and seven
years have been ineluded 1n this study. Machine shearing was

used,
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Important errors in evaluatingz the fleece producing abllity
of a sheep are llkely to arise from less subtle causes such
as variations in s :earinz techniques, loss of portions of

fleece when weighing and errors in welghing and recording.

Grease fleece grade: - The fleece was graded in a warehouse

by & competent wool buyer. The grading was done by in-
spection and no laboratory methods were employed. The
Amerlcan system of zradin: was used and the grade recorded

in the same terminology.

ESTIMATES OF PHENOTYPIC PARANETERS

A - Phenotyplic means, variances and correlation.

Date on grease fleece welgsht were available from 1599
shearing recorés made by 412 ewes. Data on grease fleece

grade were avallable from 11t5 records made by 310 ewes.

The means and verlances are shown in Table I, II and
IIT. In fable IV are given the averase fleece welghts of
ewes of diiferent ages as published by different workers.
On studying Table I and Tagie IV it appears that the age of
heaviest fleece weight varied from two to four jears of age
with the present date showlngs the heaviest fleece weight at

three years of age.

There was a zradual but steady decline in fleece weight

with increasins age after the ewes had reached the age of
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Table I

Phenotyplc lMeans, Variances, Standard Deviations

and Coefficients of Veristions For gpease Fleece

Welght and Grade at Various Ages

Group
Trait Estimate D.F. leans ‘Variance S.D. % C.V.
srease Aze 1 yr. 325 6.68 3.09 l1.76 26.35
fleece 2 yr. 459 7.32 2.92 1.71 23.36
weight 3 yr. 369  7.43 2,32 1.52 20.46
. 4 yr. 273 7.23  2.46 1.57 21.71
5 yr. 161 7.6l 2,46 1.55 22.11
6 yr. 97 6.65 1,71 1.31 19.70
7 yr. 48  6.50 1.93 1.93 21.38
Crease 1 yr, 193 3,644 .28 .53 14,56
fleece 2 yr. 293 3.6l .38 .62 17,17
arede 3 yr. 265 3.68% . 35 .59 16,03
4 yr., 194  3.84% .27 .52 14.28

5 yr. 123  3.72% .26 .51 13.71 .

6 yr. 77  3.70% .27 . .52 14,05

"

yr. 33 376% 35 +B87 15.186

3 Low 3/8 blood.
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Table II

Phenotypic Means, Variances, Standard Deviations and
Coefficients of Variation of Weiiht and Orade
Number of Lambs Raised.

Group

Trait Estimate D.F. Meats Variance S.D. % C.V.
No. of |
Raised
Grease  Single 806  7.27  2.00 1.41 '19.39
Fleece Twin 568 7.14 2.97 1.72  24.09
Weight Priplets 30 7.34 2.18 1.48 20,16
Grease Single 543 3, 64% .29 54 14.83
Fleece Twin 431 3.64% .51 .71 19.51
Grade Triplets 20  3.67% .39 .62 16.89

* Low 3/8 Blood.
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Table III

Phenotypic Means, Variances, Standard Deviations and
Coefficients of Variation of Weight and Grade

for Breeds.

Group
Trait Estimate - D.F. Means Variance S.D, % C.V.
Breed
Grease Oxford 207 8.33 2,74 1.65 19.81
Fleece Hampshire 279 7.29 2.08 1.4 19.75
Weight . Shropshire 912 7.08 2.40 1.55 21.89
Southdown 148 6.11 1.76 1.33 21.76
Grease  Oxford 151 3.li%kx 12 .35 11.15
Fleece Hampshire 279 3 560k « 29 54 15.16
Grade Shropshire 623 3.71% .29 oS54 1L.55

Southdown 128 by o 22%% 14 <37 8.77

*%% Over 2 Blood
*x% Over 3/8 Blood
* Low 3/8 Blood




Table IV

Published Average Fleece Welght of Different Aged Ewes

Investigators Breed D.F. Aze 1n Yrs. Av. Fleece wuf
Jones etal., (1944) Ramboulllet 753 1 7.85 |

B and C type 624 2 2.16

508 3 9.40

429 4 O.41

351 S 2.16

273 6 8.90

262 7 8,63

Cockernam (1949)
wix 5 Lrecd Mixed 6.44
Breed
6.38

N 00 oo N
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three years (Flig. 1). Similar declines were reported by Iush

and Jones (1923) and Spencer (1925). ¥No significant difference
was found in the fleece weight of ewes ralsing single, twins,
or triplets. Among the'four breeds under considerstion,
Oxfords had the heaviest fleece weight and Southdowns had

the lowest while Hampshlires and Shropshires were inter-
mediate. With regard to grease fleece grade, 1t 1ls apparent
from Tables I, II and III that there was no slgniflcant 4if-
ference in grease fleece grade among the ewes of dilfferent

azes (Fig. 2) and also amonc ewes ralsing different numbers

of lambs. But it was interesting to note the signlficant
differences among the breeds. 1In the four breeds studled 1t
was found trat Oxfords, havins the heaviest fleece weight,
had poorest fleece zrade, while Southdowns, having lowest

fleece welzght, had highest zrade as shown 1n Table V and

Fig.AS.
Table V
Comparison of Average Grease Fleece Welght
and Grade of The Four Breéds
Breed Grease Fleece Grease Fleece Grade
Weight (1bs) . ,

Oxford 8.33 3.14 (over 1/4 blood)
Hempshire 7.29 3.56 (lower 3/8 blood)
Shropshire 7.08 3,71 (lower 3/8 blood)
Southdown 6.11 4.22 (over 3/8 blood)
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The correlation coefflcient between gresse fleece
weight and grease fleece grade was estimated by correlat-
ing the two characterlistics on the same animal and was
found to be -.35% 0.04. Therefore, the individual with
heaviest fleece welght might be expected to have poor

fleece grade in this Study.

B - Study of Environmental Effects on Fleece Welght

The dats used for this study were collected from 1273
shearirg records of 412 ewes belonging to Oxford, Hampshlre,
Shropshlre and Southdown breeds. The effects of age, number
of lambs ralsed, breed, aﬁd year on grease fleece weight
were studled. TIor this study ewes were classifiled accord-
ing to age, numbef of lembs ralised, breed and year., Six
agze groups were considered, two through seven. Since the
proportion of six year old and older ewes 1n a flock is
small relative to the young aged ewes, there was some ques-
tlon as to whether they warfanted inclusion. However,'in
fhe older records uéed for this study a good proportion of
the older ewes had been retalned in the flock and it was |

declded that the incluslion of slx and seven year old ewes

might present a clearer plcture of the effect of age of ewe

Qn the fleece weight and could strengthen trends observed in

the younger ewes. Three groups, according to the number of
lambs raised, were made as follows:- ewes railsing single, twins,

or triplets. It should be noted that generelly ewes were shorn
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a ébw days before lambing and, therefore, only the effects
of intra-uterine nourishing of foetus were studied. Four
breed groups were included, Oxford, Hampshire, Shropshire
and Southdown. For studying the effect of year, sixteen
year groups of ewes were made, 1934 thrbugh 1949.

Method of Analysis:- The least squares procedure of analysis

was used to study these environmental effects. Consider the
sample set of data of fleece weight in Table VI classified

according to breed and number of lambs raised.

A regression model can be written expressing each
figure in the data in terms of the effects to be considered
as follows: |

% = utbytop+ex (1)

Y« 18 the observed fleece weight of the «:th animal,

u is the effect common to all groups,

bj is the effect common to all individuals,
of the j ' breed group (j runs from 1 through 4)

b - Oxford
Hampshire
b3 - Shropshire
b}, - Southdown

o
N
1

ck is the effect common to all individuals of k bth

type of
"number of lambs raised"™. K runs from 1 through 3.
(c3 - single
c% - twin

c3 = triplet)

and e, 1s the error in measurement of the grease fleece
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Teble VI

Sample set of data - leece Weight
] ' BREED

1667.6

No,., of i} Oxford Hempshire sShropshire Southdown Total
‘lambs ralsed J1 e i3 j4
K
Single 6.2 9.0 7e3 6.5 -
K1 9.0 8.6 8,1 4.9 nz=738
- - 7.8 5.8 yield=
- - - - 5411.0
11.0 7ed 6.0 6.0
839.0 933.8 3527.9 1310.3
n=74 nw=l25 n=489 na50
Twins 9.4 Bed 6.2 5.5
Ko 6.5 7.9 8.5 4.9
----- - - —-——— n=507
—— - S -—— yield= .
9.0 6.8 7.0 5,9 3664.3 i
610.7 697.6 19€88.0 368,.0 ‘
=75 Nne93 n=279 n=60
Triplets 10.0 6.0 7.2 6.3
K3 7.5 9.1 703 605
6.0 6.5 5.5 7.2 n=28
- 8.3 - yilelds
6.5 Bed 7ed 203.1
6.6 3c. 70.8 20, 00
n=l0 nmS n=10 =3
Total nels59 n=223 n=s778 n=1l1l3 n=1273
Yield-: yield- yield- yield- yield=.
1326.3 5586.2 698.3

9278.4




- 25 -
weight for the . ™0 animal.

By reference to Fisher (1946) and Snedcor (1946) it
is found that the appropriate'%'s and 8's (estimate of b's
and c's) can be obtained. Hence u, bj and cp are unknown
constants and e« 18 expected to be zero. The method of
least squares is to find the estimates of u, by and cy; the
particu;gr valﬁga~which_minimize the_sum of squares of
deviations; i.e,

the sum of (Y« =- u - by = °k)2
or as we write it _f&_ (Y = u = by - ck)2

The valuea of u, bj and ¢y, which minimizes this sum of
squares are given by the 8o called normal equations which
mayvbe‘obtained by differentiation of the sum of squares
with respect to u, the bj's and the c¢y's respectively.

In most cases, these equations ‘can ‘be written ‘down’ by
simple rules. To write out these equations, the number of
observations in the jk ®P cell is deroted by ndk-andilet

ﬁ‘an z Ny,

fn;jk - N

ii. n:jk =”N..

Similarly

£Yike = Tjk, £k = Yok,
o g.gym AP S :“.y;,k.; = Yo,
Then the équations for |
usN..u+Ny by+ Ny by+ Ny by+ Ny b, +Nojey+Negep+Negega¥ens

l
o=
~
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by: Nl.u +N1.bl+ Ny bot N3.b34 Nhob““. nj1€3 +N12¢2+ n33¢3 = Yl..

032 N.Bu fnlel +n23b2+ n33b3 + n‘ab“-i- N.lcl+ N.202 +N.303— Y'3c
Thus, 8 simultaneous equations have been set up with

eight unknowns which can be solved by several methods.

Now consider the set of data of grease fleece weight
(in appendix 1) classified according to age, breed, number
of lambs raised and year. The above regression model (1)
can be extended to include all the variables expressing each
in terms of the effects to be considered.

T« = u+ag+by +og+dy +e, (2)
Y. is the observed grease fleece weight of « %P animal.
u is the effect common to all groups
a3 1is the effect common to all individuals, of the 1 th

age group .

" (1 runs from 1 to 6)

a]; = 2 years 8, = 5 years
az = 3 years as = 6 years
a3 = A years ag = 7 years

by 1s the effect commen to all individuals of the j ™ breed
group; (J rums from 1 to 4)




by - Oxford

bo ~ Hampshire

bz - Shropshilre

bg - Southdown
6k 1s the effect common to all individuals of the kth type
of "number of lambs raised"; (k runs from 1 to 3)

‘61 - single

¢o - twin

Gz - triplet
dij 1s the effect common to all individuals of the dth year
ZTOUp.

(1 r™wns from 1 to 16)

dz is 1934

de is 1935

dig 1s 1949

ex 18 agaln the error in measurment of the grease fleece

weizht for thedéfanimal.

Then following the above teghmique and by reference to

Ti1sher (1946) and Snedcor) (1946) it 1s found that the

é's and.ﬁ's‘are obtained from

appropriate‘ﬁ's,‘%'s and
simultaneous solutions of the following thirty ecguations.
Equations for

U

N....K-l—Nl...a]_-l-Ng...a2+1\15...85+N4...a4+
NS. . -3-5+N6Q . .as‘!-N. 1. obl+ N.2. ‘b2+N.5° .b3+
N-4. .b4 + N. .1.01 +N. 02002 +NV'50 03 '."Notoldl




No..2d2+ N..oSdS"- Nooo4d4+ N0005d5 +N0006d
ﬁooozgg +N010v08d gNocogdg"' NcoolOdlo +Nnoo§ldll
Ne oo 12-’ seeld + N.o.o.1l4d +NeooelBA
N...lﬁdl - Ycolools 14 15+

N]_o.ck" 1\1“‘9'1*'“11".‘01"' n12..b2+n D4
113 -+
N14¢ebg +nq77 €9+ 0775, ,Cp 41773.83 +n111191

N11T805. -« T rOp R 115838 45 111595 +M1116% .

] o
= o o o o ¢ o ) pt
20 [z 2

Q.
0}
o
t

A convenient and compact manner of writing the above
set of normel equations for the whole data 1s given in
appendix 1 in the form of -w,ea, b, ¢, d, matrix and 'Y! "

column.

The figures under the matrix («,a, b, c, d) represent
the coefficlent of these constants respectively and the fig-
ures in the Y column represent the sum of trke welghts for

that particular equection. Although the constants are not

written in each equation, since they are constants for each
column, thelr mental inclusion i1s necessary to complete the
equeations. In appendix 1, AW = 1273, 1s the total number
of weights;‘ilbrwiiﬁiﬂ the number of welizghts for the South-
down breed and so on. Similarly, Y= 0278.4 1lbs. 1s the
sum of all weights;Y¥y .= 3061l.2 lbs. 1s the sum of the

weights for the two year aze group and so, on.
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All the constants (u,a,b,c,d) may be solved for
directly. . In this case & less laborious computsetional pro-
cedure then solving for all the constants directly is to
reduce the set of normal equations in such & manner theat
the year effects mlong with « (for this example d; to dig
and «») are eliminated and thus leaving thirteen equastions
only. Thilis elimination process may appear at first to be
guite a tesk but with a little practice one can soon de-
velop some systematlic technique to facilitate reduction.

It may be remrembered that tire matrix is only & compact
manner of writing the normal equations and 1In the reduction
rrocess the sum of weights, i.e. 'Y' column must also be
reduced. Then the coefficients of ag elements were sub-
tracted from a;, ap, a3, a4, ag; by from by, by and bz,
end cz from c¢; and cg. Thus the thirteen equatlons were
reduced to ten equations. These ten unknowns with ten
gimultaneous equations were solved by lterative method
Hotelling, 1943). As these values are mgasured as devie-
tions about the mean, the sum of each class 1s zero, (aj;,
8o+ a34-a44-554.a6 = O3 D14 bo+t oo by = O Cc7] 4+ co 4z = O3
di1+ do+ ees dyg = O.) thereby enabling an estimate of ag,
bg and cz. Now it is'a gimple matter to substitute the
estimates of a1; bj; and ck in the equations(ﬂxﬁd@}-...»
(U + dig)which were eliminated first and written in terms
of a3, by and ey. Thus the sum of all the sisteen equations

(utd]) e..(%+d1g) were obtained. But using the relation

SRR




(A1 +d2eses dig = 0), the sum of all the sixteen equations
was equal to 16m and thereby the estimate of ‘i was obtalned.
Then substituting the estimate ofw in (ur dy)ese(wrdqg)

equations, the estimates of dj.eeedjg Were obtained.

It is clear from the way the model has been set up
that there are not ﬁnique solutions for all the constants,
If all the ay's are lncreased by a constant amount, say K
and reduce by K, then the same prediction of tre class mean
will hold true. It may be noted that thirty unknowns in
the thirty linear equations are not independent. The first
- equation is the same as the sum of aj equations, and as the
sum of the dj; equatlions. There 1s obviously no estimate of
any at, bj, or ¢y by itself. The estimates of any qpantities
thet can be estimated are ziven by the solutions of the least

squares equationse.

Then the analysls of variance was carried out by thils

method of fitting constants as suggested by Yates (1934),

and Hazel (1946). It may be noted that in setting up the
ebove régression model it was assumed that the effects |
combine additlvely or without. interaction, i.e. differences
in fleece'weight due to age and number of lembs raised com-

bine eddltively.

Results - The results of the.analysis are glven in Teble Vil.

The same trend for age and breed effects was found as was
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given in Table I, II and III. As expected, the fl ece
weight was found to decline with increase in the number

of lembs raised.

It is questionable if the time and labor 1n§ol§éd
in estimating the environmental effects by the method
of fitting constants 1s worthwhile in face of the esti-
mates found in Table I. But the value of this method is
unquestionable for analysis of varlance of data having
multiple classiflication table with unequal subeclass num-

bers.

The percentage of varliation attrlilbuted to each of
the environmental factors under study has been given in
Teble VIII., Yearly differences were the most important
environmental source of varistion accounting for 10.2 per-
cent of the total varlation. wWérks by Terril], Sidwell and
Hazel (1948, a and 1948, b) and Cockerham (1549) indicate

that years do appreciebly affect the grease fleece weight.

Included in yearly effects are any differences in manage-

ment, nutrition, and others as well as climate.

Breed differences were another important factor, .

accounting for 8.8 percent of total variation.

.- Aze at shearing accounted for only 3.2 percent of total
variastion, which is in line with the findings of Terrill,

Sidwell and Hazel'(1948) who found 1t accounted for two
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percent of total variationes

Number of lambs ralsed has very little éffect on fleece
weight,accounting for 0.2 percent of total variation. Sum~
ming up all the effects,it may be stated that the effects of
these four factors account for 22.l percent of the total var=
iatlon for grease fleece welght. Many other factors of less
tangible or measurable nature,such as sex,age of dam, type
of birth,age at weaning,parasitism, (external or internal) etc.
may also be expected to affect this trait.

Although the effects may be real,they must account for a
substantlal portion of the total variation 1n order that ad-
Justment for them will effectively increase genetic gains

from selection. From previous concepts, the expected gain for

1
l-a 2

where ta! is the fraction of the total variance adjusted for.

one cycle of selection 1s directly proportional to

The followling table gives a rough 1dea of the increase ex=-
pected from adjusting for different percentages of the total

variation. '
: A B
Percent of total wvariatlon Percent increase expected
ad justed for )a in genetic gain f~‘"
=4 1.0
§ 3.2
0 5.%
20 11l.
29 19,5
0 29.1
50 Li.l
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From the above table 1t is readily seen that the rate
of increase in genetlc zaln increases with the percentage
of variation adjusted fory, It does not seem that an adjust-
ment of less than six percent of the total variation would

be a very effectlve means of increasiny genetic advance.

Under a restriction of six percent, fleece weights
were only affected enouvgh by breed of ewes to justify ad-

justment. Yearly differences had also siznificent effects

which were probably worthy of adjustment.
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Table VII
Statistlcs for Grease fleece Welght of Ewes

Statistics | Grease Fleece Welght (1b)
General mean (w) 7.28

Deviatlion from general mean for age

2 year (a1) : 0.36
3 year (ag) 0.46
4 year (agg 0.20
5 year (a4 0.04
6 year (ag) -0.42
7 _year (ag) -0.64

Deviation from general mean for breed

Oxford (bj) 0.94
Hampshire (by) 0.13
Shropshire'(% ) ‘ -0.,02
Southdown (b4? -1.05

Peviation from general mean for no.

of lambs ralsed.
Single (Cl) 0.15
Twin (Cg) 0.02
Triplet (Cgz) -0.1%7

Deviation from general mean for

vear of records msade
1934 (d31) -0.151
1935 (do) -0.104
1936 (d3) -0,727
1937 (dg) -C.160
1938 (d5) -0,583
1939 (d6)~ -0.636
1940 (dV) -0.253
1941 (dg) -0.165
1942 (dg) 0.420
1943 (dlo) 0.230
1944 (dll) 1.473
1945 (d12> 1.304
1946 (diz) 0.345
1947 (di4) : -0.071
1948 (d;g) -0.211

1949 (dig) -0.711
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Teble VIII

Summary of Analysis of Variance Showing the Percentagze of

Variation
Source of Variétion D.F, S.S.
FTotal 1272 | 2957.6
Total reduction 29 85946
Direct Effects:-
Age 5 93.9
Percent of total cessccsesresss 3.2
Breed 3 | 259.4
Percent of total crsesessncses 8.8
No. of lambs ralsed 2 6.5
Percent of total seesesencesecs 0.2
Year 15 300.2

Percent of total cescssosrcsasses 10.2
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ESTIMATE OF REPEATABILITY

(a) - Methods of Estimating Repeatability: Since

repeatsbility (R) is defined as the regression of future
performance on phenotype as measuréd in one expression of
the trailt, 1t may lozxically be estimated by the regression
of the second record on the first as was demonstrated by
Stewart (1945). ILet (1) and (2) denote the first and second
records respectively by the same individual; then the re-
gression-coefficient is

boy = Cov. 12
— 5%

Cove. 1o estimates Gey +¢20 and 812 estimates¢{% such that

oy (:jsﬁd.%_f_é_

and b21 (=) R.

The correletion coefficient of the first and second

- Cove 21
record 1s: - roq =

Provided there has been no selection the expectation of
s§ and S%
are ldentical, and thus

rop (:)Cff_%g__

which 18 equivalent to the regression procedure,

Another means of estimating R which permits the use
of all the records by each individual is the method of

intra-class correlation (Snedcor 1946) demonstrated by
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Iush and Mollin (1942)., To illustrate this method consider
the following analysis of variance (Table IX) where the mean
squares are broken up into thelr expected componént of
variances (Winsor and Clarke, 1940).

Table IX

Analysis of Variance Showlng lMean Square Expectation

Source ofavariation Mean Square Mean SQ, expectation

Between 1individuals mq qe 4,kg§

Between records by
the same individual o a2

k¥ 1s the number of records per individual providing the
number 1s equal for all individuals otherwise X 1s soméﬁhing
less than the mean number of records per individual and
varies with the type of analysis (Snedcor, 1946). ¢2 is
the varlance from record to record by the same individual
and estimates<5§. G? 1s the variance attributable to con-
stant differences between individuals and thus estlmates
6§~HT§ . The intra-class correlation coefficlent, ry, is

found such that

- G
ry sl T2 ()
1+ (K-1)mg *+ o

end substltuting

ry (.‘:)G—itgi-

a5
ry (=)R

(b) - Calculation of Repeatabillity:-Repeatabllity was estimat-

ed for'grease fleece welight, by the method of intra class




correlation from 460 records of 155 Shropshire ewes. Since
Jones, etal. (1944) showed that rearing a lamb may lower
fleece welght, ewes were dlvided into groups according to
year of flrst record and fecundity so that all ewes in

each group were of the same age and had or had not reared
lambs in the same year. Analysls oflvariance was then
carried out in each of the eight grbups resulting from this
clagssification. Thils procedure resulted in a seperation of

the variance due to age, year and fecundity from the variance

due to permenent dlfferences amoﬁg ewes and_to random devi-v
ations from ﬁhem. An example 18 provided 1in Table X by the
analysis of the second group in which eaéh,gm@ hagzsacor@cdnd in
1946, 1947, 1948 and 1949, Each of the ewes 1in this group'
reared & lamb during the year which the fleece was grown.

Table X

Analysls of Variance

Source of veriation DeFe S.S.  M.S.
Between years : 3 .98

Between ewes 8  15.59 1.95
Error | | 24 8,58 .35
Total ~ 35 25,05

‘Now (.N S. Ewes) (ﬁ + K(§ ,
(M.S. Error) = 63

_ The S S._among ewes and the S S.»errcr,,were then pooled

to give the following combined analysis of variance in Table
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Table XTI
Combineq_gpé;lsig”cf Variance

Source of variation ' D.F. S.S. M.S. M.S. Expectation~
Ewes 147  392.30 2.67 52 + K¢%
Error 313 244.28 ,78 G2

Then ¢2 and ¢§ were estimated to get an estimate of R.
Then Ewes (M.S. = 2.67) = 62 +K¢® = ¢ 2480 ¢% |

GT = .61; o2 = .78
and i "'ré%—w' 438

r (=) R (=) .438

An approximation of the sampling variance of R, V (R),
when R 1s found in the above manner, is given.by the follow-

ing formula as used by Cockerham (1949):
v (R) = g%:xé-[z@-r R (£-1)]% a[1-r (K-l_] J

When a and Z are the respective degrees,of freedqmwfgr

ewes and error.

The estimate of repeatability and its approximate

atandard error is .44 * .02,

c-Coqgarisonrwith Publisheduggtimgtes

In‘cdmparihg-théés findings with'SOme’Of‘Eﬁéﬁé‘iﬁ*pﬁﬁéw
lished material it was necessary to transform correlations‘

between first record and total subsequent records to anyﬁm
*‘\ b
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estimate of repeatabllity, using the formula

*:‘xfy‘, - - |
Where rx&v_ s correlation betwsen first record and the
totel or average subsequent records.
R 3 repeatabllity

n = the number of subsequent records.

The value obtalined is subject to consliderable error,
especlally 1f the correlations between first and subsequent

~records 1s lower than other correlations.

Several estimates of repeatability are available for

grease fleece weight. ILush and Jones (1923) obtained an

averaze correlation of 0,61l between the welghts of fleece

of Ramboulllet ewes 1ln Texas., These authors did ndt correct
for fecundlty; but this would have caused little error, since
most of the ewes lambed each year after thelr first shearing.
Joseph (1928) obtained correlations of 0.29 to 0.84 between
fleece at various ages. Joseph's figures could not be com-
pared directly with the ones in this study. Rasmussen (1942)
obtained estimates of 0.56 for Rambouill t and Corrledale
ewes, and 0.43 for Romney crossbred ewes. Terrill(1939) ob-
tained estimates which when transformed gave a fepeatability
of 0.45. Cockerham (1949) obtained a combined estimate of O.6Q7”‘ ‘

for several breeds at the North Cerolinea Experiment Station.

In consldering these estimates of repeatabllity one 1s

impressed by the fact that the estimate obtained from this
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data (.44 1+ .02) 1is not greatly different from these

published estimates.




ESTINATES OF HERITABILITY

a - Methods of Estimatlng Heritability

Estimates of heritability most commonly availade for
anihals are those based on intra-sire regression of off=-
spring on dam, intra-sire correlations between dam and off-
spring; and the silre cémponent of varlances among progeny
of different sires (barental half-sib correlations) Iush
(1940) discussed the metlods of intra-sire regression and

correlation. The regression is interpreted in the follow-

ing manner. Iet U and v represent records of offspring and
dam respectively. Then the regression coefficient,.buv is

found as follows:

- Cov. uv

buv Sy

When Cov and 32 are estimated coveriance and variance

respectively.

Covyy estimates %62 and 32 estimates 612, so that

buv (2) -iLgs‘

H (=) 2b,y

and

Provided that there has been no selection among parents
the method of intra-sire correlation 1s for all practical

purposes identleal with the regfessidn'method. The‘cofrela-
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tion coefficlent,

is found sueh that
Cov

uv

The ezpectations of the varlance among dams is
E (83) = 6§ +G% 68 468 +68 = ¢ 6
where E (S@) denotes expectation. The expectation of the

variance among daughters by the same sire is
E (S§) = 3/4 6§+€3+6?+¢°+o—§ =g - 1/4<rg
v‘,f/"\' 2
-
1/26¢

Since the additive genetic portion of the total variance

Ruv (:)

1s generally small for tralts of quantitative inheritance the
correlation procedure is for all practical purposes identical
with the regression procedure. Whether or not selection has
been practiced on the dams the regression method gives an
unbilased estimate of ~heritabllity provided there. are no en-
vironmental correlations between offspring and dam. This con-
- dition iswgeneral;y.achieved when the regression 1s conducted
on a within sibe basis; However,lif individuel sires occﬁr

with different breedlng groups, that 1is with different breede

or at different locetions, 1t is best to restrict the analysis

sccordlnzgly to avoid environmental oorrelation.
- For the case where V, the average of n records for each
dam, is used 1in the computation of the intra-sire regression

of offspring on dam, H 1s deduﬁﬁ#i from this regreseion_in
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the following menner:

E (=) 2buy E_L:Mg-lm T

(Iush and Straus, 1942). Averaging records for the off-

spring has no effect on the deviation of H.

Where data with progenies of different sires within .
a breedingz group are avallable the sire compdnenf of
variance is & handy tool to get intra-class correlatioén
for estireting reritabllity as demonstrated by Baker,
Hazel and Reinmuller (1943).

This method of patertal helf-sib resemblerice 1s
usually not as acourate &s the previeus méthédiéf“ﬁdfenﬁ~‘**““
offspring relstionship. Hoﬁever, when the data are
analysed by the analysis of variance, the intra-class
correlation as outlined by Snedcor (1946) glves the re-
quired stetistic which, on multiplying by four gives an
estimatée of heritability., Here the statistic is milti-
plied by four because the relationship between half<sibs
1s twenty five Pér”éeﬁf§ Even a small error ﬁhén’ﬁﬁifii"”“ 
plied by four apnears to be 1arge, and hence the method

is often inaccurata.

Nelsén (1941) demonstrated’tﬁe midwparent offapring

correlation or regresaion methcd to estimate he 1€ab 11ty
This method 1s the same as the pareﬁt—@ffspri‘ k
method.




- exeept that in the place of one parent the average of both
the parents is used. There is not much literature on this
method simce most of the studies of heritability were con-
cerned with characters which could be directly measured in
one parent only. Hewevar, this mid-parent offspring method
may be used if the trait can be measured in both parents;
for example, fleece-welght., To get the estimate of herit-
ability by this methed, the rqgnosaien Qr,cerr§l$§ionAeo-’
efficient is multiplied by l.41 for the following reason:-

' The correlation between the offspring and one of its
parents is 0.5 for characters which are completely heredi-
tary. According to the theory of‘patﬁ”cééffiéignéﬁ“Q&naring
this correlation gives 0.25 as the dogree of determination
of the' ‘6ffspring by one of its parents. Thus, the inkeritance

of the fndividual’ is twenty five parcént determincd by each
parent; and the degree of determination of the offapring by
both parents is fifty percent. The square root of .5 givea
.707 as the correlation between the parental avcragé’(mid-
parent) and ﬁhe effspring for traits ‘which dre eampiotdly
hereditdry. Consequently, the correlation (or the rcjwacaien)n

between the offspring and ‘the mid-parent would e ﬁultipifod
¥ _1.0  or 1' t.':c 1n p:;ae‘e af

“aﬁer 2 as uﬁid for the cer-

‘chosen to ‘be used for uhis scu@y:'
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1 - Intra-sire regression of daughters on dams,.
2 = Intra-sire davghter-dam correlations.

S - Puéarﬁal half-sib correlations.

As previously pointed out the data needed adjustment

for years and breeds In order to estimate heritability.

The difference in the records mede in different years -
was tested for signiflcance in each year seperatély. It
was found tkhat the records made in 1944 and 1945 were
significantly different from the rest of the year s. Then
there were three alternatives; one was to develop & con=
version factor to correct the data_tomone standatd year;
or to adjust the estimate of heritabllity on the basls of
percentage of veriation accounted for by years according
to formule on page 13 ; or to eliminate from the date the
records made in the significantly different yeérs. There
were very few records made in fhese three Years (13‘in ali) "
which would have been used in the analysis. 'Therefora; thé
»data after eliminating these reeords were used for analysis.‘
With regard to the adjustment for braed the estimate of
heritability was made seperately for each of the four breeds
under study and then their weighted average was taken. It

may be worthwhile to mention that only single records (two

years old records) were used for both;dams;\aﬁa“dﬁﬁght§fﬁ“””mw“

so that the age and fecundity status was the sémeiﬁhruail.

Table XII glves the number of sire gfbups~aﬁd theinumbqr”of 5 '
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daughter—dam pairs in each breed used in the calculation of
herit&bility.
Table XII
Distribution of Reeords b

‘Breed  No. of ngugnéérfpam.paxgs{f, No. of Sires

e

Shropshire . .85 . e
H&Bipshi'ré o - 60 B - o = o e '
Oxford - | |

Y

|

Southdown | 518‘

—

Totel 169

For this snalysis, the fleece welght of dams was treated
as one variable, X; and that of‘tﬁem&jdaughtersfaa‘thbyéﬁh§r 
vériablerY@' The fleece welight of the dem which had ﬁﬁbé*thaﬁ'
one daughter was repeated for each offapring for: the analyais.z‘J
The weights were grouped on an intra-sire basia. Then, thel”

usual analysis of covariance was run between ‘the two vari-%f 

,ables as outlined by Snedcor (1946):““

anaelysis of covar;ance of the”fdur‘

1y in Tables XIIL, XIV, XV end XVI
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Table XIII
Analysis of Covariance of Fleece-Weight of Dams

and Their Daughter for Hampshires

Source of Variation Degrees of Sum of Squares and Products
Freedom  gx<(pam) Sxy Sy*(0ffspring)

Total 59 114.09 1.17 137.63
Between sires 8 39,81 -13.73 33.95
Within sire (error) 51 74,.28 14.90 103 .68

Table XIV

Analysis of Covariance of Fleece Weight of Dams
and Their Offspring for Shropshires

Source of Variation Degrees of Sum of Squares and Products
Freedom  gxZ(Dam) Sxy Sy2(Offspring)

Between sires 1 83.69 42.09 120.21
Within sires 53 98.96 13.60 142.99
Table XV

Analysis of Covariance of Fleece Weight of Dams
and Their Offspring for Oxford

Source of Variation Degrees of Sum of Squares and Products
Freedom Sx?(Dam) Sxy Sy2(O0ffspring)

Total 25 83.58 -5.58 70 bly
Between sires b ‘27.58.-15.25 v38.28
Within sirev(error) 21 56.00 9.67 32.16
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Table XVI
Analysis of Covariance of Fleece Weight of Dams
and Thelr Offspring for Southdown

Source of Variation Degrees of Sum of Squares and Products
Freedom Sx2(Dam) Sxy Syz(Offgpring)

Total 17 7.96 L7k 17.36

Between Sires' 3 .85 «29 3.66
Within Sire (error) 1li& 7.1 Lolt5 13.70

The following formulas were used to estimate regressions,

correlations and their standard errors.

Dam-Daughter correlation coefficient = r = fséﬂai;"
[ xz.‘ yz

Standard Error of the correlation coefficient =~ Sr ;tj%;%;,_
A ==

~ \ ‘ ~ Sxy
Regression coefficient of Daughter on Dam = b =
Sx<

Standard Error of the regression coefficient = Sy =

Half-sib correlation coefficient = I'] = 5252%;_‘

where 82 is the mean square of the error term

M.S. between sires - M.S. of Error term
Average ‘number in each sire group

82m

Standard error of the Half-sib correlation coefficient
8rq a-—i—f—ti
As already’ pointe£ out heritability was estimated by _
doubling the regression coefficient and daughter-dam S
correlation coefficient and multiplying by four the half—sibd_,
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correlation coefficient. The respective standard error of
hefitability was calculated by doubling the standard error
of regression and daughter-dam correlation cocefficients and
multiplying by four the standard error of half-sib correla-
tion coefficient.

Table XVII summarizes the results and gives the estimate
of heritability by breeds and methods separately.
Table XVII |

Estimates of Heritabilitz and Standard Errors
“ for the Fleece Weight

Intra-sire —Intra-sire Paternal halfl-
rggrgss;on method elation method 8ib meth%d
Breed erit- tandar ﬂorftn §tan§ar3 er andard
ability error ability error ability error
Shropshire .274 .300 228 248 1.484 436
Hampshire 402 304 «340 256 « 604 512
Southdown 1.252 .618 .908 .398 .220 .996
Oxford 03‘05 0302 o“-56 0380 20060- 0596

The large sampling error in the estimate of herit;bility
is evident in the Paternal half-sib method and in Southdown
breed. In view of this, the estimate of heritability calcu-
lated for each breed and by each of the three methods is not
as accﬁrate an eétimate as an average of them all. Therefore,
the values were averaged to get the best estimate for this set
of data. These averages were calculated by weigﬁﬂng cach of
the individual estimates in Table XVII (above) by the re-

ciprocal of its squared standard error, as outlined by Hazel
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(1945). Although this method of weighting has. some srpor it
sives greater welght to those estimates which are based on

the lerzest number of data,

The weighted averase of heritebility was obtained by the

n1 .2 ke ' .
(g-) + (%)2.} oo..o(.}}.i!_.)e
Neighted averaze heritability, =—oi h »

(oB7) + (B 4. B

where hy.....h, = heritabllity estimates, and

use of the formula as follows:

Shy....Sh,= Standard error of heritability.

The welghted averaze of t¥e standard error of herit-
ability was calculated by the followlng formula:

Veighted Average errOr

)

(K)r($)+. e 8 o e (T)

where Shl....Sba are the individual stendard errors of heritability.

of heritability =

In order to facilitate the calculastions, the squared
standard errors and their reciprocals for the individual
estimates of heritability found in Table XVII were first
calculated and entered‘in Table XVIXI. Then substituting
the corresponding values from Table XVIT and XVIII the
welzhted average éf fdur breeds and the weighted gvérage
of three methods and four breeds was obtained. In view of
a lerze sampling error in the estimate of heritability by
the paternal half-sib method, it was decided to take the

welzhted average of four breeds and two methods only
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(Intra-sire regression and Daughter-Dam Correlation) as
the best estimate of herltebllity of fleece weight in
this flock and it was found to be 0.38 ¢ .1l. It should
be pointed out that the intra-sire regression of daughter
on dam and intra-sire daughter-dam correlation are not
actually two diiferent methods of estimating heritability.
Therefore, 1t does not seem fundamentally sound to weight
the estimates derived from the two for one estimate since
both are hesed on the same data. |

Table XVIII

§gpared Stendard Errors and Their Reclprocals of

the Heritabllity of Fleece Welght

sHalf-sib zlntra-sire sDam-daughter; RKeclprocal

smethod tregreszion gcorrelation ¢ sum of three
s smethod smethod : methods
Breed o * : : : ' :
15%hy 11/5h% 15%h,21/9%h2 §2h,11/8%h,t
: H H : H s H
. : 3 $ : 8 T 3 S

Oxford teB5 $2.82 1,09 :10.,96 2,14 :6.,93 : 20,71
Shropshire :.19 :5.26 :.09 :11l.11 :,086 ;16.26 ; 32.63

H H ' : H H s :
Southdown $.99 $1.01 :1.58% O0.63 $.16 3 6.31 ;: 7.95

H H - H H F s
Reciprocal @ 2 e H H

H : 3 H :
sum of four: 12.94: 3357 ¢ 247.45 : 93.96

H "3 : :

Joe 00 09 o0 B &

e 86 P 2> oo

breeds
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Table XIX

Welzhted Average Heritabilitz Lstimate

of Four Breeds (Fleece Welght)

Method . Herltebllity Standard Error
Intre-sire regression « 36 «17
Intra-sire dam-dasughter
correlation 39 .14
Paternal Helf-sib
correlation 1.25 .28
Table XX

Welghted Average Herltabllity Estimate

of Three Methods and Four Rrseds

Tralt Heritabllity Standard Error

Grease~fleece Weight 0«50 0.10

Table XXI

Weighted Average Herltabllity Fstimate

of Two Methods (Intra-Sire

Regression and Intre-~Sire Correlation) and Four Breeds

Tralt Heritability  Standard Error

Grease-Tleece Welight 0.38 0,11
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Calculatlon of Herltabllity of Grease-fleece Greade,

Of the four methods, the following two methods were
chosen to be used for the set of data available for this

estimete.-—

Intra-sire regression of Daughter on Dam and Intra-

Sire Daughter-Dam correlation method.

Paternal Half-slb correlation metnod was not used due
to tre large sampling errors assoclated with it in such
samall number of datsa,(particularly a small arfor when nmul-
tiplied by 4 becomes serious). The data sultable for this —-
estimate were availabie in three breedsonly. The herit-
ability was estimated seperately for each of the three
breeds and then their weighted average was taken. Only

single records (two year old records) were used for both

dams and daughters.

Table XXIT gives the distribution of records by breeds
which shows the number of slre groups and the number of

dauzghter~dam pairs,used in the ealculation.
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Table XXII

~Distribution of Records by Breeds

Breed No. of Pairs of No. of Sires
Dam=-Daughter
Shropshire 75 11l
Fampshire | 66 9
Oxford _26 4
Total 167 24

For the purpose of analysis, the fleece grade of dams
was treated as one variable, X, and that of their daughter
as the other variable Y. The fleece grade of the dam which
had more then one dauzhter was repeated for each daughter.
The weights were grouped on an intra-sire basis. Then the
usual analysis of covariance was Yun =+ between the two
variables and the results of the three breeds are given
seperately in Tebles XXIII, XXIV and XXV.

Table XXIIIT

Analysis of Covarlance of Fleece Grede of Dams

and Theilr Daughters Ffor Shropshires

Sum of squares a&nd bProducts :
Source of Variation D.F. Sx (Dam i Sxy 8y§(offspr1ng)

»

Total . o wa owil 5.0 L is.ﬁwﬁ“
Between Sires 10 8.6 - a2 3.4

Within sire (error) 64  18.5 2.2 13,3
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Teble XXIV.

Analysis of Gonariance of PPleece Grade of Dams

amd their Daughters for Hampshires

Sum of Squares and Products
Source of Variation D.F. sx?(Dam) Sxy Sy2 (0ffspring)

Total 65 15.3 -2.2 158.9

Between Sires 8 ) 6.5 -209 4.8

Within Sire (error) 57 8.8 o7 11.1
Table XXV

Analyslis of Covarliance of Fleece Crade of Dams

and Thelr Daughters For Oxfords

Sum of Squares and Products

Source of Variation D.F. 8x2(Dam)  Sxy Sy<(0ffspring)
Total 25 27 D 4.6
Between sires 3 2 .2 2.0
Withln sire ('I‘I‘OI‘) 22 2.5 P - 2.8

According to the formulas as given in the section of
"Calculation of Heritability of Fleece Weight" the estimates

of heritability and standard error were calculated.

Table XXVI summarises the results and gives the estimate

of heritabllity by breeds and methods seperately.




Table XXVI

Estimates of Heriltablllity and Standard

Error for the Fleece Grade

Breed Inter-sire rezression
method

Intra=-sire
Daugi.ter-dam
Correlation mMethod

Herit- Standard
ability ZError

Herlt- Standerd
ability Error

Shropshire 24 « 18
lampshire - « 28

Oxford .08 .41

.28 .22
V14 .24
.08 .40

Following the method of weilghted averagze

a8 outlined

above in the section of Calculation of heritability of fleece

welght; the weighted average of tiree breeds a
average of three breeds and two methods was ob
best estimate of heritability of grease fleece

flock and it was found to be .20 % .10.

nd the weighted
tained as the

grade in the
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Table XIVII

Welghted average of three breeds (Fleece grade heritabilitz)

Method Heritability Standard error
Intra-sire regression «20 « 14
Intre-sire Daughter-Dam : R

correlation «20 «15
Table XXVIII
Welghted Average of Three Breeds and Two Methods
~ (Fleece~grade Herltabllity)
Trait Heritability Sfandard erfor.

Grease fleece grade | e 20 «10

Comparison with Published Results.

Comparisen of observed values of heritability of
fleece welght with those of other workers indlcates rather
good agreement, considering that breeds and environment

differ so widely. The estimates are set out for comparison'

in Table XXIX. Herltablility as estimated in these atudioa

is not a fixed p&rﬁmetsr, but rether a description of the fféf“f

relative importance of heredity and envirenmant in detarmin‘r
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ing differences among individuals in a particuler en-
vironment belonglng to & particulaer breed and at a
particulsr time. The relative importénce of sources of
variation may differ depending upon the control of en-
vironmental variation and the gene freguency character-
istic of the populstion studied,

| The dlacrepancy in heritabllity of fleece weight
in the Romney as compared with the Ramboulillet and the
estimate found in this study seem to be a fairly clear
example of a true breed difference. Environmental differ-
ences and previous selection for fleece welght are some
of the probable reasons for breed differences. This dis-
crepancy drawsgs attention to the possibility of error in.
applying to one breed values of heritability whioch were.
ocbtained in another. There may evern be station to station

differences 1n this respect,

Table XXIX

Some Estimetes of Heritabllity for the Grease-fleece
woeight from the literature,

(After Morley, 19560)

Eatimate Reference Breed Remarks
«40 Rasnugsen (1943) Rambouillet 70prs: parentedrf,
28 Hazel & Terril (1943) n 1622 prs: parent-off.:
«24 -~-Raspugsen-{1943)  ~ Corriedale : 173 prss¢ parent-off -
40 Cockerhan (1949) Mixed breeds 233 prs: parent-off,
14 Rasmuassen (1943) Romney cross 213 prss parent-off.
39 Morley (1950) Aust. Merino 529 prs: yarentnoft\

el0=.15 MecMohen (1943) N.Z. Romneys Ext. data, but year,
. , diff. confounded
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ESTIMATE OF GENETIC CORREIATION

a- Definition:s The linear relationships between a set

of variables may be described bv the varience and covari-
ances; similarly the relationships between the genic
(additively genetic) causes of variastion and coveriation
in different characters may be described by genetic
variances and covariances. A genetic correlation 1s

thus a description of the relationship between the addi-
tive deviations caused by genes in the two charecters,.
In rather more precise terms a genetic correlation 1is

the ratio of the genetic covariance between two charact-

ers to the product of thelr genetic standard deviations;

Cove G1

when G1 and GJ are the genic values of individuals for
tralts 1 and j.. The most Important cause of genetie
correlations would be that some of the genes which af-
fect one trait alSO'afrecfvthe other. This is what 1s
meant by pleiotropy. Other usually minor causes include
linkage andthat previous selectlion may have been practised
with varying‘emphasis in different partially isolated por-
tions of the p&pulation.

b= Calculation of genetic correletion: Hazel (1943) de=-

scribed the basis of methods of calculating genetlc core
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relation and gave the following formulas

Tei 6] = (Cov 1534) (Cov Jni7)
When the subscripts (1) and (2) represent the parental

and fillal generation respectively and 1, j, are two
characters. Iush (1948) stated thatsampling errors of r
when computed thus are large end llkely to be complex. ‘
He suggested taking the arithmetic mean of the numerato#
rather than the geometric mean as Iindicated here, es=-
pecially when sampling errors are a major concern or when
the volume of date 1s small. That would avoid such dif=
flcultles as arise when one of the observed covariances
Iin the numerator is negative and the other is positive,
Thersefore the following formula was used with the samev

meaning of tie subscripts:

Cov 1gj3 A4 Cov jJoij
2

”I bov 1,17) (cCov 3231)

The statistics to be used for the estimate of

Te1 o3

.

.
-
—

genetic correlation are viven in Table XXX XXXI, XXXII

and XXXIII.
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Teble XXX

Statistlcs for the Estimation of Coveriance of Fleece Grade

~ 8um of Dam's Sum of Off- ~Sum of

Breed - Number Grade spring's Grade Cross-

_ | SR _ Product
Shropshire 65 237.0 . 238.0 . 894,0
Hampshire 80 225.0 206.0 742,0
oxford 24 73.0 77.0 - 241.0
Total 149  535.0 520.0 1877.0

Intrabreed Covariance :' « 04

Table XXXI
Statistics for the Estimatlon of Covarlance of Fleece Welght

Sum of Dam's Sum of OLf- Bum of

Breed Number Grade spring's Cross
rade Product
Hampshire 60 447 .2 452.7 ‘3¢1036“' WM
Shropshire v65 - 514.2 ~ 480.1  “ .§993;§;3?
Oxford 24 214.5 21645 1944&72‘
Total | 149 1175.9 1149.3 9253, 9

Intrabreed Covariasnce = 1.01




Table XXXII

Statistics for the Estimation of Coveriance of Fleece

Welght of Dam and Fleece Grade of offspring.

Sum of —3um of —Sum of

Breed Number Dam's Fleece Offspring's Cross
Weilght Fleece Grade Product
Hampshire 60 451,6 207.0 1558.6
Shropshire 65 538.8 233.0 . - 1930.6
oxford 24 ~ 216.5 74.0 663, 1
Total 149 1206, 9 51440 4162.3

Intrabreed Covariance =z =,04

Table XXXIII

Statistics forthe Estimatlon of Covariance of Fleece Grade

of Dam and Fleece Welght of Offspring.

~Sum of Dam's Sum of Off=- Sum. ol

Breed Number Fleece Grade spring Fleece (ross-
Welght Products
Hampshire 60 220.0 45847 1674,.1
Shropshire 65 241,0 509.4 1878.4
Oxford 24 76,0 219:0 €94,7
Total 149 537.0 1187.1 4247.2

Intrabreed Covariance = =.11
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substituting these values of covarignces ir the formulea:

: Cov :_123 1 * Cov .,J.e;i 1
et GJ T 2

—1{?cov 1211) (00v 3231)
-.076 . sy

- e . R e . .

1 (1.01) (.04)

Therefore the genetic correlation between”greaae

fleece weight and greaae fleece grade 1s -.37.
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DISCUSSION

The effects of environmental factors and pheno-
typic parameters have already been discussed in the ap-
propriate section. A discussion of estimates of repeat-
ability and heritability may become somewhat abstract
unless a clear concept of their meaning and application
is kept in mind. Although defined and developed some-
what differently to withstand a rigorous proof, repeat-
ability is simply the average rate of change in future
performance per unit change in present performance; and
‘heritability is the average rate of change in performance
Sf offspring per unit change in performance of parents.
When estimates of repeatability and heritability are not
accompanied by standard errors which warrant a great deal
of confidence in them, as is true for the estimate of
heritability, a comparison of the estimates with those of
other workers may aid considerably in conditioning one's
evidence.

The estimate of O.44 for repeatability of grease-
fleece weight is well within the limits of the findings
of other workers given on page L1. This estimate for

these data indicates that the methods of shearing, weighing, 'ﬁ

recording etc. of fleece weight (temporary environmental
factors) are not accurate and improved techniques to. con-

trol these factors may raise the repeatability of this
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character. But this finding is unimportant for when
repeatability is high, repeated observations are un-
likely to be important alds to selection. In general

the use of repeated observations will delay decisions.
Variation due to years and age were removed from these
data by analysis of variance. The breeder makes his
selection of young stock on a within-year basis, before
the young ewes are mated. Therefore he does not have to
consider years, age or fecundity in his selections, except
in so far as he may base part of his selection on the dams
of these ewes. Further this estimate gives a fair indicae
tion of improvement that might be expdcted from selection
under practical conditions. | ,

The heritability estimate of .38 compares favorably
with the estimates found by different workers given in
Table XXVI. Although it is within the limits of the above
estimates, it may be high.

In any case, heritability of fleece weight seems
to be high enough for considerable improvement to be made
by selection and without doubt would warrant a position
in a selection programme for sheep, particularly since
fleece welght is also of direct economic importange.

The value obtained fbr genetic correlation is un-
satisfactory because of the limited number of degrees of

freedom available; hence general cancluaioné are probably




not justifiable. Nevertheless it does give some indica-
tions of the pattern of releationship among the characters
conslidered. |

Accepting the computed estimates of genetic cor-
relation (u:f( =«37) at ti4Br face value, it seems that.
selection for increased fleece weight will be accompanied
by decrease in fineness, Iush (1948, chap. 26) suggested
that past selection for two or more traits 1s likely to
have caused genetic correlations to become prevallingly
negative'rather than poasitive, where the direction of
past selection has been positive. The hypothesis requires
thaet pleotropic effects of genes be reasonably common,
and that selection has increased the frequencies of genes
favorable to all traits to near untiy. Most of the genetic

variance willl then come from genes with frequencies near

0.5, For gene frequencies to remain near 0.5 in spite

of continued selection requires that genes affect one
character favorably, the other unfavorably. The situa-
tion then would appear as s paradox wherein genetic vari-
ance would still exist for each character, but possible
1mprovement in both characters simultaneously would be
limited or even zero. | |

Dobzhansky (1927) found that ten out of twelve

matants studiad in Droaophila were associated with changes
in the shape of spermatheca. The mutants studied were.“

not previously suspected of having any erfecta upon 1nterna1



organs and certainly not on spermatheca shape. Results
such as these could have been caused by closely linked

genes but critical experiments to test whether any gene
has manifold effects were not possible,

Dobzhansky (1941) discussed the evidence for mani-
fold effects of genes and expressed the opinion:

"There is . . « no evidence that every gene
has a clrcumscribed province of action, in-
cluding only & single character of physio-
logical functione. Thls problem belongs to
the fleld of developmental genetics, and
concerns us here only in connection with
the so called nesutral characters. Differ-
ences between races, specles, and genera
frequently involve characters whose value
in the struggle for exlstence 1s uncertain,
Yot the prevalence of manifold effects of
genes makes caution necessary in reaching
the conclusion that a given property of an
organism 1is devoid of any adaptive significance.

It would be indeed surprising 1f some of the
characters studled were not debermined in part by the
same genes, For example, the weight of fleece 13 partly
determined by dlameter of fibres composing the fleece,
ao that genes affecting fibre diameter would probably also
affect fleece welght,

Mather (1943) suggested an alternative reason for
unfavorable correlated responses, Polygenic combinations,
in which a balance was achieved by 11nkage of plus and
minus genes along the chromosome, were postulated. Se- -
lection 1mposed on & population in equilibrium will tend

to destrcy the balance of polygenes, so that unfavorablo
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comblnations for apparently unrelated characters may
limit progress untll new favorable combinations are
formed by selection of suitable cross over types.

But there appears to be an important distinction
between the results expected from selection in Droso-
phila and in domestic animels, Because of the small.
number of chromosomes and because there 18 no crossing
over in the msle, Drosophila has relatively few segregat-
ing units. Extremely intense selection can be practiced
and there 1s a distinct possibility that the effect of
linkege may be lmportant, Selection in sheep, wilch have
several times the number of segregating units, 1s un-
likely to be affected b; linkage to the same extent, In
sheep selectlion for any one segregating unit is unlike=
ly to be sufficilently lntense to seriously distort the
random order of gene comblinatlions. In Drosophllas, 1t

possibly could be so Intense that individuals with the

preferred linkage combinations would have more descendents
than those with "unbalanced" combinations, Mather's
theory seems unlikely to apply to domestlic animals be-~
cause in them selection for desirable linked combinations
must necessarily be weak, particularly where large numbers
of genes influence the character in question, Yet another
possible reason for negative genetic correlations is

provided by physiologlcal llmitetions, If two tralts
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both require a substrate which 1s available only in
limited quantities, then selection for genes favoring the
expression of one trait must also cause a decfeaae 1hs
the other. | | |
Heritability of fleece weight seems high, but
the nature bf genetic correlation may iimit progréés;
Consequently breeders may have to be satisfiedeiﬁh an
intermediate expression in éﬁy particulaf dhéraéteris%ic'
iIn order to échieve greatest overall perférmance for |

theif livestocks,




APPLICATION

The breeder, confronted with the problem of im-
proving his flock by selection requires answers to the
following quesations: |
1- Wwhat characters should be considered in a sélectionA'“
programd Probably no twc breeders are whOlly}égreédﬁony
t~1s question, which is perhaps a rovtunaté éituatlon,
for no single authofity 1s likely to bve coﬁpletely ccr-
rect, Some diversity of ideals wlll assure divérsity.
of selected typés, thereby crcating reservolrs of do-
sirable germ plasm which wouid be valuable should price‘
structures change radically in directions not predicted
b the majority of breeders., In this study only two |
tralts, grease fleece welght and grede, have been con—
sidered wiich account for fifteen to twenty five percent
of the productine reting in sheep. There are other‘im-
portant economic characters as mentioned by Winter et
al (1946) which must be conslidered in selection programs o
2= What progress may be expected with the tnformation
available in this studvf The actual advance that one may

make by mass selection for a trait can be estimated by

computing the anticipated progress from a single cycle of
selection. Aa was previoualy pointad out the eatimates
used 1n the computation of expected advanceslf M Mﬁd-

B

justed for the environmental effectswand cnly the environ-
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mental effecte that are to be eliminated in the'routine
breeding progrem.v Theee effects may be eliminated in
“two weys firet if selection occurs among animals which
‘do’ not differ with respect to the environmental effects
considered, then the effects are automatically eliminated.
This 1s the moet accurate method of. adjustment. Examplee
are, fleece weights which occured in the same year need
no adjustment for yearly differences and lamb weighte‘\
teken at & constant age need no adjustment for age. The
latter case is an excellent example of how a little fore-
thouwht in record keeping mey materially aid in a eelec-
tion orogram. The second meth>d 1s to actually adjust
the recorde to a common baeie for the differences in en=-
vironment. Using this method, if the fleece weights oca.
cured in different yeare, they would be adjusted to a
common year by compﬁting the average fleece weight for
feach year and the overall average fleece welght and ad-
Justiné the recordeTfor tne everage yearly differences
to this overall average. , ‘ ﬁ

‘To illustrate the method of computing anticipated
kprogreee by selection, the expected gein per year will be

(53 ey
[ %

eetimated fcr grease-fleece Weight and grade in a flock

Fr @ PR

Vof lOO ewes. Aseuming thet the lamb crope average one

¥id

“ hundred percent and that half the ewe lambe are reteined,

'then about 256 percent of the ewee ere replaced each year.
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This replacement is made with ewe lambs from the best

50 percent of the ewes having ewe lambs. It may be as-
sumed further that the sires of ewe lambs are of same
genetic ability as dams. Death and other accidents would
eliminate about fifteen percent leaving about 85 percent
of the entire flock to select ffom. If 75 percent of the
flock must be retained and only 85 percent'of the flock
is available to select from, then the proportion that may
be selected is actually (_ZZ) or .88 or 88 percent.

When 88 percent of the 2ndividuals are selected the
average performance of the selected individuals would be
expected to deviate about 0.2 standard'deviation, e
from the average performance of the entire flock. (Lush,
1947, pp. 148). The (p 1is the standard deviation of fleece
weight corrected for years. The(&f adjusted'for yearskmey
be estimated from G + ¢* for fleece weight in Table XI
such that:

p =z (61 - .78) = 1.39

and 6; = 1.18 |

Therefore, the average fleece weight of the selected
ewes (i.e. 88% of the ewes) is (.2 x 1.18) or .24

pounds above the flock average. Since these ewes consti-

tute only 75 percent of the enﬁire flock, the expected
increase in fleece weight that this group will bring about
would be (75 x .ZL) or 0.18 pounds above flock average.



- 75 - o

But the expected production the next year would be
(Ovl8 x 444) or .08 pounds above the flock average of
the previous year. (0.44 being the estimate of repeat-
ablility) el e . -
- The remuiining:e. 25 percent of the flock is con-
stituted by the ewe lambs from. the best 50 percent of
ewes. The average fleece welght of this 50 per¢ent.of.
ewes lg expected to daviate about 0,8 standard deviation,
6;»,;from.the‘average performance of the flgek. There-
fore, the average fleece welght of these ewes would .be
expected to be (.8 x 1.18) or +94 1lb..above flock aver-

age. The expected production of the offspring of these

.. ewes l1s the product of the selection differentlal of-

. (484 x +38) or ,36.pounds apove flock average this year.

‘the dems selected and the heritabllity estimate, .Actual-
ly,uthe,sélection differential, which is the main dife
ferencge. 1n performence of selected individuals and all
4pdividuals among which selectlon was practiced, has:

- 8lready: been estimated.to be:. 0.94 pounds. above flock

. aversge.. The best estimete o heritebility. for grease
.fleece: welghi in this flock is Qe38s Therefeors, the ex~

pected average fleege welght of ewe lambs next.yeaxm is

- 8ince the ewe lambs constitute 25 percent-ef the entire
-fleck the expected imcresse in fledce weight that: this
- group will bring . about would be (86 x w86): or +09: pounds
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above the flock average previous year.

Thus the total expected progress per year may be
obtained by summing up the gains made in the ewes-group
constituting 75 percent of the flock and in ewe-lamb-
group constituting the rest of the 25 percent of the
flock. In other words, the expected flock average fleece
weight next year would be (.09 + .08) or .17 pounds above
flock average of this year:

Similarly, the anticipated progress in grease fleece
grade can also be worked out. Its phenotypic standard
deviation is 0.56 and estimate of heritability is .20.
The expected increase in grade of ewes constituting 75
percent of the entire flock would be (.2 x .56) .75 or
.08 units above the flock avérage and expected increase
in grade of ewe lambs constiﬁuting 25 percent of the en- .
tire flock would be (.8 x .56 x .20) x .25 or .02 units
above flock average the previous year. By summing them
the expected flock average fleece grade next year is
estimated to be (.08 + .02) or .10 units above flock
average this year. But the estimate of repeatability

for grease fleece grade was not found in this study and,

hence, could not be used in computing the anticipated
gain. Therefore, the expected gain in one year in fleece
grade would be a little less than .10 units as estimated

above. The gain'in grade may be interpreted in terms of




the percentage of animals which may be expected to move
up one grade in one year and 1t 1s estimated to be a

little less than 10 percente.
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SUMMARY

. Heritabllity estimatgs for grease-fleece weight and
grggse-fleece grade, and repeatabllity estimate for
grease fleece welght were determined from sheep records
from the Michigan State College sheep flocke. The data
included 1599 records from 412 ewes of Oxford, Shropshire,
Hempshire and Southdown breeds covering the period from
1953 to 1949. A study of the contributions of certain
environmental factors to grease fleece weight was made
and approprisate adjustments were lndicated. L

The study of environmental fgqtors,ing;uQQd;tgopwm
effects of age, number of lambs rhorad, breed, and year
on greage-fleece welght., Only the environmental effecta
which accounted for at least six percent of_the total |
variation were considered to bQ;importgnywenough ?o,dqgt;-

fy adjustment in a selection program. The factors found

to be 1mportént enough on gpégqe fleece welight to jugg%gy',
adjustment were breeds and years, The phenotypiec correw: .
lation bhetween grease fleece weight and grease fleece
grade was found to be =0,35 ‘LO§O4.

Repeatabllity estimates after adjusting for the
Important environmental effects, were determined by the
method of intraclass correlation and the estimate for

gréase;rleece welght was 0,44 6'0.02.
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Estimates of heriteblility after adjusting for
lmportent environmentel effects, were deduced from the
ieighted average of thé herlitability calculated by intra-
sire regression of offspring on dam and intre-sire daughter=-
dam correlations, on 169 daughter-dam palrs f;r grease
fleece ﬁeight and 167 daughter-dam palrs for grease
flesce grade. The best estimate of herifability forv
grease fleece welght was 0,38 f'.ll and for grease
fleece grade was 0.20 £ .10.

Estimate of genetlc correlation between'fleece
~weight and grade was found to be -0.37. The caﬁaaakoty
negeative geneﬁic correlation were discussédjﬁhder thé éé-‘
sumption that'25 percent of the ewes ate replaced each

year with ewe lambs from the best 50 percent cf'thé eweé-

and that the average loss due to death and accldents is
15 per cent; the antlcipated gain for a flock of 100 ewes
in one year was estinated to be .17 1lb. for grease fleece

welght and a little less than .10 unit for grease fleece

grade when selectlion was based entirely on one or the other

of these tralitse.
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