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Breeding values of production traits, relative to a genetic control flock, were estimated for 40 registered Merino studs.
Breeding values, expressed as a percentagedeviation from the control flock, varied from -16.7 to 31.2 for body mass,
--6.4 to 28.1 for clean fleece mass and -3.7 to 13.2 for fibre diameter. The results indicate that some studs differed
genetically. The correlationsbetween stud phenotypicmeans and estimatedbreeding values for production traits were
very low and statistically significant only for crimps per 25 mm (0.512) and total fold score (0.424). Overall means,
standarddeviations and correlationsfor the unselectedtwo-toothewe and ram progeny of the 40 studs, are presented.

Teelwaardes vir produksiekenmerke,relatief tot 'n genetiese kontroletrop, is vir 40 geregistreerde Merinostoeterye
bereken. Teelwaardes, uitgedruk as 'n persentasie afwykingvanaf die kontroletrop,het gevarieer vanaf -16.7 tot 31.2
vir liggaamsmassa,-6.4 tot 28.1 vir skoonwolmassaen -3.7 tot 13.2 vir veseldikte. Die resultate dui op genetiese
verskille tussen sommige stoeterye. Die korrelasies tussen stoet fenotipiese gemiddelde en beraamde teelwaarde vir
produksiekenmerkewas baie laag en statisties betekenisvolvir slegs kartels per 25 mm (0.512) en totale plooitelling
(0.424). Algehele gemiddeldes, standaardafwykingsen korrelasies vir ongeselekteerde tweetand-ooieen -ramme van
die 40 stoeterye,word gegee.

Introduction
The breed structure of the South African Merino breed was
analysed by Erasmus (1977). Two conclusions from his study
were:
1. A few groups, which consisted of parent and daughter

studs, seemed to exist in fair isolation from other studs
within the breed due to limited exchange of genetic material
between such groups and the rest of the population.

2. In many studs, genetic improvement depended mainly on
within-stud selection, as few rams were purchased from
other studs.

These two conclusions lead to the question whether genetic
differences between certain studs exist.

From about 1970, an increasing number of breeders used
within-stud performance testing for the selection <;>freplace-
ment sheep. Selection was based primarily on a selection index
estimated from individual measurements of four traits, namely
body mass, clean fleece mass, fibre diameter and skin fold
development (Poggenpoel & Van der Merwe, 1975). These
breeders were faced with the problem of finding a method to
determine between-stud genetic differences so as to identify
superior breeding material.

In an attempt to investigate between-stud genetic differ-
ences, a progeny test involving a control flock was developed.
This method enabled a breeder to compare progeny' of his
home-bred selected sires with that of rams from a random-
breeding, genetic control flock. As all participating studs were
compared to the same genetic control flock, the relative genetic
merit of different studs could be determined. Results of the
first three studs tested were presented by Erasmus (1976) and
Van der Merwe & Poggenpoel (1977) and results of a total of
25 studs by Poggenpoel & Van der Merwe (1984).

There are few published estimates of between-stud genetic
differences in sheep. Jackson & James (1970) presented
preliminary estimates of between-stud genetic variances and
genetic correlations for seven Australian Merino studs from
three different strains. Components of variance for only a few
characteristics differed significantly from zero.

Data of 40 registered Merino studs compared against the
genetic control flock are available at this stage. In this paper,
estimates of relative breeding values of production traits for
these 40 studs are given, together with the correlation data
between stud relative breeding values and phenotypic means.
Further estimates of phenotypic parameters such as means and
correlations for the relative large data set of unselected two-
tooth. ewe and ram progeny are also presented.

Materials and Methods
A Merino genetic control flock is maintained by random
replacement of a sire by a son and a dam by a daughter
(Heydenrych et al., 1984) at the Tygerhoek Experimental Farm
of the Department of Agriculture. The flock initially consisted
of 16 rams and 160 ewes and, since 1976, was increased to 20
rams and 200 ewes. Research work by Heydenrych et al.
(1984) and Cloete et al. (1988) gave evidence of genetic
stability of production traits in this control flock. Erasmus
(1990), however, found that inclusion of body mass values of
the 1987 and 1988 birth years, caused a significant positive
genetic trend in this trait.

Surplus rams from this control flock were available for
members of the Merino Breeders' Society of South Africa.
Annually, one or two sets of 12 rams each were selected from
the available control flock rams in such a way that the mean
value of each set for each of the four traits of the selection



index did not deviate by more than ca. 2% from the mean of its
contemporary group. The same set of control rams continued
to be used, provided it consisted of a minimum of 10 rams.
These sets of rams were circulated amongst breeders who
wanted to participate in the control test.

A breeder would mate the set of control rams to a random
sample of his breeding ewes. Simultaneously a selected group
of about the same number of his own home-bred sires was
mated to a comparable sample of ewes. The progeny of the two
groups were identified, reared together and evaluated at
approximately the two-tooth stage of growth. The difference
between the progeny means of the breeder's home-bred sires
and that of the contol rams, was doubled to transform it to a
breeding value deviation from the control flock. These breed-
ing value deviations were then expressed as a percentage of the
expected mean of the control flock on that particular farm. In
this fonn, the deviations were not influenced by level of
production. This test was essentially a breeding value
evaluation of the group of home-bred sires and not of the
breeding flock. However, on the assumption that approximate-
ly the same selection intensity was applied in the different
studs for the selection of their breeding rams, these percentage
breeding value deviations were in practice referred to as stud
breeding values relative to that of the control flock. Different
studs could therefore be compared on this basis.

Tests of significance for genetic differences were calculated
according to Roux (1982). The procedure of Optimal Experi-
mental Design was used in this study (Roux, C.Z., 1988,
personal communication). Since progeny of individual rams
was not identified in these commercial tests, as was required
for the statistical test,' only approximate standard errors based
on average numbers of progeny per sire could be estimated.
Tests of significance, therefore, only indicated approximate
significance of estimated deviations.

The traits evaluated were greasy fleece mass, body mass and
fold score at about two-tooth age, while a midside wool sample
was sent to the Fleece Testing Centre for analysis. Fleece mass
and staple length were corrected to a l2-month growth period.
Folds on the neck, body and breech regions were scored to
photographic standards of Tumer et al. (1953). These three
scores were summed to give the total fold score.

The control test also enables a breeder to estimate selection
response in his stud by repeating the test after a number of
years. Poggenpoel & Van der Merwe (1987) reported positive
results in three closed studs after about seven years of index
selection.

Results and Discussion

Breeding value deviations
The percentage breeding value deviations from the genetic
control flock for six of the 40 studs tested are presented in
Table 1. The three studs with the lowest deviation from the
control for clean wool mass and the three with the highest
deviations were selected for presentation. The rest of Table 1
presents results of all 40 studs. On average, 158 farm ram
progeny and 118 control ram progeny were measured per stud.
For the approximate tests of significance, the number of farm
rams (N.) and the number of control rams (No) were taken as
10. From these assumptions the average number of progeny
per ram would be about 14. After consulting tables of heritabil-
ities from Turner & Young (1969), Turner (1977) and Ponzoni
(1987; 1988; values for Woolplan), the following values of
heritabilities (h2) were accepted for further calculations: greasy
wool mass, h2 = 0.35, body mass, crimps per 25 mm, fold
score, staple length, clean yield and clean fleece mass, h2 =
0.40 and fibre diameter, h2 = 0.50. Absolute values of
deviation in breeding value from the control were used for tests
of significance, and the percentage deviations are given in
Table 1. The relatively large numbers in progeny groups gave
more confidence in the results although, as mentioned, tests of
significance were approximations. It could nevertheless be
deduced that deviations for the economically more important
characteristics should have reached significance at values of
the following order: body mass, 7%; fibre diameter, 4%; clean
fleece mass, 9%. As can be seen from the ranges of the mini-
mum to the maximum deviations in Table 1, there were large
differences between studs. The total range from the minimum
to the maximum deviation for all characteristics was four times
or more the approximate value of significance. It was therefore
concluded that the breeding value of many studs deviated sig-
nificantly from that of the control flock and, consequently, that

Table 1 Percentage breeding value deviations of home-bred stud rams from the genetic control flock in six selected
Merino studs 1

Number of progeny
Body Greasy Crimps per Fold score Staple Fibre Oean Oean

Test no. Farm rams Control rams mass fleece 25mm total length diameter yield fleece

7 362 58 4.1 -2.6 9.7* -28.9** ILl 2.3 0.4 -2.1

8 244 231 9.6* 1.9 -3.6 -36.7** 5.3 5.0* -3.4 -1.6

13 124 140 -1.3 -4.2 -4.8 -18.8 -1.8 -3.7 -1.8 -{i.4

22 152 106 22.8** 16.0** -11.9 16.1 8.0** 8.4** 4.5* 21.4**

26 120 80 20.8** 26.0** 1.3 -12.6** 9.6* 3.6 -1.0 24.7**
39 189 158 14.4** 22.1 ** -18.8** -31.7* 6.2* 6.2** 3.8* 28.1**

Mean 158 118 9.71 10.01 -5.23 -11.98 7.17 4.11 ~.76 9.13

Minimum value -16.7 -4.2 -22.4 -{i3.9 -10.7 -3.7 -8.4 -6.4

Maximum value 31.2 26.0 10.4 37.8 30.2 12.2 9.3 28.1
Significant value2 7 8 8 16 7 4 4 9

* P < 0.05; ** P < 0.01. Approximate tests of significance.
1 The rest of the table are results of all 40 studs.
2 Order of value of percentage deviation needed for possible significance at the 5% level.



genetic differences between studs were identified.
The reasons for the large differences between certain studs

can only be speculated on. Most of these studs had a history of
limited purchasing of breeding material and quite a number of
them were even closed flocks for a few years preceding the
control test. It seems as if these and other practices in the past
caused real genetic differences between some studs. This
concluyion will probably not apply to the whole stud industry.
It is expected that there will be smaller genetic differences
between studs with a policy of regular purchasing of rams from
different sources. Atkins el al. (1991) fOUilda high migration
rate of rams between flocks in the Australian Poll Dorset
Sheep breed and no significant variation due to flock in their
analyses.

Correlation between stud phenotypic mean and breeding
value
To investigate the relationship between stud phenotypic means
and their estimated breeding values, the correlation between
the progeny mean of home-bred rams and its percentage breed-
ing value deviation from the control was estimated for each
trait of the 40 studs. The squared value of this correlation gave
the proportion of variation in stud breeding value that could be
attributed to its relationships with stud phenotypic mean for a
particular trait. The estimated correlations (r) are given in
Table 2 together with the overall means of farm ram two-tooth
progeny means (stud means of both sexes) and the standard
deviations of individual stud means.

Table 2 Correlations (r) between stud phenotypic
means and estimated breeding values and the overall
means and standard deviations of individual stud
means

Overall Standard

Characteristic mean deviation

Body mass (kg) -0.023 34.76 6.09

Greasy fleece mass (kg) 0.243 5.11 1.47

Crimps per 25 mm 0.512** 9.83 0.97

Fold score total 0.424** 6.33 2.03

Staple length (mm) 0.064 98.67 15.09

Fibre diameter (IL) 0.267 20.08 1.27

Oean yield (%) 0.Q75 67.23 3.83

Oean fleece mass (kg) 0,015 3.43 0.97

** P < 0.01.

Only two of the eight correlation coefficients in Table 2
were statistically significant. Consequently it appears that only
for crimps per 25 mm (r = 0.512) and total fold score (r =
0.424) were there significant relationships between the meas-
ured stud mean and its estimated breeding value. The values
for the rest of the characteristics were extremely small and not
significantly different from zero.

The question of a possible effect of level of production of
clean fleece mass on these correlation estimates was investi-
gated by ranking the 40 studs on their phenotypic means for
clean fleece mass and dividing them into three groups. The
correlations between flock means and percentage breeding
value deviations were then estimated within the three clean
fleece groups. The correlation coefficients in the group with

the lowest clean fleece mass (Group 1) and the group with the
highest clean fleece mass (Group 3) were -0.12 and 0.35
respectively for greasy fleece mass and -0.05 and 0.20 for
clean fleece mass. These results seem to indicate a higher
correlation at higher levels of wool production. However, in
the same Groups 1 and 3 respectively, the correlations for body
mass (0.53 and -0.04) and staple length (0.34 and -0.17) were
lower at the higher level of production. There were small
differences between the other correlations of the two groups.
Because of the small number of studs (13 and 14 in the two
groups), and the contradictory results, no conclusion was
possible from this analysis.

It is clear that in this study, stud mean was a poor indicator
of stud breeding value, with the exception of crimps and total
fold score. Jackson & James (1970) found a between-stud
genetic variance component of ca. 10% of the total variance
for body mass, greasy and clean fleece mass. Although other
traits had higher values, the standard error of all estimates was
large. Pirchner & Lush (1959) found for dairy cattle in the
United States that the heritability of herd differences was 6,5%
for both milk and butterfat production. The present results
indicated that the general conception of low heritabilities of
flock means is also applicable to South African Merino studs.

Means, variances and correlations
As these studs were located in all of the major Merino
production areas, these values may be fairly representative of
the South African Merino industry. Data of unselected progeny
without any preliminary culling were used for the control tests.
This is generally not the case with other performance testing
data. Furthermore the data from this study were used to obtain
values for the overall means, standard deviations and correla-
tions of unselected two-tooth Merino ewes and rams in the 40
studs. Inspection of estimated stud means, variances and corre-
lations showed large variations, with many outlier values. It
was therefore decided that the best way to obtain an overall
mean from the different sets of data, would be to find the
median value for each desired estimate (Van Aarde, I.M.R.,
1988, personal communication).

The estimated median values for stud means, standard devi-
ations and the calculated coefficients of variation for progeny
of home-bred rams are presented in Table 3. The age at meas-
urement ranged from 12 to 18 months with an average of 16
months. Fold score values of the neck, middle and breech for
ewes were based on estimates in the first 12 studs measured,
total fold score standard deviation was based on estimates in
the remaining 28 studs, and total fold score mean on estimates
in all 40 studs. This was due to a change in the output format
of the results by the Fleece Testing Centre. Consequently the
means of fold score neck, middle and breech did not add up to
the figure for total fold score. Unselected two-tooth ram
progeny were only available in 28 of the 40 studs. Fold score
values for neck, middle and breech for ram progeny were from
10 studs and values for total fold score from 20 studs. Data
from a total of 4298 unselected two-tooth ewes from 40 studs
and 2633 unselected two-tooth rams from 28 studs were avail-
able for these estimates. The average wool growth at the time
of measurement was 9.3 months. Means for rams were slightly
higher than ewe means; for body mass 35.84 vs. 32.35 kg and
for clean wool mass 3.42 vs. 3.21 kg respectively.

The means and standard deviations for crimps, fibre
diameter and clean yield percentage of this study, were very
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Table 3 Median values of stud means and standard
deviations and calculated coefficients of variation for
unselected two-tooth ewe progeny in 40, and ram
progeny in 28 Merino studs'

Standard Coefficient

Characteristic Mean deviation of variation

Body mass (kg) 32.35 3.58 11.07

35.84 4.18 11.66

Greasy fleece mass

12 months (kg) 4.73 0.62 13.05

5.02 0.73 14.54

Crimps per 25 mm 9.59 1.25 13.03

9.52 1.29 13.55

Fold score neck 2.67 0.75 28.09

2.84 0.83 29.23

Fold score middle 1.61 0.62 38.51
1.61 0.62 38.51

Fold score breech 1.82 0.69 37.91
1.85 0.70 37.84

Fold score total 6.61 1.56 23.60
7.50 1.70 22.67

Staple length

12 months (rom) 97.00 10.23 10.55

99.68 10.00 10.03

Fibre diameter (IL) 20.22 1.30 6.43

19.67 1.21 6.15

Clean yield (%) 67.70 4.74 7.00

67.25 4.53 6.74

Clean fleece mass

12 months (kg) 3.21 0.47 14.20
3.42 0.51 14.91

1 Upper values for ewes and lower values for rams. Ewes n = 4298,

rams n = 2633.

similar to estimates in the Tygerhoek Merino flock (Heyden-
rych et ai., 1977; Heydenrych & Meissenheimer, 1979).
However, the values for body mass and fleece mass were
higher in the more favourable environment of Tygerhoek.
Means for body mass, greasy and clean fleece mass and fibre
diameter for both sexes in the Grootfontein stud were also
higher than the values of the present study (Olivier, 1989). The

means and standard deviations of three Australian flocks,
presented by Turner & Young (1969), correspond closely with
the values reported in this study.

The mean values for production traits appeared to be lower
than expected. The most important reason for this probably
being the fact that these breeders raised relatively large
numbers of ewes and rams on natural grazing as the principle
source of feed.

The median values for Pearson's product-moment correla-
tions between production traits for unselected ewe progeny are
presented in Table 4. Correlations with all other traits and fold
score of the neck, middle and breech were based on estimates
in the first 12 studs and fold score total on estimates in the
remaining 28 studs. The correlation coefficients obtained in
this study show a remarkable similarity with correlations of the
Tygerhoek Merino flock presented by Heydenrych (1975),
despite the higher means for two-tooth body mass (48 kg) and
clean fleece mass (4.0 kg) in the Tygerhoek flock, as against
the lower means of 32.35 and 3.21 kg respectively in this
study. The correlations in this study are also in reasonable
agreement with the values of Turner and Young (1969).

With the present emphasis on fibre diameter, due to its great
influence on wool price, the correlation of -0.28 between fibre
diameter and crimps (Table 4) is of interest. Values for the
same correlation found in other studies are -0.22 (Heydenrych,
1975) and -0.25 (Kruger, 1971). The data of Kruger (1971)
were from 10 studs with approximately 50 rams each and five
studs with 50 ewes each. These results emphasize the unreli-
ability of predicting fibre diameter from crimp frequency and,
therefore, the necessity of fibre diameter measurements for
efficient selection of Merino sheep. The correlation of 0.43
between clean fleece mass and body mass indicates that with
high selection pressure for clean fleece mass, there will be a
tendency to select larger individuals. The high correlation of
0.86 between clean fleece mass and greasy fleece mass is
similar to the value obtained by Heydenrych (1975). This high
correlation re-emphasize that selection based on greasy fleece
mass of ewes, will also give a reasonable response in clean
fleece mass.

Levels of clean wool production
Inspection of the data showed large differences for most
characteristics between two-tooth ewe means in the different
studs, like the mean for clean fleece mass which varied from

Table 4 Median values of correlations between production traits of unselected two-tooth ewe progeny in 40 Merino
studs (n = 4298)

Greasy Crimps per Fold score Fold score Fold score Fold score Staple Fibre Clean Clean

fleece 25mm neck middle breech total length diameter yield fleece

Body mass 0.34 0.01 -D. 10 -D.08 -D. 14 -D.03 0.22 0.18 0.06 0.43

Greasy fleece -D.09 0.29 0.28 0.21 0.29 0.22 0.27 -D. 13 0.86

Crimps per 25 rom 0.12 0.09 0.08 0.07 -D.09 -D.28 -D. 19 -D. 17

Fold score neck 0.59 0.54 0.83 -D.25 -D.06 -D. 16 0.18

Fold score middle 0.57 0.83 -D.21 0.01 -D. 19 0.13

Fold score breech 0.87 -D.29 -D.13 -D. 16 0.08

Fold score total -D. 17 0.01 -D.20 0.18

Staple length 0.20 0.23 0.32

Fibre diameter -D.08 0.22

Clean yield 0.37
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Table 5 Means and standard deviations of unselected two-tooth Merino ewes in three groups of studs arranged
according to clean fleece mass

Oean fleece Greasy fleece Staple Body mass Fibre Crimps per Fold score Oean
mass (kg) mass (kg) length (mm) (kg) diameter (IL) 25mm total yield (%)

Stud group
(ascending) x s.d. x s.d. x s.d. x s.d. x s.d. x s.d. x s.d. x s.d.

1 2.48 0.36 3.84 0.49 84 9.53 28.9 3.28 19.06 1.20 10.33 1.33 6.61 1.45 66.5 4.60
2 3.19 0.49 4.73 0.68 96 10.21 29.6 3.58 20.32 1.32 9.36 1.25 4.87 1.51 68.2 4.64
3 3.98 0.54 5.84 0.69 102 10.21 35.4 3.79 21.29 1.30 9.10 1.20 6.74 1.80 69.2 4.62

Overall
median value 3.21 0.47 4.73 0.62 97.0 10.21 32.35 3.58 20.22 1.30 9.59 1.25 6.61 1.56 67.7 4.74

x = mean; s.d. = standard deviation of individual values.

1.95 to 6.54 kg. To obtain further information on the variation
of stud means, the 40 studs were ranked on clean fleece mass
of two-tooth ewe progeny of farm rams and grouped into three
groups of 13, 13, and 14 studs respectively. The range of clean
fleece mass means for Group 1 varied from 1.95 to 2.83 kg,
for Group 2 from 2.93 to 3.44 kg and for Group 3 from 3.47
to 6.54 kg. The means and standard deviations of clean fleece
mass and the other traits of these three groups are presented in
Table 5. The traits are roughly ranked from left to right in
Table 5 according to the degree to which their means were
influenced by grouping into clean fleece groups. As can be
expected, greasy fleece mass and staple length means differed
markedly between the three groups with smaller differehces in
the other traits. The standard deviations tended to show a
positive association with the means.

The median values of correlations between traits of two-
tooth ewes were also estimated within each of the three clean
fleece mass groups. Only some correlations showed a tendency
to be influenced by clean fleece mass grouping. In each case
the numeric value of the correlation was greater in the low
producing Group 1 than in the high producing Group 3. The
relevant correlations in Group 1 and Group 3 were respective-
ly: clean fleece mass X crimps -{l.2l and -{l. 09 , clean fleece
mass X fibre diameter 0.28 and 0.10, greasy fleece mass X
body mass 0.44 and 0.29, greasy fleece X staple length 0.24
and 0.11.

In general it appeared that level of clean fleece production
had little effect on correlations between production traits.

The 40 studs of this study were geographically scattered
mainly over the north-western, middle and eastern Karoo,
eastern Orange Free State, eastern Transvaal and south-western
Cape. Flocks from all regions were found in all three clean
fleece groups (Table 5) with the exception of flocks from the
south-western Cape which were all to be found in Group 3, i.e.
the highest producing group. These results indicate that the
level of production was, in general, more influenced by the
feed supply and management on a particular farm than the geo-
graphical region.

Conclusions
The results of this study must be seen against the background
of possibly large experimental errors since measurements were
taken under uncontrolled conditions by different people on
different farms. There are, however, strong indications that the
following two conclusions can be drawI1.--Pirstly, there are
genetic differences for production traits between some Merino

studs. Secondly, stud phenotypic mean is a poor indicator of
stud breeding value.

AcknOWledgements
The authors are indebted to the following breeders for test matings
and collection of data: Streicher Bros., B.B. Aucamp,
N. Loubser, 1.0. van der Walt, S.W.P. van der Merwe, C.G. Nel,
H. du Toit, I.A. Fourie, A.B. de Villiers, Downs Central Flock,
A.I. van Niekerk, S.SJ. van Vuuren, E.P. Watermeyer, I.H. Smit,
Coetzee Bros., P.A. du Toit, 1.1. Esterhuizen, N.W. Turner &
Sons, I.M. Fourie, W. V. Marais, J.J. Zwiegers, Lowestoff Central
Flock, Stormberg Central Flock, S. du Toit, I.R. Biihrman,
C.A. van der Merwe (Inr.) , Laas Bros., I. Cloete, O.T. Doyer &
Sons., A.W. Shearing (Pty) Ltd., HJ. Barn, I.L. Retief, H.N. de
Wet, Winterberg Central Flock, BJ. Engelbrecht, PJJ. van der
Merwe, W.C. CiUiers and I.C.R. van Heerden.

References
ATKINS, K.D., MURRAY, 1.1., GILMOUR, A.R. & LUFF, A.L., 1991.

Genetic variation in liveweigbt and ultrasonic fat depth in Australian
Poll Dorset Sheep. Aust. J. Agric. Res. 42,629.

CLOETE, S.W.P., DELPORT, G.l., ERASMUS, G.l., OLIVIER, 1.1. &
HEYDENRYCH, H.1., 1988. 'n Ondersoek na die genetiese stabiliteit
van die Tygerhoek Merino-kontrolekudde met BLUP-metodes. Congr.
SA Soc. Anim. Prod. 28-31 March 1988, Bloemfontein, Poster
Abstract.

ERASMUS, GJ., 1976. Sheep breeding programmes in South Mrica.
In: Sheep Breeding. Eds. Tomes, G.1., Robertson, D.E. &
Lightfoot, R.1., Proc. Int. Cong., Muresk. p. 43.

ERASMUS, G.l., 1977. Die teeltstruktuur van die Suid-Afrikaanse
Merino. M.Sc.(Agric.)-verhandeling, Universiteit van die Oranje
Vrystaat.

ERASMUS, G.1., 1990. Genetic stability of two Merino sheep control
populations. Proc. 4th World Congr. Gen. Appl. Livest. Prod.
Vol. XV, p. 81.

HEYDENRYCH, H.1., 1975. 'n Studie van kuddestatistieke, nie-genetiese
faktore, genetiese parameters en seleksievordering met betrekking tot
die Tygerhoek Merinokudde. Ph.D.(Agric.)-proefskrif, Universiteit van
Stellenbosch.

HEYDENRYCH, HJ. & MEISSENHEIMER, D.1.B., 1979. Sex
differences in the heritability of economic traits in South African
Merino sheep. S. Afr. J. Anim. Sci. 9, 69.

HEYDENRYCH, H.l., VOSLOO, L.P., DU PLESSIS, 1.1. &
MEISSENHEIMER, D.1.B., 1984. Maintaining genetic stability in a
control flock of South African Merino sheep. S. Afr. J. Anim. Sci.

14,34.
HEYDENRYCH, H.1., VOSLOO, L.P. & MEISSENHEIMER, D.1.B.,

1977. Selection reponse in South Mrican Merino sheep selected either



for high clean fleece mass or for a wider S /P ratio. Agroanimalia
9,67.

JACKSON, N. & JAMES, J.W., 1970. Comparison of three Australian
Merino strains for wool and body traits. 2. Estimates of between-stud
genetic parameters. Aust. J. Agric. Res. 21, 837.

KRUGER, T.J.J., 1971. Sekere aspekte van prestasiemeting by
Merinoskape. Ph.D.(Agric.)-proefskrif, Universiteit van Stellenbosch.

OLIVIER, JJ., 1989. Genetic and environmental trends in the
Grootfontein Merino Stud. Ph.D. Dissertation, University of the
Orange Free State.

PlRCHNER, F. & LUSH, JAY, L., 1959. Genetic and environmental
portions of the variation among herds in butterfat production.
J. Dairy Sci. 42, 115.

POGGENPOEL, D.G. & VAN DER MERWE, C.A., 1975. Die gebruik
van seleksie-indekse by Merinoskape. S. Afr. J. Anim. Sci. 5,249.

POGGENPOEL, D.G. & VAN DER MERWE, C.A., 1984. Breeding value
differences between commercial Merino flocks. Eds. Hofmeyr, J.H. &
Meyer, E.H.H. Proc. 2nd World Congo Sheep and Beef Cattle
Breeding, 16-19 April, 1984, Pretoria. p 711.

POGGENPOEL, D.G. & VAN DER MERWE, C.A., 1987. Selection
response with index selection in three commercial Merino flocks.

S. Afr. J. Anim. Sci. 17,70.
PONZONI, R.W., 1987. Woolplan - design and implications for the

Merino industry. In: Merino improvement programs in Australia.
Ed. McGuirk, B.J., Australian Wool Corporation.

PONZONI, R.W., 1988. Updating of economic values and phenotypic and
genetic parameters in Woolplan. Wool Tech. Sheep Breed 36, 70.

ROUX, C.Z., 1982. A note on tests of significance and confidence
intervals for estimates of genetic change involving offspring of rams
from control and selection flocks. S. Afr. J. Anim. Sci. 12, 393.

TURNER, HELEN N., 1977. Australian sheep breeding research.
Anim. Breeding Abstr. 45, 9.

TURNER, HELEN N., HAYMAN, R.N., RICHES, J.H., ROBERTS, N.F.
& WILSON, L.T., 1953. Physical defmition of sheep and their fleece
for breeding and husbandry studies, with particular reference to Merino
sheep. SCIRO Div. Anim. Hlth, Prod. Div. Rept. No.4.

TURNER, HELEN N. & YOUNG, S.S.Y., 1969. Quantitative genetics in
sheep breeding. New York, Cornell University Press.

VAN DER MERWE, C.A. & POGGENPOEL, D.G., 1977. The practical
application of scientific principles in Merino sheep breeding. S. Afr. J.
Anim. Sci. 7, 71.




