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ABSTRACT

Estimates of genetic and phenotypic parameters for body weight, degree of
maturity and measures of gain rate on 910 Barki sheep (530 females and 380 males),
progeny of 49 unrelated rams were calculated and used to predict the responses to
selection both as a result of direct and indirect selection. Weight at 48 months of age
was considered the mature weight as it was the last weight taken and was different
significantly (P< 0.05) from the preceding weight. The phenotypic and genetic
coefficient of the variation in degree of maturity declined with age to zero at maturity.
Degree of maturity was more variable than body weight genetically till six months and
phenotypically till 14 months when the order was reversed. Heritabilities for degree of
maturity were essentially lower than the corresponding heritabilities for body weight.
The genetic inter-age correlations for degree of maturity were almost always lower
than the corresponding phenotypic correlations. All were positive, so that animals
more mature at a given age also tended to be more mature at any later age. High
positive correlations were found within the marketing body weight group (W1 and
W12), the pre-marketing group (Wos, Wos and Wog) and the post-marketing group (W24,
W3s and Wag). The marketing and pre-marketing body weights show essentially high
genetic and phenotypic correlations, implying the possibility of selecting heavier
animals at marketing by using early information. All measures of average gain rate
decline from 4 to 48 months of age. The CV’s reached their highest values for
average absolute growth rate (AGRa) and average absolute maturing rate (AMRa)
between 16 and 24 months of age and average relative growth rate (RGRa) between
36 and 48 months of age. AGRa, AMRa and RGRa were highly genetically correlated
with each other whenever they referred to the same period of gain. Their estimates at
the first five age intervals were mostly negatively correlated with their estimates from
36 to 48 months of age. Substantial increase in weight at age of selection and less
increase in weight at all other ages would result from selection for body weights and
degrees of maturity. Selection for AGRa, AMRa and RGRa at early stages (4 to 8
months) would result in increase in body weight and degree of maturity at all
subsequent stages. Selection for AGRa or AMRa after 12 months of age would have
little effect on mature weight. Increase in mature weight would be expected from
animals selected for their lower than average RGRa after the age of 12 months.
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INTRODUCTION

Barki sheep which dominate the north western desert of Egypt with a
population of c. 470,000 heads (c. 11% of the total Egyptian sheep
population), are known to be well-adapted to the desert harsh conditions and
scarce vegetation. While basic information on their body conformation are
available (Ragab and Ghoneim, 1961) major information regarding the
genetics of their body weight growth is still lacking.

According to Fitzhugh, 1976 investigating the relationships involving
body weights and their degree of maturity, maturing rate and measures of
gain rate would resolve genetic antagonism between rapid, efficient early
growth of slaughter progeny and desired small size and lower maintenance
costs of parental stock, improve intrinsic efficiency through increased
maturation rate, lower age at first breeding in parental stock by decreasing
time taken to sexual maturity, and decrease carcass fatness at preferred
market weights by increasing time taken to chemical maturity.

Estimates of additive genetic parameters for the above mentioned
traits may be obtained with advantage at different stages of growth when the
mean growth curve is so irregular that normal type of growth curve could not
be meaningfully fitted, or when computational difficulty arises from choice of
function and the characteristics of the data set. According to Fitzhugh, 1976
most functions are sensitive to the frequency and regularity of data on both
the body weight and age scales. Algorithms involving iteration are sensitive to
choice of starting values and may not even converge to a solution. On top of
that, no relationship involving earliness of maturity or degree of maturity could
be investigated without body weight has been explicitly or implicitly measured
at maturity.

The present study was planned to investigate the phenotypic and
genetic relationships involving body weight, degree of maturity, maturing rate,
time taken to maturity and measures of gain rate to estimate the expected
direct and correlated responses to selection for body weights, degrees of
maturity and gain rates at different successive stages.

MATERIALS AND METHODS

Source of Data. The data used in the present study were collected over 10
years started in 1963 and ended in 1995 on an experimental north western
coast Barki sheep flock belonging to the Desert Research Center, Ministry of
Agriculture and Land Reclamation, Egypt.

Management of Animals. As a rule, mating season takes place around July
and lambing starts around December each year. Following their birth, lambs
were ear-tagged, and kept with their dams to suckle their milk until weaning
at 4 months of age. After weaning, lambs were fed a concentrate mixture
(50% Cottonseed cake; 18%, Wheat bran; 15%, Yellow maize; 11%, Rice
polish; 3%, Molase; 2%, Limestone; 1%, Common salt) amounting 0.5 to 1.0
kg / head / day according to physiological status plus ad-libitum amounts of
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Berseem hay (Trifolium alexandrinum). Fresh water was available for flock,
once a day.

Weighing conditions. Body weights were recorded just before morning
feeding at bimonthly intervals starting from weaning until 16 months of age,
then at yearly intervals thereafter until the animal was removed from the flock.
Weight at 48 months of age was considered the mature weight as it was the
last weight taken and was different significantly (P< 0.05) from the preceding
weight.

Data processing. Adjustments for individual body weights to different ages in
the original data were carried out by interpolation between the data of two
successive ages; growth during the short intervals being assumed to be
linear. Animals having normal records were included in the analysis. An
animal's record was considered abnormal if:

The animal was removed from the flock before 48 months of age;

The lamb was born as twin;

The sire of the lamb has less than 3 progeny;

The absolute growth rate of the lamb in two successive periods was

negative.
Consequently, a total of 910 animals (530 females and 380 males)

progeny of 49 unrelated sires were included in the analyses.

Expressing growth characteristics. Growth characteristics, defined in
Table (1), were determined for each lamb.

Table (1): Symbols, Definitions and Working Algebraic Expressions for
Growth Characteristics

Related symbols, definitions and working

algebraic expressions

Amount of mature weight already\W: = Ut ~ Wm ; where Ut = proportion of mature

attained at a given age, t weight already attained, Wm = mature weight

IAmount of mature weight W

Proportion of mature weightiUs = Wt/ Wm

already attained at a given age, t

IAverage absolute growth rate in aAGRa = (W 2-Wu) / (t2- t1)

Growth characteristic

given age interval (t2-t1) = AWY At

IAverage absolute maturing rate inAMRa = (U ©2-Uu) / (t2- t1)

a given age interval (t2-t1) = AUV At
= W1 AW/ At

Average relative growth rate (5RGRa = (In W 2-In W) / (t2- t1)

relative maturing rate) in a given =Aln Wy At

age interval (t2-t1) = (In U-In Un) / (t- t1)
= AlnU/ At

Estimation of genetic and phenotypic parameters. The genetic and

phenotypic parameters of the traits considered were estimated from sire

components of variance and covariance using the following mixed model:
Yijum =M + Sj + Dj + Ac + Ri + €jjxim

where:
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Yikm = the record of the mt lamb, progeny of the | t" ram, born at the kth
year, at the ji" age of his dam and having an it sex,

M = the overall mean,

Si = the fixed effect of the i sex (i= 1,2),

D = the fixed effect of the j"age of dam (j=2,3,4,5,6),

Ax = the fixed effect of the k" year of birth (k=1 to 10),

Ri = the random effect of the I" ram (I= 1,2,...49)

eikm = the random error assumed N.I.D. (0, c%e).

The estimation was carried out using the Mixed Least Squares and
Maximum Likelihood Computer Program of Harvey (1990).

Estimation of direct and correlated responses. While the direct response
(DR) of a given trait was calculated as:
DR=1*h?* gp,
the correlated response (CRy) of a trait Y, with selection applied on a trait X,
was calculated as:
CRy=1*hx* hy* rec *Op ()

where:

I = Intensity of selection on X,

h = Square root of the heritability, with subscript X or Y, according to
re = ftrait,

ortyy = Genetic correlation between X and Y; and

Phenotypic standard deviation for the trait Y.

RESULTS AND DISCUSSION

Variation in degree of maturity and body weight. Table (2) shows means,
genetic and phenotypic coefficients of variation and heritabilities for degree of
maturity at ten ages from 4 months to maturity. For comparison, the
corresponding statistics for body weight are also given.

Table (2): Means, Genetic and Phenotypic Coefficients of Variation (CVe
and CVp) and Heritabilities (h?) for Degree of Maturity in Body
Weight (Ui = Wi, Wmn) and Body Weight (W; ) at Successive

Ages.
Degree of maturity in body weight Body weight
Age Mean CVe CVp Mean CVg CVp
(mo) (%) (%) (%) h? (kg) (%) (%) h?

04 40.82 15.04 26.68 0.32+0.05 18.80 1298 22.82 0.32+0.05
06 47.79 14.40 25.80 0.31+0.05 22.01 13.04 23.08 0.32+0.05
08 55.04 11.70 25.01 0.22+0.04 25.35 11.99 22.01 0.30+0.05
10 62.46 11.54 24.39 0.22+0.04 28.77 12.65 21.45 0.35+0.05
12 67.78 11.46  23.49 0.24+0.04 31.22 12.49 2159 0.34+0.05
14 71.04 1056 21.52 0.24+0.04 32.72 11.40 21.15 0.29+0.05
16 75.81 9.04 19.68 0.21+0.04 34.92 11.11 20.33 0.30+0.05
24 85.89 5.36 14.64 0.13+0.04 39.56 15.24 26.49 0.33%0.05
36 92.73 7.29 16.14 0.20+0.04 42.71 14.80 26.39 0.31+0.05
Maturity (W,) 100.00 00.00 00.00  ---------- 46.06 12.12 25.25 0.23+0.04
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The phenotypic and genetic coefficients of variation in degree of
maturity declined with age to zero at maturity. Degree of maturity was more
variable than body weight genetically till 6 months and phenotypically till 14
months when the order is reversed. Heritability for degree of maturity, while
declined from 4 to 10 months remained at about 0.24 from 12 to 14 months of
age. Heritabilities for degree of maturity were essentially lower than the
corresponding heritabilities for body weight.

The present h?-value for 4-month body weight (0.32) is not far from
other values obtained on the same breed (0.46, Fahmy, 1967; 0.45, Fahmy et
al.,, 1969; 0.42, Aboul-Naga and Afifi, 1982 and 0.39, Abdel Aziz, 2000) or
other foreign fat-tail breeds from North Africa (Tunisian Barbary: 0.32, Demali
et al,, 1994) or Asia (Mehraban Iranian: 0.34, Bathaei and Leroy, 1998).
These values are much higher than those obtained on the other fat-tailed
Egyptian breeds (Ossimi: 0.11, Aboul-Naga and Afifi, 1982; Rahmani: 0.14,
Aboul-Naga and Afifi, 1982, 0.26, Abdel Aziz, 2000). The present values are
by far lower than those obtained on the fat-tailed Awassi breed (0.73, Alrawi
et al., 1982; 0.82, Chaudhry and Shah, 1985).

For 6-month body weight, the present h2-value (0.32) is below those
reported by Mousa, (1989) on Ossimi (0.57) or Rahmani (0.54), by Bathaei
and Leroy (1998) on Mehraban Iranian fat-tailed sheep (0.43) and by Chopra
and Acharya (1971) on Bikaneri sheep (0.70), while higher than that
calculated by Sharma et al., 1999) on Nali Indian sheep (0.17).

The present h2-value for 8-months weight (0.30) is not far from what
obtained by Ercanbrack and Price (1977) on Targhee breed (0.35) while
higher than their values obtained on Rambouillet (0.26) and Columbia (0.21)
and lower than that calculated by Johari (1972) on Polwarth sheep (0.68).

For 10-months of age, the present h2-value (0.35) is comparable to
that reported on Columbia sheep (0.38, Ercanbrack and Price, 1977), but
higher than those obtained on Romney Marsh (0.16, Radomska and Klewiec,
1976), Polish Mountain (0.17, Tecza et al., 1974), Rambouillet and Columbia
respectively, 0.32 and 0.38, Ercanbrack and Price, 1977) and lower than
those calculated for Polwarth sheep (0.64, Johari, 1972) and Targhee sheep
(0.54, Ercanbrack and Price, 1977).

The hZ-value given in this work for 12-month body weight (0.34) is
comparable to that already obtained on the same breed (0.41, Fahmy et al.,
1969), and on the Mehraban Iranian fat-tailed breed (0.44, Bathaei and
Leroy, 1998). These values are much higher than those obtained on other the
fat-tailed Egyptian breeds (Ossimi: 0.17, Rahmani: 0.03, Aboul-Naga and
Afifi, 1982). The present value is lower than that calculated for Awassi (0.53,
Alrawi et al., 1982).

For 24-month body weight, the present h?-value (0.33) is lower than
that obtained on Mehraban Iranian fat-tailed (0.45, Bathaei and Leroy, 1998).
Inter-age correlations for degree of maturity. The genetic inter-age
correlations for degree of maturity were almost always lower than the
corresponding phenotypic correlations (Table 3). All were positive, so that
animals more mature at a given age also tended to be more mature at any
later age.
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Table (3): Genetic (above diagonal) and Phenotypic (below diagonal)
Correlations among Degrees of Maturity (Ui=W;; Wn) at
Successive Ages.

Uos Uos Uos Uio U Uis Uis Uzg Uss
Uos - 0.94 0.76 0.56 0.38 0.28 0.23 0.14 0.06
U 087 - 0.98 0.83 0.65 0.52 0.48 0.19 0.25
Ug 075 080 - 0.91 0.82 0.66 0.59 -0.09 0.26
Uo 067 072 092 @ - 0.96 0.86 0.75 -0.11 0.52
U 057 061 084 093 - 0.93 0.86 -0.05 0.60
Us 052 053 0.76 0.84 090 - 0.98 0.14 0.75
Ue 047 046 0.72 0.78 0.82 091 - 0.19 0.73
U 036 029 048 0.50 0.53 0.62 069 - 0.36

Uss 030 0.29 047 0.52 0.55 0.60 0.65 070 -

Inter-age correlations for body weight. These correlations are shown in
Table (4). The variation in marketing body weight at 10 months of age
expressed itself to a large extent in marketing body weight at 12 months
(re=0.97; rp=0.93). This is in agreement with a previous report by Ercanbrack
and Price (1972) on Rambouillet (rc=0.99; rp=0.93), Targhee (rc=0.88,
rr=0.89) and Columbia sheep (rc=0.97; rp=0.89).

The present study showed very high positive correlations among the
body weights at 4, 6 and 8 months of age (rc ranged from 0.76 to 0.94 and rp
from 0.80 to 0.92), such that they can interchangeably characterized the early
growth potential. The 4-month weight showed a high relationship with the 6-
month weight (rc=0.90; rp=0.89). This confirms previous works on Awassi
sheep (rc=0.65; rp=0.83, Juma et al., 1969; rr=0.90, Alrawi et al., 1982) and
Mehraban Iranian fat-tailed sheep (rc=0.95, rp=0.83, Bathaei and Leroy,
1998).

Table (4): Genetic (above diagonal) and Phenotypic (below diagonal)
Correlations among the Body Weights (W;) at Successive

Ages.

Wos  Wos Wos Wio W12 W14 Wais W4 Wae Wm
Wos  ---- 0.90 0.76 0.59 0.43 0.34 0.30 0.38 0.27 0.33
Wos 0.89 ---- 0.94 0.84 0.71 0.57 0.50 0.30 0.35 0.35
Wos 0.80 0.92 ---- 0.94 0.88 0.75 0.70 040 051 0.51
Wi 0.71 0.84 093 --- 0.97 0.89 0.82 0.42 0.65 0.56
W 0.62 0.75 0.85 0.93 - 0.94 0.88 0.46 0.70 0.60
Wi 056 0.68 0.79 0.86 0.92 - 0.98 059 0.84 0.63
W 052 0.63 0.74 0.80 0.85 0.93 - 0.67 090 0.67
W24 0.43 0.48 054 0.57 0.61 0.70 0.76 - 0.79 0.86
Wss 0.36 0.42 0.49 0.54 0.59 0.67 0.73 0.86 ---- 0.78

Wm 035 042 049 0.52 057 062 065 080 0.76 ---

The body weights at 24, 36 and 48 months of age can
interchangeably characterize the late growth potential as they were found to
be highly intercorrelated genetically (rc ranged from 0.78 to 0.86) and
phenotypically (re ranged from 0.76 to 0.86).

The marketing (W1, W12) and pre-marketing (Wos, Wos, Wog) stages
show from moderate to high genetic correlations (rc ranging from 0.43 to
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0.94) and from fairly high to high phenotypic correlations (rr ranging from
0.62 to 0.93). This result implies the possibility of selecting heavier animals at
marketing by using early information. The present work showed full
agreement with previous reports concerning the magnitude of many individual
correlations [4-month weight with 12-month weight: (rc=0.43 and re=0.62,
Table 4; rc=0.78 for Barki, Fahmy, 1967; rp=0.75 for Awassi, Juma et al.,
1969); 6-month weight with 10-month weight: rc=0.84 and rr=0.84, Table 4;
rs=0.89 and rp=0.82 for Rambouillet; rc=0.71 and rp=0.83 for Targhee and
rc=0.90 and rp=0.84 for Columbia, Ercanbrack and Price, 1972; 6-month
weight with 12-month weight: rc=0.71 and rp=0.75, Table 4; rc=0.53 and
rr=0.66 for Mehraban Iranian fat-tailed sheep, Bathaei and Leroy, 1998; 8-
month weight with 10-month and 12-month weights: rc=0.94, rp=0.93 and
rs=0.88 and rp=0.85, respectively, Table 4; rc=0.88, rp=0.86 and rc=0.85,
re=0.75, respectively for Rambouillet; rc=0.63, rp=0.88 and rc=0.48, rp=0.75,
respectively for Targhee and rc=0.88, rp=0.88 and rc=0.76, rp=0.74,
respectively for Columbia sheep, Ercanbrack and Price, 1972].

The marketing and post-marketing stages show fairly high genetic
correlations (re ranging from 0.42 to 0.70) and phenotypic correlations (rp
ranging from 0.52 to 0.61). This indicates that any change in body weights at
the marketing stage would lead to a concomitant change in the post-
marketing body weights including the mature body weight.

Genetic improvement of pre-marketing body weights is expected to
result in increase in 24-month weight (rc ranging from 0.30 to 0.40, rep ranging
from 0.43 to 0.54); 36-month weight (rc ranging from 0.27 to 0.51, re ranging
from 0.36 to 0.49) and 48-month weight (re ranging from 0.33 to 0.51, rp
ranging from 0.35 to 0.49). Thus, early selection for body weight would lead
to a significant change in the growth curve after attaining more than 85%
maturity.

Correlations of degree of maturity with body weight. The correlations
between degree of maturity and body weight at the same age were positive,
indicating that genetically heavier animals at any given age tended to be
more mature (Table 5). However, as the age interval between degree of
maturity and body weight increased, the correlation declined and even
become negative if the interval was long enough. Almost all correlations were
negative between degree of maturity and mature body weight.

The implications of these results are that (i) animals more mature at
any age tended to be lighter at maturity; (ii) animals heavy at maturity tended
to be relatively less mature in body weight at earlier age, and (iii) animals
selected for increased weight at a fixed age will show increased average
degree of maturity, and to less extent at adjacent ages.

The genetic flexibility in the shape of the degree of maturity-age
curve depends partially on degree of independence of degree of maturity
from mature weight. For the ten-ages considered the genetic regression
coefficients of In degree of maturity on In mature weight ranged from —0.26 to
—0.64, and the related residual genetic coefficients of variation in In degree of
maturity at constant age, holding mature In weight constant, ranged from -21
to —167 % (Table 6).
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Table (5): Genetic (G) and Phenotypic (P) Correlations between Degree
of Maturity (Ui=W;; Wy )and Body Weights ( Wy ) at
Successive Ages.

Body weight at:

Degree of

Maturity Wos  Wos Wos Wi Wiz Wi Wie W22 Wiz Wn
Uos G 065 047 024 005 -009 -0.17 -0.23 -0.25 -0.30 -0.44

P 052 036 021 0.09 -0.02 -0.08 -0.14 -0.27 -0.29 -0.52

Uos G 063 061 0.12 027 014 0.04 -0.03 -0.24 -0.20 -041

P 047 049 034 023 011 0.02 -0.05 -0.24 -0.23 -0.46

Uos G 046 059 054 041 036 023 0.13 -0.33 -0.18 -0.38

P 035 038 040 029 019 010 0.03 -0.23 -0.21 -0.51

U1o G 032 053 055 057 056 049 034 -028 0.06 -0.28

P 025 0.29 032 035 026 0.16 0.08 -0.22 -0.18 -0.51

U12 G 013 036 045 051 057 053 040 -0.28 0.08 -0.28

P 018 0.23 0.27 031 035 024 0.15 -0.18 -0.13 -0.47

U4 G -0.06 0.14 025 037 044 051 042 -028 0.10 -0.36

P 013 0.17 0.22 026 029 035 0.25 -0.10 -0.07 -0.46

Uie G -0.11 0.11 0.22 031 041 052 046 -024 0.11 -0.36

P 007 011 0.15 0.18 0.19 025 0.30 -0.08 -0.05 -0.48

U2 G 018 0.12 0.09 007 0.11 028 032 057 035 0.12

P 0.09 0.07 0.07 0.07 007 014 019 030 0.16 -0.32

Uss G -0.01 0.14 0.21 039 046 059 054 0.09 0.54 -0.06

P -0.00 -0.01 0.02 0.04 0.05 0.09 0.12 0.07 0.34 -0.36

Table (6): Genetic Regression Coefficients of In
U) on In Mature weight (In Wp).

Degree of Maturity (In

Dependent Genetic regression Residual genetic
variable (In coefficient of coefficient of variation
U) Ln UonIn Wn (%)

In Uoa -0.64 -20.59

In Ugs -0.56 -23.20

In Uos -0.52 -26.45

In Ugo -0.51 -31.27

In Us -0.45 -37.18

In Uys -0.41 -42.35

In Use -0.41 -48.12

In Uz4 -0.26 -77.39

In Usg -0.32 -166.78

The amount of the genetic variation in degree of maturity that was
independent of mature weight ranged from 58 to 95 % (Table 7). Thus,
among animals of similar mature weight, there remained considerable genetic
variation in degree of maturity.

Variation in average gain rate. All measures of average gain rate declined
from 4 to 48 months of age whereas body weight and degree of maturity
increased (Table 8) The genetic coefficient of variations for all measures
were lower than the corresponding phenotypic coefficients. The coefficients
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of variations reached their highest values for the three measures of gain rate
between 36 and 48 months of age.

Table (7): Genetic Covariation (%) of Degrees of Maturity with Mature
Weight at Various Ages.

Genetic covariation of U Remaining genetic
Dependent with mature weight as % variation in (U) at the
variable (U) of total genetic variation same mature weight
in (V) (%)

Uos 42.11 57.89

Uos 35.60 64.40

Uos 32.83 67.17

Uio 19.98 80.02

Uiz 19.83 80.17

Uis 27.90 72.10

Uie 31.03 68.97

Uz 12.98 87.02

Uss 04.82 95.18

Table (8): Means, Genetic and Phenotypic Coefficients of Variation (CVg
and CVp) and Heritabilities (h?) for Average Absolute Growth
Rate (AGRa), Average Absolute Maturing Rate (AMR,) and
Average Relative Growth Rate (RGR,) for Successive Age
Intervals.
Mean gain rates
Age per day CVs (%) CVp (%) h?
Interval AGR, AMR, RGR,
AGR, AMR, RGR, AGR, AMR, RGR, AGR, AMR, RGR,
(mo) _(g) () () "° CRe AS CRe AS ©
0410 0853.76 0.10 0.24 21.23 22.91 26.73 46.11 50.00 45.83 0.21+ 0.21+ 0.34+
0.06 0.06 0.07
0810 1249.43 0.09 0.17 28.26 31.72 29.19 49.81 55.56 52.94 0.32+ 0.33+ 0.30+
0.07 0.07 0.07
121016 42.81 0.08 0.13 20.84 27.53 28.07 57.37 62.50 61.54 0.13+ 0.19+ 0.21%
0.06 0.06 0.06
16 t0 2429.98 0.05 0.07 48.24 53.76 44.54 90.36 100.00 85.71 0.29+ 0.29+ 0.27+
0.07 0.07 0.07
241036 9.11 0.01 0.02 48.75 67.08 67.16 70.58 100.00 100.00 0.48+ 0.45+ 0.45+
0.07 0.07 0.07
36t048 8.76 0.01 0.02 83.62136.53 70.71 118.61 200.00 100.00 0.50+ 0.47+ 0.50%
0.07 0.07 0.07

Inter-age correlations for the same measure of average gain rate.
Positive correlations associated absolute growth rate (AGRa) from 4 to 8
months with AGRa from 8 to 16 and from 24 to 36 months, and associated
AGRa from 12 to 16 months with AGRa from 24 months till maturity (Table 9).
AGRa from 16 to 24 months were negatively correlated with AGRa from 24
months to maturity. Other correlations involving AGRa were negligible.

Animals that matured faster than average from 4 to 8 months tended
to continue to mature faster than average rate till 16 months of age. Animals
that matured faster than average from 12 to 16 months tended to mature
faster than average during the interval of 24 to 36 months of age.
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Table (9): Genetic Correlations between the Same Average of Gain Rates
in Different Age Intervals.

Age Age interval
. 08to12 12to 16 16to24 24to 36 36 to 48
interval
mo mo mo mo mo
04 to 08 mo 0.452 0.39 -0.11 0.16 0.04
0.37° 0.31 -0.29 0.01 -0.06
0.40¢ 0.33 -0.29 0.08 0.08
08to 12 mo 0.01 0.22 -0.06 -0.11
-0.11 -0.05 -0.22 -0.10
-0.08 -0.00 -0.12 -0.07
12to 16 mo -0.06 0.42 -0.10
-0.19 0.42 -0.23
-0.09 0.51 -0.18
16 to 24 mo -0.33 -0.37
-0.42 -0.53
-0.41 -0.36
24 to 36 mo 0.15
0.03
0.13

2 = Between Average Absolute Growth Rates (AGR,) in two different age intervals.
b = Between Average Absolute Maturing Rate (AMR,) in two different age intervals.
¢ = Between Average Relative Growth Rate (RGR,) in two different age intervals.

Correlations of different measures of average gain rate. All three
measures of average gain rate were highly genetically correlated with each
other whenever (Table 10) they referred to the same period of gain. The
average were 0.90, 0.95, 0.92, 0.98, 0.95 and 0.97 for, respectively, the
intervals between 4 to 8 mo, 8 to 12 mo, 12 to 16 mo, 16 to 24 mo, 24 to 36
mo and 36 to 48 mo; with an overall average of 0.95.

All measures of average gain rate at the first four age intervals were
negatively correlated with all measures of average gain rate from 36 to 48
months of age.

Expected direct and correlated responses to selection. Expected
responses to selection for body weights and degrees of maturity (Table 11)
indicated substantial increase in weight at age of selection but a slightly less
increase in weight at all other ages, including maturity. The same trend was
found with selection for degree of maturity. Selection for weight at maturity
would decrease degree of maturity at early age. Expected responses in
degree of maturity for early age (Us and Ui2) result more from increase in
weight at 4 and 12 months than from decrease in maturity weight. This
expectation follows essentially from the negative genetic relationships
between mature weight and maturing rate.
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Table (10): Genetic Correlations between Average Gain Rates in
Different Age Intervals.

Age Age interval
Interval 04t0 08 08to 12mo 12to 16 mo 16to 24 mo 24 to 36 mo 36 to 48 mo
mo
04 to 08 mo 0.872 0.32 0.17 -0.11 0.06 -0.09
0.89° 0.27 0.09 -0.16 0.01 -0.06
0.93° 0.27 0.20 -0.38 -0.04 -0.07
08 to 12 mo 0.32 0.94 -0.17 0.10 -0.22 -0.17
0.42 0.94 -0.23 0.12 -0.22 -0.19
0.42 0.97 -0.17 -0.03 -0.21 -0.14
12 to 16 mo 0.38 -0.05 0.90 0.00 0.45 -0.23
0.51 0.08 0.90 0.02 0.38 -0.25
0.36 -0.04 0.95 -0.20 0.37 -0.27
16 to 24 mo -0.37 0.05 -0.28 0.98 -0.47 -0.49
-0.28 0.06 -0.21 0.98 -0.52 -0.41
-0.26 -0.04 -0.11 0.99 -0.48 -0.46
24 to 36 mo 0.02 -0.14 0.25 -0.32 0.94 0.05
0.15 -0.02 0.38 -0.25 0.93 0.04
0.11 -0.13 0.55 -0.37 0.98 0.01
36 to 48 mo -0.04 -0.12 -0.21 -0.44 0.07 0.96
0.13 -0.02 -0.11 -0.33 0.19 0.97
0.08 -0.03 -0.15 -0.43 0.15 0.99

a8 =Between average absolute growth rate (AGR,) and average absolute maturing rate
(AMR,).

b =Between (AGR,) and average relative growth rate (RGR,).

¢ =Between (AMR,) and (RGRy).

Table (11): Expected Direct and Correlated Responses Per Generation
to Selection for Body Weights (W;) and Degrees of Maturity
(Ui = W: / W) at Successive Ages.

Selection Responses, % of initial means for traits

Criterion Wy W, Wy, W Wg Uos Ui Uz Use
Woq 7.37 3.15 3.89 2.93 2.57 5.58 0.82 -2.12 -0.04
Wi, 3.33 7.23 4.74 6.56 4.40 -0.78 3.76 0.33 1.92
W24 3.35 3.86 8.77 6.93 6.08 -212 -185 176 0.38
W3s 2.54 5.36 6.96 8.29 5.44 -2.49 0.52 1.05 2.19
Wag 2.33 3.76 6.37 5.68 581 -320 -154 030 -0.21
Uos 477 -063 -211 -246 -3.03 8.48 243 043 0.26
U 0.80 346  -2.09 0.58 -1.65 2.76 559 -0.14 2.13
Uzg 0.85 0.49 3.18 1.88 0.51 0.78 -0.22 1.96 0.95
Use -0.05 2.57 0.63 3.58 -0.33 0.43 3.10 0.86 3.29

Initial means  18.80 31.22 39.56 42.71 46.06 4243 70.15 86.59 93.62

Expected responses to selection for AGRa, AMRa or RGRa (Table 12)
at early stages (4 to 8 months) indicated increase in body weight and degree
of maturity at 12, 36 and 48 months and decrease in degree of maturity at 24
months. Selection for AGRa or AMRa after 12 months would decrease body
weight and degree of maturity at the subsequent ages.

As anticipated, increase in mature weight would be expected from
animals selected for their lower than average RGRa after the age of 12
months.

The favoured genotypes for AGRa, AMRa or RGRa (Table 13) in the 4
to 8 months interval are expected to have increased rates of gain in the
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subsequent intervals till 36 months of age. The same is expected for those
selected for their rates in the 12 to 16 months interval.

Table (12): Expected Direct and Correlated Responses Per Generation
to Selection for Body Weights (W;) and Degrees of Maturity
(Ut = Wi/ Wp) with Average Gain Rates.
Responses, % initial means for traits
Selection criterion Wy Wy, W, We Was Uos U1 U4 Uss

(kg) (kg) kg) (kg) (kg) (%) %) (%) (%)
Gain rates per day in 04 to 08 mo interval:

AGR,, g 040 491 -333 432 434 -424 049 -6.76 0.10
AMR,, % -0.82  2.99 0.62 1.32 148 -295 136 -0.48 0.02
RGR,, % -3.18 2.66 0.63 1.72 264 -649 -011 -137 -0.51
Gain rates per day in 12 to 16 mo interval:
AGR,, g -0.99 -045 048 1.17 1.17 -249 -164 -0.36 0.17
AMR,, % -203 -196 -165 -1.10 -092 -158 -1.32 -046 0.12
RGR,, % -264 -296 -164 -098 -072 -249 -256 -059 -0.01
Gain rates per day in 24 to 36 mo interval:
AGR,, g -1.35 237 -1.04 311 325 -474 -040 -3.33 0.07
AMR,, % -1.98 103 -292 119 136 -3.62 -001 -3.40 0.09
RGR,, % -237 079 -319 083 125 -3.92 -0.18 -3.53 -0.13
Gain rates per day in 36 to 48 mo interval:
AGR;, g -3.09 -1.10 -225 -1.74 114 -419 -255 -268 -2.13
AMR,, % -349 -232 -3.80 -359 -054 -3.03 -232 -264 -231
RGRa, % -4.02 -259 -425 -398 -0.79 -335 -231 -276 -241
Initial means 18.80 31.22 39.56 42.71 46.06 42.43 70.15 86.59 93.62
AGR, = Average absolute growth rate, AMR,= Average absolute maturing rate,

RGR, = Average relative growth rate.

Table (13): Expected Direct and Correlated Responses to Selection for

Average Gain Rates.
Responses, % of initial means for gain rates in
04 to 08 mo interval 12 to 16 mo interval 24 to 36 mo interval 36 to 48 mo interval
AGRa AMRa RGRa AGRa AMRa RGRa AGRa AMRa RGRa AGRa AMRa RGRa
Average gain rates per day in 04 to 08 mo interval:

AGRa,g 9.78 9.00 1250 3.76 2.50 1.54 351 2.00 0.25 1.37 -06.00-02.00

AMRa, % 8.43 10.00 12.50 3.60 3.75 231 0.04 0.40 -1.50 -1.71  -04.00-02.00

RGRa, % 10.98 10.00 15.58 6.31 6.25 5.39 4.17 4.00 3.00 6.39 7.00 3.50
Average gain rates per day in 12 to 16 mo interval:

AGRa,g 298 3.00 4.17 757 875 7.69 7.46 10.00 10.00 -3.08 -10.00-05.00

AMRa, % 1.62 3.00 4.17 829 1250 1538 549 10.00 10.00 -7.65 -10.00-10.00

RGRa, % 0.91 2.00 4.17 853 1250 1538 845 20.00 15.00 -4.11 -09.00-05.00
Average gain rates per day in 24 to 36 mo interval:

AGRa,g 231 030 292 6.05 5.00 7.69 33.70  40.00 45.00 8.68 5.00 2.00

AMRa, % 0.86 0.20 2.08 6.33 7.50 15.38 30.63 50.00 45.00 4.00 3.00 0.35

RGRa, % 0.11 -0.60 0.07 537 7.50 7.69 30.63 40.00 45.00 10.84 10.00 5.00
Average gain rates per day in 36 to 48 mo interval:

AGRa,g 052 -0.70 250 -1.47 -3.75 -2.31 5.16 3.00 10.00 58.90 90.00 50.00

AMRa, % -1.30 -0.90 1.67 -3.29 -3.75 -3.08 1.65 1.00 5.00 54.91 90.00 50.00

RGRa, % -0.87 -1.00 1.67 -3.69 -5.00 -3.85 1.43 0.30 5.00 57.19 100.00 50.00
Inilmeans ~ 53.76 0.10 0.24 42.81 0.08 0.13 9.11 0.01 0.02 8.76 0.01 0.02

Selection
criterion
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