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Genetic parameters among weight, prolificacy, and wool traits of Columbia,
Polypay, Rambouillet, and Targhee sheep1

C. M. Bromley*,2,3, G. D. Snowder†, and L. D. Van Vleck‡

*Department of Animal Science, University of Nebraska, Lincoln 68583-0908; USDA, ARS,
†U.S. Sheep Experimental Station, Dubois, ID 83423; and ‡Roman L. Hruska

U.S. Meat Animal Research Center, Lincoln 68583-0908

ABSTRACT: Genetic parameters for Columbia, Pol-
ypay, Rambouillet, and Targhee sheep were estimated
using REML with animal models for prolificacy, weight,
and wool traits. All bivariate analyses included a covari-
ance between additive genetic effects for the two traits
plus appropriate additional covariances. Number of ob-
servations by breed ranged from 5,140 to 7,095 for pro-
lificacy traits, from 7,750 to 9,530 for weight traits,
and from 4,603 to 34,746 for wool traits. Heritability
estimates ranged from .03 to .11 for prolificacy traits
(litter size at birth and litter size at weaning), from .09
to .26 for weight traits (birth weight and average daily
gain), and from .25 to .53 for wool traits (fleece weight,
fleece grade and staple length). Estimates of direct ge-
netic correlations among prolificacy and among weight
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Introduction

When a species produces more than one commodity,
such as meat and wool, as is the case with dual-purpose
sheep, benefits from genetic response are expressed as
increased profitability due to improvement in wool pro-
duction, reproductive ability, and lamb weight (Dick-
erson, 1970; Lasley, 1978; Nawaz et al., 1992; Sakul et
al., 1994). In previous studies, correlations have been
reported between lambing rate and various measures
of wool traits (Shelton and Menzies, 1968; O Ferrall,
1976; Saboulard et al., 1995), between weight and wool
traits (Lasley, 1978), between different wool measures
(Iman et al., 1992), between ewe reproduction and
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traits were positive and ranged from .58 to 1.00 and
.18 to 1.00, respectively. Estimates of direct genetic
correlation between fleece weight and staple length
were positive (.50 to .70) but were negative between
fleece weight and fleece grade (−.60 to −.34) and between
staple length and fleece grade (−.72 and −.40). Pro-
lificacy and wool traits were essentially uncorrelated.
Weight and prolificacy traits were slightly positively
correlated. Weight traits had a moderate positive direct
genetic correlation with fleece weight and staple length,
but were uncorrelated with fleece grade. These esti-
mates of genetic parameters between prolificacy,
weight, and wool traits can be used to construct multi-
ple-trait selection indexes for dual-purpose sheep.

weight traits (Al-Shorepy and Notter, 1996), between
weight and carcass traits (Sakul et al., 1993;
Thorsteinsson et al., 1994), and between survival and
cumulative lamb and wool production (Nawaz et al.,
1992). For selection response to be favorable in dual-
purpose sheep, reliable estimates of genetic parameters
are needed. The presence of undesirable genetic correla-
tions can undermine single-trait selection. Estimates
of genetic correlations among reproduction, growth, and
wool traits are not complete in the literature. Therefore,
the objective of this study was to estimate genetic pa-
rameters among prolificacy, growth, and wool traits in
Columbia, Polypay, Rambouillet, and Targhee breeds.

Materials and Methods

Animals and Management

Data were records of animals of Columbia, Polypay,
Rambouillet, and Targhee breeds measured at the
United States Sheep Experiment Station, Dubois, ID.
The U.S. Sheep Experiment Station developed three
of these breeds: Columbia, Targhee, and Polypay. The
Rambouillet contributed to the base ewe stock in devel- 
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opment of the Columbia, Targhee, and Polypay breeds.
The Columbia was developed in 1912 from a cross of
Lincoln rams on Rambouillet ewes. The Targhee origi-
nated from crossing Rambouillet rams on cross-bred
ewes of Rambouillet, Lincoln, and Corriedale germ-
plasm followed by selection. Third-generation Targhee
breeding stock were released to the public in about
1938. The Polypay breed is a four-breed composite from
Dorset × Targhee and Finnsheep × Rambouillet crosses.
The Polypay breed was released to the public in about
1975. The foundation Targhee and Rambouillet ewes
used in creating the Polypay were not returned to the
station’s Targhee and Rambouillet breed lines. The
breeding development of the Polypay was closed in
about 1970 followed by selection and inter se mating.

The base populations were assumed to be noninbred.
Preliminary analyses of these data from 1970 to 1975
indicated that the average inbreeding coefficient was
less than 5% for each of these breeds. The U.S. Sheep
Experiment Station maintained large populations of
each of the breeds during the study. The Polypay foun-
dation flock consisted of approximately 300 ewes and
increased to a maximum of approximately 900 ewes. In
all breeds and selection lines within each breed, multi-
ple sires were used under a mating system designed to
minimize inbreeding depression.

Number of animals in pedigrees and with records per
breed and type of trait are shown in Table 1. Means
and unadjusted standard deviations for each trait by
breed are shown in Table 2. Ercanbrack and Knight
(1998) have described general management of these
flocks. Yearlings that lambed were mixed with mature

Table 1. Numbers of records, animals with records, and sires and dams of animalsa

with records for prolificacy, weight, and wool traits by breed

Breed

Trait and number Columbia Polypay Rambouillet Targhee

Prolificacy
Records 5,140 7,095 5,695 6,452
Animals with records 1,941 3,261 2,268 2,402

Sires 241 500 404 453
Dams 1,129 1,953 1,337 1,382

Weight
Records 7,750 9,524 9,530 9,321
Animals with records 7,750 9,524 9,530 9,321

Sires 263 246 451 492
Dams 2,095 2,285 2,435 2,577

Wool
Fleece weight and grade

Records 11,673 34,746 18,443 15,014
Animals with records 4,239 13,544 6,434 5,459
Sires 286 869 559 536
Dams 1,709 5,462 2,390 2,203

Staple length
Records 4,603 13,049 7,080 5,534
Animals with records 3,271 11,004 5,475 4,435
Sires 276 784 531 511
Dams 1,406 4,648 2,110 1,855

aNumbers of animals in pedigrees were 10,431; 24,784; 13,769; and 12,939 for Columbia, Polypay, Ram-
bouillet, and Targee, respectively.

ewes and managed as part of a range band. The ewes
were lambed in sheds at Dubois during April and May.
During the late spring and through summer, ewes with
lambs at side were herded in one of two or three bands
of grazing flocks on high-elevation mountain ranges.
Lambs were weaned in early September and grazed on
pastures or fields for a few weeks before moving to the
feedlot, where wethers were finished. Ewes were fall-
grazed on sagebrush grasslands until breeding. Rams
were summer-grazed on high meadow pasture and
wintered in feedlot.

Prolificacy Traits. Prolificacy data were reported for
the period 1974 to 1996. Measurements are based on
per ewe exposed. Prolificacy traits were observed on
ewes ranging from 7 mo to 12 yr of age at breeding.
With the need for sire identity, most ewes were bred
in pens for 21 d with single-sire matings. Following
pen breeding, ewes grazed winter ranges until weather
required moving them to a feedlot and were fed a late-
gestation diet to condition them for lambing. Ewe lambs
were bred at 7 mo of age to lamb as yearlings. Data
from ewes exposed to rams and present during the sub-
sequent lambing season were included in the analysis
for prolificacy traits. A summary of prolificacy traits for
the period from 1974 to 1996 is reported in Table 2 and
is based on all ewes lambing. Proportion of live births
was high and ranged from 97 to 100% across all birth
types and breeds.

Weight Traits. Birth weight was from lambs that were
born alive and survived to weaning. Individual weaning
weight was adjusted to 120 d of age, using individual
birth weight and average daily gain from birth to wean- 

http://jas.fass.org


Bromley et al.848

Table 2. Unadjusted means and standard deviations (SD) of prolificacy, weight, and
wool traits for Columbia, Polypay, Rambouillet, and Targhee breeds

Columbia Polypay Rambouillet Targhee

Trait Mean SD Mean SD Mean SD Mean SD

Prolificacy traits (trait of ewe)
Live births, n 1.60 .59 1.84 .68 1.63 .59 1.58 .58
Litter size born, n 1.61 .59 1.84 .67 1.63 .59 1.58 .57
Litter size at weaning, n 1.28 .64 1.39 .66 1.28 .64 1.22 .64

Weight traits (trait of lamb)
Birth weight, kg 5.0 .9 4.0 .8 4.7 .8 5.0 .9
Weaning weight, kg 36.4 6.8 33.7 6.0 32.7 5.8 33.8 6.7
Average daily gain, g 262 53 247 47 233 45 241 53

Wool traits
Fleece weight, kg 5.1 1.1 3.8 1.1 4.6 1.1 4.8 1.1
Fleece grade 57.4 2.6 57.7 3.1 61.5 2.8 59.6 2.6
Staple length, cm 8.3 3.3 7.8 3.2 7.2 2.9 7.9 3.2

ing. Average daily gain was calculated as the difference
in weight between weaning and birth divided by age in
days at weaning.

Wool Traits. Shearing was conducted in late May at
the headquarters facility. Fleeces were weighed with
belly and face wool removed (greasy fleece weight). Sta-
ple length was measured on ewe and ram lambs, all
ewes, and mature rams (to 3 yr) prior to shearing at
midside without stretching the fiber. Before 1990, three
staple length measures were taken at midside by differ-
ent individuals and averaged. Since 1990, only one mid-
side measurement has been taken. Fleeces were visu-
ally graded, sorted, and bagged by quality grade. Fleece
grade was assigned immediately after shearing and
expressed as a visual estimate of the USDA spinning
count grade. Day and year shorn were recorded.

Statistical Analyses

All analyses were done separately for each breed.
Individual models were developed for each trait and
then extended to the various combinations of two-trait
models. Effects that explained less than .01 of total
variance were dropped from the model for bivariate
analyses. Sets of analyses were first conducted within
each of three groups of traits. The first group was pro-
lificacy traits and included number of live births, litter
size at birth, and litter size at weaning. The second
group was weight traits of lambs and included birth
weight, weaning weight, and average daily gain to
weaning. The third group was wool traits and included
fleece weight, fleece grade, and staple length. Other
sets of analyses were then conducted separately for
each breed for pairs of traits from different groups of
traits.

Prolificacy Traits. The basic linear model for pro-
lificacy traits was

y = Xβ + Zaa + Zpepe + Zmsms + ε

where y is the vector of records; β, a, pe, and ms are
vectors of fixed, additive genetic, permanent environ-

mental (of animal), and mating sire effects, respec-
tively; with association matrices X, Za, Zpe, and Zms and
ε a vector of residual effects.

The fixed effect vector included effects of age of ewe
at lambing and year of lambing. Age of ewe was age at
the beginning of the lambing season rounded to the
nearest whole year. Estimates of genetic parameters
for prolificacy were on a basis of per ewe lambing. In
the analysis of litter size at weaning (number of lambs
weaned per ewe lambing), number of lambs present
with their biological mother was the variable analyzed.
Litter size at birth included live births as well as lambs
that died during or shortly after birth. Live births did
not include lambs dead at birth or stillborn. For litter
size at weaning, the additional effect of foster code was
included as a fixed effect. If a lamb was raised by a
foster dam, the record of that lamb was not credited to
the biological mother. Records of such fostered animals
were deleted from analyses of weight traits. For litter
size at weaning, a foster code was assigned as a covari-
ate (1 if a ewe did not foster a lamb and 2 if a ewe did
foster an additional lamb).

The (co)variance structure for random effects for pro-
lificacy traits was

V [a
pe
ms
e ] = [Aσ2

a 0 0 0

0 Ipeσ
2
pe 0 0

0 0 Imsσ
2
ms 0

0 0 0 Inσ
2
e
]

where A is the numerator relationship matrix; σ2
a is the

additive genetic variance of ewes; σ2pe is the variance
of permanent environmental effects of ewes; σ2

ms is the
variance of effects associated with mating sires; σ2

e is
the residual variance; and Ipe, Ims, and In are identity
matrices with order equal to the number of ewes (pe),
mating sires (ms), and records (n), respectively.

Van Zyl (1998), who used the same data, reported
genetic correlations between number of live births and 
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litter size at birth to be nearly unity for Columbia,
Polypay, Rambouillet, and Targhee sheep. The high
correlation between these two traits can be explained
by the fact that fewer than 2% of lambs were born dead.
Brash et al. (1994) reported a direct genetic correlation
of .83 between live births and litter size at birth for
Australian dual-purpose and meat sheep breeds. There-
fore, only analyses with litter size at birth trait are
reported for the bivariate analyses of prolificacy traits
with weight and wool traits.

Weight Traits. The model for weight traits was

y = Xβ + Zaa + Zmm + Zpepe + ε

where y is the vector of records; β, a, m, and pe are
vectors of fixed, additive direct genetic, additive mater-
nal genetic, and permanent environmental maternal
genetic effects, respectively; with association matrices
X, Za, Zm, and Zpe, and ε is a vector of residual effects.
The fixed effect vector included effects associated with
sex of lamb, age of dam, and band by year combination
as well as type of birth and rearing combination. One
of nine types of birth and rearing combinations was
assigned to each lamb to account for a lamb born as a
single, twin, triplet, or quadruplet, and for being reared
as an orphan or by its own or by a foster dam. To account
for the grazing environment before weaning, range flock
or band was combined with year in which lambs were
weaned as a contemporary group effect.

The (co)variance structure of random effects for
weight traits was

V [a
m
pe
e ] = [Aσ2

a Aσam 0 0

Aσam Aσ2
m 0 0

0 0 Ipeσ
2
pe 0

0 0 0 Inσ
2
e
]

where A is the numerator relationship matrix, σ2
a is the

direct additive genetic variance, σ2
m is the maternal

additive genetic variance, σam is the direct-maternal
additive genetic covariance, σ2

pe is the maternal perma-
nent environmental variance, σ2

e is the residual vari-
ance, and Ipe and In are identity matrices with order
equal to the number of dams and records, respectively.

Estimates of genetic parameters for individual lamb
weaning weight are not reported. The thesis of Van
Zyl (1998), who used the same data, reported genetic
correlations between lamb weaning weight and average
daily gain from birth to weaning (120 d) to be near
unity for all of the breeds. Therefore, average daily
gain and weaning weight were considered essentially
identical traits in this analyses and only estimates of
genetic parameters for average daily gain are in-
cluded here.

Wool Traits. The model for wool traits was

y = Xβ + Zaa + Zpepe + ε

where y is the vector of records; β, a, pe, and ε are
vectors of fixed, additive animal genetic, animal perma-
nent environmental, and residual effects, respectively;
with association matrices X, Za, and Zpe. A dam effect
to account for maternal effects was initially included
in the model but was subsequently excluded because
the estimate of the variance component was zero for all
wool traits and breeds. Day of year shorn as an indicator
of contemporary group and a combined effect of sex by
age of animal by year of shearing were included as fixed
effects. The (co)variance structure for wool traits was

V [ape
e ] = [Aσ2

a 0 0

0 Ipeσ
2
pe 0

0 0 Inσ
2

pe
]

where A is the numerator relationship matrix, σ2
a is the

additive genetic variance,σ2
pe is the permanent environ-

mental variance associated with the animal, σ2
e is the

residual variance, and Ipe is an identity matrix with
order equal to the number of animals with records.

Bivariate Analyses. For the bivariate analyses, the
final models developed from the single-trait analyses
were combined with appropriate covariances between
random effects in the models (Table 3).

Both temporary and permanent environmental co-
variances were estimated. Permanent environmental
effects were associated with the animal for wool traits,
with the ewe for analyses of pairs of prolificacy traits,
and with the dam of the animal on which the trait was
observed for weight traits. The estimates of variance
due to permanent environmental effects for fleece grade
and staple length were near zero, and, therefore, the
effect was omitted from bivariate analyses for those
traits.

Although environmental covariance for two traits
measured at different times can be forced into the covar-
iance between permanent environmental effects, inter-
pretation requires some caution when one trait cannot
have repeated measures (Okut et al., 1999). Because
of the complete confounding between the permanent
environmental and residual effects for the trait without
reported measures, variance due to those effects can go
to either component of variance, which also complicates
interpretation of the correlations among permanent en-
vironmental effects. One way to interpret the residual
and permanent environmental variances and covari-
ances is 1) to calculate a combined environmental vari-
ance from the sum of the original residual and perma-
nent environmental variance components and 2) to cal-
culate an environmental correlation as in the following 

http://jas.fass.org


Bromley et al.850

Table 3. Description of fixed and random factors in animal models associated
with prolificacy, weight, and wool traits

Trait(s) Fixed factor Random factor

Litter size at birth Age of ewe (year) Direct genetic (ewe)
Year of reproduction Permanent environmental (ewe)

Litter size at weaning Age of ewe (year) Direct genetic (ewe)
Year of reproduction Permanent environmental (ewe)
Foster code

Birth weight, kg, and Sex of animal Direct genetic (animal)
weaning weight, kg Age of dam (year) Maternal genetic (dam)
Average daily gain, g Band by birth year Permanent environmental (dam)

Type of birth and rearing code
Fleece weight, kg Age, year, and sex combination Direct genetic (animal)

Day in year shorn Permanent environmental (animal)
Fleece grade and Age, year, and sex combination Direct genetic (animal)
Staple length, cm Day in year shorn

formula for the environmental correlation between
measures of traits i and j:

reij
= [rpeij

(pe2
i × pe2

j ).5]/[(pe2
i + e2

i ) (pe2
j + e2

j )].5

where rpeij
is the correlation between permanent envi-

ronmental effects, pe2
i and pe2

j are fractions of variance
due to permanent environmental effects, and e2

i and
e2

j are fractions of variance due to residual effects for
traits i and j. As shown later for all pairs of traits with
one trait measured once and the other trait having
repeated measurements, the combined environmental
correlations were all near zero even though the original
correlations between permanent environmental effects
may have been large.

(Co)variance components were estimated with a de-
rivative-free REML algorithm (DFREML; Graser et
al., 1987) using the MTDFREML computer programs
(Boldman et al., 1995). Local convergence was consid-
ered reached when the variance of the −2 log likelihoods
in the simplex was less than 10−6. Restarts at local
convergence were done with global convergence de-
clared when −2 log likelihood did not change to the
third decimal.

Results and Discussion

Within Trait Groups

With the number of trait combinations in these analy-
ses, the models for each trait were not set up to include
only significant fixed factors but were general for the
type of trait. With the number of degrees of freedom
available, unnecessary fixed factors should not affect
estimates of (co)variance components. The software
used does not calculate approximations for the sam-
pling variances.

Prolificacy Traits. Estimates of (co)variance compo-
nents between different combinations of prolificacy

traits are reported in Table 4. Similar estimates of di-
rect genetic heritabilities for prolificacy traits were ob-
tained from bivariate and single-trait analyses. For ex-
ample, estimates of direct genetic heritabilities ranged
from .03 to .12 for the bivariate analyses, compared
with estimates of direct genetic heritabilities from .03 to
.11 for the single-trait analyses. Al-Shorepy and Notter
(1996) reported estimates of heritability of .05 to .10
for litter size born in a 50% Dorset, 25% Rambouillet,
25% Finnsheep composite population. Fogarty (1995)
reported a mean estimate of heritability of .10 for litter
size from a review of 53 estimates. Estimates of vari-
ance due to permanent environmental effects of ewes
as proportion of total variance were small (from .01
to .07).

Estimates of direct genetic correlation between litter
size at birth and litter size at weaning were moderate
to large and positive (.58 to 1.00) in agreement with
Saboulard et al. (1995) who reported a genetic correla-
tion of .86 between litter size at birth and litter size
at weaning.

Estimates of heritability for prolificacy traits were
low, which suggests that selection to improve reproduc-
tion in these dual-purpose sheep breeds would be slow.
However, the economic value of response to selection
for litter size would justify their emphasis in a selection
program (Wang and Dickerson, 1991). Large positive
estimates of genetic correlations between litter size at
birth and weaning (.58 to 1.00) indicate that many of the
same genes are involved in expression of these traits.
Selection for any of these individual prolificacy traits
would also increase genetic merit for the others.

Estimated correlations between permanent environ-
mental effects for litter size at birth and litter size at
weaning ranged from −.99 to .22. Little inference can be
derived from these estimates because of the relatively
small estimates of variance components due to perma-
nent environmental effects.

Weight Traits. Estimates of (co)variance components
between birth weight and average daily gain to weaning
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Table 4. Estimates of genetic parametersa for litter size at birth (Trait 1)
and weaning (Trait 2) from bivariate analyses

Breed h2
a1 h2

a2 ra1a2 pe2
a1 pe2

a2 rpe1pe2 e2
a1 h2

a2 re1e2 σ2
a1 σ2

a2

Columbia .07 .03 1.00 .03 .07 .22 .91 .91 .51 .30 .36
Polypay .12 .05 .66 .01 .02 −.99 .87 .98 .42 .37 .35
Rambouillet .08 .06 .68 .04 .04 .24 .87 .90 .45 .27 .34
Targhee .11 .07 .58 .01 .02 −.53 .88 .92 .46 .27 .36

ah2
ai = direct heritability for trait i; ra1a2 = correlation between direct additive genetic effects; pe2

i = variance
due to permanent environmental effects of ewes as proportion of total variance for trait i; rpe1pe2 = correlation
between permanent environmental effects of ewes; e2

i = variance due to temporary environmental effects of
ewes as proportion of total variance for trait i; re1e2 = correlation between residual effects; σ2

i = phenotypic
variance for trait i.

are reported in Table 5. Estimates of direct heritabilit-
ies from bivariate and single-trait analyses were similar
for average daily gain, but smaller estimates of direct
heritabilities for birth weight were found for bivariate
analyses in Columbia (.25 vs .18), Rambouillet (.24 vs
.19), and Targhee (.26 vs .22). Estimates of maternal
heritability from bivariate and single-trait analyses
were similar.

Estimates of genetic correlation between direct and
maternal effects varied across breeds and traits. Colum-
bia and Polypay breeds had moderate estimates of ma-
ternal genetic correlation between birth weight and av-
erage daily gain, but it was unclear why for Rambouillet
and Targhee breeds the estimates were near zero. The
range of estimates may be due to breed differences or
to sampling variation. Estimates of variance due to
permanent environmental effects of ewes as proportion
of total variance also were similar in single-trait and
bivariate analyses and ranged from .04 to .11.

Differences between breeds for estimates of direct
genetic correlation between birth weight and average
daily gain were found with the highest estimate for
Polypay of .57 and the lowest estimate for Columbia
of .18. If these differences are real, such differences
between breeds for direct genetic correlation would sug-
gest that different responses for direct genetic merit
for birth weight might be expected in different breeds
if selection is practiced for increased average daily gain
or weaning weight. The low-to-moderate positive esti-
mates of direct genetic correlation between birth weight

Table 5. Estimates of genetic parametersa for birth weight (Trait 1, kg) and average daily gain
(Trait 2, g) from bivariate analyses

Breed h2
a1 h2

a2 ra1a2 h2
m1 h2

m2 rm1m2 ra1m1 ra1m2 ra2m1 ra2m2 pe2
1 pe2

2 rpe1pe2 e2
1 h2

2 re1e2 σ2
1 σ2

2

Columbia .18 .07 .18 .24 .04 .38 −.20 −.12 .09 .21 .09 .07 .46 .54 .81 .29 .74 1,701
Polypay .16 .20 .57 .21 .05 .40 .12 .00 .07 −.12 .10 .04 .48 .50 .72 .28 .55 1,442
Rambouillet .19 .11 .31 .18 .05 −.03 −.09 .06 −.02 .52 .11 .07 .63 .54 .74 .24 .54 1,256
Targhee .22 .16 .43 .19 .04 −.03 .08 −.06 .21 .12 .10 .09 .56 .47 .71 .20 .67 1,693

ah2
ai = direct heritability due to trait i; ra1a2 = correlation between direct additive genetic effects; raimj = correlation between direct additive

genetic effect of trait i and maternal genetic effect of trait j; pe2
i = variance due to permanent environmental effects of ewes as proportion of

total variance for trait i; rpe1pe2 = correlation between permanent environmental effects of ewes; e2
i = variance due to temporary environmental

effects of ewes as proportion of total variance for trait i; re1e2 = correlation between residual effects; σ2
i = phenotypic variance for trait i.

and average daily gain suggest that animals of above-
average birth weight should also tend to be above aver-
age in genetic merit for average daily gain and wean-
ing weight.

Estimates of maternal genetic correlation between
birth weight and average daily gain ranged from −.03
to .40. These estimates suggest that, for Rambouillet
and Targhee breeds, little correlation exists between
maternal effects on birth weight and maternal effects
on weaning weight or average daily gain, whereas, for
Columbia and Polypay breeds, a moderate maternal
genetic correlation may exist between the traits. If such
estimates are not the result of sampling error, Colum-
bia and Polypay ewes that are above genetic merit to
produce lambs with higher average daily gain and
weaning weight would tend also to give birth to heav-
ier lambs.

Heritability estimates in this study were in general
agreement with literature values. Estimates for herita-
bility of birth weight were intermediate to those re-
ported for Romanov sheep by Maria et al. (1993); cross-
bred sheep by Martin et al. (1980); and Hampshire,
Dorset and Romanov sheep by Tosh and Kemp (1994)
but were slightly higher than those reported by Näs-
holm and Danell (1996) for Swedish finewool sheep.
Estimates for the heritability of preweaning average
daily gain were smaller than those reported by Ercan-
brack and Price (1977) for Rambouillet and Targhee
lambs (.27 and .36, respectively) but similar to their
estimate for Columbia lambs (.08). Other studies have 
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also reported small heritability estimates for prewean-
ing gain (Harrington et al., 1962; Vogt et al., 1967;
Thrift et al., 1973). Similarly, estimates for the herita-
bility of average daily gain to weaning were similar to
those for weaning weight reported by Tosh and Kemp
(1994) and Al-Shorepy and Notter (1996). Al-Shorepy
and Notter (1996) also reported that weaning weight
was strongly influenced by maternal genetic and per-
manent environmental effects. Wolf et al. (1981) re-
ported estimates of genetic correlations for crossbred
lambs between direct and maternal estimates ranging
from −.02 to .06 for weights at birth to 84 d. Snowder and
Glimp (1991) showed that the phenotypic correlation
between the dam’s milk production and the growth of
her lambs decreases over time. Näsholm and Danell
(1996) also reported relatively large estimates of mater-
nal heritability for birth weight and average daily gain.

Maternal genetic effects have usually not been con-
sidered when analyzing sheep weights (Näsholm and
Danell, 1994). If maternal effects are present, but not
considered, estimates of direct genetic variance may
include variation due to maternal genetic effects. For
all four breeds, maternal genetic effects were of much
more importance for birth weight than for average daily
gain. When maternal genetic effects are included in the
model and the direct-maternal genetic correlation is
positive, estimates of direct heritability are expected to
be reduced and to be increased when the direct-mater-
nal genetic correlation is negative. In a review by Meyer
(1992) of beef cattle analyses, both positive and negative
estimates of direct-maternal correlations were pre-
sented. Robison (1972) pointed out that negative esti-
mates of direct-maternal genetic correlations might be
due to a failure to model environmental effects ade-
quately. Possible negative environmental covariance
between dam and offspring that is not accounted for
may also bias the direct-maternal genetic correlation
downward (Meyer, 1992; Swalve, 1993). Robison (1981)
concluded that maternal genetic effects generally are
significant for younger measurements of weight and
diminish with age. Näsholm and Danell (1994) found for
lamb weights at early ages that maternal heritability
estimates were higher than for direct heritability and
for weights at approximately 150 d that estimates of
direct heritability were three times greater than for
maternal heritability. Relatively large estimates of
variance due to maternal genetic effects on birth weight
were reported by Maria et al. (1993) and Näsholm and
Danell (1994).

Wool Traits. Estimates of (co)variance components
for pairs of wool traits are reported in Table 6. Esti-
mates of heritabilities for fleece weight ranged from .50
to .70, for fleece grade from .26 to .50, and for staple
length from .36 to .56, which are similar to those re-
ported by Iman et al. (1992) and Saboulard et al. (1995)
for sheep breeds similar to those in the present study.

Estimates of genetic correlation of direct genetic ef-
fects for fleece weight and fleece grade were negative
(unfavorable) and ranged from −.60 for Columbia breed

to −.34 for Polypay breed. Saboulard (1995) reported a
similar estimate of −.38 between clean fleece weight
and fleece grade among crosses of Rambouillet, Colum-
bia, and Targhee breeds. Estimates of correlations of
direct genetic effects between fleece weight and staple
length were positive and ranged from .52 to .55. Iman
et al. (1992) reported a similar positive genetic correla-
tion of .46 between staple length measures taken from
the side of the animal and clean fleece weight. Esti-
mates of correlations of direct genetic effects for fleece
grade and staple length were negative and ranged from
−.72 for Columbia breed to −.40 for Polypay breed. Nega-
tive genetic correlations with fleece grade suggest that
there would be a decrease in the fleece grade, which
indicates a increase in fiber diameter and poorer fleece
quality. A negative genetic correlation between staple
length and fleece grade suggests that selection for ei-
ther trait would result in unfavorable genetic response
for the other trait. For example, selection for staple
length would decrease fleece grade by increasing fiber
diameter and lowering fleece quality. Estimates of ge-
netic correlations of fleece traits with growth traits and
prolificacy of dual-purpose sheep will be of importance
due to the apparent ease with which genetic progress
could be accomplished through selection for fleece
traits.

Between Prolificacy Traits and Wool Traits

Estimates of genetic parameters from bivariate anal-
yses for different combinations of wool traits with litter
size at birth are reported in Table 7 and with litter
size at weaning in Table 8. Estimates of direct genetic
heritability from these bivariate analyses were similar
to estimates of direct heritability for single-trait analy-
ses, for all traits for Polypay, Rambouillet, and Targhee
breeds. Estimate of direct heritability for litter size at
weaning for the Columbia breed was reduced from .03
for single-trait analysis to zero for bivariate analyses of
litter size at weaning and fleece grade and for bivariate
analyses of litter size at weaning and staple length. For
the Columbia breed, the correlations of genetic effects
between litter size at weaning and wool traits have
little meaning because small estimates of direct genetic
variance for litter size at weaning influenced estimates
of correlations between their direct genetic effects.

Estimates of direct genetic correlations between litter
size at birth and fleece weight ranged from −.18 to .07
for Polypay, Rambouillet, and Targhee breeds, with an
extreme estimate of −.45 for the Columbia breed. The
latter negative correlation may be due to the somewhat
low estimate of direct genetic variance for litter size at
birth for the Columbia breed. The small overall esti-
mates of correlation between direct genetic effects for
litter size at birth and fleece weight suggest that these
two traits for practical purposes are likely to be uncorre-
lated and that selection for either of these two traits
would be expected to have little influence on genetic
merit for the other trait. 
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Table 6. Estimates of genetic parametersa for fleece weight (kg), fleece grade,
and staple length (cm) from bivariate analyses

Trait 1 Trait 2 Breed h2
a1 h2

a2 ra1a2 pe2
1 e2

1 e2
2 re1e2 σ2

1 σ2
2

Fleece weight Fleece grade Columbia .52 .49 −.60 .17 .32 .51 −.12 .65 6.36
Polypay .55 .43 −.34 .08 .37 .57 −.04 .71 6.64
Rambouillet .52 .26 −.46 .11 .37 .74 .01 .60 4.29
Targhee .52 .41 −.50 .15 .33 .59 −.07 .57 5.87

Fleece weight Staple length Columbia .53 .47 .70 .16 .32 .53 .19 .66 1.08
Polypay .55 .54 .53 .08 .37 .46 .36 .70 1.95
Rambouillet .52 .36 .56 .11 .37 .64 .25 .59 .90
Targhee .55 .53 .50 .13 .33 .47 .24 .58 1.09

Fleece grade Staple length Columbia .50 .45 −.72 —b .50 .55 −.14 6.36 1.07
Polypay .43 .56 −.54 — .57 .44 −.09 6.63 2.01
Rambouillet .26 .37 −.54 — .74 .63 .05 5.75 .91
Targhee .41 .53 −.53 — .59 .47 −.12 5.88 1.10

ah2
ai = direct heritability due to trait i; ra1a2 = correlation between direct additive genetic effects; pe2

i = variance due to permanent environmental
effect of animals as proportion of total variance for trait i; e2

i = variance due to temporary environmental effects as proportion of total variance
for trait i; re1e2 = correlation between residual effects of ewes; σ2

i = phenotypic variance for trait i.
bEffect not included in the model because estimate of variance component was nearly zero in single-trait analyses.

Estimates of direct genetic correlations between litter
size at birth and coded fleece grade ranged from −.12
to .07. The results of Saboulard et al. (1995) who re-
ported an estimate of genetic correlation of −.15 be-
tween litter size at birth and actual fleece grade (spin-
ning count) and results from the current study suggest
that these two traits are essentially genetically uncor-
related.

Estimates of direct genetic correlations between litter
size at birth and staple length ranged from −.01 to
.02. These results suggest that these two traits are not
genetically correlated. Selection for one group of traits
is therefore unlikely to result in much change in the
other group.

Estimates (Table 8) of direct genetic correlations be-
tween litter size at weaning and fleece weight ranged

Table 7. Estimates of genetic parametersa for litter size at birth (Trait 1) with fleece
weights (kg), fleece grade, and staple length (cm) from bivariate analyses

Trait 2 Breed h2
a1 h2

a2 ra1a2 pe2
1 pe2

2 e2
1 e2

2 re1e2 σ2
1 σ2

2

Fleece weight Columbia .07 .47 −.45 .02 .20 .91 .33 .09 .29 .64
Polypay .14 .53 −.18 .00 .10 .86 .38 .02 .36 .70
Rambouillet .10 .51 −.06 .02 .12 .89 .37 .04 .26 .59
Targhee .11 .53 .07 .00 .16 .89 .18 −.04 .28 .58

Fleece grade Columbia .07 .49 −.02 .01 —b .91 .51 —b .29 6.33
Polypay .14 .42 −.02 .00 — .86 .58 — .36 6.59
Rambouillet .09 .25 −.12 .01 — .89 .75 — .26 5.74
Targhee .11 .41 .07 .00 — .88 .59 — .27 5.87

Staple length Columbia .07 .41 −.01 .02 —b .91 .59 —b .29 1.04
Polypay .14 .53 .02 .00 — .86 .47 — .36 1.98
Rambouillet .09 .36 −.01 .02 — .89 .64 — .26 .91

Targhee .11 .53 .01 .01 — .88 .47 — .27 1.10

ah2
ai = direct heritability for trait i; ra1a2 = correlation between direct additive genetic effects; pe2

i = variance
due to permanent environmental effects of ewes as proportion of total variance for trait i; e2

i = variance due
to temporary environmental effects as proportion of total variance for trait i; re1e2 = correlation between
environmental effects; σ2

i = phenotypic variance for trait i.
bEffect not included in the model.

from −.20 to .10, except for Columbia. Saboulard et al.
(1995) reported an estimate of genetic correlation of .17
between litter size at weaning and clean fleece weight.

Estimates of direct genetic correlations between litter
size at weaning and fleece grade ranged from −.15 to
.09, except for the extreme estimate of .96 for Columbia.
Saboulard et al. (1995) reported an estimate of genetic
correlation of −.24 between litter size at weaning and
fleece grade. Selection to improve genetic merit of either
litter size at weaning or fleece grade would not seem
likely to influence genetic response in the other trait.

Estimates of direct genetic correlations between litter
size at weaning and staple length ranged from −.18 to
.02, with Columbia excepted. The estimates over all
breeds suggest that these two traits are effectively ge-
netically uncorrelated.
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Table 8. Estimates of genetic parametersa for litter size at weaning (Trait 1) with fleece
weight (kg), fleece grade, and staple length (cm) from bivariate analyses

Trait 2 Breed h2
a1 h2

a2 ra1a2 pe2
1 pe2

2 e2
1 e2

2 re1e2 σ2
1 σ2

2

Fleece weight Columbia .03 .47 −.68 .02 .13 .32 .21 .00 .36 .63
Polypay .08 .55 .10 .01 .06 .31 .26 −.00 .35 .70
Rambouillet .06 .51 .04 .01 .07 .31 .22 −.00 .34 .59
Targhee .08 .51 −.20 .00 .09 .33 .19 .00 .36 .56

Fleece grade Columbia .00 .46 .96 .03 —b .33 3.27 —b .36 6.08
Polypay .08 .42 .00 .00 — .32 3.86 — .35 6.63
Rambouillet .07 .24 −.15 .00 — .31 4.24 — .34 5.57
Targhee .07 .39 .09 .00 — .33 3.54 — .35 5.83

Staple length Columbia .00 .44 −.99 .03 —b .33 .60 —b .36 1.08
Polypay .09 .58 −.18 .00 — .32 .84 — .35 2.00
Rambouillet .07 .41 −.17 .00 — .31 .58 — .34 .97
Targhee .07 .54 .02 .00 — .33 .53 — .35 1.15

ah2
ai = direct heritability for trait i; ra1a2 = correlation between direct additive genetic effects; pe2

i = variance
due to permanent environmental effects of ewes as proportion of total variance for trait i; e2

i = variance due
to temporary environmental effects as proportion of total variance for trait i; re1e2 = correlation between
environmental effects; σ2

i = phenotypic variance for trait i.
bEffect not included in the model as estimate of variance was near zero in single-trait analysis.

Low estimates of direct genetic correlations between
prolificacy and wool traits suggest that these traits have
little or no genetic association, in general agreement
with the literature review by Shelton (1998), who found
that most genetic correlations between wool and lamb
production traits were small and negative. However,
other studies have reported a small and negative ge-
netic correlation between number of lambs born and
fleece weight for 2-yr-old Merino ewes but have reported
positive correlations at older ages (Kennedy, 1967;
Cloete and Heydenrych, 1987).

Between Weight Traits and Prolificacy Traits

Estimates of genetic parameters from analyses of
each of two prolificacy traits with birth weight are re-
ported in Table 9 and with average daily gain in Ta-
ble 10.

For analyses of birth weight and litter size at birth,
estimates of variance due to temporary environmental
effects on birth weight as proportion of total variance
increased from single-trait analyses to bivariate analy-
ses. Estimates of variance due to permanent environ-
mental effects of ewes as a proportion of total variance
were similar between single-trait and bivariate analy-
ses for litter size at birth.

For analyses of average daily gain and litter size at
birth, the partition of environmental variance did not
influence estimates for temporary environmental ef-
fects for Columbia, Polypay, or Targhee breeds. For the
Rambouillet breed, however, estimate of variance due
to temporary environmental effects as a proportion of
total variance for average daily gain was .74 for single-
trait analysis and zero for bivariate analysis with litter
size at birth. This change was probably due to the arbi-
trary partition of environmental variance to the esti-
mate of variance due to permanent environmental ef-

fects of animals. For most traits, the sum of the compo-
nents of variance due to permanent and temporary
environmental effects was the same for the single-trait
and bivariate analyses. With bivariate analyses of aver-
age daily gain and litter size at weaning, the addition
to the model of permanent environmental effect for the
animal did not influence estimates of variance due to
temporary environmental effects. Estimates of variance
due to permanent environmental effects of animals as
a proportion of total variance were zero. Estimates of
correlations between environmental effects on animals
for average daily gain and on animal as ewe for litter
size at weaning were uniformly small (.00 to .04) for all
breeds after combining the permanent and temporary
environmental components of variance for average
daily gain.

Estimates of correlations between direct genetic and
maternal genetic effects within and between weight
traits are reported in the tables but are not discussed.
These covariances are not expected to influence esti-
mates of genetic correlations between direct genetic
effects.

Estimates of direct genetic correlations between birth
weight and litter size at birth ranged from −.01 to .26
and between birth weight and litter size at weaning
ranged from −.37 to .01. These results suggest that
birth weight and litter size at birth or weaning are only
slightly genetically correlated, with mostly different
genes involved in the expression of these two traits
when the effects of litter size on birth weight are taken
into account.

Estimates of direct genetic correlations between aver-
age daily gain and litter size at weaning ranged from
.00 to .25, for Polypay, Rambouillet, and Targhee
breeds, with the exception of the estimate of −.82 for
the Columbia breed. Estimates of genetic correlations
between direct genetic effects for average daily gain
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Table 9. Estimates of genetic parametersa for birth weight (Trait 1, kg) with litter size
at birth and weaning from bivariate analyses

Trait 2 Breed h2
a1 h2

a2 ra1a2 h2
m1 ra1m1 ra2m1

Litter size at birth Columbia .24 .07 −.01 .26 −.13 −.21
Polypay .16 .13 .03 .19 .37 −.01
Rambouillet .21 .09 .26 .20 .04 −.12
Targhee .19 .14 .11 .14 .47 −.10

Litter size at weaning Columbia .25 .03 −.37 .26 −.13 .08
Polypay .16 .06 .01 .19 .35 .28
Rambouillet .21 .07 .00 .21 −.01 .20
Targhee .26 .18 −.11 .19 .18 .04

pe2
1 pe2

2 pe2
1 re1e2

Trait 2 Breed (animal) (ewe) (dam) e2
1 e2

2 (a,e) σ2
1 σ2

2

Litter size at birth Columbia .31 .02 .06 .16 .91 .04 .58 .30
Polypay .07 .01 .09 .43 .86 .04 .42 .37
Rambouillet .50 .03 .08 .00 .88 .00 .41 .27
Targhee .32 .00 .08 .19 .86 .02 .52 .27

Litter size at weaning Columbia .11 .06 .06 .36 .91 −.00 .58 .36
Polypay .12 .02 .09 .38 .93 .01 .42 .35
Rambouillet .51 .03 .08 .00 .91 .00 .41 .34
Targhee .14 .01 .09 .28 .92 −.00 .52 .36

ah2
ai = direct heritability for trait i; ra1a2 = correlation between direct additive genetic effects; h2

m1 = maternal
heritability for trait 1; raimj = correlation between direct additive genetic and maternal direct genetic effects
for traits i and j; pe2

1 (animal) = variance due to permanent environmental effects of animals as proportion
of total variance for trait 1; pe2

2 (ewe) = variance due to direct permanent environmental effects of ewes as
proportion of total variance for trait 2; pe2

1 (dam) = variance due to maternal permanent environmental
effects of dam of animal as proportion of total variance for trait 1; e2

i = variance due to temporary
environmental effects as proportion of total variance for trait i; re1e2 (a,e) = correlation between environmental
effects of ewes for trait 1 and as animals for trait 2; σ2

i = phenotypic variance for trait i.

Table 10. Estimates of genetic parametersa for average daily gain (Trait 1, g) and litter
size at birth and weaning from bivariate analyses

Trait 2 Breed h2
a1 h2

a2 ra1a2 h2
m1 ra1m1 ra2m1

Litter size at birth Columbia .07 .07 −.30 .04 .09 .02
Polypay .20 .12 .20 .06 −.08 .25
Rambouillet .10 .09 .71 .05 .73 .11
Targhee .19 .13 .03 .07 .04 .25

Litter size at weaning Columbia .06 .03 −.82 .05 .06 .51
Polypay .20 .05 .17 .05 −.10 .03
Rambouillet .11 .06 .00 .00 .31 .95
Targhee .19 .08 .25 .05 −.06 .36

pe2
1 pe2

2 pe2
1 re1e2

Trait 2 Breed (animal) (ewe) (dam) e2
1 e2

2 (a,e) σ2
1 σ2

2

Litter size at birth Columbia .11 .01 .07 .71 .92 .04 1,662 .30
Polypay .08 .01 .03 .65 .87 .04 1,407 .32
Rambouillet .74 .04 .06 .00 .87 .00 1,252 .27
Targhee .05 .01 .09 .60 .86 .03 1,693 .27

Litter size at weaning Columbia .00 .06 .07 .82 .91 .01 1,662 .32
Polypay .00 .02 .04 .72 .93 .00 1,407 .35
Rambouillet .00 .03 .07 .74 .91 .00 1,236 .34
Targhee .00 .00 .08 .69 .92 .00 1,675 .36

ah2
ai = direct heritability for trait i; ra1a2 = correlation between direct additive genetic effects; h2

m1 = maternal
heritability for trait 1; raimj = correlation between direct additive genetic and maternal direct genetic effects
for traits i and j; pe2

1 (animal) = variance due to permanent environmental effects of animals as proportion
of total variance for trait 1; pe2

2 (ewe) = variance due to direct permanent environmental effects of ewes as
proportion of total variance for trait 2; pe2

1 (dam) = variance due to maternal permanent environmental
effects of dam of animal as proportion of total variance for trait 1; e2

i = variance due to temporary
environmental effects as proportion of total variance for trait i; re1e2 (a,e) = correlation between environmental
effects of ewes for trait 1 and as animals for trait 2; σ2

i = phenotypic variance for trait i. 
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and litter size at weaning suggest that these two traits
may be slightly positively correlated for Polypay and
Targhee breeds, so that selection for either one of these
two traits might result in some increase in genetic merit
for the other trait for these two breeds. For the Ram-
bouillet breed, these two traits seem to be uncorrelated,
suggesting that selection to increase genetic merit for
one trait would have little influence on genetic merit
for the other trait. The estimates of genetic correlation
between average daily gain and litter size at birth
ranged from −.30 to .71 with an average of .15, although
the estimate of .71 may be an outlier, as such a large
correlation seems unlikely.

Weight Traits and Wool Traits

Estimates of genetic parameters from bivariate anal-
yses for different combinations of wool traits with birth
weight are reported in Table 11 and with average daily
gain in Table 12. Estimates of direct genetic correla-
tions between birth weight and fleece weight were
small, but positive, and ranged from .17 to .23. Esti-

Table 11. Estimates of genetic parametersa for birth weight (Trait 1, kg) with fleece
weight (kg), fleece grade, and style length (cm) from bivariate analyses

Trait 2 Breed h2
a1 h2

a2 ra1a2 h2
m1 ra1m1 ra2m1

Fleece weight Columbia .24 .46 −.17 .26 −.09 .03
Polypay .19 .53 .11 .17 .28 .15
Rambouillet .21 .51 .18 .20 .07 .21
Targhee .21 .50 .23 .19 .05 .14

Fleece grade Columbia .25 .49 −.06 .26 −.13 .01
Polypay .16 .42 .01 .19 .36 .00
Rambouillet .19 .24 −.23 .19 .09 .03
Targhee .19 .39 −.04 .14 .44 .07

Staple length Columbia .29 .43 .30 .27 −.18 −.10
Polypay .18 .54 −.35 .18 .32 −.07
Rambouillet .24 .36 .27 .19 .02 .01
Targhee .28 .54 .26 .20 .12 −.09

pe2
1 pe2

2 pe2
1 re1e2

Trait 2 Breed (animal) (animal) (dam) e2
1 e2

2 (a,a) σ2
1 σ2

2

Fleece weight Columbia .14 .21 .05 .34 .33 .27 .58 .64
Polypay .06 .09 .11 .42 .37 .00 .43 .70
Rambouillet .51 .12 .06 .00 .37 .23 .41 .60
Targhee .52 .13 .08 .00 .37 .07 .41 .59

Fleece grade Columbia —b —b .06 .47 .51 —b .59 6.33
Polypay — — .10 .50 .58 — .42 6.60
Rambouillet — — .05 .55 .67 — .41 5.57
Targhee — — .08 .51 .61 — .52 5.83

Staple length Columbia —b —b .06 .44 .57 —b .60 1.05
Polypay — — .10 .49 .46 — .43 1.98
Rambouillet — — .09 .48 .64 — .41 .91
Targhee — — .08 .41 .46 — .52 1.11

ah2
ai = Direct heritability for trait i; ra1a2 = correlation between direct additive genetic effects; h2

m1 = maternal
heritability for trait 1; raimj = correlation between direct additive genetic and maternal direct genetic effects
for traits i and j; pe2

1 (animal) = variance due to permanent environmental effects of animals as proportion
of total variance for trait 1; pe2

2 (ewe) = variance due to direct permanent environmental effects of ewes as
proportion of total variance for trait 2; pe2

1 (dam) = variance due to maternal permanent environmental
effects of dam of animal as proportion of total variance for trait 1; e2

i = variance due to temporary
environmental effects as proportion of total variance for trait i; re1e2 (a,e) = correlation between environmental
effects of ewes for trait 1 and as animals for trait 2; σ2

i = phenotypic variance for trait i.
bEffect not included in the model.

mates of direct genetic correlations between birth
weight and fleece grade were generally nearly zero and
ranged from −.23 to .01. Estimates of direct genetic
correlations between birth weight and staple length
were uniformly moderate to small and ranged from .26
to .35. These results suggest that a small-to-moderate
genetic correlation exists between direct additive ge-
netic effects for birth weight and staple length, with
the possibility of a small genetic correlation between
birth weight and fleece weight but probably little to no
genetic correlation with fleece grade.

Estimates of direct genetic correlations between aver-
age daily gain and fleece weight were positive and mod-
erate and ranged from .21 to .44 for Columbia, Ram-
bouillet, and Targhee breeds, suggesting a small posi-
tive relationship between average daily gain and fleece
weight, although, for the Polypay breed, the estimate
was .04. Estimates of direct genetic correlations be-
tween average daily gain and fleece grade at birth were
small but negative and ranged from −.31 to −.03. These
results suggest that average daily gain and fleece grade
may be slightly negatively correlated. Estimates of di- 
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Table 12. Estimates of genetic parametersa for pre-weaning average daily gain
(trait 1, g) with fleece weight (kg), fleece grade, and staple length (cm)

from bivariate analyses

Trait 2 Breed h2
a1 h2

a2 ra1a2 h2
m1 ra1m1 ra2m1

Fleece weight Columbia .07 .44 .22 .05 −.00 −.08
Polypay .22 .54 .04 .06 −.03 .07
Rambouillet .15 .53 .44 .08 −.01 −.28
Targhee .16 .51 .21 .07 .06 −.02

Fleece grade Columbia .04 .46 −.31 .05 −.05 .19
Polypay .19 .42 −.03 .06 −.10 .10
Rambouillet .11 .24 −.29 .04 .91 .13
Targhee .19 .39 −.14 .07 .06 .16

Staple length Columbia .08 .41 .21 .04 .10 −.15
Polypay .21 .53 .27 .05 −.09 −.22
Rambouillet .11 .36 .36 .05 .66 −.23
Targhee .19 .54 .19 .07 .08 .14

pe2
1 pe2

2 pe2
1 re1e2

Trait 2 Breed (animal) (animal) (dam) e2
1 e2

2 (a,a) σ2
1 σ2

2

Fleece weight Columbia .22 .23 .06 .60 .32 .30 1662 .65
Polypay .17 .08 .04 .53 .38 .21 1427 .70
Rambouillet .18 .12 .07 .53 .35 .20 1239 .60
Targhee .52 .15 .08 .14 .35 .21 1691 .55

Fleece grade Columbia —b —b .08 .82 .54 —b 1691 6.08
Polypay — — .03 .73 .58 — 1405 6.59
Rambouillet — — .07 .73 .76 — 1234 5.57
Targhee — — .08 .65 .61 — 1696 5.83

Staple length Columbia —b —b .07 .80 .59 —b 1668 1.04
Polypay — — .03 .71 .47 — 1413 1.98
Rambouillet — — .06 .73 .64 — 1245 .91
Targhee — — .08 .65 .46 — 1697 1.15

ah2
ai = Direct heritability for trait i; ra1a2 = correlation between direct additive genetic effects; h2

m1 = maternal
heritability for trait 1; raimj = correlation between direct additive genetic and maternal direct genetic effects
for traits i and j; pe2

1 (animal) = variance due to permament environmental effects of animals as proportion
of total variance for trait 1; pe2

2 (ewe) = variance due to direct permanent environmental effects of ewes as
proportion of total variance for trait 2; pe2

1 (dam) = variance due to maternal permanent environmental
effects of dam of animal as proportion of total variance for trait 1; e2

i = variance due to temporary
environmental effects as proportion of total variance for trait i; re1e2 (a,e) = correlation between environmental
effects of ewes for trait 1 and as animals for trait 2; σ2

i = phenotypic variance for trait i.
bEffect not included in the model.

rect genetic correlations between average daily gain
and staple length were uniformly positive and moderate
to low, ranging from .19 to .36. Lasley (1978), however,
reported on studies in which a negative genetic correla-
tion between staple length and average daily gain had
been found. Selection to improve genetic merit for either
average daily gain or staple length may have some in-
fluence on genetic response in the other trait. The mod-
erate-to-high heritability estimate associated with sta-
ple length suggests that genetic progress through selec-
tion for this trait would be relatively easy. Correlated
response in genetic merit for average daily gain could be
achieved through selection for increased staple length,
although, as discussed earlier, the result could be ac-
companied by undesirable correlated response in
fleece grade.

Implications

Number of live births and litter size at birth are
genetically closely related. A selection index would need

to include only one of these two traits. Selection for
weaning weight or average daily gain would be expected
to result in a moderate positive response for direct ge-
netic value, and a smaller response for maternal genetic
value for birth weight. Selection for fleece weight would
be expected to increase staple length. Selection for
fleece weight or staple length would be expected to im-
prove fleece grade. Selection to improve genetic merit
for litter size at birth or at weaning would not result
in a genetic response for fleece weight, fleece grade, or
staple length. Selection to improve genetic merit for
birth weight or average daily gain would not result in
correlated genetic response for litter size at birth or
at weaning. Birth weight and average daily gain are
moderately and favorably genetically correlated with
all wool traits.
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