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ABSTRACT: The number of link progeny from a single 
external sire was varied from 0 to 4049 (50%) of lambs in 
two flocks with otherwise identical pedigree (35153 ani-
mals) and weaning weight records (25889 observations). 
Weaning weight records of all link progeny in one flock 
were artificially increased by 3 kg, creating a known genet-
ic difference between the flocks. For 28 scenarios, repre-
senting varying numbers of link progeny in both flocks, a 
univariate single-trait model was used to calculate estimat-
ed breeding values (EBVs) for weaning weight. Results 
showed that mean flock EBVs diverged and across flock 
reranking events decreased, when link progeny numbers 
were increased. EBVs for top sires in both flocks changed 
significantly between scenarios. Adequate connectedness, 
defined as the stabilization of top sires in terms of EBV 
ranking, was found at 1000 and 500 link progeny over three 
years in the two flocks respectively. 
Keywords: sheep; connectedness; linkage 
 
 

Introduction 
 

Adequate genetic connectedness is a prerequisite 
for the comparison of estimated breeding values (EBVs) 
between management units and is determined in part by the 
number of progeny in different management units from 
common parents (Foulley and Schaeffer, (1983); Kuehn, 
Notter, Nieuwhof, et. al., (2008)). It is difficult to say when 
genetic connectedness across flocks is sufficient, because 
the true breeding values are unknown and flock 
environmental effects can only be estimated. Although this 
is the case, there is a strong incentive to investigate what 
level of connectedness is required to accurately rank 
animals across different management units. 

 
The objective of this research was to find a way to 

quantify genetic connectedness in terms of link progeny 
numbers for specific situations using industry data. 
Increased understanding of genetic connectedness makes it 
possible to improve tools and create better guidelines for 
the industry, ultimately resulting in increased genetic gain 
nationally. This work was done to further develop the 
Sheep Improvement Limited (SIL) Connectedness Tool 
(Young, Pers. comm.). 

 
Materials and Methods 

 
Two flocks with identical phenotypes and 

pedigrees were used to create a connectedness case study 
with direct connectedness over three years. A total of 28 
different connectedness scenarios was created by varying 
the number of link progeny from an external link sire in 

both flocks. Differences in EBVs between scenarios were 
analysed. Divergence of average EBVs between the two 
flocks and the decline of across flock reranking events were 
of particular interest, as these were deemed to be an 
indicator of adequate connectedness. 

 
The SIL Connectedness Tool calculates the 

connectedness for a flock based trait data for a range of 
years, starting from the most recent. In this study weaning 
weight (WWT) records were used to calculate 
connectedness, but findings should apply equally to genetic 
connectedness of other traits. In accordance with the SIL 
Connectedness Tool, a three year connectedness window 
was used. 

 
Flock establishment. A large Perendale pedigree 

consisting of 551976 animals and corresponding trait 
dataset with 383668 WWT records was downloaded from 
SIL-ACE (Young and Newman, (2009)). A single flock 
was selected on the basis that it contained a sire that had 
progeny in a three year range only, from 2009 to 2011. The 
resulting Perendale pedigree and trait datasets were 
minimized to only include animals from this flock, as well 
as their ancestors. From here on, the flock and sire are 
referred to as the original flock and link sire respectively. 

 
In the original flock, link sire progeny made up 

approximately 10% of lambs over three years. To create 
connectedness scenarios with larger numbers of link 
progeny, the number of link sire progeny was increased to 
half of all lambs by randomly assigning progeny from other 
sires to the link sire (Table 1). After this modification, 
progeny WWT records were very similar for the link sire 
and other sires (Table 2). 

 
Table 1: Number of lambs from the link sire and other 
sires between 2009 and 2011, before (Original) and after 
(Modified) half of the lambs were assigned to the link 
sire. 
Year Original Modified 

 Link sire Others Link Sire Others 
2009 258 2458 1358 1358 
2010 230 2445 1338 1337 
2011 220 2486 1353 1353 
 
Table 2: Average of weaning weight records for lambs 
between 2009 and 2011. Values are mean ± standard 
deviation. 

Year WWT (kg) 
 Link progeny Other progeny 

2009 29.72 ± 5.52 29.78 ± 5.50 



2010 29.66 ± 7.27 29.66 ± 7.19 
2011 29.76 ± 5.51 29.78 ± 5.07 

 
 
Two duplicates of the original flock, named flock 

A and flock B from here on, were copied in such a way that 
animal identifiers were unique for all three flocks. Their 
pedigree structure and WWT records however, were 
identical. Duplicates of the link sire in flock A and B are 
referred to as a dummy sire. Progeny of the dummy sire in 
flock A and B were used to create direct connectedness. 

After creating flock A and B, only a subset of the 
original flock, consisting of the link sire and its ancestors, 
was retained to eliminate indirect connectedness through 
the original flock. 

 
Varying connectedness. Connectedness was var-

ied through a stepwise increase in link progeny numbers: 0, 
10, 1000, or 4049 for flock A and 0, 50, 500, 1000, 2000, 
3000 or 4049 for flock B. This created 28 connectedness 
scenarios, with link progeny making up none to half of the 
lambs over three years in both flocks. 

 
For every scenario, the required number of dummy 

progeny were randomly selected from flock A and B and 
made link progeny by replacing their dummy sire with the 
link sire in the pedigree dataset. This method guaranteed 
that progeny from all the other sires in flocks A and B and 
consequently those sires themselves remained unaffected 
when connectedness was generated, because the link sire 
came from the original flock and was in no way related to 
animals in flock A and B. 

 
Merit difference. Regardless of connectedness 

scenario, the results of genetic evaluations were expected to 
be similar for flock A and B, because the flocks were genet-
ically equivalent. In the absence of genetic connectedness, 
the same problem had to be solved for two disjoint popula-
tions. In the case of strong connectedness, across flock 
EBVs would have a high accuracy and show genetic simi-
larity between flock A and B. 

 
To create a known genetic difference between both 

flocks, after creating link progeny in flock B, the WWT 
records of those link progeny were artificially increased by 
3 kg. 

 
Genetic evaluations. A single trait ASReml (Gil-

mour, Gogel, Cullis, et. al., (2009)) model was used to cal-
culate EBVs for the 28 different connectedness scenarios. 
Genetic evaluations were run both with and without a link 
progeny merit difference. Results of the genetic evaluations 
were analyzed for animals born in the most recent five 
years, i.e. 2007 to 2011. 

 
Results and Discussion 

 
Due to the 3 kg WWT difference, mean flock 

EBVs changed substantially and the magnitude of the shift 
was determined by the number of link progeny. Very 
similar EBVs were found when link progeny did not have 

their WWT increased, regardless of connectedness 
(Figure 1). 

 

 
Figure 1: Difference in flock mean EBV between flock A 
and B for varying numbers of link progeny, without and 
with a 3 kg WWT difference for link progeny in flock B. 
Note that some points are overlapping. 

 
The WWT increase of link progeny in flock B 

caused two within flock EBV distributions in both flock A 
and B. This effect was more pronounced for higher link 
progeny numbers. In flock B the separation was simply 
caused by the link progeny having a higher than average 
WWT and corresponding EBV. Although link progeny 
WWT had not been changed in flock A, there was an abrupt 
shift in EBV for flock A in 2009, the year that 
connectedness was generated. Results were analysed over a 
five year range from 2007 to 2011, causing a two distinct 
EBV distributions in flock B. The within flock distributions 
moderated the effect of connectedness on mean flock EBV, 
so it was not very effective to use mean flock EBV to assess 
the effect of connectedness. 

 
For the purpose of comparing individual 

performance across flock, all animals in flock A and B were 
ranked on their EBV when there was no link progeny. In 
this situation EBVs of animals in flock A were identical to 
their duplicates in flock B. The top three sires of flocks A 
and B (excluding the link sire and both dummy sires) as 
well as their progeny were selected for further analysis. 
When the number of link progeny increased, the EBVs of 
top sires and their progeny changed; generally increasing 
for flock A and decreasing for flock B. This happened even 
though the WWT records of these sires and their progeny 
were identical for all connectedness scenarios. The changes 
in EBV were caused by variations in connectedness. 

 
Moving through the scenarios from low to high 

link progeny numbers in both flocks, the change in EBVs of 
the top three sires is such that they re-rank. Ranks of the top 
three sires had stabilized at 1000 link progeny in flock A 
and 500 link progeny in flock B, over three years (Figure 
2). 



 
Figure 2: EBVs of top three sires from flock A and B for 
varying link progeny numbers in flock B and fixed link 
progeny numbers in flock A. Local regression lines 
(LOESS with second degree polynomial) were plotted. 
Reranking of sires happens approximately were the 
lines cross. 

 
 
Although real data was used, the data was 

controlled in such a way that factors influencing 
connectedness were minimized. In a practical situation it is 
likely that there are multiple link sires and varying degrees 
of indirect connectedness between multiple flocks. Because 
this study looked at two flocks connected through a single 
link sire and indirect connectedness was eliminated, it 
remains unclear what the relative effect of other factors 
would be. 

 
Currently the SIL Connectedness Tool uses the 

three most recent years with data to assess connectedness 
(Young, Pers. comm.) as the most important selection 
decisions to be made are on younger animals early in their 
life. That is why this study focused on a three year range. 
The influence of connectedness in earlier years is likely to 
be additive and is worthy of further investigation. 
 

Conclusion 
 

The difference in EBVs between animals from two 
different flocks depends on the true genetic difference and 
the genetic connectedness between those flocks. Even 
though EBVs themselves might still change when connect-
edness is increased, across flock EBV ranks of top sires 
stabilized around a certain number of link progeny, at 
which point the flocks could be defined as being "adequate-
ly connected". It is unclear where this point is exactly, but 
an upper boundary was established for a specific case with 
a single external link sire used in two flocks. Adequate 
connectedness could be defined in more detail by looking 
specifically at the reduction in frequency of across flock 
EBV reranking, as well as increasing the amount of con-
nectedness scenarios around the tipping point. 
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