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INTRODUCTION 
Uruguay is located in the south of the Americas bounded on the South by the Atlantic Ocean 
an the estuary of the Rio de la Plata. 
 
The climate is temperate, with average temperatures of 12o C in the winter and 24o C in 
summer and rainfall values of 1000 to 1200 mm per year. This has permitted the development 
of native grasses, which constitute the basis for the production of wool and meat in Uruguay. 
 
The present sheep population is estimated at 11 million and predominant breeds are Corriedale, 
Polwarth, and Merino, which represent 66, 12 and 11 per cent of the national sheep flock, 
respectively (Table 1). These breeds can be defined multiple purpose in the sense that generate 
income from the sale of wool and sheep meat (surplus offspring and cast for age animals), 
forcing breeders to consider several traits in their selection programmes. 
 
Table 1 Distribution of breeds and diameter of wool (Uruguay) 
 

Breed % Micron Range 
Merino 11.0 19.0 – 23.0 
Polwarth 12.0 22.0 – 25.0 
Merilin  3.5 22.5 – 25.0 
Fine crossbreds 6.5 23.5 – 26.0 
Corriedale 66.0 26.0 – 31.0 
Romney 1.0 30.0 – 33.5 
Source: SUL (2004) 

 
Traditionally, wool has been the main product of the system. However in recent years, the 
importance of the sheep meat (lambs and mutton) has increased significantly. 
 
In the last years sheep production systems have been subjected to very strong economic 
pressures as a consequence of low prices for wool, increases in the cost of production and the 
competition of alternative enterprises (beef cattle, dairy cattle, cropping, forestry, etc.). 
 
Increasing the productivity of the sheep industry in both physical and economic returns terms, 
has become an issue of vital importance for the survival of wool as a competitive fibre.  
 
In a process of reduction in sheep numbers, it is likely that there will be a trend for wool 
production systems to be based in more marginal regions, with less possibilities of improving 
productivity by changing the environment. 
 
Under these circumstances, the topic of genetic improvement of sheep becomes relatively more 
important and there is certainly an opportunity for farmers to adopt effective breeding methods 
as a low cost mean of increasing production and profit. 
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BREEDING STRUCTURE  
In almost all sheep producing countries, there exist flocks specialized in the production of rams 
(ram breeding flock or studs), and commercial flocks which normally buy the rams needed for 
use in one or various sources. 
 
The breeding structure of sheep industry in Uruguay follows in general the common 
hierarchical pattern with “top”, and “multiplier” studs (second and general), reflecting their 
relative importance in terms of dissemination of genes to the commercial flocks (which does 
not necessary mean genetic differences between then). 
 
As in any hierarchical breeding structure the genetic progress in the whole industry will depend 
on what is being achieved in the studs on the top of the pyramid and to what extent the 
objectives at the stud level are coincident with those of the commercial flocks. This deserves a 
very important consideration in defining the strategies to be utilized for an efficient adoption of 
breeding technologies with real impact. 
 
Importation of “genetics” from Australia and New Zealand is not uncommon. In particular, in 
the Merino breed, the strategy of the more important studs has been to incorporate genes from 
Australia (frozen semen or rams). Gimeno et al. (2003) analyzed the origin of the sires of 
progeny born in 2001 in our sire reference scheme. Out of the 34 sires used, 5 were Australian, 
while 46 % of the genes in the progeny population came from 9 sires, all of them of Australian 
origin. 
 
In Uruguay, there are approximately 500 ram breeding flocks (registered and non-registered) in 
different breeds of which approximately 7 – 8 % can be defined as “top” studs, the rest being 
“second” and general studs. These categories are defined on the basis of flock size, the 
numbers of rams tattoed and sold annually, and the destination of rams sold (others studs or 
commercial flocks). (Cardellino, 1988)  
 
Flock size in studs is large enough to allow effective “within flock” programs of genetic 
improvement (on average 500 breeding ewes). 
 
THE TRADITIONAL BREEEDING SYSTEM  
There were several stages in the history of sheep breeding in Uruguay characterized by the 
predominance of different breeds and the utilization of varying breeding systems. An initial 
period of grading up to Merino- type breeds was followed by a strong predominance of Lincoln 
and Romney crosses at the beginning of the century when there was an important demand for 
mutton meat in Europe. As a consequence of good prices for wool, and the reduction in mutton 
meat markets, a period of alternated cross-breeding started with the use of Merino rams in 
cross-bred flocks when the wool became too strong or the use of Lincoln and Romney rams 
when animals were “too fine and small” (Cardellino, 1976). The result of this generalized 
breeding system was an increase in the variation of wool traits within flocks and in the national 
clip. 
 
In 1935 a Sheep Improvement  Commission was created with the objective of orientating sheep 
breeding in the country and it started a process of grading up to pure breeds like Merino  and 
Romney or to crossbred type such as the Corriedale and Polwarth. During that process a system 
of identifying superior  graded – up animals was established. Before the first adult shearing (10 
to 15 months of age) both ram and ewe hoggets were visually inspected and those without 
faults, reaching the breed – type standards and certain level of productivity (subjectively 
appraised) were given a single tattoo. 
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The single tattooed animals were inspected again the following year and those reaching more 
strict levels of performance were given the double tattoo. 
 
This system which is still operating, was successful at the beginning in orientating the producer 
and raising the level of production, probably as a consequence of a wide genetic variation in 
traits readily assessed by visual appraisal and the elimination of major faults.  There is no 
evidence of what genetic progress was achieved but it is very likely that the methods were 
adequate to ensure reasonable rates of improvement in productive traits, in the first 15 – 20 
years of operation. 
 
 PERFORMANCE RECORDING SCHEMES 
The Flock – Testing Service 
A performance recording scheme was started in 1969 with the purpose of introducing more 
effective breeding methods, through the objective measurement of economically important 
traits. This service is implemented and supervised by the Uruguayan Wool Secretariat (S.U.L), 
a private growers´ organization. Ram hoggets (registered and non-registered) without obvious 
faults and shorn as lambs are recorded when they are 12 – 15 months old. At shearing time 
(September – October), greasy fleece weight, live weight, and a visual appraisal of quality, 
character and colour of the wool are recorded. It is optional to record type of birth (single or 
twin, progeny of 2 tooth or adult ewes) and also the identification of the sire. A mid side 
sample of wool is taken and send to SUL’s wool laboratory where scouring yield, staple length, 
average fibre diameter, CV of diameter and comfort factor are determined. Data are processed 
and return to the breeder in November – December when he carries out the final selection of 
rams and decides which will be used in the ram breeding flock and which will be sold. These 
will have 3 to 4 months of wool and the production records available to the buyers (Cardellino, 
1989). 
 
With the exception of Australia and New Zealand all these performance recording schemes 
were centralized in only one organization in the country (see Table 2), from the government 
(INTA, Dep. of Agr.) or a growers’ organization (S.U.L, ARCO). In Uruguay the Flock 
Testing service involves at present 120 studs and 22000 animals in 2005. 
 
Table 2 Performance recording schemes in different countries 
 

Country Year of Starting Name  Run by 
Australia 1955- 60 Various Various 
New Zealand 1968 Various Various 
South Africa 1973 National Woolled Sheep Performance Dep. of Agr. 
Uruguay 1969 Flock – Testing Service S.U.L 
Argentina 1978/1990(*) Provino INTA 
Brazil 1977/1986(*) Promovi ARCO 

Cardellino, 1998               
(*) Re- Launching date. 
 
However, an evaluation of the effectiveness of these performance recording services should 
take into account not only the number of studs involved but also the relative importance (top, 
multiplier, or general), the degree of continuity, the proportion of animals recorded, and the 
interpretation and use of the data. 
 
In the case of the Flock Testing Service in Uruguay, the rate of adoption by the most important 
studs (top studs) was very high (95% in Corriedale, 75% in Polwarth and Merino studs)    
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BREEDING OBJETIVES AND SELECTION CRITERIA 
After 15 years of operation of the Flock Testing Service, it gradually became obvious that a 
formal definition of the breeding objectives and selection criteria was essential. It was 
recognized that such a formal definition would enable to determine more precisely the relative 
importance of different traits (thus avoiding unnecessary emphasis on unimportant traits) and 
also offer breeders the possibility of combining various selection criteria in an index 
(Cardellino and Ponzoni, 1986)      
 
Following the same approach utilized by Ponzoni (1979) and Cardellino and Ponzoni (1985), 
having identified the sources of costs and returns in commercial flocks in Uruguay determined 
that the following traits should be included in the breeding objective: clean fleece weight, 
number of lambs weaning, weaning weight and adult weight. They also calculated the relative 
economic values (REV) of the different traits (expressed in terms of $ obtained during the 
lifetime of the animal) using the method development by Ponzoni (1979). 
 
Table 3 shows the selection indices in the Flock Testing printout for Corriedale and fine wool 
breeds (Polwarth and Merino). Some indices include detailed wool measurements (yield and 
diameter) so they are suitable mainly for rams but other indices that do not required laboratory 
analysis are available for ewes. 
 
Table 3 Selection criteria and correlation betweeen indices and breeding objetives for 
Corriedale and fine wool (Merino – Pollwarth) 
 

 Corriedale  Merino -Polwarth 
 Ram Ewe  Rams Ewes 
Selection criteria      
Clean fleece weight 11.2   16.3  
Greasy fleece weight  5.6   10 
Diameter -1.4   -1.1  
No. of lambs weaned 1.5 1.6  1.6 1.6 
Hogget weight 0.1 0.2  0.1 0.2 

IHr  0.58 0.35  0.59 0.41 
Cardellino and Ponzoni (1986)     

 
Since 1986, optional selection indices for each breed have been included in the Flock Testing 
reports but there has been a general agreement among scientists and breeders about the 
desirability of continuing to present the information on all the individual traits recorded. Even 
if selection procedures are not always carried out by means of selection indices, the formal 
definition of breeding objectives is very useful for the industry in clarifying the relative 
economic importance of the traits.  
 
In recent years, new updated selection indices were developed by SUL and INIA, for general 
use. 
 
CENTRAL PROGENY TEST 
In 1994, with the objective of comparing the genetic merit of rams from different studs, several 
Central Progeny Test (CPT) operations started in the Corriedale and Merilin breeds, with the 
support of the Breeders’ Associations and the technical support of SUL. In 1995 it started 
another one in the Merino breed, and in 1997, in conjunction with INIA, the first world CPT in 
the Polwarth breed began to operate. 
 
Table 4 presents for each breed, the numbers of CPT, the years of operation, the number of 
studs and rams participating   
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Table 4 Central Progeny Test (CPT) for different breeds 
 

Breed Ner of CPT Years Ner of  Studs Ner of  Rams 
Corriedale 3 94-05 36 214 
Merino 5 95-02 36 170 
Merilin 1 94-99 15 37 
Polwarth 1 97-00 19 55 

 
All the CPTs were located in private farms supervised by technical staff of SUL. Field data 
plus wool laboratory information were stored in a data base centralized al SUL. 
Until year 2000, dam identification was not recorded, so genetic evaluation of different traits 
was performed with a sire–model.  
 
This period of functioning of CPT’s was considered very important in the evolution of sheep 
genetic evaluations in Uruguay. 
 
The concept of reference sires was introduced, allowing the genetic comparison of rams used 
in different CPTs and years and also the feasibility of performing across–flock genetic 
evaluation became more obvious to breeders and technical staff. 
 
Multi–trait BLUP methodology was then introduced as well as the concept of EPD’s (Expected 
Progeny Differences), replacing the traditional use of phenotypic values in the selection of the 
animals.  
 
At the same time, new traits were included in the breeding plans: FEC (faecal egg count), as 
indicator of genetic resistance to internal parasites, weaning weight, eye muscle area and fat 
depth. 
 
Standard criteria were better defined in the design and operation of CPTs (mating criteria, 
animal management) as well as the capture and storage of information.  
 
One of the limitations of CPTs, is the limited number of rams that can be evaluated. At a 
national level this limits the identification of genetically superior rams.  
 
Moreover, in nearly all the CPTs, the male progeny of evaluated rams were usually castrated, 
by decision of the breeders  
 
The genetic evaluation of rams in the CPTs, does not allow to do inferences of the genetic level 
of the participating studs; we are only comparing selected rams from different studs, but not 
necessarily those genetically superior. 
 
ACROSS – FLOCK GENETIC EVALUATION 
The experience acquired and the results produced by CPTs, created a suitable environment to 
start with genetic evaluation across–flocks, through the use of reference sires among the 
participating studs. 
 
Corriedale and Merino breeders were the first in initiating these evaluation programs. In year 
2000, 3 Corriedale and one Merino stud were “linked” to the existing CPTs. 
 
With the purpose of promoting these evaluation schemes, INIA provided funds to finance these 
programs. In year 2001, seven Merino studs became part of the sire–reference scheme for that 
breed (Fine Merino Project, Phase I). 
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Two years later,10 Corriedale studs were integrated into a National Genetic Evaluation 
Program, as well as 5 Polwarth studs. 
 
During 2004 and 2005, 5 Romney and 4 Merilin studs started similar sire–reference schemes, 
respectively.  
 
At present the number of studs involved in across–flock evaluations is shown in Table 5. 
 
Table 5 Evolution of Studs in across-flock evaluation schemes. 
 

Breed  1999 2000 2001 2002 2003 2004 2005 
Corriedale  3 2 2 13 17 26 
Merino 1 2 8 18 19 13 14 
Polwarth    5 5 5 6 
Romney      5 5 
Merilin       4 
Total 1 5 10 25 37 40 55 

 
The genetic evaluation analysis are performed by SUL, INIA or jointly, depending on the 
breed. 
 
Connectedness  
One critical point of these schemes is the correct use of “reference sires” among the 
participating studs, so that the whole population is connected (linked) adequately. 
 
Every year special meetings with stud breeders and technical staff are carried out, to define the 
use of “reference sires”, checking that the whole system remains well connected. This issue 
becomes more critical when the number of participating studs increases. 
 
In the Corriedale breed there still exists one CPT which facilitates the annual design of 
connections (10 rams are annually compared in this CPT) and some of these rams belong to 
some of the participating studs. 
 
In the Merino breed, there are not CPTs in operation at present, and stud breeders are not 
willing to use outside rams in their breeding flocks. However the use of imported semen from 
Australia and the use of some rams produced in a fine Merino Nucleus , facilitates this issue. 
 
A special program was development by Aguilar y Gimeno (2004) to measure the degree of 
connection, based in the work by Kennedy and Trus (1993) 
 
THE SULAR SERVICE 
At the beginning of the operations of the CPTs, the collection and storing of the data were 
performed on standard electronic files which were checked and stored (at SUL’s head office) in 
a centralized data base. 
 
This initial system was not reliable enough which represented a limitation to the growth of a 
sire reference scheme with records of a high standard . 
 
SUL developed a software called SULAR (breeder’s module) which performs quality control 
of data when it is incorporated (mating, lambing, pregnancy test, weighting, etc.). It also 
produces internal reports for the stud, and pre-printed data forms to be filled in the field. 
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Special emphasis was placed in the registration of information on the performance of dams, 
and survival of lambs with the objective of producing EPD’s for these traits. 
 
Once the information is sent by the breeder, wool laboratory data, faecal egg counts (produced 
by INIA) and pedigree records of registered animals are incorporated. 
 
A correct identification of animals in the system is critical. It has to be unique, permanent and 
independent of other identification procedures that are normally used for other purposes 
(Grignola, 2003). 
 
A 12 digits number called SULAR_ID is allocated to each animal, which includes breed, stud, 
year of birth and the identification of the animal. 
 
The central data base (BDC-SUL) stores the identification of the animals, plus information on 
production records and pedigree records. 
 
Table 6 shows a description of the BDC-SUL with the number and type of records 
 
Table 6   Description of the SUL Data Base  
 

 Number 
Breeds 5 
Total of records 44.766 
With sire information 44.287 
With dam information 31.160 
Rams 638 
Ewes 21.068 
Pedigree records  79.982 
Greasy fleece weight 34.020 
Scouring yield 32.701 
Average fibre diameter 33.093 
Colour Y 2.289 
Colour Y-Z 2.269 
Live weight 33.322 
Weaning weight 25.820 
Fecal egg count 15.550 

 
The amount of data recorded so far, has allowed the investigation of different evaluation 
models and the estimates of heritability and genetic correlations for different breeds: Merino 
(Ciappesoni, et al. 2006) and Corriedale (Grignola, 2003; Gimeno, 2005 unpublished) 
 
Fine Merino Nucleus 
In 1998, it started a Fine Merino Project which included the participation of the Merino 
Breeders’ Association, INIA and SUL. A highly selected screened nucleus was formed with 
the objective of generating and distributing genetically superior sires for the production of fine 
and superfine wool (less than 19.5 microns). INIA (Montossi, et al .,2005). 
 
The initial nucleus was included 742 ewe hoggets selected from 37 contributing flocks, 
screened from a population of 5170 hoggets. This nucleus is located in INIA’s Experimental 
Station (Glencoe) and supervised by their staff. 
 
Contributing producers annually receive genetically superior male hoggets, semen of superior 
sires and information related to the production of this type of wool. 
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So far, 25 sires have been used, of which 11 are from Australian origin, selected on the genetic 
information in their country of origin and the objective of the nucleus.  
 
FINAL CONSIDERATONS  
The evolution of sheep breeding program and genetic evaluation procedures for multiple–
purpose sheep (wool and meat) in Uruguay since 1970 to date has followed the same pattern 
than the more developed sheep producing countries, mainly Australia and New Zealand.  
 
As in most wool producing countries there have been difficulties in convincing stud breeders to 
adopt new technologies, unless there is a clear demonstration of advantages, compared to 
traditional methods. However it should be recognised that the implementation of the different 
breeding procedures has had the support of breeders’ associations, and technical organizations 
which have worked jointly in the discussion and operation of these breeding schemes. 
 
In Uruguay, measured response in greasy fleece weight in  different studs using the Flock 
Testing service as a routine varied between 0 and 1.4 % per annum (Cardellino, 1998), for a 
period of more than 10 years, compared to a potential achievable of 1.5% (maintaining fibre 
diameter constant).  
 
The present and modern techniques utilised in Uruguay for the genetic evaluation of sheep will 
allow the measurement of genetic trends for different traits and monitoring the results that are 
being obtained. 
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