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Ch llCh llChallengesChallenges

Genetic progress limited by:
 Biological limits

 Older age at sexual maturity
 Produce few progeny in lifetime

 Structural constraints
 Husbandry differences among flocks may 

mask genetic differencesmask genetic differences



St t l t i tSt t l t i tStructural constraintsStructural constraints

 Small individual flock sizes
 Often the case in pedigree industries

F i l t h ithi fl k d Few animals to choose among within flock and 
thus slow genetic progress

 Equitable comparison of genetic merit of Equitable comparison of genetic merit of 
animals across flocks may not be possible

 Low uptake of performance recording Low uptake of performance recording
 Dairy sheep breeds an exception 



G hi di tG hi di tGeographic distancesGeographic distances

 Geography
 Flocks distributed 

across long distances
2,500 km2,500 km

across long distances

Challenge: small Challenge: small 
genetically genetically 

‘disconnected’ flocks‘disconnected’ flocks
1,400 km1,400 km

‘disconnected’ flocks‘disconnected’ flocks



S l tiS l tiSolutionsSolutions

Sire referencingSire referencing

(Simm et al., 2001)



S l tiS l tiSolutionsSolutions

Ram circlesRam circles
 Natural service within a ram circle

A tifi i l i i ti i l Artificial insemination among ram circles

“The main purpose of ram ram 
i li l i t t th fcirclescircles is to get the progeny of 
each ram spread over many 
farms in order to reduce the 

flock effect …”
(Gjedrem, 1969)

(Eikje et al., 2008; Eikje et al., 2011 (this conference))



C t dC t dConnectednessConnectedness

 In perspective
 Connected versus disconnected flocks

A i t d Assessing connectedness
 Sufficiency

Bi i i Bias statistic



C t d fl kC t d fl kConnected flocksConnected flocks

Si 1 Si 2Sire 1 Sire 2

 Flock 1  

Flock 2 

ModelModel
ZXb eZuXby 



Di t d fl kDi t d fl kDisconnected flocksDisconnected flocks

Si 1 Si 2 Si 3 Si 4Sire 1 Sire 2 Sire 3 Sire 4

 Flock 1  

Flock 2 
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ModelModel
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Di t d fl kDi t d fl kDisconnected flocksDisconnected flocks

 If sires sires and flocks considered fixedfixed
 All comparisons notnot estimable

If ii i t d id d dd If siressires instead considered randomrandom
 All comparisons estimable (BLUP)

Prediction error variance (PEV) of Prediction error variance (PEV) of 
disconnected sires larger

 Presumes average merit of sires equalg q
 Biased Biased if not so  

MSE = PEV + biasMSE = PEV + bias22



P di ti i (PEV)P di ti i (PEV)Prediction error variance (PEV)Prediction error variance (PEV)

 Increased PEV means reduced selection 
accuracy

PEV is a logical meas re of connectedness PEV is a logical measure of connectedness 
(Kennedy and Trus, 1993; Kuehn et al., 2007)



C t dC t dConnectednessConnectedness

 Quality of the comparison depends on 
how well flocks are linked genetically

Need ‘s fficient’ connectedness Need ‘sufficient’ connectedness (Kinghorn and 
Shepherd, 1990; Kennedy and Trus, 1993)

 Asymptotic (Foulley et al., 1992; Hanocq et al., 1996)



Fl k t dFl k t dFlock connectednessFlock connectedness

Summarized on flock basis
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where is the mean breeding valueûwhere        is the mean breeding value 
of all animals recorded in flock i(j) since 
recording began

.).( jiu

recording began
(Lewis et al., 2005)



Fl k t dFl k t dFlock connectednessFlock connectedness
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(Lewis and Simm, 2000; 
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S ffi i biS ffi i bi t ti tit ti tiSufficiency: bias Sufficiency: bias statisticstatistic

   jijiij uuûûL̂ 

Measures consistency of difference 
in estimated and true genetic meritg

 Average squared Lij measures the 
mean squared error (MSE)mean squared error (MSE)
 Sum of PEV and squared bias



C t dC t d MSEMSEConnectedness Connectedness vs.vs. MSEMSE
1.2

1.0

1.2
0 Sire/0 ewe 1 Sire/1 ewe
1 Sire/2 ewes 1 Sire/5 ewes
1 Sire/10 ewes 3 Sire/10 ewes

0.6

0.8

M
S

E

0.2

0.4

0.0

0.2

0.00 0.05 0.10 0.15
Connectedness



C t dC t d MSEMSE
1.2 Th h ldTh h ld

Connectedness Connectedness vs.vs. MSEMSE
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I tiI tiIn practiceIn practice

 Different genetic means
 Summarizing rijij

 Principal components
 Clusters

 Extensions
 Accuracy Accuracy
 Genomic information



Diff t tiDiff t tiDifferent genetic meansDifferent genetic means

Breed A

Breed B

Breed C
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S i iS i iSummarizing Summarizing rrijij
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S i iS i iSummarizing Summarizing rrijij

(Kuehn et al, 2009)



E t iE t iExtensionsExtensions

 Connected set
0.7

Among ram circle flocks
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(Eikje et al., 2011 (this conference))

Fur Cheviot



E t iE t iExtensionsExtensions

 Impact on accuracy (           )PEV1

Breed Measure RC alone rij ≥ 0.1 All

Fur No. weights 15,472
(1.0)

55,103
(3.6)

110,955
(7.2)

Accuracy 0.564
(1.00)

0.577
(1.02)

0.580
(1.03)

Cheviot No. weights 50,193 84,796 131,012 
(1.0) (1.7) (2.6)

Accuracy 0.555
(1.00)

0.561
(1.01)

0.563
(1.01)



E t iE t iExtensionsExtensions

Genomic information
 Genomic selection (Baloche et al., 2011; Larroque

t l 2011 R b t G i t l 2011 (thi f ))et al., 2011; Robert-Graine et al., 2011 (this conference))

 Augmented A-1

211  211
ePEV 





  AMZZ'





 1211 AA







2221 GA



S iS iSumming upSumming up

 Connectedness matters in across-flock 
genetic evaluations

Genetic means ar among flocks Genetic means vary among flocks
 Evaluations biased if connectedness among 

flocks ‘insufficient’



S iS iSumming upSumming up

 Connectedness can be evaluated in 
large data

In ill strations sho n In illustrations shown (Eikje et al., 2011 (this 
conference))

 Norwegian White
 Pedigree:  3,522,302
 Wean wt.: 2,763,746



S iS iSumming upSumming up

 Connectedness can be used to define 
the dynamics of breeding systems

Delineate differences among breeding Delineate differences among breeding 
objectives

 Define performance data to include or p
exclude in genetic evaluation
 Balance between unbiasedness and accuracy
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