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Estimates of Variances Due to Direct and Maternal Effects 
for Growth Traits of Romanov Sheep’f2 

G. A. Maria3, K. G. Boldman4, and L. D. Van Vleck 

Department of Animal Science, University of Nebraska, Lincoln, 68583-0908 
and Roman L. Hruska U.S. Meat Animal Research Center, ARS, USDA, 

Clay Center, NE 68933-0166 

ABSTRACT Records of growth traits of 2,086 
Romanov lambs were used to estimate variance 
components for an animal model and genetic correla- 
tions between growth traits. Traits analyzed were 
birth weight (BWT), weaning weight (WW), 
90-d weight (W90), and daily gain for the periods 
birth to weaning (DG1) and weaning to  90 d (DG2). 
Weaning was at  approximately 40 d. Variance compo- 
nents were estimated using restricted maximum 
likelihood with an animal model including fixed effects 
for year x season, sex, rearing type, and litter size and 
random effects for the direct genetic effect of the 
animal (with relative variance h2), the maternal 
genetic effect (with relative variance m2) , the perma- 
nent environmental effect (with relative variance c2), 
and random residual effect. Genetic correlations were 
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estimated for a model with the same fixed effects and 
only additive genetic effects. Estimates of the vari- 
ances of random effects, h2, m2, and c2, respectively, as 
a proportion of phenotypic variance were .04, .22, .10 
(BWT); .34, .25, .O (WW) ; .09, .01, .07 (W90); .26, 
.17, .02 (DG1); and .E, .01, .03 (DG2j. Estimates of 
genetic correlations were .12 (BWT with WW); .24 
(BWT with W90); .48 (WW with W90); .69 (DG1 
with DG2); -.01 (BWT with DG1); .05 (BWT with 
DG2); 5 9  (WW with DG1); .47 (WW with DG2); .67 
(W90 with DG1); and .98 (W90 with DG2). Results 
suggest that selection should be effective for WW, 
DG1, and DG2 but less effective for BWT and W90. An 
important maternal effect was observed for BWT, 
WW, and DG1. The estimates of genetic correlations 
showed no genetic antagonisms among the traits. 

Growth Traits, Variance Components 

Introduction 

Lambing rate and milk production are important 
components of an efficient market lamb production 
system, as are growth potential and carcass charac- 
teristics. Ways to increase meat output in the system 
are to increase the number of lambs produced per ewe 
and to improve growth performance of the lambs. The 
first objective can be reached by increasing lambing 
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rate and lambing frequency, whereas the second 
requires improvement in growth potential and sur- 
vival of lambs. To enhance lambing rate, crossbreed- 
ing with hyperprolific breeds (e.g., Romanov, Finn- 
sheep) has been used in Spain and other countries. 
The advantage provided by crossbreeding over 
purebred schemes has been estimated by Valls (1983) 
to be 40%. In Spain, the Romanov breed has 
performed better than Finnsheep (Valls, 1983). The 
Romanov breed was imported to Spain in 1973 and 
has been extensively used as a sire breed in cross- 
breeding systems with local ewes (Sierra, 1979; Valls 
et al., 1984; Leite et a]., 1989). Two composite breeds 
(Salz and Marine strains) have been created in Spain 
using local ewes and Romanov sires (Sierra, 1985). 
One reason not to  use Romanov in crossbreeding 
schemes for meat production systems is the poor 
performance for growth and carcass traits tradition- 
ally attributed to this breed (Ricordeau et al., 1990). 
Nevertheless, most of the studies of Romanov sheep 
have focused on reproductive traits. 

To take advantage of different schemes for breed 
utilization, the genetic parameters for the traits of 
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importance should be known (Boujenane and Brad- 
ford, 1991). The objective of this study was to 
estimate variances and covariances due to direct and 
maternal genetic effects and permanent maternal 
environmental effects for growth traits using an 
animal model with data from purebred Romanov 
lambs. 

ET AL. 

Materials and Methods 

Data for this study were obtained from the 
Romanov nucleus of O W 1  S.A. farm at Talavera de la 
Reina (Spain). Live weight at  birth (BWT), weaning 
(WW) , and 90 d (W 9 0 and ADG for the periods birth 
to weaning (DG1) and weaning to 90 d (DG2) of 
2,086 lambs born from 1987 to March 1990 were 
available. Natural (single-sire groups, SG) and artifi- 
cial insemination (AI) were used with lambing 
seasons centered in February (1,001 lambs), June 
(563 lambs), and October (522 lambs). Because of 
the low fertility of ewes in spring, October lambing 
resulted from hormone-induced matings. Lambs were 
progeny of 15 sires (used in various year-seasons) and 
352 dams. Sires and dams were mated at  random. 

Weaker lambs in excess of two per ewe (433 lambs) 
were moved from natural rearing (NR) to artificial 
rearing (AR) with milk replacer and pelleted feed. 
After approximately 2 d in an individual lambing pen, 
ewe and lambs were moved to larger rearing pens with 
other ewes and their lambs until weaning at approxi- 
mately 40 d of age. High-quality feed was supplied to 
lambs from 15 d of age to  the end of the fattening 
period (approximately 100 d). Ewes were fed at  a late 
gestation level from 5 wk before lambing to lambing 
and were fed a lactating diet from lambing to 
weaning. During the dry period a maintenance level 
was used (ARC, 1980). 

The DFREML programs of Meyer (1988, 1989) 
modified for use with SPARSPAK (Boldman and Van 
Vleck, 1991) were used for the variance component 
analyses for individual traits. Derivative-free res- 
tricted maximum likelihood (DFREML) was 
described by Smith and Graser (1986) and Meyer 
(1989). The SPARSPAK package (George et al., 
1980) was used to reorder the mixed-model equations 
once and then the iteratively updated equations were 
repeatedly solved by Cholesky factorization to calcu- 
late the likelihood. 

The general representation of the animal model 
used is as follows: 

y = Xb t Zaa t Z,m + Z,C t e, 

where y is a N x 1 vector of records, b denotes the 
fixed effects in the model with association matrix X, a 
is the vector of direct genetic effects with association 
matrix Z,, m is the vector of maternal genetic effects 
with association matrix Z,, c is the vector of 

permanent maternal environmental effects with as- 
sociation matrix Z,, and e denotes the vector of 
residual (temporary environmental) effects. Fixed 
effects included in the model were year x season ( l o ) ,  
sex (21, litter size (61, and rearing type ( 2 ) .  The 
variance-covariance structure for the model is as 
follows: 

V 

I .  

a 
m 
C 

, e .  

~4 Auam o 0 1  

where A is the numerator relationship matrix, I, is an 
identity matrix with order number of ewes, and In is 
an identity matrix with order number of records. 

Genetic correlations were calculated using the 
multiple-trait REMLPK program (Meyer, 19851, 
which accounts for only one random factor, additive 
genetic effects, in the model. Fixed effects were year x 
season, sex, litter size, and rearing type. 

Results and Discussion 

In the sample analyzed, 50.4% of the lambs were 
male and 49.6% female. Lambs from natural rearing 
represented 50.2% of the sample, and 49.8% were from 
artificial rearing. The distribution by lambing season 
was 48.1% (February), 27.3% (June),  and 24.6% 
(October). Single lambs represented 4% of the sam- 
ple, 38.9% were twins, 47.1% were triplets, and the 
remaining were from litters of four or more lambs. 

Live weights and ADG are summarized in Table 1. 
Live weights and daily gains were similar to those 
observed for Romanov lambs and slightly less than 
those for the Aragonesa breed or F1 (Aragonesa x 
Romanov) lambs (Ricordeau et al., 1982; Sierra, 1983; 
Valls et al., 1984). Coefficients of variation for live 
weights ranged from 14% for WW and W90 to 25% for 
BWT. For ADG, CV were 17% for DG1 and 15% for 
DG2. Differences in BWT were large between single 
and twin lambs but not between triplets and more. 

Results of variance component analyses are 
presented in Tables 2 and 3. Relative variance due to 
direct genetic effects (h2) for BWT was .04 with 
relative variance due to maternal genetic effects (m2) 
of .22. Variance due to permanent environmental 
effects (c2) ,  coded as an effect of the dam (possibly 
due to  uterine capacity, feeding level at late gestation, 
and maternal behavior of the ewe), was .10 of the 
total variance. The analysis of weaning weight results 
in a direct heritability estimate of .34 and a maternal 
heritability estimate of .25. In this case no variance 
due to permanent environmental effects was detected 
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Table 1, Means, standard deviations, and coefficients 
of variation for live weighta at birth (BWT), 

weaning (WW), and 90 days (W90) and 
average daily gain from birth to weaning 

(DG1) and weaning to 90 days (DG2ja 

Trait x SD cv, % 

BWT 
ww 
w90 
DG1 
DG2 

2.46 .63 25 
14.07 1.95 14 
22.50 3.14 14 

220 41 17 
232 34 15 

~ 

aLive weight in kilograms; daily gain in grams per day. 

(c2 = 0). Live weight at 90 d had a low maternal 
heritability ( . O l ) ,  a direct heritability of .09, and c2 of 
.07. A possible interpretation of differences on c2 
between WW and W90 could be that suckling lambs 
are still dependent on mothers, whereas weaned 
lambs depend on themselves; furthermore, the in- 
fluence of the non-permanent environmental factors 
becomes more important after weaning. 

Except for the low heritability estimates for BWT, 
which reflect a large maternal effect, the other 
estimates fall within the range of values reported in 
the literature. Heritability estimates for live weights 
were larger than those observed by Khaldi and 
Boichard (1989) for Barbary lambs, whose estimates 
of h2 were .02 (BWT), -04 (WW), and .03 (W90). 
Waldron et al. (1990) reported heritability estimates 
for BWT, WW, and W90 in crossbred lambs (Suffolk, 
Dorset, and Rambouillet) of .13, -09, and .24, respec- 
tively. Mavrogenis et al. (1 9801, working with Chios 
sheep, obtained estimates of h2 for the same traits to 
be .13, .12, and .17, respectively. The estimate of h2 for 
WW is similar to that observed by Martin et al. 
(1980) for crossbred lambs (containing Finnsheep, E. 
Friesian, Border Leicester, and Dorset Horn genes). 
Nevertheless, for BWT and W90, there were dis- 
crepancies between our estimates of h2 and those of 

Table 2. Estimatesa from variance component 
analyses for live weight at birth (BWT), 

weaning (WW), and 90 days (W90) 
and average daily gain from birth to weaning 

(DG1) and weaning to 90 days (DG2) 

Trait 2 h2 m2 C 2  

BWT .40 .04 .22 .10 
ww 3.79 .34 -25 .oo 
w90 9.84 .09 .01 .07 
DG1 1.72 .26 .17 .02 
DG2 1.15 I 15 .01 .03 

a$ = phenotypic variance, h2 = heritability (direct effect), m2 = 
maternal heritability, c2 = relative variance due to permanent en- 
vironmental effect of dam. 

Martin et al. (1980), who reported estimates of h2 to  
be .22 for both traits. Boujenane and Kerfal (1990) 
found estimates of heritability for live weights in 
D’man lambs to be .34 (BWT), .23 (WW), and .52 
( ~ 9 0 ) .  Reports of m2 estimates for economically 
important sheep traits are scarce. In general, our 
estimates of m2 for live weights were higher than 
those reported in the literature (Khaldi and Boichard, 
1989). 

For ADG, heritability estimates for direct genetic 
effect were .26 (DG1) and -15 (DG2), similar to those 
observed by Barillet et al. (1982) for Lacaune lambs, 
by Mavrogenis et al. (1980) for Chios lambs, and by 
Bouix et al. (1982) for F1 Romanov x Berrichon and 
Romanov x Ile de France lambs; however, these values 
were higher than those reported by Khaldi and 
Boichard (1989) in Barbary sheep and by Boujenane 
and Kerfal (1990) in D’man lambs. 

Estimates of h2 for DG1 were also larger than those 
by Waldron et al. (1980) in crosses of Suffolk, Dorset, 
and Rambouillet, by Mavrogenis et al. (1980) for 
Chios lambs, and by Boujenane and Kerfal (1990) for 
D’man lambs, who reported estimates of .07, .12, and 
.12, respectively. 

Maternal heritability was important only for DG1 
(. 1 71, whereas estimates for DG2 were small ( . 0 1). 
Our estimates of m2 for DG1 were significantly higher 
than those by Khaldi and Boichard (1989), who 
reported estimates of maternal heritability ranging 
from .02 to  .06 for growth traits in Barbary sheep. In 
the data reported by these authors maternal heritabil- 
ity tended to increase with the age of the lamb. 
Relative variances due to  permanent environmental 
effects were small for the two daily gains considered, 
ranging from .02 for DG1 to .03 for DG2. 

High estimates of correlation between direct and 
maternal effects (Table 3 ) were observed for both live 
weights and daily gains ( 2 .97), which is probably due 
to the small amount of data and to the structure of 
this data set (i.e., the number of generations for which 
animals were measured both directly and as dams was 
limited). This is a common pattern that occurs with 

Table 3. Estimates of environmental variance (e), 
additive variance (4 + ?h &), and genetic 

correlation between animal effects (gam) for live 
weight at birth [BWT), weaning (WW), and 90 days 
(W90) and average daily gain from birth to weaning 

[DGl) and weaning to 90 days (DGZ) 

BWT 
ww 
w90 
DG1 
DG2 

.29 .016 -.99 
2.64 1.371 -.98 
8.20 1.222 797  
1.32 ,460 -.99 
.93 .E37 .99 
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Table 4. Genetic correlations (above the diagonal) and phenotypic correlations 
(below the diagonal] among birth weight (BWT), weaning weight (WW), 

90-day weight (W90), and average daily gain from birth to weaning (DG1) 
and from weaning to 90 days (DG2). Heritability estimates are on the diagonalajb 

BW ww w 9 0  DG1 DG2 

BWT .07 .12 .24 -.01 .05 
( .01)  (.OS) (.02) ( . 0 3 )  ( . 03 )  

ww -.58 .58 .48 .59 .47 
(.SO) ( . 0 5 )  (.02) ( . 02 )  ( . 0 2 )  

w90  -.29 .43 .ll .67 .98 
( . 4 4 )  (.28) ( . 02 )  (.01) ( . O O )  

DG1 -.37 .79 .80 .32 .69 
( . 3 6 )  ( . 1 2 )  ( .I41 ( . 0 3 )  ( . 0 1 )  

DG2 -.42 .49 .99 .81 .14 
( . 3 9 )  ( . 2 5 )  ( . 01 )  (. 13) (.02) 

aEstimates using REMLPK multiple trait programs (Meyer, 1985) and fitting model 1 (variance 

bSmall numbers between parentheses are lower bound standard errors from REMLPK. 
components estimated: o:, 6). 

many small data sets, and even with some that are 
not small. Boldman et al. (1991) obtained estimates 
of ram for 200-d weight of .97 and 3 9  for Red Poll and 
Brown Swiss cattle, respectively. Shi et al. (1992) 
also found high negative estimates of ram working 
with Limousin field data, and Eler et al. (1992) 
reported estimates of ram on 205-d and 365-d weights 
in Nelore cattle of 2 -.91. There is a lack of 
information about ram estimates in sheep. Khaldi and 
Boichard reported estimates for growth traits in 
Barbary lambs of I -.62. The problem mentioned 
above may also be due to a flat likelihood with the 
data and structure, so that rounding errors in 
likelihood mean that distinguishing between different 
estimates is impossible. 

It should be remembered that the extremely high 
values of r, are biologically impossible. However, 
after restarting the program with different starting 
values, it still converges to the same estimates. In 
light of this it can be deduced that the other 
parameters are not greatly affected. In spite of this 
fact, we have to be cautious with the estimates 
obtained in this study, and probably it would be 
necessary to check them again with larger data sets. 
The difficulty is that large sheep data sets are scarce 
in Spain and there is a lack of studies on variance 
components analysis performed with local field data, 
which are essential to  implement the local breeding 
programs. 

Additive by additive and dominance effects (e.g., 
Model 6 in Meyer, 1988) need further investigation. 
In this study, and due to the sparsity of the D matrix, 
it was not possible to  check these aspects. The 
importance of nonadditive genetic sources of variance 
(dominance and epistatic variance) for reproductive 
and production traits in sheep is as yet unclear. 
Results of crossbreeding experiments (Ricordeau et 

al., 1990) emphasize the importance of dominance and 
epistatic effects, but estimates of variance components 
analysis within populations are still rare and the 
results conflicting. 

Genetic and phenotypic correlations among growth 
traits are presented in Table 4. The genetic correlation 
between BWT and WW was .12; that between BWT 
and W90 was .24. The largest genetic correlation 
among live weights was between WW and W90 (.48). 
The DG1 and DG2 had a genetic correlation of .69. 
However, BWT had small genetic correlations with 
DG1 and DG2 (-.01 and .05). Genetic correlations for 
WW with DG1 and DG2 were .59 and .47. 

Table 4 shows estimates from a multiple-trait 
analysis for heritability of growth traits fitting a 
model with direct genetic effects as the only random 
factor (Meyer, 1985, 1986). The estimates were .07, 
5 8 ,  and . l l  for BWT, WW, and W90, respectively, and 
.32 and .14 for DG1 and DG2, respectively. In general, 
heritability estimates were smaller with the single- 
trait, full model than with the multiple-trait, additive 
direct effects model, especially for weaning weight 
(.34 vs . 58 )  and for DG1 (.26 vs .32). 

Implications 

Selection could be effective for weaning weight but 
less effective for birth weight or 90-d weight. Selection 
for average daily gain could be more effective for birth 
to weaning than for weaning to  90 d. The maternal 
genetic component was important for the weight of the 
lamb at  birth and at weaning, whereas variation in 
90-d weight seemed not to depend much on maternal 
genetic effects. Genetic correlations among growth 
traits of Romanov lambs were, in general, positive, 
indicating that selection for any of the traits should 
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result in genetic improvement in the other traits. 
Permanent environmental effects seem to have in- 
fluence on birth weight but not on weaning or 
90-d weights. 
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