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INTRODUCTION 
Under the management conditions existing in the smallholder sheep production systems 
selection within the indigenous breed seems to be a better means for genetic improvement than 
importing exotic germplasm. This makes use of environmental adaptation of the indigenous 
breeds and could bring a sustainable genetic improvement in productivity. However, in the 
tropics the smallholder sheep production system is characterised by small sized flocks which 
makes selection difficult and also leads to a quick build up of inbreeding. Nucleus breeding 
schemes may be applied but periodic evaluation of gain is essential as trends in genetic 
improvement help to decide how effectively genetic selection could be done. Additionally 
monitoring level and effect of inbreeding is also important as there exists breed variation in the 
effect of inbreeding on different traits (Ercanbrack and Knight, 1991 ; Boujenane and Chami, 
1997). Much has not been reported on genetic trends and effect of inbreeding on tropical fat-
tailed sheep breeds. The objective of this paper is therefore to report on the genetic trend, the 
level and effects of inbreeding on the performance of indigenous Ethiopian fat-tailed Horro 
sheep based on the data collected for about 20 years (1978-1997). 
 
MATERIAL AND METHODS 
Animals and management. Data used in this study was collected from a flock of Horro sheep 
kept at Bako research center, Ethiopia during the period 1978-1997. The sheep management 
was semi-intensive. Throughout the study period controlled single-sire mating was practiced 
and the mating period usually lasted for about 42 days (minimum of two oestrous cycles). 
During mating, about 20 (occasionally 10-25) ewes were assigned to each ram based on a 
random procedure after they were stratified on age. Prior to mating the pedigree of each ram 
was checked for close relationships with the ewes in their respective groups. The flock was 
largely closed until 1994 when rams and some ewe replacements were bought from outside. 
All rams were used only once. Ewes were used repeatedly until they were culled or died. 
 
Data collection and statistical analysis. After preliminary edit a total of 4 031 lamb records 
from 184 sires and 904 ewes were used and all growth, reproduction and survival data recorded 
during the period 1978 and 1997 were considered in the data analyses. Breeding value (EBV) 
for all animals was estimated from animal model using the AIRMEL program (Gilmour et al., 
1995). Least square means for annual breeding values was calculated by GLM procedure of 
SAS (SAS, 1994) and deviations from the mean of the base year were considered as estimates 
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of annual genetic value. Phenotypic, genetic and environmental trends were evaluated by 
regression of annual values on year. Inbreeding coefficients were calculated from the 
relationship matrix used in animal model of AIREML (Gilmour et al., 1995). The effect of 
inbreeding on performance was estimated with a model containing the inbreeding coefficients 
of the lamb and the ewe as covariates. 
 
RESULTS AND DISCUSSION  
Trends. The genetic trend for growth traits has shown a steady improvement over the years 
while the phenotypic trend exhibited a significant decline as a result of marked decline in the 
environmental trend. figure 1 shows the trend only for yearling weight but the same trend was 
observed for all other growth traits.  

Figure 1. Genetic (Gen.), phenotypic (Phen.) and 
environmental (Envt) trends for yearling weight of Horro 
sheep
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Table 1. Regression coefficients of phenotypic, genetic, and environmental trends in birth, 
weaning, six-month and 12-month weight (1978-1997) 
 

Trait  
Component  BW WW 6MW YW 
Phenotypic a) -0.044 ± 0.006 -0.630 ± 0.064 -0.842 ± 0.097 -1.128 ± 0.138 
Genetic a)  0.006 ± 0.001   0.044 ± 0.005   0.056 ± 0.007   0.094 ± 0.011 
Environmental a) -0.050 ± 0.006 -0.674 ± 0.066 -0.898 ± 0.101 -1.223 ± 0.145 

a) All values are significantly different from zero. 
 
A similar decline in the phenotypic trend in the presence of genetic gain has been reported 
(Rege and Wakhungu, 1992 ; Van Wyk et al., 1993 ; Haile-Mariam and Philipson, 1996). 
Mean breeding value estimates for animals in the different years ranged from -0.037 to 0.151,  
-0.188 to 0.944, -0.133 to 1.121 and 0.401 to 1.906 kg for birth (BW), weaning (WW), six 
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month (6MW) and yearling weight (YW), respectively. Individual breeding values for the total 
period ranged between –0.495 to 0.83,  -2.685 to 3.07, -3.10 to 4.46, and –3.22 to 6.82, 
respectively, for BW, WW, 6MW, and YW. The coefficients from the regression of breeding 
values on year for BW, WW, 6MW and YW are given in table 1. The annual genetic 
improvement in BW, WW, 6MW, and YW was 0.2 %, 0.2 %, 0.2 %, and 0.3 % of the base 
year least square mean of 3.17, 19.1, 25.4 and 37.4 kg, respectively. 
 

Figure 2. Proportion of inbred animals in the different years (Prop-inb), 
annual average coefficient of inbreeding for the total herd (Ave.-inb) and 
for the inbred animals (Inb-Inb)
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Level and effects of inbreeding. The average inbreeding coefficients during the study period 
are shown in figure 2. The overall average inbreeding coefficient was 0.78 % and the annual 
average increased to more than 2 % in the year 1991 and decreased thereafter. The proportion 
of inbred animals in each year also showed an increase to as high as 81 per cent in 1990 and 
then decreased to zero in the year 1996. Annual increases in average inbreeding coefficient of 
the total and inbred animals, and in the proportion of inbred animals was 0.07 ± 0.01, 0.37 ± 
0.17 and 3.04 ± 0.60 per cent, respectively. The effect of individual and dam inbreeding level 
on lamb growth and survival and on litter size is shown in table 2. In most cases these effects 
were non-significant which could possibly be explained by the low level of inbreeding 
observed during the study period. Studies (Boujenane and Chami, 1997 ; Wiener et al., 1992 ; 
Ercanbrack and Knight, 1991) have also shown that individual inbreeding could have a 
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sizeable effect when inbreeding levels are of higher order (greater than 15 %). In the current 
study, however, the inbreeding level for inbred animals was 2.5 %.  
 
Table 2. Partial regression coefficients (± S.E.) of weights at different stages, litter size 
and survival to different growth stages on lamb and dam inbreeding 
 

 
Trait 

 
Lamb reg. coefficient 

 
Dam  reg. Coefficient 

Birth weight (kg) 0.0035 ± 0.004 0.0012 ± 0.005 
Weaning weight (kg) -0.0063 ± 0.023 0.0036 ± 0.025 
Six month weight (kg) -0.0308 ± 0.032 -0.0330 ± 0.033 
Yearling weight (kg) -0.1030 ± 0.053 -0.0329 ± 0.054 
Litter size 0.0009 ± 0.004 -0.0016 ± 0.004 
Survival to 3 days -0.0003 ± 0.002 0.00005 ± 0.002 
Survival to 7 days -0.0009 ± 0.002 -0.0020 ± 0.002 
Survival to 30 days -0.0054 ± 0.002* -0.0084 ± 0.003** 
Survival to weaning 0.0009 ± 0.003 0.0054 ± 0.004 
Survival to 6 month 0.0014 ± 0.003 -0.0040 ± 0.004 
Survival to 1 yr of age 0.0013 ± 0.004 -0.0103 ± 0.004* 

   * p < 0.05 **  p < 0.01  
 
CONCLUSION 
The overall genetic gain indicates that under more intense and meticulous selection scheme 
than was practiced in the current work big genetic gain could be expected. The result also 
suggests that improvement in genetic gain should be accompanied with either improvement or 
maintenance of the environmental aspect. The level of inbreeding in the current study is low 
and the effect in most cases is not significant. However, even at this low level there are 
indications that yearling weight and survival could be negatively affected by inbreeding of the 
lamb and the dam. Under the current small-scale sheep production system usually rams are 
produced from the flock where they are to be used as sires. With such practice the chance of 
inbreeding is high. Thus a means to avoid it by way of exchange of rams among 
farmers/breeders should be considered. 
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