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SUMMARY

Milk production of first lactation records of Fleckvieh cowe in
Austria were used to construct different selection indices and
subindices. Data on 19215 daughters from 933 sires were used to
estimate the genetic and phenotypic variation and covariation of
100-day and 305-day milk, carrier (= milk minue fat and protein),
fat and protein yield traits. Ten indices of selection for improving
yield traits of cows were constructed involving the combinations of
two or three traits. Subindices were derived as if the three or two
sources of information were used to select for just one trait, viz.
yield of milk or carrier or fat or protein or fat-plus-protein as a
composite trait.

Large differences in index coefficients (b’s) for fat yield against
yields of milk or carrier or protein were observed. Rate of genetic
progress in aggregate genotype decreased when fat yield was dropped
and consequently, a considerable genetic improvement for cow
productivity might be achieved through selection for fat yield. Milk
and fat yields contributed about 90% of the total economic-genetic
gain while yield of protein contributed the remainder, 10%, i.e. an
index including milk and fat yields in selection programmes of
Fleckvieh cattle offers more economic-genetic gain over an index
including milk and protein only. Index including carrier yield would
contribute about 18% of the total economic-genetic gain, while yields
of fat and protein would contribute the remaining 82%. Percentages of
expected gain in traits of 305-day lactation were higher than traits
of 100-day lactation. The expected genetic gain per generation in
yield traits was large in all of the indices and subindices
constructed; estimates averaged 4% of the respective overall mean of
the trait. Correlations between the index or Subindex constructed and
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each individual trait in the aggregate genotype were relatively high
and ranged from 0.47 to 0.56. A reduced index or subindex based on
fat yield with either milk or protein yleld could be practically
applied efficiently to improve the productivity of Fleckvieh cows
under the local Austrian conditions.

Keywords: Dairy cows, Milk traits, Selectlion indices and Subindices
INTRODUCTION

Selection programmes in dalry cattle based on selection indices
including measurements on milk, fat and protein have small economic-
genetic advantage over those including measurements on milk and fat,
but not protein (Hanna and Cunningham, 1974; Anderson et al., 1978).
Anderson et al (1978) and Kuipers and Shook (1980) reported
additional genetic gain in milk yield when protein yield was included
in the selection index. With changing attitudes of human nutrition,
constituents of milk other than fat are likely to become more
important (De Jager and Kennedy, 1987). In addition to milk yield and
yields of fat and protein, other constituents are of interest.
Carrier, defined as the part of the milk other than fat and protein,
is of concern because milk with a low carrier requires less energy in
processing (transportation, drying, cooling, separation). Also,
increased yield of fat-plus-protein (as a composite trait) relative
to carrier may be desirable and of considerable value in cheese and
butter production. The objectives of the present study were: (1) to
construct a serles of cow selection indices and subindices for
dmproving yields of milk or carrier, fat and protein of Fleckvieh
cattle, and (2) to compare the effectiveness of selection indices and
subindices with and without fat and protein information.

MATERIAL AND METHODS

Data and analysis

Records of first lactation Fleckvieh cows in Austria were collected
over five consecutive calving years (1978 through 1982). Data were
available on 19215 paternal half-sisters from 933 sires. Details of
the breeding policy and management followed for Fleckvieh cattle in
Austria were described by Hartmann et al. (1992). All records were
expressed as deviations from their herd averages and therefore, the
herd effect was eliminated. Data of the first lactation were analysed
using the following mixed model: 3
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where Y. denotes the performance of iiklth record; j= the overall
mean; 5;= the random effect of ith sire;A.= Lhe fixed effect of the
jth year of calving; By= the fixed effect of the kth season of
calving: (AB);=the effect of the interaction between year and season,
bl and bl,= the partial linear and quadratic regression coefficients
of yield trait on age at calving; X1ink= the age of cow at calving
in months for the corresponding Yk record; X1,= the mean of age at
calving; b2 and b2,= the partial linear and gquadratic regression
coefficients of yield trait on period of days open; xzinl= the length
of days open for the corregponding YTNL trait; X2u= the mean of days
open, and e, = a random deviation of_ 1lth cow and assumed to be
independently randomly distributed (0,0 e).

Paternal half-sib analyses (Harvey, 1990) were performed in order
to quantify the average genetic and phenctypic wvariation and
covariation of 100~ and 305-day yield traits of wilk (M), carrier
{milk minus fat plus protein, C), fat (F), protein (P) and fat-plus-
protein (as a composite trait, FP). Components of variance and
covariance for sire (0°8) and remainder (0 e) were computed according
to Method 3 of Henderson. Heritabilities were estimated for yield
traits as: h =405f(0 g T0 .} Estimates of genetic and phenotypic
correlation were obtained by computing techniques described by the
LSMLMW program of Harvey (1990).

Relative economic values

The production means in the present study for Fleckvieh cows were
1554 and 3790 kg milk with 3.92% and 3.96% fat and 4.06% and 3.27%
protein for 100- and 305-day lactation, respectively. The base price
in Austrian Schilling (08) per kg of milk (3.94% fat& 3.24% protein)
was calculated according to WOM (1992) as:

1.117 08 for each kg of carrier, i.e. milk minus fat plus protein.
+2.495 08 for 3.96% fat,where each point of fat is worth 0.63 0§,
i.e. 3.96 X 0.63= 2.495.
+1.014 05 for 3.27% protein, where each point of protein is worth
0.31 08, i.e. 3.27 X 0.31= 1.014 oOs.
+0.060 05 extra value as guiding price.
+0.845 05 extra value per Kg for lst grade gquality of milk.
5.531 08 price per kg of milk.
+0.558 03 for 10% of the price as value-added taxes.
6.089 08 total base price per kg of milk.

Charges of advertising and milk recording per Kg of milk were 0.015
and 0.066 0S, respectively. Therefore, net price of one kg of milk
{3.96% fat, 3.27% protein) paid to the Austrian farmers is 6.089-
{0.015+0.066)=6.008 0S. The price paid to the farmer for one kg of
fat (included walue-added taxes) is 70.85 0S. According to WOM
{1992), the fat wvalue 1is almost twice that of protein and
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consequently priee of one kg o# protein is 35.48 £§. Henece, the
relative economic values for yields of milk, fat and protein were set
to be 6.008: 70.95: 35.48 or 1 : 11.8: 5.9, while the valuas for
yields of carrier: fat: protein were set to be 1l: 63.5: 31.8.
However, several investigators (e.g. Vandepitte and Hazel, 1977; Lin,
1978; Smith, 1983; Allan et al., 1985; Dommerholt and Wilmink, 1986)
have concluded that the expected response and efficiency of index
selection are not very sensitive to changes in the econcmic weights.

Construction of indices and subindices

Traits considered for constructing a cow genetic index (I) were
100~ and 305-day yields of milk (M), fat (F), protein (P) and fat-
plus—-protein as a composite trait (FP). Theory and procedures of
construction of the selection index were described by Cunningham and
Mahon (1977). The partial regression coefficients for indices (b’s)
weare computed as b=p Ga where P is the inverse of phenotypic
variances—-covariances matrix, G= genotypic covariances matrix, and a=
vector of relative economic values. Percentage of total economic—
genetic gain attributed in each ith trait was computed according to
Cunningham (1970) as (b'G,/b'Ga)(a;)(100). The expected genetic change
(EG) in any trait achieved by an index is the genetic standard
deviation for the index multiplied by the correlation coefficient of
the index with the genetic value for such trait, assuming selection
intensity is equal to one. The correlation of the calculated index
with the aggregate genotype (H) was estimated as r;=b‘Ga/a’Ca, where
C= squared matrix of genotypic variances-covariances of the traits in
H. The subindices coefficients (i.e. partial regression coefficients,
b's) were computed as b=P G. Correlation of subindex and ith trait
was calculated as rjy= ((b’'G;)/C;;), where C;; is the diagonal element
of C matrix.

RESULTS AND DISCUSSION

Means, standard deviations, coefficients of variation, additive
genetic variance and estimates of heritability and correlation of
first lactation milk (M), carrier (C), fat (F), protein (P) and fat-
plug-protein (FP) yields of Fleckvieh cattle are presented in Table
1. Ten selection indices and subindices were constructed for
improving yields of milk, fat and protein or fat-plus-protein along
with a reduction in carrier. The full matrix of heritabilities and
phenotypic and genetic correlations estimated for 100-day and 305-day
of lactation are shown in Table 1. Studies in Europe on Fleckvieh
Cattle (e-g. Graml et al., 1987) have shown similar estimates of
heritabilities and correlations for yield traits.
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TABLE 1. Means (kg), standard deviation (S0), coefficients of variation (CVX), additive genetic
standard deviation (¢,), phenotypic standard deviation (¢,) and estimates of heritability anc
correlations of first lactation traits in Austrian Fleckvieh Cattle.

Heritabilities and Correlations”

Trait Mean SD  CVX a, 0 | TETemsoamessesmaccesoeesepmersaEons s
: H c F P FP
305~day lactation b £ EL : L
M > 3790 - 629 17.5 333 600 0.31 0.87 0.%0 0.88 0.93
C 3512 568 17.1 309 559 0.92 0.31 0.89 0.87 0.9
F ) 154 27 16.0 14 26 0.91 0.90 0.3 0.86 0.97
P 124 22 15.9 1" 20 0.95 0.94 0.95 0.27 0.96
FP 278 46 153 25 44 0.9% 0.93 0.99 0.98 ' 0.31
100-day lactation
M 1554 239 14.5 120 233 0.27 0.99 0.85 0.83 0.89
c 1444 226 15.9 13 218 1.00 0.27 0.83 0.81 0.87
F é1 11 164 4.8 10 0.92 0.91 0.22 0.78 0.96
P 49 8 15.8 3.6 8 0.93 0.92 0.93 0.21 0.93
Fp 110 18 15.2 8.2 17 0.94 0.93 0.99 0.98 0.23

* Sire affected (P<0.001) all traits studied. " _
* Estimates of heritability underlined on diagonal, while estimates of phenotypic correlation

are shown above diagenal and genetic correlation below diagonal; standard errors of .
heritabilities are around 0.020 and of genetic correlations ranged between 0.001 to 0.014.

Selection indices .

For multi-trait selection, two sets of indices  (I' s8) were
constructed for either fOO—day,nr 305-day lactat}oq.traita_{Table 2).
One set of indices included milk yield together with fat or protein
or fat-plus-protein, while the second set incluaed carrier Yyield
instead of milk yield along with yields of fat and/or protein or fat-
plus-protein. The original- indices (I1 '‘and I2) included three
varieties to be used for improving the aggregate genotype of the
three traits while the indices I3 up to IB included two varieties to
be used for improving three traits (i.e. milk-fat, milk-protein and
fat-protein for I3, I5 and 17 for first set, while carrier-fat,
carrier-protein and fat-protein for I4, 16 and 18 for second set,
regpectively. The reduced indices (I9 and I10) included only the two
varieties of milk or carrier with fat-plus-protein to be used for
improving the two traits.

Index coefficients

The index coefficients (b’s) for each of the ten indices
constructed are shown in Table 2. These partial regression
coefficients indicate the relative emphasis each trait should receive
to maximize profitable genetic response and they are nearly similar
to those obtained by Mbah and Hargrove (1982) and Ashmawy and Khalil
(1990). values of b's for fat yield were greater than those of other
varieties in the different indices (Table 2). Ashmawy and Khalil
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TABLE 2. Selection indices (1's) for yield traits of Fleckvieh cattle, index coefficients (b},
value of each variate in indea (V%) and percentage of total gain attributable to each trait (WX).

Variates in the index Variates
------------------------------------------------------ in
Trulen 1tem 305-day lactation 100-day lactation aggregate
------------------------------------------------- genotype
M/C F P P n/C 2 P FP
indices included milk yield
11 b 0.26 5.0 1.4 0.37 0.81 0.77 MF.P
Vi 1.90  1.% 0.1 8.40 0.10 0.70
HE 60.00 29.2 10.8 63.30 26.640 10.70
13 b 0.29 5.4 0.38 0.99 M. F.P
Vi 3.00 1.9 12.60 0.20
HX 60.10 29.2 10.7 63.40 26.50 10.00
15 b 0.40 3.2 0.38 1.07 M, F,P
VX 7.70 0.5 14.50 0.10
H% 61.30 28.0 10.7 63.60 26.30 10.10
17 b 8.5 4.4 5.01  5.42 M,F,P
7 4 7.2 1.2 6.50 4.40
HE 58.40 30.6 ti.0 60.60 28.70 10.70
19 b 0.27 3.1% 0.36 0.7 M, FP
vt 2.20 1.60 8.80 0.2
(173 61.40 38.460 64.40 35.6
Indices included Carrier
12 b 0.31 27.7 B.&6 0.78 7.81 5.4 C.F,P
v 0.20 4.3 0.3 4.70 1,20 0.30
v 4 16.00 544 29.6 20.40 57.80 21.80
14 b 0.3% 28.1 .88 9.34 C,F,P
vx 0.60 4.5 7.80 1.%0
H¥% 17.80 &D.6 21.6 20.50 57.90 21.60
16 b .97 18.1 0.98 8.91 C,F,P
Vi 4.80 22 10.90 1.10
X 19.20 58.3 22.5 20.90 5&6.90 22.20
18 b 29.1 9.6 16.00 14.54 C,F,P
Vi 2.0 0.6 7.60 3.60
W% 17.40 60.9 21.7 18.90 59.10 22.00
110 b 0.34 15.98 0.78 6.3 C,FP
% 0.40 5.50 5.00 2.0
H% 18.79 81.30 21.10 78.9

{1990) also reported greater values of b's for fat yield than those
for milk and protein in Holstein-Friesian cows in Britain. This
might be attributed to positive and high genetic correlations between
fat yield and yields of milk or protein (Table 1) which appeared in
all indices. 1In practice, the relative responses in the aggregate
genotype are determined by the appropriate cheoice of selection index
wizighta. Esbtimates of b’'s obtained in the present study for yields of
fat and milk (or protein) would be advisahle to he used in selection
programmes.
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Varisties contribution

The conktribution of each variate to the index (V%) can be mesasured
as the percentage reduction in overall rate of genetic progress which
results if that variate is dropped (Cunningham and Mahon, 1977}).
Estimates of V% ranged from 1.9 to 7.7 % if milk was dropped, from
1.5 to 7.2% if fat was dropped and from 0.1 to 1.2% if protein was
dropped for indices including milk yield of 305-day lactation (I1,
I3, I5 and 17), while they ranged from 0.2 to 4.8% if carrier was
dropped, from 4.3 to 9.0% if fat was dropped and from 0.3 to 2.2% if
protein was dropped for indicee including carrier yield of 305-day
lactation (12, I4, 16 and I8). The corresponding V% for 100-day
lactation ranged from 8.6 to 14.5% if milk was dropped, from 0.1 to
6.5% if fat was dropped, from 0.1 to 4.4% if protein was dropped for
indices including milk yield, while they ranged from 4.7 to 10.9% if
carrier was dropped, from 1.2 to 7.6% if fat was dropped and from 0.3
to 3.6% if protein was dropped for indices including carrier yield.
These estimates showed that the rate of reduction in genetic gain if
milk or fat yield ig dropped from the index was higher than that rate
if protein yield is dropped from the index. Such low contribution of
protein yield in all indices constructed may be due to the high
genetic correlation between protein yield and yield of milk or fat
{Table 1). Some studies (e.g. Hanna and Cunningham, 1974; Van Vleck,
1978; Kennedy, 1982) indicated that measures of milk, fat and protein
in dairy-cattle selection offer little economic contribution over
mezasures of milk and fat only. The reduction percentage in rate of
genetic progress for aggregate genotype obtained by Ashmawy and
Khalil (1990) for Holstein-Friesian cows in Britain also indicated
that fak and protein yields contributed little to most selection
indices constructed. The same authore attributed the low contribution
of milk yield variate in indices constructed to the high genetic
correlation between milk and protein (0.89) and due to the high
economic value of protein as compared with milk (13.0 vs 1.0).

The range of estimates of V% for 305-day milk and fat yield were in
the same order, while the corresponding estimates for 100~day mlilk
yizld were higher than those for fat yield and for 305-day milk.
These estimales indicated that milk yield in 100-day lactation
contributes more in index than any other yield traits.

The effect of dropping of protein yield on index efficiency ia
negligible even though it is an economically important trait,
Although relatively small differences existed in expected responses
o an index including and excluding protein yield (Table 2), these
differences would compound nver generations (Mbah and Hargrove,
12y, TIn addition, if there is a need for milk with high fat
content, maintenance or wiprovewment of that content can be achieved
most effectively by using an index including yields of fat and milk
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{I3) or using an index including ylelds of carrier and fat-plus-
protein (I10). In this concern, measure cof fat-plus-protein
contributed little (1.6%) in an index including milk yield (I9),
while it contributed 5.5% in an index including carrier yield (I1l0j.

Total economic-genetic gain

Percentages of total economic-genetic gain attributed by gain in
each tralt (H%) are given in Table 2. These estimates of H% for most
indices constructed indicate that including milk and fat yields in
selection programmes of Fleckvieh cattle offer more economlc-genetic
contribution ‘over wmeasurés of milk and protein only. An index
including 305-day milk yield would contribute about 60% of the total
economic-genetic gain while yields of fat and protein would
contribute the remaining 40%. COn the other hand, an index including
carrier yield would contribute about 18% of the total economic-
genetic gain, while yields of fat and protein would contribute the
remaining 82%. If selection emphasis is on fat and either of milk or
carrier (I3 & I4) rather than protein, the economic-genetic responses
would be expected to result in relatively large progress in aggregate
genotype favourable to milk yield (I3) or carrier yield (I4).
Selection for yields of protein and either of milk or carrier (I5 or
16) with no emphasis on fat would result in a relatively similar
larger economic-genetic change in aggregate genotype in favour of
milk (I5) and fat (I6). De Jager and Kennedy (1987) reported that
selection with equal economic values for fat and protein would result
in lower expected responses in milk and higher responses in fat and
protein.

As expected, the larger benefits in H% attributable to fat
selection (Table 2) occurred when fat yield was included in a reduced
index with milk or carrier. In this respect H% was 8%9.2% for milk
plus fat (I3) and 78.4% for carrier plus fat (I4) in both 100-day and
305~day of lactation. Economically, it could be stated that
considerable expected genetic improvement for cow productivity of
Fleckvieh cattle might be achieved through selection for milk yield
together with fat yield.

Trait expected-gain

The expected gepetic gain (in actual units of measurements, EG) and
as a percentage of the overall mean of the trait (G%) per generation
in each trait (i.e. milk or fat or protein) are given in Table 3. For
305-day lactation, the estimates of EG averaged 182 kg for milk, 165
kg for carrier, 8.0 kg fovr fat, 5.8 Kg for protein and 13.8 kg for
fat-plus-protein, i.e. 4.8% for milk, 4.7% for carrier, 5.1% for fat,
4.7% for protein and 4.9% for fat-plus-protein as a percentaye of the
respective overall mean of the trait. With respect to 100-day
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TABLE 3. Expected genetic change per generation in each trait using different
selection indires durived.

305-day lactation 100-day lactation
Index Bengbias. | msrmoEseSroosrormsmnmnmss msmssssemmeeEsmmEes asomse st e
changea H/C F P P M/C F P F¥
Indices included milk
11 EG 183 7.9 5.8 61.8 2.3 1.7
G2 4.8 5.1 4.7 4.0 L 3.5
13 EG 183 7.9 5.8 £1.8 2.3 L=
G% 4.8 5.1 4.7 4.0 L 3.5
15 EG 184 7.4 5.7 62.0 2.3 1.7
G% 4.9 4.8 4.7 4.0 Z.7 3.5
17 EG 175 B8.1 5.8 4.1 2.3 T
G% 4.6 T 4.7 3.5 4.7 3.5
19 EG 183 13.6 61.9 4.0
G¥% 4.8 4.9 4.3 1.6
Single trait EG 186 8.2 5.5 13.7 63.0 2.3 1.7 4.0
selection G4 4.9 5.3 bod 5.9 4.0 3.7 3.5 3.6
Indices inctuded carrier
12 EG 164 8.1 2.5 56.6 2.3 i 4% ]
G% 4£.7 a2 &8 3.9 . 1 3.7
14 EG 164 8.3 5.8 56.8 2.3 1.7
G# 4.7 5.2 4.7 3.9 i S5 3.5
16 £G 169 7.4 5.7 57.5 2.3 1.8
G4 4.8 4.8 4.7 4.0 3.7 3.7
18 EG 160 8.1 5.8 50.0 2.3 1.7
6% 4.4 5.2 4.7 35 3.7 3.5
110 EG 166 13.8 56.8 b1
G% 4.7 4.9 3.9 3.7
Single trait EG 173 8.2 5.5 13,7 58.9 2.3 1T 4.0
selection G% 4.9 5.3 4.4 5.9 4.1 3.7 3.5 3.6

aExpected genetic per generation measured in Kg (EG) and as a percentage of the
overall mean of the trait (GX).

lactation, EG averaged 62 kg for milk, 56.6 kg for carrier, 2.3 kg
for fat, 1.7 kg for protein and 4.0 kg for fat-plus-protein, i.e.
4.1% for milk, 3.8% for carrier, 3.7% for fat, 3.6% for protein and
3.6% for fat-plus-protein as a percentage of the respective overall
mean of the trait. These percentages of expected gain (G%) indicate
that the G% in 305-day lactation is higher than that in 100-day
lactation. For all indices constructed, theé trait expected-gainsg in
both 305-day and 100-day of lactation are nearly similar to the those
gains possible from single trait selection for any trait (Table 3).
Similarly, estimates of EG obtained by Ashmawy and Khalil (1990) of
different indices constructed for Holstein-Frisian cows ranged from
158 to 194 kg for milk, 5.1 to 6.6 kg for fat and 4.5 to 4.9 kg for
protein. De Jager and Kennedy (1987) found that expected responses
from single-trait selection for yield traits were similar to those
responses of selection based on an index which included milk and fat
or an index including milk, fat and protein. If one wished to obtain
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genetic gain in any yield trait similar to those possible from
single-trait selection for any trait zlone, then I9 or I1l0 would be
recommended. From the genetic point of view, gains in fat yield of
305-day 1lactation obtained from different indices constructed are
relatively higher than those gains obtained for other yield traits.
Similarly, Hanna and Cunningham (1974) and Van Vleck (1978) reported
that increasing the relative emphasis on yields of fat and protein
would result in more genetic progress for yields of milk, fat and
protein.

Index-trait correlation

Correlation between the indices constructed and each individual
trait in the aggregate genotype (r;y) are shown in Table 4. These
correlations are high, all ‘ranging between 0.47 and 0.56. In full
agreement with these correlations, Ashmawy and Khalil (1990) reported
similar coefficients which ranged between 0.40 and 0.55. However,
these high correlations indicate that selection on any cow index
would actually lead to a moderate or high genetic gain in the
productivity ef Fleckvieh cows.

TABLE 4. Indices standard deviations (o)), correlation of index with aggregate genotype (r,) and
with each individual trait (r) and the efficiency (RE) df different indices to the original
index (11 or 12).

305-day lactation 100-day lactation
Ftem | . ~-orseesmesessoesiccececasisciiess | seseseesmieessisesemcicesessesiresasacmeeesd
" 13 15 1719 g 13 15 17 19
Tndices included milk
a' 305 3064 300 299 299 97.6 97.0 97.0 89.0 96.1
T 0.55 0.55 0.55 0.52 0.55 0.51 0.51 0.51 0.45 0.51
Pivy 0.55  0.55 0.51 0.56 ) 0.48  0.48  0.47  0.47
Tiva 0.55 0.54 0.54 0.55 0.48 0.48 0.48  0.47
Trys 0.55 ° 0.49
T 0.56 0.56 0.55 -0.55 0.5 0.51 0.51 051 047 0.51
RE to 11 100.0 99.7 98.4 98.0 98.0 100.0 99.4 99.4 91.2 98.2
305-day lactation 100-day lactation
12 14 16 18 110 12 14 16 18 110
Indices included carrier
7, 1026 920 879 920 884 278 277 274 265 269
i 0.53 0.53 0.55 0.52 0.5¢ 0.50 0.50 0.51 0.4 0.51
iy 0.56 0.56 0.51 0.56 0.49 0.48  0.47  0.47
i 0.55 0.54 0.54 0.54 0.49 048 0.49  0.47
Fivs 0.56 0.50
o 0.5 0.56 0.54 0.56 0.56 0.50 0.50 0.51 0.48 0.50

RE to 12 100.0 89.8 85.8 89.8 86.3 100.0 99.6 98.6 95.3 96.8

¥ This is the vaiue of economic-genetic gain in aggregate genotype achieved by a selection
intensity of on> standard deviation on index.
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Index accuracy

The accuracy of an index ie pased on its correlation with the
aggregate genotype (r;,): Relatively high wvalues of r;;,’s for
different indices were observed (arocund 0.56 for 305-day lactation
and 0.50 for 100-day lactation, Table 4). Therefore, all indices
constructed were nearly similar in accuracy. The different indices
constructed by Ashmawy and Khalil (1990) indicated that adding
protein or fat yield in the index increased the accuracy of the index
by 1.9%, while adding milk yield to the index increased the accuracy
by 8.2%. Smith (1983) concluded that any loss in accuracy of an index
is affected mainly by both the genetic and phenotypic correlations
among  traits involved in the index and therefore the genetic
correlations tend to have the more important role in affecting the
accuracy, while the phenotypic correlations have a further effect and
thus have to be considered in estimating accuracy. De Jager and
Kennedy (1987) reported that including protein in the index lead to
an increase in the accuracy of the sire breeding value. An index
including a composite trait (milk-plus-fat) is closely similar in
acguracy to those indices including the individual traits (i.e. fat
or protein). In this respect, many investigators (e.g. Henderson and
Quaas, 1976; hnderson et al., 1978; Everett et al., 1982) reported
that including a composite trait (e.g. fat-protein) in an index could
increase the genetic gain of guch trait and consequently increases
the accuracy of the indices to be used for selection.

Index efficiency

The efficiency (RE) of different indices constructed relative to
the original index (Il for indices included milk yield or I2 for
indices included carrier) are given in Table 4. For 305-day
lactation, two-trait indices based on milk yield with fat (I3) or
protein (I5) were of 99.7 or 98.4% as effective as the three-trait
index (T11), while I4 or I6 were 89.8 or 85.8% as effective as the
original index (I2), i.e. I3 is considered the best criteria, from an
avenomic and practical point of view, of selection for the genetic
improvement of yield traits trait of Fleckvieh cows. The same trend
was observed for indices 100-day lactation. An index including fat
anrd protein (I7 or I8) recorded relatively lower efficlency compared
to other indices (Table 4). Selection index including milk with the
composite trait (fat-plus—protein, I9) is nearly as effective as the
index that includeg milk with fat or protein (I3 or I5), while the
index ingluding carrier with the composite trait (I10) showed lower
efficiency compared to indices including carrier with fat or protein
(14 or 16). In this respect, Smith (1983) reported that the main
factors controlling the efficiency of a selection index are largely
determined by the values of the factors ah , the product of economic
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waight (per standard deviation) and the heritability of each trait.
This wmeane that if one trait dominates the index (for example, yield
of milk or fat obtained herein), the efficiency will not be sensitive
to changes in economic weight of the other traits, but will be
sansitive to the loss or reversal (to negative values) or weighte of
the dominant trait. Mbah and Hargrove (1982) found that selection
indices without protein yield was nearly as effective as indices that
include protein. They also stated that indices based on yields of
milk and fat only were 91 to 100% as effective as the indices
included the three varieties.

Selection subindices

A serlies of subindices (SI’'s) were constructed to maximize the gain
in a specific trait and not the aggregate genotype. Each subindex was
computed as if the three or two sources of information were to be
used to select for just one trait. Alternatives that cover some
possible combinations of information available were obtained and
listed in Tables 5 & & along with other relevant parameters. The
first two subindices (SI1 and SI2) are designed to use the three
varieties in both the subindex and the aggregate genotype, while the
reduced subindices of I3 up to I8 included only two varieties in the
subindex and three traits in the aggregate genotype (as a criterion
of selection). The last two subindices (I9 and I10) were designed to
include the two varieties (milk or carrier with the composite trait)
in the subindex and the aggregate genotype. The efficiencies of these
subindices relative to the corresponding original subindex (SI1) were
estimated as the ratio of the standard deviations of the two
subindices (Cunningham and Mahon, 1977).

Selection for milk or carrier yield

For both 305-day and 100-day lactations, the contribution of milk
yield or carrier yield in each subindex (V%) was higher than fat,
protein or fat-plus-protein. Estimates of V% ranged from 5.4 to 18.5
% (Tables 5 & 6), i.e. if milk or carrier yield was dropped from any
subindex, genetic gain would be reduced by 5.4 to 18,5 %. Similarly,
Ashmawy (1990) found that contribution of milk yield in all
subindices constructed was higher than protein and fat; estimates of
V% ranged from 19.6 to 27.1%. Except SI7 or SI8 (subindices not
including milk or carrier), V¥ for fat and protein or fat-plus-
protein in all subindices constructed was very low where most values
are equal to or around 0.0%. This means that contribution of fat
and/or protein in an subindex to be used to select for milk or
carrier yield is little or negligible. This observation is confirmed
by Ashmawy (1990) who reported that estimates of V% for fat and
protein in all subindices constructed were low; 0.0 to 2.6% if fat
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dropped and 2.1 to 10.8% if protein dropped. Estimates of V% also
indicated that milk or carrier yield of 100-day lactation contributed
larger in all subindices constructed compared to their contribution
in 305-day lactation (V% ranged from 5.4 to 11.1 % for 305-day
lactation wvs 13.0 to 18.5% for 100-day lactation). Consequently,
subindices of 100-day lactation may be effective in early selection
for milk or carrier yield in Fleckvieh cattle.

Estimates of expected genetic gain per generation (EG) in milk
yield were moderate and ranged from 175 to 185 Kg for 305-day
lactation and 54.0 to 62.1 Kg for 100-day lactation (Table 5).
Moderate estimates of EG were also observed for subindices including
carrier yield (Table 6). The moderate estimates of EG in milk or
carrier are expected since heritabilities were moderate and
correlations were high (Table 1). For Holstein-Frisian cattle,
Ashmawy (1990) reported similar estimates of EG ranging from 160 to
200 Kg of 305-day milk for all subindices constructed. In practice,
the author stated that in countries with no information on protein or
fat yield, a subindex containing only milk yield as a criterion for
selection is recommended with little compromise in gain assuming
similar phenotypic and genetic parameters. A subindex including
protein to be used to select for milk or carrier is nearly as
efficient as a subindex not including protein (Tables 5 & 6) . For
such a case, an evidence was obtained by many‘lnvestigatars (e.g.
Anderson et al, 1978; Kuipers and Shook, 1980; Mbah and Hargrove,
1982; Ashmawy, 1990) who reported that the extra cost of protein
testing might not be recoverable by the extra value of genetic gain
from selection based on an index including protein. However, protein
content is now evaluated routinely in the Dairy Herd Improvement
Program with no additional cost to the breeders (HILLERS, 1984).

The correlation between the subindex and milk trait (rgy) for the
original subindex (5I1) indicated that if all the three varieties are
used in a subindex, a genetic value for milk yield of a cow can be
estimated as 56% as accurately as it would be if the additive
genotype of each cow was completely known. Selection subindices based
on wmilk yield with fat yield (SI3) or with protein yield (SI5) are
similar in their efficiencies (RE) relative to the three varieties
subindex (SI11) in estimating the genetic wvalue for milk yield;
estimates of RE for SI3 and SI5 were around 100% relative to SI1
(Table 5). Consequently, the subindex including milk yield with
either of fat or protein may be useful in practice. These results are
confirmed by the fact that the correlations of these subindices and
each trait (rgy) showad stable values (0.56 for 305-day lactation and
0.52 for 100-day lactation) and the expected gain per generation in
each trait (KG) were closely similar in magnitude (Table 5). On the
other hand, a subindex including fat and protein yields (SI7) is
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consldered the least efficient subindex for the improvement of milk
yield. It resulted in 5% or 13% decrease in the expected gain (i.e.
in accuracy) of 305 milk or 100-milk compared with SIl.

Selection for fat yield

The percent reduction in rate of genetic gain was around 10% if
305-day fat yield was dropped and 6% if 100-day fat was dropped from
the different subindices (Tables 5 & 6). The corresponding estimates
were averaged 1.3% if 305-day milk or carrier was dropped and 6% if
100-day milk or carrier was dropped, while they averaged 1.0% if 305-
day or 100-day protein was dropped. For subindices to be used to
select just only for fat yield, Ashmawy (1990) found that V% ranged
from 1.6 to 3.8% for protein yield and 0.0 to 2.0% for milk yield. He
attributed such relatively higher values for protein compared to milk
to that genetic correlation between fat and milk was higher than that
between fat and protein (0.80 vs 0.76).

All subindices including fat yield recorded somewhat higher genetic
gain in fat than those subindices excluding it (Tables 5&6).
Estimates of EG averaged 8 Kg for subindices of 305-day lactation and
2.3 Kg for subindices of 100~day lactation. Ashmawy (1990) found that
expected genetic gain in fat yield due to subindices including fat
was 7 Kg, while it was 5 Kg for subindices not including fat. The
estimates of EG obtained here and those in literature indicate that
a subindex includes milk and fat yields is practically recommended
for the improvement of fat yield in dairy cattle.

The subindices not including fat yield (SI5 and SI6) to be used for
selection for 305-day fat yield allow 91% as much gain as could be
made with the original subindices (SI1 and SI2). For 100-day fat
yield, these subindices allow 97% as much gain as could be made with
the original subindices. The lower efficiency for subindices not
including fat yield evidenced through the correlations of subindices
and fat yield trait (i.e. rgy) which were constant of 0.56 for
subindices included 305-day fat, while they were of about 0.52 for
subindices not including fat. However, changes in the efficiency of
selection are more dependent on the genetic correlations among traits
than on the phenotypic, but both affect the efficiency (Smith, 1983).
In practice, the Subindex including fat yield with either of milk or
carrier may be useful to select for fat yield.

Selection for protein yield

Genetic gain achieved by different subindices constructed would be
reduced by about 2.0% or 4.5% if 305-day or 100-day protein yield
dropped from the sub index, i.e. protein yield contributed little in
the subindices to be used to select just for protein. On the other
hand, genetic gain would be reduced by about 2.0% or 7.0% if 305-day
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or 100-day milk or carrier yield omitted from the subindex and about
3.5% or 1.2% if 305-day or 100-day fat yield omitted from the
subindex. Therefore, fat and milk or carrier showed a relatively
higher contribution to the different subindices to be used to select
for protein yield. Here and according to Binet (1965) and Kennedy
{1982), it is preferable not to use protein yield itself as selection
criterion in Fleckvieh cattle, but to use other measurable traits
such as fat yield (genetically correlated with protein yield) for the
purpose of indirect selection for milk yield. Subindices constructed
by Ashmawy (1990) indicated that genetic progress would be reduced by
6% to 17% if protein was dropped, 0.0 to 10.7% if milk was dropped
and 0.2 to 0.8% if fat was dropped.

Using fat-plus~protein as a composite trait in the sublndex leads
to 6.6% and 2.5% reduction in rate of genetic gain if such variate
was dropped from SI9 and SI10, respectively. These estimates are
nearly similar or less than those estimates averaged if fat or
protein separately was omitted from the subindex. For such a case a
subindex that includes fat yield (e.g. SI3 or SI4) is considered the
most efficient subindices to be used to select for yields of fat and
protein.

All subindices constructed gave equal expected gains of about 5.8
Kg protein feor 305-day lactation and 1.7 Kg protein for 100-day
lactation (Tables 5 & 6). Therefore, the expected gain in protein
yield using a subindex including protein may be the same as using a
subindex involving fat, i.e. any subindex may be practically
effective to select for protein yield. However, using protein in the
subindex to select for protein yield is determined on the economics
of its estimation in the milk (Mbah and Hargrove, 1982; Hillers,
1984). Correlation coefficients (rg's) between a subindex and
protein yield trait were about 0.52 for all subindices of 305-day
lactation and about 0.48 for all subindices of 100-day lactation.
Consequently, all subindices are nearly similar in accuracy to select
for protein yield.

CONCLUSION

From the practical and economic-genetic view points, an index or
subindex including fat yield with either milk or protein yield is
considered the best criterion for selection for the improvement of
cow productivity of Fleckvieh cattle under the local Austrian
conditions. Information presented here indicates that it |is
technically possible through selection for fat yield to achieve near
maximum gains in yields of milk and protein. Such a selection program
for Fleckvieh cattle would be useful in dairy cattle selection, i.e.
to improve protein yield through selection for milk and fat. What
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then are future demands for milk qualities, and how should breeding
programs in such breed of dairy cattle respond to them? This guestion
was addressed recently by the Official Federation of Fleckvieh-Cattle
Breeders in Austria and by some other investigators in Central Europe
{e.g. Graml et al., 1987). Thus if the dairy industry is serious
about improving the protein yield of milk, testing and recording
should be made on that trait. Consequently, our recommendation is
either to stimulate demand for protein-rich-products (e.g. high-
protein milk powder or skim milk) or to shift breeding goals in favor
of high yields of fat to protein.
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