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SUMMARY

Twelve experiments that relate to heterosis retention or recombination 
effects were reviewed. In some experiments less heterosis was retained than 
expected from retained heterozygosity. In a few cases, more heterosis was 
retained than expected. Interpretation of some experiments was difficult 
because of the designs and the possible interactions of environment with geno
type and heterosis since many experiments involved imported breeds. However, 
it appears that heterosis in advanced generations of crossbred populations 
cannot be accurately predicted from initial heterosis and retained heterozygo
sity. This does not mean that all heterosis is lost, but rather that the 
level of heterosis must be determined by direct experimentation involving spe
cific breed combinations.

INTRODUCTION

Breeds differ in mean gene frequencies, average allelic heterozygosity 
and epistatic gene combinations. These differences arose partly from natural 
and deliberate selection for different objectives under different environmen
tal conditions and partly from cumulative random changes in gene frequencies 
(Dickerson, 1969). The relative importance of these genetic effects influence 
the relative efficiency of various crossbreeding systems. Dickerson (1969, 
1973), Kinghorn (1980, 1982), Hill (1982), and Koch et al. (1985) presented 
models to define the genetic effects that determine the level of performance 
of different types of crossbreds. Each author used different notation and 
different parameters to specify his model. Koch et al. (1985) presented a 
thorough discussion of the different sets of parameters and the relationships 
among them. In operation, the use of the different models resulted in iden
tical analyses and conclusions because their parameters are linear com
binations of each other (Koch et al., 1985).

Heterosis is normally measured as the performance of the crossbred rela
tive to the average of the parental lines and is intended to measure any 
deviation from additive genetic effects in the crossbred. Thus, heterosis is 
not an unbiased estimator of dominance effects because it is confounded with 
epistatic effects (Dickerson, 1969, 1973: Kinghorn, 1980, 1982; Hill, 1982;
Koch et al., 1985; Cunningham, 1980). If heterosis is primarily determined by 
dominance, then heterosis in advanced generations of crossbreeding programs 
(secondary crossbred populations) should be retained in proportion to retained
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heterozygosity (here heterozygosity is relative to breed of origin and not 
true allelic heterozygosity). However, if a significant part of heterosis 
results from epistatic effects, the level of heterosis retained in secondary 
crossbred populations is not easily predicted, especially if more than two 
loci are involved. Undesirable epistatic gene combinations could arise in 
purebreds from poor selection practices, selection for an undesirable objec
tive, or by chance in traits not under selection. Thus, loss of parental 
epistatic gene combinations in crosses does not necessarily imply negative 
effects on all traits. If epistatic effects are important, then breeds should 
be expected to have different epistatic combinations. Thus, the retention of 
heterosis in secondary crossbred populations may depend upon the breeds 
i nvolved.

The evaluation of heterosis retention is based upon comparisons among 
various generations of a crossbreeding program. Consequently, it is important 
to distinguish between genetic effects occurring in different generations such 
as individual heterosis in a maternal trait and heterosis in a maternal effect 
on individual performance. In general, this review will focus on individual 
heterosis for growth and reproductive traits. Heterosis for maternal effects 
on individual performance will not be addressed. Selection and inbreeding 
should be avoided so that their effects are not confounded with loss of 
heterozygosity and heterosis.

Most experiments that have attempted to evaluate heterosis retention in 
advanced generations of a crossbreeding program have designs that confound the 
effects of heterosis and recombination on individual, maternal and paternal 
performance. While this does create a problem in clarifying the relative 
importance of these genetic effects, the fact remains that in practice the 
effects are confounded and their net effect determines the usefulness of 
alternative crossbreeding systems. In this review, recombination effects will 
be used to describe the failure of heterosis to be retained in proportion to 
heterozygosity (Dickerson, 1973).

REVIEW OF EXPERIMENTS

Peters et al. (1961a,b,c) reported the results of developing the Romnelet 
breed from a crossbred population derived by crossing Romney Marsh rams on 
grade Rambouillet ewes. There was a decline from Fj to F2 for yearling clean 
fleece weight and body weight at birth, weaning and 18-months. This experi
ment is often cited in support of the importance of recombination effects. 
However, it was not designed to evaluate heterosis retention and several items 
make it difficult to interpret. Level of initial heterosis was never 
established since the purebreds and reciprocal cross were not included. 
Selection was practiced between generations for a variety of traits which may 
have favored selection of Romney Marsh phenotypes. Thus, the decline in per
formance observed from Fj to F2 may be no greater than that expected from loss 
of heterozygosity or from selection.

Hight and Jury (1970a,b, 1971, 1973) presented a series of reports on an 
experiment designed to compare the performance of straightbred Romneys to that 
of F3, F2 and F3 generations of a cross of Border Leicester rams on Romney 
ewes. Most reproductive and growth traits decreased from the F^ to the F2 and 
from F2 to the F3 such that the F3 approached the performance of the Romney. 
Whether this decrease was more or less than expected from decreased heterozy
gosity is not known, because purebred Border Leicesters and the reciprocal 
cross were not included. The authors stated "Border Leicester ewes were not 
included since they were unavailable in large numbers in the industry and were 
thought not to perform well under hill country conditions." Thus, it seems 
safe to suppose that for many traits the Border Leicester would be inferior to
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the Romney and the F3 was still retaining some heterosis. This may be an 
illustration of heterosis by environment interaction, since one of the breeds 
was not adaptable to the environment (Barlow, 1981).

Pattie and Smith (1964) compared the performance of and F2 Border 
Leicester x Merino crosses in Australia. The F̂  was superior to the F2 for 
face cover score, greasy fleece weight, clean fleece weight, conception rate, 
litter size at birth, and lamb survival to weaning. However, purebreds and 
reciprocal crosses were not included so initial heterosis is not known.
Drought conditions during the experiment precluded the use of other estimates 
of heterosis for these crosses. Thus, it is not known whether the difference 
between the F^ and F2 is greater than expected from loss of heterozygosity. 
Selection was practiced among parents of the F2 ewes based upon growth rate 
and wool production and only 55-60% of the available F3 and F2 ewes were 
"selected", based on unspecified criteria, for evaluation of reproduction.
The Border Leicester was probably not as well adapted to Australian conditions 
as the Merino and presence of severe drought conditions may have resulted in a 
heterosis by environment interaction.

Vesely and Peters (1979) reported weaning weight, post-weaning gain and 
final market weight of lambs from Romnelet, Columbia, Suffolk, and North 
Country Cheviot purebreds and their 2-, 3- and 4-breed crosses. Initial 
heterosis was 5% for weaning weight and 6% for postweaning gain and final 
market weight. If heterosis for paternal effects is assumed to be zero for 
these traits, the comparison of 4-breed crosses to 3-breed crosses estimates 
recombination effects for individual performance. There was no significant 
difference between the 3-breed and 4-breed crosses for any of these traits.

Columbia, Suffolk and Targhee purebreds and all 2-breed and 3-breed 
crosses were evaluated for pre- and postweaning growth, feed conversion and 
several carcass traits by Teehan et al. (1979) and Rastogi et al. (1982). 
Estimates of individual heterosis were small and generally lower than other 
estimates in the literature. Individual heterosis was significant for birth 
weight (4.6%) but near zero for preweaning daily gain, weaning weight, post
weaning daily gain, and age at market (-.7 to .7%) (Rastogi et al., 1982). 
Estimates of initial heterosis were small and favorable for feed conversion 
(3.2%), but near zero for all carcass traits except fat over the loin eye 
(-2.8%), lower rib fat (-3.4%) and percent kidney fat (-2.2%) (Teehan et al., 
1979). Full recombination effects for growth traits were larger than the 
corresponding heterosis values except for birth weight. The recombination 
effects were 2.8, 11.4, 9.2, 8.8, and -4.4 for birth weight, preweaning daily 
gain, postweaning daily gain, and age at market, respectively. Estimates of 
recombination effects were small for feed conversion and many carcass traits 
(-.5 to 1.3%), but relatively large and undesirable for average fat over the 
loin eye (6.0%), lower rib fat (4.2%) and percent kidney fat (2.1%).

In another small and uniquely designed experiment, Weiner and Woolliams 
(1980) evaluated the effects of crossbreeding and intense inbreeding of 
Scottish Blackface, Cheviot and Welsh Mountain purebreds and all possible Fj 
and F2 crosses. Traits evaluated included body size and conformation, fleece 
weight and components of the fleece, reproductive and maternal performance, 
and lamb survival. The authors concluded that the heterosis observed in the 
F2 could not be predicted on the basis of the heterosis observed in the Fj. 
However, it appeared that the performance of the F2 was lower than expected 
only for reproductive performance of the F2 ewe. The experimental design con
founded heterosis in the F2 ewe with inbreeding of the offspring because the 
F2 ewe was mated to its sire or son. Other evidence in the experiment indi
cated that inbreeding of offspring did not affect litter size at birth but had 
a large effect on lamb survival.
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The development of a new population from a cross of Romanov rams on 
Berrichon du Cher ewes has been summarized by Ricordeau et al. (1980). They 
state "The difference between to F4 ewes was never significant as regards 
growth from 30 to 70 days, weight at lambing, fertility, total of lambs born 
and born alive per lambing, and milk production. The performances of Fg to F4 
ewes were comparable to the parental average calculated in contemporaneous 
three and four year-old ewes." These statements combined, imply little ini
tial heterosis for these traits. However, in this particular cross it appears 
there was no decline in performance from the F^ to the F4. Selection was not 
initiated in this experiment until after the F4 generation.

Another experiment involving the Romanov was reported by Sierra (1980, 
1982). A new breed was developed in Spain which was 50% Romanov and 50% 
Aragon. Ewes from the sixth generation (Fg) of the new breed were compared to 
Fi and purebred ewes. Under an annual lambing system, there was no heterosis 
for litter size and no decline in litter size from F^ to Fg when ewes were 
mated in the spring or fall. Significant heterosis (27%) was present for con
ception during spring mating and it was maintained in the Fg. However, in 
fall matings, heterosis was relatively small for conception rate in the 
Fi (5%) and the Fg was equivalent to the purebred mean. Under an accelerated 
breeding program, there was heterosis for number of females lambing per year, 
litter size, lamb mortality, and number of lambs alive at 100 days per ewe per 
year. The estimate for litter size was negative (Fj-F= -.21 lambs). For all 
traits, except lamb mortality, the Fg was equivalent to the Fj. For lamb mor
tality the Fg lost only 34% of the initial advantage of the F̂ . Thus, recom
bination effects did not appear to be important for these traits in this 
cross.

Oltenacu and Boylan (1981a,b) evaluated the performance of Finnsheep, 
Suffolk, Targhee, and Minnesota 100 purebreds, Fi crosses of Finnsheep rams on 
ewes of the other three breeds, Fg and backcrosses. Traits evaluated were 
conception rate of ewe lambs, litter size at birth and weaning at one and two 
years of age, neonatal survival, postnatal survival, weight at birth and 
weaning, weight at one and two years of age and greasy fleece weight at one 
and two years of age. If paternal heterosis is assumed to be zero, the per
formance of the F2 minus the mean performance of the backcrosses is an esti
mate of recombination effects. For crosses involving the Finnsheep and 
Targhee, the backcrosses were superior to the Fg for all traits except concep
tion rate of ewe lambs and lambs weaned per ewe lambing at one year of age.
For crosses involving Finnsheep and Suffolk, the backcrosses were superior to 
the Fg except for a modest advantage in favor of the Fg for neonatal survival, 
weaning weight and weight at one and two years of age. However, in crosses 
of Finnsheep and Minnesota 100, the Fg was superior or equal to the 
backcrosses for all traits except litter size born at two years of age and 
litter size weaned at one and two years of age. Comparison of Fg and F]_ not 
only included recombination effects, but also maternal and paternal heterosis 
in the Fg. However, this comparison also supports the above comparisons with 
the performance of the Fg relative to the Fi generally being inferior or less 
than expected from decreased individual heterozygosity in crosses involving 
Suffolks and Targhee but not in crosses involving the Minnesota 100. These 
breed differences are interesting, since the Minnesota 100 is a relatively new 
breed developed from a diverse crossbred background.

An experiment conducted by CSIR0 at Armidale, NSW, Australia, involved 
purebred Dorset Horn, Merino, and Corriedale ewes and all possible two-breed 
cross Fi and Fg ewes. The experiment was conducted from 1971 through 1984 
under pasture grazing conditions and involved eight breeding policies 
described in detail by Ch'ang and Evans (1982). Previous results demonstrated 
significant male and female heterosis for total litter weight of lambs weaned
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per ewe exposed to rams (Ch'ang and Evans, 1982). Thus, it was of interest to 
determine if the amount of heterosis retained in F2 populations was propor
tional to retention of heterozygosity. Data on reproductive traits of females 
were obtained by mating Fj rams to purebred ewes of the third breed (71 total 
ewes), Fj rams to F^ ewes of the same two-breed cross (116 total ewes) and F2 
rams to F2 ewes of the same two-breed cross (115 total ewes). The same F^ 
rams were mated to purebred and F^ ewes. Ewes of mixed ages were mated in 
single sire groups during a five week period in May and June of 1983. Lambs 
were weaned at about 12 weeks of age. All traits were considered as traits of 
the ewe and were analyzed by least-squares procedures with a model that 
included the effects of ewe age (2 to 7), ewe population (purebred, Fi, F2) 
and breed-genotype within ewe population. Least-squares means and linear 
contrasts among means are presented in table 1. If heterosis was retained in 
proportion to heterozygosity, then the F2 should have 50% as much heterosis as 
the Fi (contrast 3). For the composite trait, litter weight weaned per ewe 
exposed, the heterosis in females was significant and represented 27.4% of the 
purebred mean when averaged over all crosses. The F2 ewes maintained little 
heterosis for this trait, however, the deviation from expectation (-1.9 + 2.0 
kg) was not significant. The component traits which were responsible for most 
of the loss of heterosis in the composite trait, were lamb survival and lamb 
weight at weaning; whereas, about one-half of heterosis was retained for
percent ewes lambing and litter size at birth, which were primarily respon
sible for the initial heterotic superiority of the F3 ewes for the composite 
trait. There was essentially no heterosis or heterosis loss for greasy fleece 
weight. These results are reasonably consistent across the various two-breed 
crosses. These data suggest that recombination effects were important for 
some components of ewe productivity for these three breeds under these con
ditions. Retention of heterosis in male reproductive characters are reported 
elsewhere in the proceedings (Ch'ang and Evans, 1986).

Fogarty et al. (1983) presented the details and results from the early 
generations of an experiment designed to evaluate heterosis retention in 
advanced generations of inter se mated crossbred populations at the U.S. Meat 
Animal Research Center (MARC). One line was based on i Finnsheep, i Suffolk 
and i Targhee and was bred annually in October. Another line was i Finnsheep, 
i Dorset, i Rambouillet and was maintained in an accelerated lambing program 
with breeding occurring in April, August and December. Expected proportion of 
maximum heterozygosity of the two-way cross was 3/4 for F^ lambs and ewes and 
5/8 for lambs and ewes of the other inter se generations. Results of a preli
minary analysis of data from the completed experiment (1976 through 1984) are 
presented in tables 2, 3 and 4. Data were adjusted for year and age of dam. 
Data from the April breeding season is not included because of the very poor 
reproduction of most breeds during that season. The ratio of the mean of the 
F2 and F3 to the mean of the two-way and F3 was 5/7 for heterosis in ewe 
traits and 10/11 for heterosis in lamb traits if heterosis is proportional to 
heterozygosity. In the annual lambing program (table 2) initial heterosis was 
important for all traits except litter size at birth and heterosis retained in 
the F2 and F3 was greater than expected for all traits except lamb survival. 
The same was true in the August breeding season. However, in the December 
breeding season, heterosis retained in the F2 and F3 was below expectations 
based on heterozygosity, especially for litter size and weight at birth and 
percent alive at birth. Thus, it appears that the importance of recombination 
effects depends upon the environment provided by particular breeding seasons 
as well as the general climatic and production environment. In two of the 
three seasons, more heterosis was retained than expected from heterozygosity.
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Another experiment conducted at MARC involved direct comparisons of 
Suffolk, Hampshire, Fi, F2, F3, and backcross ewes (K. A. Leymaster, personal 
communication). A preliminary analysis of reproductive characteristics of the 
ewes is presented in table 5. All data were adjusted for year and age of dam. 
Postnatal traits were also adjusted for sex and level of heterosis in the 
lamb. Initial heterosis was significant for all traits except conception rate 
under multiple sire mating and percent lambs born alive (P<. 10). The contrast 
of the average performance of the F2 and F3 versus the average performance of 
the Fi and purebreds is an estimate of the net effect of recombination on 
individual, maternal and paternal performance plus one-half of any heterosis 
for maternal effects on ewe performance; adjustment for lamb heterosis removed 
the effects of paternal heterosis. This contrast was mildly negative (-3%) 
for litter size and weight at birth, but nonsignificantly positive (2%) for 
conception under single sire mating and litter weaning weight (PC.10). Thus, 
these data suggest that recombination effects may be important in crosses 
among Suffolk and Hampshire breeds for litter traits at birth but not litter 
weight weaned.

CONCLUSIONS

In some of the above experiments and for some traits, the amount of 
heterosis retained in advanced generations of crossbreeding systems was signi
ficantly less than expected if heterosis is proportional to heterozygosity.
In a few cases, significantly more heterosis was retained. Results of many of 
these experiments may be affected by the interaction of environment with geno
type or level of heterosis because they involve imported breeds such as the 
Border Leicester, Romanov and Finnsheep. Variation in results between experi
ments involving different breed combinations would be expected if epistasis is 
an important part of heterosis because breeds would differ in epistatic gene 
combinations for individual traits. For whatever reason, it appears that 
heterosis in advanced crossbred generations cannot be accurately predicted 
from initial heterosis and retained heterozygosity. Results of experiments 
conducted in France (Ricordeau et al., 1980) and the U.S. (Fogarty et al. 
1983a,b) illustrate that in some cases, development of composite populations 
or breeds is an effective method of simultaneously utilizing heterosis and 
breed effects.
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TABLE 1. Least-Squares Breed Groups Means C+ S .E .)  and Linear Contrasts Among Means from the CSIRO Experiment

Breed type 
o f ewe

% ewes % ewes L i t t e r  s ize  *  lambs a liv e  Lanb wt (kg) L i t t e r  wt (kg) Greasy fleece
marked__________ lambed_________at b ir th 3 _______ at weaning3  at weaning3  weaned/E-J3________wt (kg)

Purebred ewes
Dorset Horn(DH) 1 0 0 . 0 + 4.6 1 0 0 . 0 + 7.6 1.52 + 0 . 1 1 55.7 + 1 0 . 2 17.8 + 2 . 1 2 2 . 8 + 3.5 2 . 2 + 0 . 1

Merino(MO) 77.6 + 5.2 63.2 + 8.7 1.06 + 0.16 90.3 + 14.4 23.4 + 3.0 13.8 + 4.0 4.1 + 0 . 1

Corriedale(CO) 97.2 + 3.1 89.2 + 5.2 1.50 + 0.08 84.0 + 7.3 20.4 + 1.5 24.8 + 2.4 3.9 + 0 . 1

Mean (PB) 91.7 + 2.5 8A.1 + 4.2 1.36 + 0.07 76.7 + 6.4 20.5 + 1.3 20.4 + 2 . 0 3.4 + 0 . 1

ewesc
DH:M0 1 0 0 . 0 + 4.1 8 6 . 6 + 6 . 8 1.64 +• 0 . 1 1 75.8 + 9.8 19.3 + 2 . 0 25.4 + 3.2 3.3 + 0 . 1

DH:C0 1 0 0 . 0 + 2.9 97.5 + A.9 1.72 + 0.08 70.9 + 6.7 21.5 + 1.4 29.9 + 2.3 3.1 + 0 . 1

M0:C0 97.7 + 2.9 95.1 + A. 8 1 .44 + 0.07 81.0 + 6.5 17.8 + 1.3 2 2 . 6 + 2 . 2 3.9 + 0 . 1

Mean (F1) 99.2 + 2 . 0 93.1 + 3.3 1.60 + 0.05 75.9 + 4.6 19.5 + 1 . 0 26.0 + 1.5 3.4 + 0 . 1

ewes0

DH:M0 9 6 .A + 4.2 91.3 + 7.1 1.40 + 0 . 1 1 62.0 + 9.9 17.5 + 2 . 0 2 1 . 1 + 3.3 3.3 + 0 . 1

DH:C0 101.3 + 3.0 9A.5 + 5.1 1.57 + 0.08 6 8 . 0 + 7.1 2 1 . 0 + 1.5 25.8 + 2.4 3.1 + 0 . 1

M0:C0 _ 97.0 + 2.9 82.4 +_ A. 8 1.50 + 0.08 61.9 + 7.2 14.8 + 1.5 17.1 + 2.3 4.1 + 0 . 1

Mean (F2) 98.3 + 2 . 1 89. A + 3.5 1.49 + 0.06 64.0 + 5.0 17.8 + 1 . 0 21.3 + 1 . 6 3.5 + 0 . 1

Contrasts
( F I—PB)=h1 +7.5 + 3.2 +9.0 + 5.3* +0.24 + 0.09** -0 . 8  + 8.9 - 1 . 0  + 1 . 6 +5.6 + 2 .5* 0.0 + 0 . 1

(F2-PB)=h2 +6 . 6  + 3.3 +5.3 + 5.6 +0.13 + 0.09+ -12.7 + 8 . 2 t -2 .7  + 1.7+ +0.9 + 2.6 0 . 1 + 0 . 1

h2 - 1 / 2 h1 +2.9 + 2.6 +0.8 + 4.4 +0.01 + 0.07 -12.3 + 6.3* - 2 . 2  + 1.3* -1 .9  + 2.0 0 . 1 + 0 . 1

a Based on ewes lanbing. 
b EJ = ewes joined (o r exposed) fo r mating. 
c F-j = rec ip roca l crosses of the breeds sp ecified , 
d F2  = a l l  crosses from in te r se matings of F-| breeds sp ec ified , 

t  P<.10 
* P<.05 

**  P<.01
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TABLE 2 . Least-Squares Breed Group Means and Linear Contrasts Among Means for T ra it s  Measured in  Annual Lambing Program from 
Maternal Breed Development Pro ject at MARCa

Breed Conception, Lambs % Born Born L it te r Postnatal Lambs L it te r
o f ewe % Born A live a live BWT, kg su rv iv a l, % weaned weaning wt, kg

Purebred(P)b 7 3 .3 2.127 89.7 1.880 8 . 0 2 6 6 . 8 1.282 14.74
2 -wayc 89.1 2.062 95.9 1.914 8.49 82.0 1.494 18.79
F 1d 8 6 . 1 2.185 91.3 1.977 8.14 69.7 1.452 16.67
F2 88.5 2.189 94.3 2.042 8.35 75.6 1.565 18.70
F3 84.5 2.244 91.1 2.037 8.49 71.1 1.494 18.03
Range o f S .E . 1.3 -  7.6 .025 - .129 1.0 -  4.3 .026 - .140 .08 -  .41 1.3 -  6.7 .025 -  .132 .30 -  1.65

2-way -  P 15.8* -.065 6 . 2 .034 .47 15.2* . 2 1 2 4.05**
F 1 -  £ 1 2 . 8 ** .058 1 . 6 .097 . 1 2 2.9 .170* 1.93t
f 2 -  P 15.2** •062t 4 .6** . 162** .33** 8 . 8 ** .282** 3.96**
f 3  -  P 1 1 . 2 ** .117** 1.4 .157** .47** 4 .3** . 2 1 0 ** 3.28**
Range o f S .E . 1.8 - 7.7 .034 -  .131 1.1 -  4.3 .037 -  .142 .11 -  .41 1 . 8  -  6 . 8 .035 -  .134 .43 -  1.67

Xl =1/2(2-way+F_L) -P 14.3** -.004 3.9* .066 .30* 9 .1** .191* 2.99*
X2 =1/ 2 (F 2 +F3)-P 13.2** .090* 3.0* .160** .40** 6 . 6 ** .246** 3.62**
x2/ x 1e .92 -25.57 .77 2.42 1.33 .72 1.29 1 . 2 1

a
b
c
d
e

Prelim inary ana lysis of inpublished data; model included fixed e ffec ts  of year, age of dam and breed; 5,490 ewes exposed. 
Weighted mean of purebreds; 1/2 Finnsheep, 1/4 Su ffo lk , 1/4 Targhee.
Weighted mean of two-breed crosses derived by mating Finnsheep with Targhee or Su ffo lk .
F i r s t  generation that ind iv id ua ls were 1/2 Finnsheep, 1/4 Su ffo lk , 1/4 Targhee.
Expected value is  .71 for ewe t r a i t s  and .91 for lamb t r a i t s  i f  heterosis i s  proportional to heterozygosity, 
t  P<.10 
* P<.05
** P<.01
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S TABLE 3 . Least-Squares Breed Group Means and Linear Contrasts Among Means for T ra it s  Measured in  the August Breeding Season o f the 

Accelerated Lanbing Program from Maternal Breed Development P ro ject at MARC3

Breed 
o f ewe

Conception,
*

Lambs
Born

% Born 
A live

Born
a live

L it t e r  
BWT, kq

Postnatal 
su rv iva l ,55

Lanbs
weaned

L it t e r
weaning wt,kq

Purebred(P)b 53.6 2.026 87.9 1.742 7.45 71.3 1.282 15.26
2 -wayc 60.9 2.057 92.2 1 . 8 8 6 7.57 79.5 1.469 17.52

F ld 69.8 2.038 92.5 1.821 7.41 82.8 1.509 18.12

p 2 71.8 2.042 90.9 1.828 7.38 80.4 1.474 18.19
71.5 2.108 90.2 1.875 7.65 79.1 1.537 18.62

Range o f S .E . 1.1 - 3.0 .021 -  .054 .9 -  2.3 . 0 2 2  -  .060 .06 -  .18 1.1 -  3.0 .022 -  .058 .27 -  .71

2-way -  P 7 .3** .031 4.3* .144 . 1 2 8 . 2 * . 187** 2.26**
F , -  P 16.2** . 0 1 2 4.5* .080 -.04 11.5** .227** 2.85**

f 2  -  P 18.2** .016 2.9 .086t -.07 9 .1** .192** 2.93**
f 3  -  P 17.9** .082** 2 . 2 t .133** • 2 0 t 7 .8** .255** 3.35**
Range o f S .E . 1.8 -  3.1 .033 -  .056 1.4 -  2.3 .036 -  .062 . 1 1  -  .18

K\1co .035 -  .060 .43 -  .73

X1 =1/2(2-way+F_L).-P 1 1 . 8 ** . 0 2 2 4.4* . 1 1 2 * .04 9 .8** .207** 2.56**
X ,=1/2(F^-F,)-P 18.1** .049* 2 . 6 t . 1 1 0 * .06 8 .4** .224** 3.14**
X2 / X ie 1.53 2.23 .58 .98 1.62 . 8 6 1.08 1.23

3  Prelim inary ana lys is o f inpublished data; model included fixed e ffe c ts  of year, age of dam and breed; 7,770 ewes exposed to rams. 
b Weighted mean of purebreds; 1/2 Finnsheep, 1/4 Dorset, 1/4 Rambouillet.
c Weighted mean of two-breed cross derived by mating Finnsheep rams to Dorset and Rambouillet ewes. 
b F ir s t  generation that ind iv id u a ls  were 1/2 Finnsheep, 1/4 Dorset, 1/4 Ranbouille t.
e Expected value i s  .71 for ewe t r a i t s  and .91 for lamb t r a i t s  i f  heterosis i s  proportional to heterozygosity, 

t  P<.10 
*  P<.05 

** P<.01
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TABLE 4 . Least-Squares Breed Group Means and Linear Contrasts Among Means for T ra it s  Measured in  the December Breeding Season of the 
Accelerated Program from Maternal Breed Development Pro ject at MARC3

Breed 
o f ewe

Conception,
%

Larrbs
Born

% Born 
A live

Born
a liv e

L it t e r  
BWT, kg

Postnatal 
su rv iv a l, %

Lanbs
weaned

L it t e r
weaninq wt,kq

Purebred(P)b 65.5 2.016 90.6 1.772 7.14 75.5 1.352 14.79
2 -wayc 77.0 2.074 96.0 1.971 7.60 82.7 1.579 17.17

F 1d 83.5 2.146 92.3 1.923 7.29 83.4 1.602 17.80

f 2 77.9 2 . 0 2 0 91.9 1.825 7.03 82.6 1.515 15.88

f 3 80.4 2.029 93.3 1.849 7.20 82.2 1.527 16.96
Range o f S .E . 1.3 -  3.8 .024 -  .067 .9 - 2.5 .026 -  .072 .08 -  . 2 1 1.4 - 3.9 .026 -  .071 .28 -  .79

2-way -  P 11.5** .058 5.4t .199** .46** 7.2* .228** 2.38**

F i - p 18.0** .130** 1.7 .151** .14 7 .9** .250** 3.00**
f 2  -  P 12.4** .005 1.3 .054 - . 1 1 7.1** .164** 1.09**

f 3 -  P 14.9** .014 2.7* .077 .06 6 .7** .176** 2.17**
Range o f S .E . 2 .0 - 3.9 .032 - .070 1 . 2  -  2 . 6 .034 - .075 . 1 0  -  . 2 2 1.8 -  4.0 .034 -  .074 .38 -  .82

X i =1/2( 2-way+Fj )̂ -P 14.8** .094* 3 .6t .175** .30* 7 .6** .239** 2.69**
X2 =1/2(F-7+-Fx)-P 13.6** .009 2 . 0 t .066t - . 0 2 6 .9** .170** 1.63**
X2 /X.,e .92 . 1 0 .56 .37 -.08 .91 .71 .61

3  Prelim inary ana lys is of inpib lished data; model included fixed e ffec ts  of year, age of dam and breed; 6,520 ewes exposed. 
b Weighted mean of purebreds; 1/2 Finnsheep, 1/4 Dorset, 1/4 Raubouille t.
0  Weighted mean of two-breed cross derived by mating Finnsheep rams to Dorset and Raubouillet ewes. 
b F ir s t  generation that ind iv id uals were 1/2 Finnsheep, 1/4 Dorset, 1/4 Raubouille t.
e Expected value i s  .71 for ewe t r a i t s  and .91 for lamb t r a i t s  i f  heterosis i s  proportional to heterozygosity, 

t  PC .10 
* PC.05 

** PC.01



508 TABLE 5 . Least-Squares Breed Group Means and Linear Contrasts Among Means for T ra it s  Measured in  the Suffolk-Hampshire Crossbreeding 
Experiment at MARC

Breed 
o f ewe

Conception, %a,b 
Single M ultip le

Lanbs
BornP

% Born 
A livec .d

Born
a live c ,d

L it t e r  
BWT, kqC,d

Postnatal 
su rv iva l (%)d,e

Lambs
weanedc.d

L it t e r  weaning 
wt (kq )c,d

Purebred(P) 73.6 89.3 1.484 89.7 1.349 7.96 72.7 .953 24.0

F 1 79.4 94.3 1.544 92.0 1.442 8.31 77.8 1.097 27.6
Suffolk backcross 82.7 77.0 1.446 92.4 1.356 8 . 1 2 73.3 .982 25.2
Hamp backcross 77.4 84.4 1.527 90.0 1.384 8.05 69.8 .956 23.6

F 2 79.8 85.7 1.462 90.1 1.335 7.96 78.4 1.030 26.3

f 3 75.9 96.3 1.460 90.8 1.343 7.75 73.6 .979 24.9
Range o f S .E . 1.6 -  3.6 3.6 -  4 .5 .019 -  .049 1.0 - 2.7 .022 -  .058 .08 -  . 2 2 1.5 - 3.8 .024 -  .064 . 6  -  1.5

F 1 -  P 5 .9** 4.9 .060* 2 .3t .093** .35** 5 .1** . 144*** 3 .6***

(Fo+F-z)-(F-i+P)
----2— 1.4 - . 8 - .053t - .4 -.056t - .2 8* .7 - . 0 2 0 - . 2

f 3  -  f 2 -3 .9 1 0 . 6 * - . 0 0 2 .7 .008 - . 2 1 -4 .8 -.051 -1 .4

(F 2 +F3 ) / 2 -P 4 .3 t 1.7 -.024 .7 - . 0 1 0 - . 1 0 3.3 .051 1 . 6 t

Range of S .E . 2.1 - 3.3 3.7 -  5.4 .024 -  .044 1.3 -  2.4 .028 -  .052 . 1 1  - . 2 0 1.9 - 3.4 .031 - .057 .7 -  1.4

a Based on 2,632 s in g le -s ire  matings and 379 m ultip le s ir e  matings, the la t te r  a l l  mature ewes, 
b E ffe c ts  of age of dam, year and dam lin e  were f it te d .
G Based on 3,782 records of lambing ewes.
d Records were adjusted to a male and 100% lamb heterosis basis and e ffe c ts  of age of dam, year and dam lin e  were f it t e d . 
e Based on 3,474 records of ewes giving b ir th  to l iv e  lambs, 

t  P<.10 
* PC.05 

** PC.01 
***  PC.001
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