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SUMMARY
The reproduction and growth of contemporary hogget ewes from a breed development
project were analysed to assess any decline in performance from the first to
second generation.
Data were from 452 ewes (progeny of 48 sires) of Booroola
Merino x Dorset (BD) and Trangie Fertility Merino x Dorset (TD) breeds (FI) and
their reciprocal crosses (F2) over two years. F2 ewes had 2 to 4% (P<.05) lower
liveweight than FI ewes but there was no significant difference for wool weight,
ovulation rate and reproductive rate and its components.
FI BD ewes had an
advantage over TD ewes of 20 to 30% (P<.01) for ovulation rate, litter size
and lambing rate (born), but these differences were reduced to non-significance
when ewes carrying the Booroola F gene were deleted from the analysis.
INTRODUCTION
Productivity of sheep can be improved by crossing different breeds to combine
various characteristics and utilize heterosis.
Continued inter se mating
combined with selection can be used to develop composite breeds with superior
performance to parental breeds.
Under the dominance model of heterosis, inter
se mating of crossbred animals will result in reduced heterozygosity and perfor
mance may also be lowered by recombination loss (Dickerson, 1973). The magnitude
of any reduction in performance is important for the development of composite
breeds.
If there is a dramatic decline in performance with inter se mating,
selection over many generations may be required to overcome the loss in perfor
mance from the first cross.
In his review of the literature Nitter (1978) showed an average decline
of 6 to 9% from FI to F2 generations for fertility, litter size and lamb survival
with the decline being 1% for ovulation rate.
The combination of these compon
ents in the trait lambing rate (born) showed an average decline of 18%.
More
recent studies, involving a number of breed crosses, have shown a decline in
most reproductive traits from FI to F2 generations, although the magnitude has
varied considerably (Oltenacu and Boylan, 1981; Fogarty et al. 1984; Boylan,
1985; Dekhili, 1985).
Ewe liveweight declined by an average of 6% and fleece
weight by 10% from FI and F2 generations in the studies reviewed by Nitter (1978).
Breed Development Program
A breeding program was initiated by the New South Wales Department of Agric
ulture in 1978 to develop a more productive breed of ewe suited to intensive
lamb production.
The breed, called Hyfer, has a higher lambing rate and longer
breeding season than the commonly used prime lamb cross, the Border Leicester
x Merino FI ewe.
This gives greater potential lamb turnoff, greater flexibility
of lambing time and, with suitable management and environment, a breed capable
of successful accelerated lambings.
An additional advantage is that cumulative
genetic improvement can be achieved by continued selection within the self re
placing breed.
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The program involved joining rams from two selected strains of Merino (Booroola and Trangie Fertility) to Dorset ewes.
The two strains of FI crosses were
then reciprocally mated to produce a base (F2 population which is subject to
selection under an accelerated lambing environment.
The difference in product
ivity between the strains and particularly the FI and F2 ewes, has important
implications for the development of the composite breed.
The growth, wool prod
uction and early reproductive performance of contemporary FI and F2 ewes when
run under the same management is reported in this paper.
MATERIALS AND METHODS
Rams from two strains of Merino with high reproductive rates, the Booroola
(B) (Piper and Bindon, 1982) and Trangie Fertility (T) (Atkins, 1980) were joined
in the autumn to Poll Dorset (D) ewes in single sire mating groups in the years
1978 to 1981 to produce BD and TD FI progeny.
In 1980 the two 1978 born FI
strains were reciprocally crossed to produce F2 progeny (BT and TB).
Similarly
in 1981 the two 1978 and 1979 born FI strains were reciprocally crossed to produse F2 progeny.
No selection of FI or F2 ewes occurred.
FI rams were selected
within sire lines, primarily on multiple births, growth rate and absence of
horns, with rams of low serving capacity being culled.
The data presented in
this paper are for the contemporary 1980 and 1981 drop FI and F2 ewes.
The
number of ewes and sires are shown in Table 1.
TABLE 1.

Year
Strain

No. ewes
No. sires

NUMBER OF EWES AND SIRES FOR EACH STRAIN BORN IN 1980 AND 1981.

1981

1980
F1TD

F1BD

F2BT

F2TB

F1TD

F1BD

F2BT

F2TB

TOTAL

63

63

24

24

65

71

62

80

452

8

5

4

4

7

8

5

7

48

FI ewes were born at Temora Agricultural Research Station and transferred to
Cowra Agricultural Research Station on December 3, 1980 and November 25, 1981,
where each drop was grazed with the contemporary F2 ewes born at Cowra.
The
ewes were born in August except for the 1980 FI ewes which were born in June/July.
Harnessed vasectomised rams were run continuously with the ewe lambs from mid
December to detect age at puberty.
The proportion of ewes ovulating and their
ovulation rate was determined by laparoscopy in June (10 months of age) and
February (18 months of age).
The ewes were joined at approximately •18 months
of age in groups to single entire rams of the same generation in late February
for five weeks.
The ewes were lambed together under paddock conditions.
After
lambs were weaned at approximately 8 weeks of age the FI and F2 ewes were run
under different management regimes.
Traits analysed were:- weight (kg) at 18 months (WT18) and mid pregnancy
(WT22); age (days) at puberty (PUB); percentage of ewes ovulating in June (OV10)
and February (OV18) and the corresponding ovulation rates (OR10), OR18); percent
age of ewes raddled during joining (RAD); the components of reproduction, fertil
ity (ELJ), litter size (LBL), maternal lamb survival (LWB); and lambs born/100
ewes joined (LBJ) and lambs weaned/100 ewes joined (LWJ).
These traits were
analysed by least squares analyses of variance, fitting sequentially the effects
Drop (1980, 1981), Strain (F1TD, F1BD, F2BT, F2TB) and Drop x Strain after absor-
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bing sires/strain.
The effect of the number of lambs born was also included
for LWB. The three linear contrasts for strains (F1-F2, F1TD-BD, F2BT-TB) were
examined. The F1TD-BD contrast reflects half the T and B breed effect difference
and the F2BT-TB contrast reflects half the TD and BD maternal effect difference.
It has recently
size of the Booroola
Subsequent ovulation
F2 ewes to carriers
the F1TD-BD contrast
deleted.

been demonstrated that the high ovulation rate and litter
is due to the action of a major gene (F) (Piper et al. 1985).
rate and litter size records were used to assign F1BD and
(F+ ) and non-carriers {++) of the F gene.
Traits in which
was significant were reanalysed after the 77 F+ ewes were

RESULTS AND DISCUSSION
The F2 ewes were 3.6% lighter than the FI ewes at 18 months (P^.01) and
2.1% lighter at 22 months (P<.05). However, the differences between sires within
the generations were greater than the FI and F2 differences (Table 2).
FI ewes
reached puberty 9 days younger than the F2 ewes (P<.05), because of the greater
age of the F2 TB ewes.
There was also a correspondingly higher proportion of
FI than F2 ewes ovulating in June (OVIO) (P^.01), with the lowest proportion
amongst the F2TB ewes.
The F2TB was the strain with the lowest liveweight and
the results reflect a poorer maternal environment due to larger litter size
and lower liveweight of the BD dams than the TD dams (Hall and Fogarty, unpub
lished data).
There was no significant difference between the FI and F2 ewes
in the proportion of ewes ovulating at 18 months (0V18) or in ovulation rates
on each occasion.
F2 ewes had slightly higher performance than the FI ewes for all the reprod
uctive traits shown in Table 3, although none of the differences were significant.
The significant Drop x Strain interaction (P<-05) for PUB was caused by
the 1980 drop FI ewes reaching puberty 21 days older than the 1980 drop F2 ewes,
but 40 days younger than the 1981 drop ewes.
Photoperiod, age and seasonal
conditions influence the attainment of puberty.
The early environment was diff
erent for the FI and F2 ewes as they were born at different locations and in
1980 the FI ewes were born some 48 days earlier than the F2 ewes.
The signific
ant Drop x Strain interaction (P<.05) for OR18 was largely caused by scale
effects.
The Drop x Strain interaction was also significant for LWB (P<-05),
but was reduced to non-significance when F+ ewes were deleted.
Lamb survival
declined with increasing litter size (b = -12.4+2.8%/unit LB, P4.01).
The major differences between the F1TD and F1BD strains were ovulation rate
(ORIO and OR18), litter size (LBL) and lambs born (LBJ).
The F1BD ewes had
a 30% higher ovulation rate than F1TD ewes which resulted in 23% higher litter
size and 20% more lambs born.
However much lower lamb survival from F1BD ewes
completely negated these effects by weaning.
Deletion of ewes carrying the F gene reduced the differences between F1TD
and F1BD ewes for ORIO, OR18, LBL, LBJ and LWB to non-significance, but did
not effect the differences for WT18, WT22 and RAD.
The linear contrasts for
F1-F2 and F2BT-TB were not significantly effected for any traits re-analysed
with F gene carriers deleted.
The T and B sheep were from selected flocks derived from the two major medium
wool strains of the Australian Merino. These strains have similar production
characteristics but they have been bred separately for over 100 years.
In addi-
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TABLE 2.

STRAIN MEANS (±SE) AND LINEAR CONTRASTS FOR VARIOUS HOGGET

Strain

Liveweight
WT18
WT22
(kg)
(kg)

Wool
weight
GFW(kg)

Puberty Ovulating
PUB
OV10
OV18
(days)
<%)
<%)

EWE TRAITS

Ovulation rate
OR 10
OR18
(n)
(n)

F1TD

51.4± .5

60.3 +.6

3.91.05

26819

7814

8613

1.261.07

1.631.08

F1BD

48.4± .5

57.81 .5

3.81.04

26418

8514

8713

1.641.06

2.221.07

F2BT

50.0±.6

59.91 .8

3.91.06

262111

6915

8914

1.511.08

2.031.10

F2TB

46.31.6

55.8± .7

3.71.06

288110

6215

9314

1.421.08

1.951.09

-3.4*

-

- 3.2

Linear contrasts (%>a
F1-F2

3.6**

2.1*

2.0

F1TD-BD

6.1**

4.3**

3.8*

6.9**

5.7**

F2BT-TB
a
*

7.6**

1.7
-9.6*

21.9** -5.3

.6

-10.0

- .5

-26.2**

-30.6**

10.0

-4.1

6.1

4.3

Contrasts expressed as % of overall mean
PC.05

TABLE 3.

**

PC .01

STRAIN MEANS (1SE) AND LINEAR CONTRASTS FOR MAIDEN EWE REPRODUCTION

Raddled
RAD
<%)

Fertility
EL J
t%)

Litter
size
LBL
(n)

Lamb
survival
LWB (%)

F1TD

9212

91.012.8

1.511.08

85.614.2

13618

11018

F1BD

100±2

88.312.6

1.901.07

74.913.9

16718

10917

F2BT

9612

94.413.7

1.761.09

81.515.1

165111

126110

F2TB

99±2

89.213.4

1.721.09

79.214.8

155110

10519

-2.4

- 1.7

-

- 5.3

- 5.2

Strain

Lambs
,
a
born
LB J
(%>

Lambs
weaned
LWJ
<%)

Linear contrasts (%>b
F1-F2

-1.3

F1TD-BD

-8.3**

3.0

-22.6**

F2BT-TB

-3.2

5.8

2.1

% of ewes joined
Contrasts expressed as % of overall mean
*

P <.05
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**

P<.01

.1
13.3**
2.8

-20.0**
6.8

.4
18.9

tion the B and T flocks have been subject to different selection programs over
the last 20 years (see Piper and Bindon, 1982; Atkins, 1980).
If T and B were
regarded as the same breed, the level of heterozygosity in the FI and F2 genera
tions would be 100% and 50% respectively and stabilized at the F2 generation.
If, however, T and B were regarded as different breeds, the level of heterozy
gosity in the FI and F2 generations would be 100% and 75% with the F3 generation
stabilizing at 62.5%.
The actual level of heterozygosity is probably intermed
iate.
In the present study there was a small decline in liveweight from the FI
to the F2 generation but there was no indication of a decline in the reproduction
traits, that are of greatest importance in the development of the Hyfer breed.
These results contrast with the average decline from the FI to F2 generation
of 6 to 9% for fertility, litter size and lamb survival and 18% for lambing rate
for the three studies reviewed by Nitter (1978).
One of these studies was for
the Border Leicester and Merino breeds (Pattie and Smith, 1964), which showed,
from limited data (155 ewes joined in one year), a marked decline from the FI
to F2 generation (10, 16, 12 and 27% for fertility, litter size, lamb survival
and lambing rate).
However, recent analyses of 4,500 ewe joinings over 7 years
from this experiment (Dekhili, 1985) has shown the decline from FI to F2 genera
tions to be considerably smaller (3, 4, -1, 8 and 7% for fertility, litter sizev
lamb survival, lambs born and lambs weaned). The average decline in reproduction
traits from the FI to F2 generation for three breeds crossed with the Finn (Oltenacu and Boylan, 1981) were similar to the average values reported by Nitter
(1978 ) with the levels being greater for 2 year old ewes than 1 year old ewes.
On more extensive data Boylan (1985) has reported a decline in litter size of
14% for Finn x Suffolk and 12% for Finn x Targhee crosses.
An extensive study
of the development of two composite lines involving Finn, Dorset and Rambouillet
and Finn, Suffolk and Targhee breeds (Fogarty et al. 1984) gave similar results
to the present study.
There was a slight increase from the mean of the first
crosses to the first composite generation (containing 3 breeds) with a small
decline in the subsequent generation for most reproduction traits.
The decline in important hogget and maiden reproductive traits from the FI
to the F2 generations in the present study is small or not existent. The propor
tion of common genes between the T and B strains of Merino is not known so it
is not possible to determine accurately the change in heterozygosity from the
FI to F2 generations and relate this to the decline in performance.
Selection
of sires of F2 ewes could w
reduced the FI, F2 difference although this effect
is thought to be minor for the maternal reproduction traits involved.
High
levels of heterosis have been reported for reproduction in many breed crosses
(see Nitter, 1978; Fogarty et al. 1984), including Dorset and Merino crosses
(Ch'ang and Atkins, 1982).
However it appears that development of a composite
line, to utilise the unique reproduction attributes of the Trangie and Booroola
strains of Merino and the Dorset, is feasible without any major loss of perfor
mance in subsequent generations.
The generally greater differences between
strains within generations than between the FI and F2 generations provides varia
tion in the base population which will result in potentially rapid responses
to selection.
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