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Eanmams of heritability, genetic and phenotypic correlations were
calculated for birth weight (BW), four-month weight (WW),
yearling weight (YW) and first greasy fleece weight (FL) of 3855
Fleisch Merino lambs after removing the effects of farm, sex, type,
season and year of birth using the leas! squares method of analysis
of variance (Harvey, 1960). The estimates were used to construct 11
selection indexes involving all combinations of 2 or more traits.
The reduced indexes were compared to the basic one by means of
their correlations with defined agpregate genotype {T) to measure
their relative effciency (EF). The resalts shew the advantage of
including all traits in the index (index 1), and suggest thatin situa-
tions where information and all traits is not recorded, selection on
basis of an index including WW, ¥W and FL would ensure a consi-
derably high rate of progress in T, T lambs are marketed before
shearing, the index involving the 3 body weight traits would be
recommended followed by the index containing only WW and YW.
Values of EF for the 3 proposed indexes are 98.5%, 95.6% and
93.2%, respectively.  An extremely low value of BF of 58.6%5) was
obtained when both WW and YW were igonored. The probable
cffect of the estimates of penetic and economic parameters on
the numerical values of the weigting factors of the indexes and their
correlations with the aggregate genotype was discussed,

Early selection would allow for rapid disposal of undesired animals
would increase the annual rate of genetic progress in economically important,
traits. For lambs, birth, four -month, and yearling body weights, and first
greasy fleece weight were considered as important traits fro efficiency of produ-
ction. All of the four traits are expressed in the first year of lambs life, and
are frequently recorded on the farm where few and simple records are usually
kept.

Index selection was proved in several studies to be more efficient and never
less efficient than other methods of selection when two or more traits are
involved (Hazel and Lush, 1943; Young, 1960; and Finney,1962). The aggregate
genotype selected for by an index was defined by Hazel (1943) as the sum
of several genotypes of an individual, assuming a distinct genotype for each
economic trait, each genotype being weighed according to the relative
economic value of that trait. A selection index that includes several traits is
rather complex. In practical breeding, it is frequently found that traits of
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economic importance are not recorded. Some traits are not expressed at
young ages or hardly observed while the animals are on the farm or still
alive,

The primary aim of the study is to measure the reduction in the efficiency
of a set of reduced indexes, compared to a basic index, when one or more of
the economic traits that imay not be recorded on the farm was ignored. The
relative contribution of cach trait to the genetic progress is a defined aggregate
genotype could than be computed,

Material and Methods

Data

Four traits were chosen to be inciuded in the selection indexes : birth,
four-month, and yearling body weights, and first greasy fleece weight, The
data used in computing the specific information needed for the construction
ol the selection indexcs were collected for three succesive years starting in 1969
under farm flock conditions from five farms belonging to the Meat and Milk
Organization in Egypt. Records of 3855 Fleisch Merino lambs having
observations on all of the four traits were included in the study.

At birth, pedigree information, date of birth, sex and type of birth were
recorded for each lamb. Keeping lambs for replacement in the breeding
stock or preparing them for marketing was based on four month body weight.
As the lambs became one year old, they were wusually sheared and the first
greasy fleece weight was  recorded. Management of the flocks was described

by Abdel-Aziz et al. (1977a).

Estimation of the genetic and phenot ypic parameters

Least squares analysis of variance (Harvey, 1960) was performed to assess
the effects of farm, sex, type, season and year of birth on the four studied traits.
For fleace weight, regression on age at shearing was also computed, Data
were then corrected for the effects of the non genetic sources of variation, and
estimates of heritability of the four traits, genetic and phenotypic correlations
among them were obtained from the usual one-way analysis of variance and
covariance among and within sires {Abdel-Aziz et al., 1977b).

Estimation of the relative econemic values

The economic values assigned to the economic characters included in
the basic index could be defined as the relative effect of a unit change on net
profit. The value of a unit change is a function of market prices, whith were
taken as the mean price per kg of each trait during the years 1974 and 1975
at the Meat and Milk Organization,
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The average price of a kg of live weight of a four-month or a vearl-
ing lamb was L.E. 0.50, while it was L.E. 1.25 for a kilorgram of greasy
fleece weight. The price of a kilogram of live weight at birth was calculated
from information on the estimated value of a newly born lamb and average
birth weight, The overall mean birth weight was 2.959 kg and the estimated
value of the lamb was L.E.3.0. The price of a kilogram of birth weight was
sct to be equal to L.E.L-0. The relative economic values used in constructing
the selection indexes were therefore, 4:2:2:5 for a kilogram of live weight at
birth, 4-months, 12-months of age and for first greasy fleece weight respecti-

vely.

Construction of selection indexes

The basic index including the four traits was calculated using the matrix
technique as describd by Cunningham (1972). Beside the basic index, ten
reduced indexes were computed using all combinations of three or two traits.

The relative efficiencies of the reduced indexes

The relative efficiency (EF) of cach of the reduced indexes derived in this
study was estimated by the usual method of comparing it to the basic index by
means of the correlations with the aggregate genotype, since genetic progress
is proportional to these correlations.

Results and Discussion

In constructing a selection index many aspects of genetics, biometry and
economics should be put together in a correctly balanced form to maximise
the correlation between the aggregate genotype (T) and the index (I).

Under farm conditions, where few and simple records are usually kept,
information on some economic traits may not be recorded. Including only
the most important traits in the definition of the aggregate genolype was ques-
tioned. Giedrem (1972) indicated the advantages of including all economic-
ally important traits, and conculded that such traits should be considered in
the index even they were not recorded . This would never decrease, but
would frequently increase, the total genetic gain when selection is applied .
Further, correlated traits of little or no economic importance might increase
the efficiency of the index.

The problem discussed in this paper is how the effieciency of an index is
affected by ignoring one or more of the economically important traits. The
study involved the construction of a set of reduced indexes which were comp-
ared to a basic index including all traits in question.
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The performance of a lamb during its first year of life was considered in
terms of four economically important traits which can lead to profit in a farm
enterprise by producing meat and wool : birth weight (BW), 4-month weight
(WW), yearling weight (¥Y'W) and first greasy flecce weight (FL). Greasy fleece
weight rather than clean fleece weight, on which the cconomic value of wool
Is usually based, was included in the definition of the aggregate genotype fecause
information on it was more readily obtained on the farm. However, estimates
of the genetic correlation between greasy and clean fleece weight were found
to be positive and high in several studies (Morely, 1955; Battie, 1962; Brown
and Turner, 1968 and Mullaney ez af; 1970). Including in this study inform-
ation subsequent to the first shear would have resulted in 91.3%, reduction
in the number of records on which all required information were recorded

Estimates of heritability for the four traits, and genetic and phenotypic
correlations among them are presented in Fig. 1 in the form of a path diagram.
The values on the double arrowed paths between the G’s are genctic correlat-
ions (ry ) and between the P's are phenotypic correlations (tp ). The values on
the single arrowed paths connecting the G-s and P-sthe are the square roots
of the estimates of heritability,

i u
A .
G ta2g)2

Hoes RS
A
0200 % Uz . b/
woi \ o ¥ T bR 02
9 10.20} i ‘.. (0}48 \ Y

\ P -
\ (0383 . 10297 (=}
({,3 ' Cwu ) 829 "'—'T."‘.}.‘@'{/ %O.GS)J"’

% B
N A

e sgs ot
- Fil

Pt

Fig. 1. Path diagram of biometrieal relationships
among ftraits,

P s are phenotypic val ucs,

G's are genic values, and

U’s  are undefined sources of variation

BW, WW, YW, and FL are birth weight, weaning

weight, yearling weight, and first greasy fleece
weight, respectively.

A basic index involving all of the four traits was construeted (index 1).
All possible combinations of three and two traits were used to calculate ten
reduced indexes. Indexes 2,3,4, and 5 were 3-trait indexes, while 6,7, .. pand 11
included only two traits. Vectors of weighing factors (b values) for the eleven
indexes are given in Table i, The reduced indexes were arranged in the table

according to the magnitude of their correlations with the aggregate genotype
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(Ro1) within every category of indexes. For each index, the vector of b values
was expres sed in terms of the b value of the earliest trait appearing on the lamb.

TABLE 1. The selection indexes.

’ !

| b Values
Index ; e N € (2)
No. | Bivth weight| 4-Month wt. | Yearling wt. | 1Ist. flcece wt.| 01 Ryt
(BW) (WW) {(YW) (FL1)
pre—t !__ o | T
1. Basio Index
i \ 1 . 0.4168 \ 05131 | —35177 | 3.361 | 0.551
1 |
II. Three-Trait Indexes
2 —_ 1 1.1464 —7.7599 3.314 0.543
3 1 0.44592 0.4788 — 3.217 0.527
4 1 — 0.4826 —2.9299 3.178 0.521
5 1 0.2840 — —1.8682 32T 0.512
1. Two-Trait Indexes
6 - 1 1.0081 — 3.139 0.514
7 —_ — 1 —5.6734 3.025 0.496
8 1 —_ 0.4717 —_ 2.938 0.481
9 — 1 —_— —4., 1685 2.7 (0.457
10 1 0.6443 — -— 2.757 0.451
11 1 - | = _1.7856 | 1.975 0.323
1

‘ )
EF

100.0%,

98.5%
95.67,
94.5%

92.9%

93.2%
90.0%;
87.3%

82.9%
81.9%
58.6%

(1) §I = Thestandard deviation of the index .

(2) Repy = The coirelation between the index and the apgregate genotype
(3) BF = Theefliciency of theindex telative to the basic index.

Negative b values for FL were obtained. This resulted mainly from
the negative genetic correlations between body weight traits and FL, and the
high relative economic value assigned to it. However, FL had largest absolute
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numerical value of b in any vector of b’s involving that trait (indexes 1,2,4,5,7,9
and 10). Among body weight traits, BW was given more weight than WW or
YW whenever it was considered (indexes 1,3,4,5,8,10 and 11). Relatively
low values of b were obtained for WW and YW in all indexes involving any
or both of them (index 1—10), with YW having slightly higher b’s than WW
when both traits were involved (indexes 1,2,3, and 6).

Values of Ry; are given in Table 1. The highest value was obtained for
the basic index (index 1). No tind was observed in the Ry values of the
reduced indexes that could be explained by the size of heritabilitics or genetic
correlations of the traits involved in the index.

An extremely low value of EF was obtained when only BW and FL were
involved (index 11). Except for that index, values of EF did not fell below
81.9%, when information on one or two traits was not considered. The
contribution of each index to the overall progress in T could be observed
from Table 1 (columns J; Ry and EF). These results show the advantage
gained in the genetic improvement by including all traits in the index
(index 1). When BW is dropped from the index, the cfficiency will be reduced
by 1.5%, only, When lambs are marketed before shearing, index 3 would be
used with a loss of 4.49% in efficiency. When both BW and FL are dropped
(index 6), EF will be reduced to 93.29%, of the efficiency of index 1.

In practical breeding, flocks may undergo changes in their genetic consti-
tution. Indexes, therefore, need periodic revision of estimates of gzenetic
and economic parameters.
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