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This study was undertaken to investigate the genetic stability of an unselected Control Group of South African Merino
sheep and genetic change in a flock selected for increased clean fleece mass (Selection Group) under the same
environmental conditions. Data regarding 14-17 months clean fleece mass (CFM) and fibre diameter (FD) of 5 867
progeny from these groups (3186 and 2681 individuals in the Selection and Control Groups respectively) were
analysed to investigate genetic change over the pe:;od 1969-1989. A smaller data set, involving 5273 progeny
(2782 and 2491 individuals in the respective groups) born in 1971-1989, was used to investigate change in
16-17 month live mass (LM). An animal model was used to obtain predicted breeding values (PBVs) for all indi-
viduals by mixed model analysis (MMA). Average PBVs of Selection and Control group progeny within birth years
were taken as a measure of genetic change, render,ng genetic trends independent from environmental bias. Genetic
change in the Selection Group was also obtained 'JY deviating average PBVs from those obtained in the Control
Group. This approach is analogous to the method of expressing genetic change as least squares deviations of Selection
Group progeny from Control Group contemporaries, and will be affected by genetic change in the Control Group.
Prior heritability estimates, derived for the MMA by paternal halfsib procedures, were within ranges reported in the
literature. Year-to-year variation, as derived from environmental trends from the MMA, appeared to be less for FD
when compared to LM and CFM. Average PBVs for Control Group progeny increased (P ,;;;0.05) with time. When
expressed in relation to the overall environmental m,~an, these genetic trends ranged from 0.09 (R2 = 0.62) % p.a. in
the case of FD to 0.25 (R2 = 0.72) % p.a. in the clll;e of LM. Owing to the slight genetic drift in CFM in the Control
Group, the genetic trend derived from PBVs for Selection Group individuals alone (1.11% p.a.), differed (P ,;;;0.05)
from that obtained by deviating average PBV s of the Selection Group from those in the Control Group (0.99% p.a.).
Similar results were obtained for LM; the genetic trend based on average PBVs within birth years amounting to
0.86% p.a. in comparison with 0.63% p.a. when deviations from the Control Group were used (P ,;;;0.(01). The
genetic drift in FD in the Control Group led to a marked underestimation (P ,;;; 0.01) of genetic change derived by
deviating average PBVs in Selection Group progeny from those in the Control Group (0.056% p.a.; R2 = 0.16)
compared to the trend based on average PBVs of the Selection Group only (0.15% p.a.; R2 = 0.68). While the
underestimation of genetic change in the Selection Group may not be too serious in the case of CFM, it is important
to note that the trend in FD would have remained undetected if not for MMA. Selection experiments should be inter-
preted with caution in the absence of family relationships enabling analysts to separate genetic and environmental
effects using mixed model methods.

Hierdie studie is onderneem om die genetiese stahiliteit in 'n ongeselekteerde Kontrolegroep van Suid-Afrikaanse
Merinoskape en genetiese verandering in 'n kudde wat onder dieselfde omgewingstoestande vir skoonvagmassa
geselekteer is (Seleksiegroep) te ondersoek. Data aangaande 14-17 maande skoonvagmassa (SVM) en veseldikte
(VD) van 5867 nageslag (3186 en 2681 individue in die Seleksie- en Kontrolegroepe onderskeidelik) is geanaliseer
om genetiese verandering oor die tydperk 1969-1989 te ondersoek. 'n Kleiner datastel, bevattende 5273 nageslag
(onderskeidelik 2782 en 2491 individue) gebore in 1971-1989, is gebruik om verandering in 16-17 maande
liggaamsmassa (LM) te ondersoek. 'n Dieremodel is gebruik om voorspelde teelwaardes (VTW's) vir alle individue
deur gemengde-model-analises (MMA's) to bekom. Gemiddelde VTW's van Seleksie- en Kontrolegroepnageslag
binne geboortejare is gebruik as 'n maatstaf van genetiese verandering, vry van omgewingseffekte. Genetiese verande-
ring in die Seleksiegroep is ook uitgedruk deur gerniddelde VTW's binne geboortejare uit te druk as afwykings van
VTW's by die Kontrolegroep. Hierdie benadering i!. analoog aan die metode om genetiese verandering as afwykings



in kleinste-kwadraat-gemiddeldes van Seleksiegroepnageslag van hulle tydgenote in die Kontrolegroep uit te druk, wat
deur genetiese verandering in die Kontrolegroep bemvloed word. Oorerflikheidsberamings vir gebruik in die MMA's
was binne die grense in die literatuur beskryf. Variasie tussen jare, verkry van omgewingstendense uit die MMA's,
het geblyk om minder vir VD as vir LM en SVM te wees. Gemiddelde VTW's vir Kontrolegroepnageslag het
toegeneem (P :s;; 0.05) met tyd. Uitgedruk in verhouding tot die algehele omgewingsgemiddelde, het hierdle genetiese
tendense gewissel tussen 0.09 (R2 = 0.62) % p.j. vir VD en ,125 (R2 = 0.72) % p.j. vir LM. As gevolg van die
geringe genetiese drywing in SVM in die Kontrolekudde, het genetiese verandering verkry vanuit VTW's van
Seleksiegroep-individue (1.11% p.j.) verskil (P :s;; 0.05) van resultate verkry deur afwykings van gemiddelde VTW's
vir Seleksiegroep-individue van die Kontrolegroep (0:99% p.j.). Ooreenstemmende resultate is vir LM verkry, met die
genetiese verandering gebaseer op gemiddelde VTW's binne geboortejare wat 0.86% p.j. bedra het, teenoor 0.63% p.j.
vir afwykings van die Kontrolegroep (P :s;; 0.001). Die genetiese drywing in VD in die Kontrolegroep het gelei tot 'n
aanmerklike onderskatting (P :s;; 0.01) van genetiese veranderin,g verkry deur gemiddelde VTW's vir Selekslegroep-
individue as afwykings van die Kontrolegroep uit te druk (0.056% p.j.; R2 = 0.16) in vergelyking met die tendens
gebaseer op gemiddelde VTW's in die Seleksiegroep (0.15% p.j.; R2 = 0.68). Alhoewel die onderskatting van
genetiese verandering in die Seleksiegroep ten opsigte van SVM nie te ernstig mag wees nie, is dit belangrik om
daarop te let dat die neiging in VD nie sonder die gebruik van gemengde modelle bekend sou wees nie. Seleksie-
eksperirnente waarln die familieverwantskappe benodig vir MMA's afwesig is, en die skeiding van genetiese en
omgewingseffekte onmoontlik is, moet dus met die grootste sorg moontlik gei'nterpreteerword.

Introduction
Mixed model methods, conceived by Henderson (1949), have
the properties to separate environmental effects from genetic
effects (Henderson, 1973). The application of these methods
for the analysis of selection experiments was discussed in
theory (Sorensen & Kennedy, 1986) and applied in practice
(Blair & Pollak, 1984). Under experimental conditions, James
(1987) suggested that the environmental effects cannot
completely be eliminated from genetic trends in the absence of
a control population. Including the control population in his
evaluation of responses to objective and subjective selection
for increased clean fleece mass in an arid environment,
Erasmus (1988) demonstrated that genetic changes in the
control flock could result in genetic trends in selection flocks
remaining undetected, or being seriously underestimated.

Against this background, mixed model methods were used
to analyse results of a selection experiment with sheep. The
dual purpose of this investigation was:
(i) To assess genetic stability of a South African Merino

control flock, described by Heydenrych et ai. (1984b).
This flock is not only important for the selection experi-
ment of which it forms part, but also for on-farm control
testing of rams for Merino breeders, as outlined by Van
der Merwe & Poggenpoel (1977). Results of the first 25
control tests were published by Poggenpoel & Van der
Merwe (1984), while genetic progress in three flocks,
derived from repeated control tests, was recently reported
by Poggenpoel & Vander Merwe (1987).

(ii) This investigation is a further report on responses to
selection for an increased clean fleece mass in Merino
sheep maintained in the cropping/pasture regions of the
South Western Districts of South Africa (Heydenrych et
ai., 1977; 1984a).

Material and Methods

Sheep and management
The experimental animals originated from a selection experi-
ment on the Tygerhoek Experimental Farm of the Department
of Agricultural Development that was started in 1969. Origi-
nally, 800 ewes were stratified according to wool production

at 18 months within age groups of 1.5-5.5 years, and
randomly allotted to five equal groups (Groups 1-5) of 160
bre.~ding ewes each. Progeny born in 1969 were sired by 26
randomly chosen rams. During the 1969 mating season, 20
available rams were allocated at random to each experimental
group, in sets of four rams per group. Subsequent selection of
breeding rams in Groups 1 & 3 was based on the highest
uncorrected clean fleece mass at 18 months (CFM), provided
that they had a fibre diameter (FD) lower than the average of
their contemporaries. Replacement ewes were selected on
CFM in Group 1 and on corrected 42-day body mass in Group
3 (Heydenrych et ai., 1977; 1984a). Both groups consisted of
160 breeding ewes and 6 rams up to 1976, when they were
pooled and reduced to 150 breeding ewes and 6 rams. This
decision was based on preliminary fmdings (Heydenrych,
197.5) and other reasons (Heydenrych et ai., 1984a). Later
sele.;tion of this group (Selection Group) was based on pre-
dorrinantly CFM in both sexes, and the size of the breeding
flock ranged from 150-160 breeding ewes and 6-8
breeding rams. The prerequisite for breeding rams to grow
wool with a lower FD than the mean of their contemporaries
was relaxed to include individuals up to 2 IJ.IIl stronger than
theiI contemporaries for the progeny groups born in the period
1986-1989. Groups 2 & 4 formed the basis of the group
sele<:ted for a higher secondary/primary wool follicle ratio
(Heydenrych et ai., 1984a). This group was discontinued in
198:'" and is not included in this report.

Group 5 served as a genetically stable Control Group for the
assel;sment of selection progress in the selected lines. It
originally consisted of 160 breeding ewes and 16 rams, but
was allowed to increase to 200 breeding ewes and 20 breeding
rams from 1976. Rams for the Control Group were chosen at
random, in such a way that each ram was replaced by a son
and used for one season only. Ewes were normally replaced
by a second daughter reaching breeding age, thereby retaining
the same age structure than in the Selection Group
(Heydenrych et ai., 1984a; 1984b). The 1989 progeny groups
of tlle Selection and Control Group were the last to be
included in the present analysis.

Selection Group and Control Group individuals were main-
tained in single flocks, males and females separated. These



flocks grazed mainly dryland lucerne pastures, and occasional-
ly small grain pasture or crop residues, when available. Fibre
diameter was measured in a midrib sample collected at
14-15 months. Clean fleece mass and live mass (LM) were
recorded at 16-17 months. Live mass was not recorded for
the first two progeny groups, born in 1969 and 1970 respt:ct-
ively.

Heritability estimates
The first step of the investigation was to obtain heritability
estimates to use in the mixed model equations. Against the
background of recent results published by Erasmus el ai.
(1990), paternal halfsib analysis of variance procedures VIIere
used. For this purpose, data of 2468 progeny born in the
Control Group during 1971-1989 were used. Complete data
regarding CFM, LM and PD were available for all individuals.
Only halfsib groups containing ;;;.3 individuals were included
in this analysis.

Breeding rams entering the Control Group were used for
one season only, thus confounding the effect of sire and
progeny birth years. Heritability estimates (h2

) were therefore
obtained by fitting the following linear mixed model to the
data (Henderson, 1953):

Yijk1 = I.!.. + ai + Sij+ fk + eijkl

where Y ijkl = a measurement on the l-th individual
born as progeny of the j-th sire within
the i-th sire birth year,

I.!.. the population mean,
ai the fixed effect of the i-th sire birth year

(i = 1969-1987),
sij the random effect of the j-th sire nested

within the i-th sire birth year,
fk other fixed effects in the model, fitted as

individual effects, e.g. sex (male or
female), dam age (maiden or mature)
and birth type (single or multiple born),
or as previously determined significant
two- factor interactions between effecu;,

eijkl = random error.

The fixed effect solutions obtained from this part of the
study corresponded closely with those published previously
(Heydenrych, 1975). Since the acquisition of heritability
estimates for the mixed model analyses were the object of this
part of the study, no further attention will be given to Ihese
results.

Heritability estimates were calculated from the resultant
variance components obtained from the above andysis
(Harvey, 1977). Appropriate standard errors were calculated
according to methods described by Swiger et ai. (1964).

Genetic and environmental trends

Further analyses were done on a data set involving :5 867
Selection and Control Group progeny (3 186 and 2 681
individuals respectively), born in the period 1969-1989, in
the case of CFM and PD. The data set for the analysis of LM
records contained 5 273 Selection and Control Group progeny
(2782 and 2491 individuals respectively), born in the period
1971-1989.

For the determination of genetic and environmental trends,
the following linear mixed model was fitted to the data:

Yijk = I.!.. + bi + Cj + Uk+ eijk

where Y ijk = a measurement. on the k-th individual
born in the i-th year and belonging to j-th
handicap class,

I.!.. the population mean,
bi the fixed effect of the i-th year of birth,
Cj the fixed effect of the j-th handicap class,
Uk the random effect (additive breeding

value) of the k-th individual,
eijk random error.

A handicap class was defined (Turner & Young, 1969;
Erasmus, 1988) as a group of animals of the same sex, birth
type and age of dam.

A general formulation of this model in matrix notation is as
follows:

y = X1b + X2c + Zu + e

where y vector of observations,
b vector of unknown fixed birth year

effects,
c = vector of unknown fixed effects other

than birth years and fitted as com-
bined effects, i.e. sex, birth type, age
of dam, representing a handicap class,

Xl and X2 known incidence matrices relating
records to fixed effects,

u = an unknown random vector repre-
senting breeding values,

Z a known incidence matrix relating
elements of u to elements of y,

e = a vector of random error.

It is assumed that E(uj) = 0 and E(ej) = 0 and that u and
e are uncorrelated. Furthermore:

a = the ratio between error variance and additive
genetic variance, which is deduced from
I_h2/h2,

A a matrix of numerator relationships among
animals (Wright, 1922),
an identity matrix.

Solution to the mixed model equations were obtained using
an animal model adaptation of the 'simple' method devised by
Schaeffer & Kennedy (1986). With this method, fixed and
random effect solutions can be obtained without setting up the
mixed model equations explicitly. No equations were
absorbed, i.e. the full animal model was used and the only
constraint imposed was I.!.. = O.

Iteration of the solutions for 250 rounds on a Unisys A16
mainframe computer resulted in levels of convergence of
0.0004 for CFM, 0.0037 for LM and 0.0002 for PD. Fixed
effect solutions for birth year were taken as the environmental
trend. Animal predicted breeding values (PBVs) were
averaged within birth years. Average PBVs for CFM, LM and
PD were taken as genetic trends, free from envirorimental bias.
In the Selection Group, genetic change was rendered indepen-
dent from genetic drift in the Control Group by using this
approach (Blair & Pollak, 1984; Approach 3). Genetic change



in the Selection Group was also assessed by deviating average
yearly PBVs in the Selection Group from those computed for
contemporary Control Group progeny. This approach is anal-
ogous to traditional least squares methods of estimating
genetic change, and was also used by Blair & Pollak (1984;
Approach 1). Genetic trends derived from this assessment will,
of course, be affected by changes in the Control Group.
Phenotypic deviations of Selection Group progeny from
Control Group contemporaries were also obtained by least
squares procedures (Harvey, 1977), fitting a fixed model
including all main effects and significant two-factor inter-
actions to the data. These results were essentially similar to,
and merely obtained for the sake of comparison with devi-
ations in PBVs of Selection Group progeny from their
contemporaries in the Control Group, as derived from the
mixed model analyses, and are therefore not included in the
discussion. Regressions of genetic merit on birth year were
obtained to depict annual genetic change where applicable.
Regressions for Selection Group progeny were forced through
the origin for CFM and LM. FD results indicated a consider-
able deviation from the Control Group in the 1970 progeny,
which was the last progeny group sired by rams chosen at
random, and regressions for this trait were thus not forced
through the origin.

Results and Discussion
Data description, h~ritability estimates and environmental
trends
Means, standard deviations and heritability estimates obtained
from Control Group progeny born in 1971-1989, and used
in the mixed model analyses, are listed in Table 1. The coeffi-
cient of variation for FD was lower than for CFM and LM,
which accords with results in the literature (Heydenrych &
Meissenheimer, 1979; Erasmus, 1988). The heritability esti-
mate for CFM was within the range of 0.25-0.60, reviewed
in the literature (Turner, 1977; Heydenrych & Meissenheimer,
1979; Rogan, 1984; Mortimer, 1987; Erasmus, 1988; James et
ai., 1990). The estimate for LM was similarly within the range
of 0.40-0.63 for similar estimates reported in the literature
(Turner, 1977; Heydenrych & Meissenheimer, 1979; Erasmus,
1988). The estimate for FD was just within the upper limit of
0.7 in the range of values reported by Turner & Young (1969),
but slightly lower than the corresponding halfsib estimate of
0.75 reported by Gregory (1982), and the upper limit of
0.75-0.84 in the range of estimates reviewed by Mortimer
(1987) and James et ai. (1990).

Means, standard deviations and environmental trends, as
depicted by fixed effect solutions for birth year, for CFM, LM

Table 1 Means, coefficients of variation and heritability
estimates for clean fleece mass, live mass and fibre
diameter in Control Group progeny born during the period
1971-1989

Mean
x ± SD

Coefficient of
variation (%)

Heritability
estimates*
h2 ± SE

Oean fleece mass (kg)
Live mass (kg)
Fibre diameter (fLIIl)

16.8
15.8
6.4

0.410 ± 0.068
0.483 ± 0.071
0.671 ± 0.078

3.93 ± 0.66
48.7 ± 7.7
20.1 ± 1.3

* Based on 2102 degrees of freedom (df) for error, 323 df for sires within
birth years and a k value of 7.10.

and FD are presented in Table 2. Regression analyses resulted
in no significant environmental time trends, but typical annual
fluctuations due to a variety of environmental conditions
occurred. Within birth year, environmental means for CFM,
LM and FD were expressed as percentages of the overall
environmental means, to compare the influence of annual
environmental differences on these traits (Figure 1). It should
be stated that FD was determined on a sample obtained ca
2 months before the other traits were recorded. The assump-
tion of a common environment for all three traits is thus
strictly not valid, and the results presented in Figure 1 should
be seen against this background. It did, however, appear that

Table 2 Fixed effect solutions regarding environmental
trends for clean fleece mass (CFM), live mass (LM) and
fibre diameter (FD) at 15-17 months of age

Number of CFM LM FD

Trait individuals (kg) (kg) (fLIIl)

Overall mean ± SD 5876 4.07 ± 0.88 50.1 ± 8.8 20.1 ± 1.5

Ye~,r

1969 227 3.81 -* 19.8
1970 367 3.84 -* 20.2
1971 357 4.73 53.3 21.4

1972 374 3.89 49.1 18.8
1973 322 4.67 51.3 21.2

1974 294 3.22 47.3 19.4

1975 363 4.21 51.5 20.0
1976 254 4.73 54.8 20.5
1977 239 3.95 50.6 19.9
1978 287 4.75 51.3 20.5
19'19 317 3.54 47.3 19.7
19:«> 241 4.35 51.9 20.9
19:n 272 3.41 48.1 19.5
19112 216 3.90 51.9 20.1

19113 266 4.18 54.0 20.9
19114 247 3.76 47.1 20.5
19115 235 4.73 49.5 20.2
19116 257 3.89 51.4 19.2
191:7 228 3.42 44.1 19.9
191>8 236 3.75 49.0 20.6
19/;9 268 4.43 47.9 19.7

* Not recorded in 1969 and 1970.
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Figure 1 Mean annual percentage deviations from the overall
environmental mean for the respective production traits.



FD was less prone to environmental fluctuations than either
LM or particularly CFM, as was also found by Erasmus
(1988). Seen in relation to the importance of fibre diameter in
the market value of apparel wool in South Africa (Erasmus &
Delport, 1987), Erasmus (1988) pointed out that decreasing
FD by environmental means (e.g. restricted feeding) will have
a marked adverse effect on LM and CFM. In this regHd,
Grobbelaar et ai. (1990) also found that restricted feeding of
wethers sampled from genetically fme or strong strhins
resulted in decreases of 49-65% in LM and CFM, while FD
was reduced by merely 19-33%. The implications of a
regime of restricted feeding for growing sheep and repro-
ducing ewes is evident from these results.

Genetic stability of the Control Group
Average PBVs for Control Group progeny within birth years
are given in Table 3. Regression of average PBVs for CFM
(indicative of genetic merit) on birth years suggested an annual
increase of 0.0041 (R2 = 0.22) kg in the Control Flock. When
expressed as a percentage of the overall environmental mean
CFM, this amounted to an increase of 0.10% p.a. Blair &
Pollak (1984) similarly reported a slight positive genetic drift
in greasy fleece mass in their control population, although the
size of the drift was not quantified. In absolute terms, the drift
encountered in CFM in the present investigation was relatively
small, amounting to 0.08 kg over the period 1970-1989.

Regression of average PBVs for LM on birth year l1so
suggested genetic change in this trait in the Control Group
(Table 3). In this case, genetic change amounted to 0.126 (R2

Table 3 Average yearly predicted breeding valuEls
for clean fleece mass (CFM), live mass (LM) and
fibre diameter (FD) in the Control Group

Nwnber of
Average predicted breeding value

Trait individuals CFM (kg) LM (kg) FD(jJ.m)

Year

1969 74 -0.01 -* -0.19
1970 116 -0.01 -* -0.42
1971 108 -0.02 -0.57 -0.16
1972 103 -0.01 -0.30 -0.17
1973 103 -0.01 -0.38 -0.21
1974 89 0.11 1.09 -0.02
1975 114 0.00 -0.21 -0.09
1976 124 0.10 0.36 -0.09
1977 123 0.05 0.31 -0.08
1978 148 0.03 0.90 ...{J.08

1979 175 0.08 0.47 -0.11
1980 141 0.12 1.39 0.05
1981 157 0.04 0.45 -0.07
1982 123 0.15 1.52 0.12
1983 145 0.03 1.06 -0.04
1984 142 -0.01 0.61 -0.16
1985 141 0.03 1.04 0.01
1986 143 0.01 1.18 0.19
1987 124 0.13 1.71 O.1C
1988 136 0.04 2.21 0.22
1989 152 0.13 2.32 O.O~

* Not recorded in 1969 and 1970.

= 0.72) kg p.a., or 0.25%. Total response over the period
1970-1989 was 2.5 kg. Erasmus (1988) similarly reported
substantial genetic drift in a Merino control population in a
selection experiment in the arid Karoo environment. The
observed drift was attributed to natural and artificial selection,
and resulted in comparable genetic trends in LM in the
selected populations included in this experiment remaining
largely undetected (Olivier, 1984; Erasmus, 1988). This aspect
is discussed elsewhere (Erasmus, 1990), and will not be elabo-
rated on further.

Average PBVs for FD similarly increased by 0.019 (R2 =
0.62) ~m p.a. (Table 3). Expressed in relation to the overall
environmental mean, this increase amounted to 0.09%, leading
to a genetic change of 0.38 ~ over the period 1970-1989.

The reason for the lack of genetic stability in the Control
Group can only be speculated upon. Heydenrych et ai. (1984a)
reported that poor environmental conditions and a severe
clamidioses infection in the 1974 progeny resulted in a
reduced difference in CFM of the Selection Group from the
Control Group. Seen in retrospect, the heavy lamb losses
observed in this progeny group could have resulted in natural
selection, with only the fitter and more viable lambs surviving
to be selected. This contention is supported by the increased
average PBVs for all traits investigated in the 1974 progeny
group (Table 3).

Erasmus (1988) concluded that the low average live mass of
ewes in the Klerefontein control group (32.5 kg) led to natural
selection for LM, with only the larger ewes being reproductive
and contributing progeny to the flock. On an individual basis,
it cannot be ruled out that small ewes selected as replacements
in the Tygerhoek Control Group probably contributed less
progeny to the breeding flock than their larger contemporaries,
as mating mass at 18 months is phenotypically related to
lifetime reproductive performance in this flock (Cloete &
Heydenrych, 1986). Since the average mating mass of ewes at
Tygerhoek is ca 50% heavier than in the Klerefontein
experiment, it seems reasonable to assume that the restriction
imposed by small size on the reproductive performance of
ewes was less severe in the Tygerhoek environment. Erasmus
(1988) furthermore pointed out that larger rams were probably
preferred for mating in the Klerefontein experiment, because
of better hand-mating performance. This possibility cannot be
ruled out in the present study, but it can be stated that extreme
care was taken to ensure that each sire was mated to a roughly
equal number of ewes.

Genetic change in the selection Group
Average yearly PBVs for CFM, LM and FD in the Selected
Group are given in Table 4. Genetic change in CFM derived
from average PBVs within birth years was 0.0453 (R2 = 0.98)
kg p.a. (Figure 2). Slight genetic drift in the Control Group
(Table 3) resulted in a lower (P .., 0.05) estimate of genetic
change when phenotypic means for the Selection Group were
deviated from contemporary Control Group means (0.0404 kg
p.a.; R2 = 0.98). Blair & Pollak (1984) similarly found that
slight genetic drift in their control group influenced response
to selection for increased greasy fleece mass in their mixed
model analysis of records obtained from a New Zealand selec-
tion experiment involving Romney sheep. When expressed in
relation to the overall environmental mean, genetic change
estimated by the respective methods amounted to 0.99-
1.11% p.a. These results are within the range of estimates
derived from Australian experiments involving selection for
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Table 4 - Average yearly predicted breeding values
for clean fleece mass (CFM), live mass (LM) and
fibre diameter (FD) in the Selection Group

Nwnberof Averagepredictedbreedingvalue

Trait individuals CFM (kg) LM (kg) FD (IJ.m)

Year
1969 153 -0.08 -* -0.19
1970 251 -om -* 0.03
1971 249 0.08 0.34 0.01
1972 271 0.14 1.10 0.00
1973 219 0.17 0.85 0.07
1974 205 0.27 1.73 0.16
1975 249 0.31 1.06 0.04
1976 130 0.33 3.26 0.06
1977 116 0.38 2.71 0.03
1978 139 0.47 2.86 0.19
1979 142 0.51 4.19 0.10
1980 100 0.54 3.93 0.03
1981 115 0.49 5.44 0.17

1982 93 0.59 5.94 0.25
1983 121 0.55 4.60 0.05
1984 105 0.58 5.31 0.37

1985 94 0.52 6.11 0.09
1986 114 0.71 6.54 0.43
1987 104 0.68 7.25 0.57
1988 100 0.81 8.20 0.59

1989 116 0.87 9.19 0.68

* Notrecordedin 1969 and 1970.
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Figure 2 Genetic change in clean fleece mass in the Selection
Group, expressed as average yearly predicted breeding values
(PBVs), or as deviations in PBVs of the Selection Group from
thosein the ControlGroup (DEV).

CFM in Merino sheep (0.85-1.66%), as reviewed by Davis
& McGuirk (1987). Presumably, genetic change in CFM in
this study could have been faster, had a restriction on FD not
been imposed on breeding rams for the majority of the
experiment.

Average PBVs for LM in Selection Group progeny
increased with time (Table 4), the genetic trend amounting to
0.431 (R2 = 0.98) kg p.a. when assessed by regression
analysis (Figure 3). The response derived from deviations of
average PBVs of Selection Group progeny from Control
Group contemporaries (0.315 kg p.a.; R2 = 0.97) under-

o
69 71 73 75 77 79 81 83 85 87 89

Year
Figure 3 Genetic change in live mass in the Selection Group,
expressedas averageyearly predictedbreeding values (PBVs), or
as deviationsin PBVs of the Selection Group from those in the
ControlGroup(DEV).

estimated (P';;; 0.01) the former genetic trend, due to the
observed drift in LM in the Control Flock (Table 3). Both
methods, nevertheless, indicated a defInite change in LM
amounting to 0.86 and 0.63% p.a. respectively, as was
rep)rted previously (Heydenrych et aI., 1984a). In their review
of Australian research on this topic, Davis & McGuirk (1987)
concluded that selection for CFM resulted in only very modest
changes in LM, unlike the response reported here. Other
reports in the literature support the existence of realized
genetic correlations between CFM and LM (Tumer et aI.,
1968; Blair et aI., 1985). Erasmus (1988) also reported an
increase in PBVs for LM in a Merino flock selected for
increased CFM under arid Karoo conditions. This trend was,
however, completely masked by a concomitant change in the
control flock (Erasmus, 1988; 1990), making it impossible to
detect by conventional means (Olivier, 1984). The change in
LM in the Selection Group is in correspondence with a genetic
correlation of 0.468 ± 0.097 with CFM estimated from the
Control Group in the analysis obtaining heritability estimates
for Ihis investigation.

Inspection of average PBVs for FD in the Selection Group
(Tahle 4) indicated higher PBVs in the last four progeny
groups (1986-1989). This was probably caused by the relax-
ation of the restriction on FD in breeding rams in the Selection
Group over this period (see Material and Methods). There is
littk doubt that the observed genetic trend in FD in the
Selection Group was inflated by this change in the selection
regime, as little change in FD took place over the period
1970-1985. Comparable restrictions were successful in
controlling increases in FD in Australian selection experiments
for increased CFM, as reviewed by Davis & McGuirk (1987).
Over the entire experimental period there was, however, an
increase in FD in the Selection Group with time (0.030 ~
p.a.; R2 = 0.68). When assessed by deviating average PBVs
of Selection Group individuals from the Control Group, only a
slight tendency of genetic change was found (Figure 4) as
indkated by a regression coefficient of 0.0113 ~ p.a. (R2 =

0.16). The genetic change indicated by the regression of PBVs
on progeny group amounted to 0.15% p.a., in comparison with
the change of 0.056% that was detected by the latter method.
When comparing the trend lines derived from PBVs for FD,
it btlcame evident that genetic drift in the Control Group
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Figure 4 Genetic change in fibre diameter in the Seleclion
Group, expressed as average yearly predicted breeding va.ues
(PBVs), or as deviations in PBVs of the Selection Group f~om
those in the Control Group (DEV).

(Table 3) was comparable to the correlated response in the
Selection Group (Table 4). Closer inspection indicated a
significant (P :s;;0.05) difference in the regression coefficients
for the trends, while the y intercepts also differed significantly
(P :s;;0.05). It thus appeared that the genetic trend in FD in the
Selection Group was partly masked by a similar trend in the
Control Group. The fact that the intercepts for the trend lines
depicting genetic change in the Selection and Control Groups
differed (P:S;; 0.05) warrants further attention. Inspection of
PBVs for the respective Groups (Tables 3 & 4) revealed no
difference in progeny born in 1969, but a considerable differ-
ence in progeny born in 1970. Since 1970, there was an
absolute difference in favour of the Selection Group in all
years but for 1980. Rams used in the 1970 mating season were
sets of four individuals chosen at random for each group (see
Material and Methods). These fmdings suggest that the rams
chosen for mating for the 1970 lambing season introduc,;xj a
bias with regard to FD in the Selection and Control Grcups.
This evidence is supported by the fact that the average PBV of
sires used in the Selection Group in 1970 was approximitely
O.7 ~ stronger than that of their contemporaries choserl for
the Control Group.

Conclusions
According to the results presented here, genetic drift in CFM,
LM and FD was observed in the Tygerhoek Control Group.
The magnitude of the drift was relatively small, amounting to
increases of 1.9-5.0% in the traits analysed over the 20·year
term of the experiment. It is clear that results of the more
recent on-farm control tests could be biased downward, parti-
cularly as far as LM is concemed. It should be stated that
groups of rams for control tests are chosen according to
phenotype (Poggenpoel & Van der Merwe, 1984), which wuld
introduce further bias. Year -to-year variation in the genetic
merit of Control Group progeny (Table 3), may cause fu.rther
bias in control tests. Despite these shortcomings, control tests
offer an invaluable tool for the assessment of the genetic merit
of the flocks of local Merino breeders (Vander Merwe &
Poggenpoel, 1990). The genetic drift in the Tygerhoek Control
Group should, however, be recognized in the evaluatilm of
results obtained from these programmes. Furthermore, PBVs

from mixed model analyses instead of phenotypic values could
be used to identify groups of rams for control testing. The
genetic merit of rams for this purpose could be assessed quite
accurately by their PBVs (Olivier, 1989), and the sources of
bias listed above could largely be eliminated.

It is furthermore clear that the observed drift led to
estimates of genetic change that were biased downward in the
Selection Group, as was also reported for greasy fleece mass
in New Zealand Romney sheep (Blair & Pollak, 1984). This
was particularly true in the case of FD, where a positive
genetic trend in the in the Selection Group would have
remained largely undetected, if allowance could not be made
for the genetic drift in the Control Group. This fmding stresses
the importance of a control group in selection experiments,
which should include the necessary family relationships
enabling analysts to separate genetic and environmental effects
by mixed model analyses. Selection experiments where this
prerequisite cannot be met, should be interpreted with caution
(Erasmus, 1990).

Although LM is generally considered as a component of
CFM (Tumer & Young, 1969; Atkins, 1988), correlated
responses in LM were either absent or of a small magnitude in
Australian selection experiments for increased CFM (Davis &
McGuirk, 1987; Atkins, 1988). The lack of a correlated
response in LM implies that the efficiency of fibre production
was improved by selection (Atkins, 1988), and that it did not
merely reflect an increased feed intake. This contention is
supported by studies on the voluntary intake (Williams, 1979)
and digestive function (Piper & Dolling, 1969) of sheep
differing in their genetic potential for wool production. In the
Tygerhoek experiment, the correlated response in LM seems
to imply that the higher CFM of the Selection Group could, at
least partly, be attributed to an increased feed intake, and not
necessarily increased efficiency. More research on this topic
appears to be warranted.
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