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INTRODUCTION 
Total weight of lamb weaned per ewe is used as a measure of output in sheep production. It is a 
composite trait which depends on fertility, litter size, weight of individual lamb and on 
survival. Weighing the input required against this measure of output will give an indication of 
the efficiency of production. Feed is the largest input. For animals of a breed with similar 
physiological status and environmental conditions feed requirement is related to size measured 
in terms of weight. Thus weight can be used to estimate feed input under conditions where 
intake measurements are not feasible. Maintenance of breeding females is the largest single 
cost in the production of sheep and cattle (Dickerson, 1978) and the maintenance requirement 
of the breeding ewe is about 75 % of the total annual requirement (Large, 1970) and is related 
to its metabolic size (Brody, 1964). Evaluation of the weight of lamb produced as a function of 
the input to the breeding ewe can be used in appraising biological efficiency in sheep. Apart 
from the total weight of lamb produced per ewe, derived traits of production per unit live 
weight and per unit metabolic weight (W0.75) of ewe have been used as indices of phenotypic 
performances of ewe biological efficiency (Armbruster et al., 1991 ; Bedier et al., 1992). Work 
pertaining to the genetic aspect of these derived traits is lacking. Kleiber ratio has also been 
suggested as a possible selection criterion for efficiency (Scholtz and Roux, 1988).  
Under the conditions of the smallholder production system in the developing world where 
indigenous animals are dominant, production as measured by mere output could be a 
misleading indicator of the genetic worth of these animals. They are naturally selected for 
survival under sub-optimal environment. Looking into means of improving the efficiency of 
production (input-output relationship) under the system they are thriving is an area worth 
investigation instead of looking for higher output per se. Estimation of genetic parameters is 
one step in this direction. 
The Horro sheep breed (and its ecotypes) is dominant in Southwestern Ethiopia. The breed has 
been described by Galal (1983). The objective in this study was to estimate genetic parameters 
of survival, kleiber ratio, ewe productivity and derived biological efficiency traits in this breed.  
 
MATERIAL AND METHODS 
Data. Data used in this study were collected in the years 1978 to 1997 at Bako research center, 
Ethiopia. The flock was initially established with 100 ewe lambs and 10 rams. After 
preliminary edition 3 382 mating and production records of 901 ewes (progenies of 149 sires) 
and 4 031 lambs were available. Survival was coded 1 for lambs surviving to weaning 
(90 days) and 0 otherwise. Litter size at weaning (NLW) was coded as 0, 1, and 2 for ewes 
which has no, one or two lambs at weaning, respectively. Total birth and weaning weight 
(TBW and TWW, respectively) per lambing ewe were calculated as the sum of individual lamb 
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weights at birth and at weaning. Both were pre-adjusted for sex while TWW was also linearly 
adjusted for weaning age. Two traits namely ; WWKG (TWW per kilogram live weight) and 
WWMKG (TWW per kilogram metabolic weight), were derived. TWW, WWKG, and 
WWMKG were set to zero for ewes which gave birth but lost their lamb(s) before weaning. 
Kleiber ratio (KR) was calculated as pre-weaning daily gain per unit metabolic weight of lamb 
at weaning.  
 
Statistical analysis. Important fixed effects and interactions were identified from a preliminary 
fixed model analysis of the data. Ewe age, year of birth and the interaction between the two 
were found to be highly significant for TBW, TWW, WWKG and WWMKG and were 
included in subsequent genetic models. Ewe weight at joining categorized into four ascending 
classes and year of lambing were included in the analysis of NLW. For survival and KR year of 
birth, sex, type of birth (type of rear for KR), age of the dam (1 through 6) and lamb birth 
weight (weaning age for KR) were fitted. 
(Co) variance components were estimated by ASREML (Gilmour et al., 2001). In addition to 
univariate analysis on all traits bivariate analysis was done between ewe traits, and between 
individual lamb birth weight and survival. After preliminary genetic model comparisons based 
on log likelihood ratio (not reported here), for TBW, TWW, WWKG, and WWMKG a direct 
additive genetic animal model was applied. For NLW terms of direct and maternal additive 
genetic effect with their covariance were fitted along with common (litter) effect. For KR a 
model with the direct and maternal additive genetic effects and common (litter) effect was 
used. A direct genetic and common (litter) effect was found to be adequate for survival. Logit 
transformation was applied to survival data in the univariate analysis. Birth weight was 
removed from the fixed effects in the bivariate analysis involving survival.  
 
RESULTS AND DISCUSSION 
Heritability estimates. The mean values of traits were 3.53 kg, 11.71 kg, 0.39, 0.92, 1.02, 15.3 
and 0.80 for TBW, TWW, WWKG, WWMKG, NLW, KR and survival, respectively. 
Estimates of heritability are presented in table 1. Direct heritability estimates were low in all 
cases. There are no literature estimates of heritability in sheep for WWKG and WWMKG. For 
TWW heritability estimates from studies on other breeds were mostly higher than the value 
obtained in this study (Abdulkhaliq et al., 1989 ; Snyman et al., 1997 ; Ligda et al., 2000 ; 
Bromley et al., 2001). A mean estimate of 0.14  (Fogarty, 1995) is also higher than the 
estimates in this study. In most of the reports ewes which lost their lamb(s) before weaning 
were not considered while in this study ewes which lost their lamb(s) were considered after 
being assigned a value of zero for TWW. This created a highly skewed distribution influencing 
variance estimates but the use of all ewes has avoided selection bias. The heritability estimate 
of 0.06 for NLW is in agreement to animal model estimates of 0.08 for Poll Dorset ewes (Hall 
et al., 1994). Brash et al. (1994) and Bromley et al. (2001) also reported values of 0.02 to 0.07.  
The heritability estimate of TBW (0.09) is at the lower end of the range of values (0.08 to 0.31) 
reported by Abdulkhaliq et al. (1989). The heritability estimate for survival is lower than 
estimates of 0.03 to 0.1 reported by Lopez-Villalobos and Garrick (1999), Morris et al. (2000), 
and Cloete et al. (2001). From a linear model on observed scale Brash et al. (1994) reported a 
heritability of zero which is close to estimate of 0.02 found in this study. Heritability estimates 
from bivariate analysis were close to those obtained from univariate analysis. Sizable maternal 
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heritability and common (litter) ratio were estimated for KR. The later was found to be also 
high for survival. The direct-maternal genetic correlation for NLW was very high but negative.  
 
Table 1. Estimates of genetic parameters (± S.E.) from univariate analysis : direct 
habitability (h²a) ; maternal heritability (h²m) ; litter variance ratio (ce²) ; direct-
maternal genetic correlation (ram) 
 
TraitA)       h²a     h²m       ce²     ram 
TBW 0.09 ± 0.019    
TWW 0.05 ± 0.017    
WWKG 0.03 ± 0.016    
WWMKG 0.03 ± 0.016    
NLW 0.06 ± 0.001 0.02 ± 0.00 0.01 ± 0.011 -0.99 ± 0.00 
KR 0.09 ± 0.036 0.08 ± 0.022 0.19 ± 0.040  
Survival  0.02 ± 0.026  0.09 ± 0.036  
A) TBW=Total birth weight ; TWW=total weaning weight ; WWKG= weaned weight per kg live weight ; WWMKG= 
weaned weight per metabolic (W 0.75) weight ; NLW=number of lambs weaned ; KR=Kleiber ratio. 
 
Relationship between traits. Phenotypic and genetic correlations between survival and birth 
weight were 0.16 ± 0.018 and 0.64 ± 0.31, respectively. The genetic correlation in this report is 
higher than the estimates of 0.34 for Junin sheep (Burfening and Carpio, 1993) and 0.18 for 
Sabi sheep (Matika et al., 2001). Relationships between the other ewe traits are shown in Table 
2. Phenotypic correlations between TWW, WWKG and WWMKG were high. This implies that 
biological efficiency increased with production. The genetic correlations were lower than the 
phenotypic correlations. Higher genetic than phenotypic correlations were estimated between 
NLW and the other traits. The same holds true for the correlation of TBW with the other traits. 
Bromley et al. (2001) estimated genetic correlations of -0.22 to 0.28 between TBW and TWW. 
These are lower than estimates made in this study. A correlation estimate of 0.88 between 
NLW and TWW (Fogarty, 1995) was higher than the current estimate of 0.72.  
 
Table 2. Genetic (above diagonal) and phenotypic (below diagonal) correlations and 

heritability estimates (on diagonal) from bivariate analysis  
 
Trait A)    TBW    TWW   WWKG WWMKG    NLW 
TBW 0.09 ± 0.019 0.76 ± 0.133 0.42 ± 0.221 0.56 ± 0.203       NC B) 
TWW 0.36 ± 0.018 0.04 ± 0.016 0.60 ± 0.153 0.77 ± 0.092 0.72 ± 0.135 
WWKG 0.28 ± 0.019 0.95 ± 0.002 0.04 ± 0.017 0.98 ± 0.011 0.73 ± 0.135 
WWMKG 0.31 ± 0.019 0.97 ± 0.001 1.0 ± 0.000 0.03 ± 0.016 0.74 ± 0.135 
NLW     NCB) 0.83 ± 0.006 0.81 ± 0.007 0.82 ± 0.007 0.04 ± 0.016 
A) TBW=Total birth weight ; TWW=total weaning weight ; WWKG= weaned weight per kg live weight ; WWMKG= 
weaned weight per metabolic (W 0.75) weight ; NLW=number of lambs weaned ;  B) NC=No convergence . 
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CONCLUSION 
Estimates of heritability for productivity and derived efficiency traits were found to be low. 
Under these conditions genetic improvement through application of direct selection is unlikely 
to bring observable change. Estimates of genetic correlations between the traits in most cases 
were high and in all cases positive. This may provide an opportunity for indirect selection to 
improve productivity and biological efficiency. Due to their sizable genetic relationship with 
TWW, which in turn is strongly related to derived efficiency traits, TBW and NLW appear as 
traits worth considering. TBW is influenced by individual birth weight and a moderate 
heritability has been reported for birth weight in Horro sheep (Solomon et al., 2002). Therefore 
selection for birth weight could be considered. An additional advantage of birth weight is its 
moderate correlation with survival, consequently influencing the NLW. 
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