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INTRODUCTION 
Sheep play an important role in the livelihood of most people in the tropics, mainly through 
meat production (Gatenby, 1986 ; Kiwuwa, 1992), and have potential for greater contribution 
through better management and genetic improvement. Traditional minimal-input systems with 
indigenous animal breeds predominate (Gatenby, 1986 ; de Leeuw et al., 1991). Various 
bottlenecks towards effective breeding programs exist, e.g. small flock sizes, lack of 
systematic animal identification, inadequate animal performance and pedigree recording, and 
organizational shortcomings (Kiwuwa, 1992). However, use of local breeds that are adapted to 
their harsh conditions and low level of management should be encouraged as exotic breeds 
often fail to survive or even reproduce (Turner, 1985). Nucleus breeding schemes have been 
proposed as a good strategy for genetic improvement of livestock in developing countries 
(Hodges, 1990). However, a crucial point is adequate interaction between nucleus and 
commercial sectors. One other option is to run a co-operative (‘ram circle’) breeding program 
among some larger commercial groups. The aim of this study is to compare, through 
simulation, different sheep nucleus breeding schemes interacting with commercial flocks. 
 
MATERIAL AND METHODS 
Stochastic simulation is used with 50 replicates of a breeding population with overlapping 
generations simulated for 10 years. All the calculations related to genetic merit are in units of 
phenotypic standard deviations (SD). The breeding structures considered are: (I) one single 
breeding nucleus, (II) a group of commercial flocks running a co-operative (‘ram circle’) 
breeding program with no nucleus - males selected within each flock are used in another flock 
while females are selected but do not migrate between flocks, and (III) a two-tier breeding 
scheme, comprising a nucleus and a commercial tier - the best males are used within the 
nucleus while the remainder migrate to the commercial flocks, with no female migration. A 
commercial flock is defined as a breeding unit around one male, potentially comprising a 
group of smallholders within one village. There is cyclic screening of commercial animals for 
the nucleus every 3 years in scheme III. Screening is based on ‘picking the best phenotype in 
the flocks’. Although this is not a formal measurement, it is treated as such in the simulation. 
The screened animals from commercial flocks are assumed to have no pedigree or performance 
record. Both sexes are selected at the age of 7 months. Selection is across age classes (i.e. 
parent selection). Animals not selected as nucleus parents are selected for dissemination to the 
commercial flocks. If random selection would be applied in the nucleus, this system would still 
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yield genetic improvement as the nucleus is merely used as a multiplier of the best animals 
screened from the commercial population. Only natural mating is considered. It is assumed that 
trait recording and sire to dam mating ratios are the same in nucleus and commercial flocks. In 
all cases, adult annual survival probabilities started at 90% and then decreased by 10% each 
year (Kosgey et al., 2001). Single trait selection is considered with a heritability of 0.25 and 
estimated breeding value (EBV) calculated using best linear unbiased prediction (BLUP) or the 
individuals’ phenotype. 
 
RESULTS AND DISCUSSION 
Closed nucleus versus ‘ram circle’. The effect of nucleus size is shown in Table 1. This 
refers to variations of scheme I. Genetic merit (∆G) increases slightly with nucleus size 
whereas rate of inbreeding (∆F) decreases. A similar effect was found in a ‘ram circle’, but ∆F 
tended to go up more with a smaller breeding population. However, increasing the sire to dam 
ratio is a simple way to avoid ∆F in breeding systems of small size, with very little 
compromise toward ∆G or even an increase thereof. Effectively, more sires and, in the case of 
a ‘ram circle’, more breeding flocks are then used. There is some advantage of running one 
closed nucleus over a ‘ram circle’. The rate of genetic improvement is about 10-20% less for 
the ‘ram circle’. However, co-operative breeding programs can, to some extent, be useful when 
selection can be based on individuals’ phenotype in both sexes. When phenotypes are on one 
sex only, and measured after reproduction, there is more advantage to apply BLUP selection 
over phenotypic selection. In this case, the closed nucleus has more advantage over the ‘ram 
circle’, as selection can be better optimised over animals and age classes. 
 
Table 1. Predicted responses per year (∆G) in phenotypic SD and inbreeding (∆F) after 
10 years of BLUP or phenotypic selection in closed breeding nucleus or a ‘ram circle’ of 
varying sizeA 

 
 BLUP selection Phenotypic selection 
Scheme 

No. breeding 
females ∆G ∆F ∆G ∆F 

Nucleus 500 0.134 0.039 0.110 0.031 
 250 0.130 0.064 0.107 0.056 
 100 0.116 0.119 0.103 0.117 
 100a 0.119 0.016 0.102 0.014 
 500b 0.071 0.014 0.049 0.013 
Ram circle 500 0.112 0.028 0.100 0.021 
 250 0.112 0.033 0.097 0.031 
 100 0.111 0.088 0.088 0.122 
 100a 0.099 0.037 0.091 0.035 
 500b 0.057 0.023 0.045 0.014 

A Age at drop of first progeny is 2 years, and first record is established during second 
year with both sexes recorded, except in b when records are on females only in year 
3. Fifty ewes are mated to each ram, except in a when 20 ewes were mated to each 
ram. 
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Effect of reproductive rate (sire to dam ratio). The effect of reproductive rate is presented in 
Table 2. Increasing the male to female ratio, and consequently decreasing the number of 
nucleus breeding males gives higher ∆G as well as an increased ∆F. Generally, a higher 
reproductive rate substantially boosts ∆G, but at the expense of increased ∆F. 
 
Table 2. Predicted responses (∆G) and inbreeding (∆F) to 10 years of BLUP selection and 
inbreeding in a breeding nucleus depending on reproductive rates of males and females 
(sire to dam ratio)A,B 

 
No. dams/sire No. offspring/dam ∆G/year (in units of phenotypic SD) Average ∆F 

10 1 0.105 0.008 
25 1 0.123 0.020 
25 2 0.155 0.065 
50 1 0.134 0.039 

100 1 0.146 0.067 
Aresults apply to a single nucleus with 500 breeding females. Bage at drop of first progeny at 2 
years first record is established during 2nd year, and both sexes are recorded 
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Figure 1. Genetic improvement in a nucleus and the commercial flocks for a two-tier 
system (scheme I) and for a system with 3-yearly cyclic screening of commercial flocks to 
replace the nucleus (scheme III). The nucleus size is 250 females and screening on the 
offspring of 250 commercial animals 
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Two-tier systems versus interactive cyclic screening. A comparison between a 2-tier system 
(scheme I) and a cyclic screening strategy (schemes III) is given in figure 1. In the two-tier 
system, the nucleus is basically closed, and excess males are distributed over commercial 
flocks. The nucleus is initially set up by selecting the best males and females from commercial 
flocks (based on an accuracy equal to the square root of the heritability). In the cyclic 
screening scheme, all nucleus animals are distributed over village flocks every 3 years and the 
nucleus is replaced by a new batch of selected males and females from the village flocks. 
Obviously, the nucleus will temporarily drop while the village flocks get a genetic lift. 
However, over time, ∆G is only slight below that of a two-tier system. 
 
CONCLUSION 
Structured breeding schemes are important for the genetic improvement of meat sheep in the 
tropics. This study illustrates that there is some advantage of running one closed nucleus over a 
‘ram circle’ in terms of ∆G. However, cyclic screening of commercial animals for use in the 
nucleus can give an almost maximum genetic response, while keeping the villagers interested 
in genetic improvement. 
 
ACKNOWLEDGEMENTS 
The Netherlands Foundation for the Advancement of Tropical Research (WOTRO) is thanked 
for supporting the study. Egerton University, Njoro, Kenya is acknowledged for granting the 
first author study leave. Dr. Keith Hammond (FAO) provided the initial ideas about interactive 
village breeding programs. 
 
REFERENCES 
de Leeuw, P.N., Grandin, B.E. and Bekure, S. (1991) In “ILCA systems study”, p. 103-114, 

Editors S. Bekure, P.N. de Leeuw, B.E. Grandin and P.J.H. Neate. 
Gatenby, R.M. (1986) “Sheep production in the tropics and sub-tropics”. Longman Inc. New 

York, USA. 
Hodges, J. (1990) Anim. Sci. Papers and Reports 6, Institute of genetics and animal breeding, 

Jastrzebiec. Polish Scientific Publishers, Warszawa. 
Kiwuwa, G.H. (1992) Proc. 1st Biennial Conf. of the African Small Rum. Res. Network, 

ILRAD, Nairobi, Kenya, 10-14 December. p. 423-434. 
Kosgey, I.S., van Arendonk, J.A.M. and Baker, R.L. (2001) Proc. 52nd Annual EAAP Meeting, 

Budapest, Hungary, 26-29 August (http://www.zod.wau.nl/vf/index.html). 
Turner, H.N. (1985) FAO Anim. Prod . and Health. Paper 58 : 12-31. 

Session 23. Design of breeding programmes Communication N° 23-14 

http://www.zod.wau.nl/vf/index.html

	ALTERNATIVE BREEDING SCHEMES FOR MEAT SHEEP IN THE TROPICS
	MATERIAL AND METHODS
	RESULTS AND DISCUSSION
	ACKNOWLEDGEMENTS
	REFERENCES

