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Why? 

ÅLivestock contribute ~9-11% of total anthropogenic GHG 
emissions 

 

ÅCH4 most important contributor with a GWP 25X that of CO2 

 

Å In NZ animal emissions ~50% of total GHG emissions 
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Rationale for breeding low emitting 
animals 

ÅFor most farmed species (plants and animals) genetics 
contributes around 50% of farm system economic 
improvement 

ÅGenetic change is extremely low cost, permanent and 
cumulative 

ÅExisting infrastructure utilized at marginal cost: including 
future developments e.g. genomic selection  

ÅGenetic change can be measured (and tracked) so is an 
auditable method for reducing GHG 

ÅGenetics is, however, incremental and may not be sensible 
for some traits  
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Pipeline to low emitting ruminants 

  
ωReproducible genetic variation in CH4 emissions? 

  
ωIs the low CH4 trait linked to production traits? 

  
ωAre there genetic/phenotypic markers for low CH4? 

ωBreeding scheme design and index construction 

ωImplement in existing breeding systems 
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Current New Zealand 
GS/GWAS dataset 
Å 1,513 NZ dual purpose sheep 

Å Measured for CH4 (g/d) in respiration chambers and 
dry matter intake (DMI) 

Å Fed 2.0x maintenance on a lucerne pellet 

Å All industry animals (Central Progeny Test) & 
measured for production traits on pasture  

Å Calculate g CH4/kg DMI BV 

adaption M1 M2 ~14 days M3 M4 
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Analysis: mixed models and fixed effects 
Trait Fixed effects Random effects

gCH4/day brr, bdev, flk, ryr.lot.group.round Animal, eperm

gCH4/kgDMI byr.flk.sex, ryr.lot.group.round Animal, eperm

LW (kg) brr, bdev, flk, byr.flk.sex, ryr.lot.group.round Animal, eperm

WWT (kg) brr, sex, aod, aod2, bdev, flk.yr.WWTmob.sex Animal, Maternal

LW8 (kg) brr, sex, aod, aod2, bdev, flk.yr.LW8mob.WWTmob.sex Animal

Bdev birthday deviation 
Brr  birth rearing rank 
Aod age of dam 
Flk birth flock 
Ryr  recording year 
Lot mob of 96 
Group group of 24  
Round 1st or 2nd measurement period 
 
Pinares-Patino et al 2013 
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Genetic estimate results 

Trait is heritable and repeatable: benefit from repeated measurements 
 
No evidence to date of unfavourable correlated changes in production traits 

Trait N records mean p̀  direct h2 ± s.e. dam h2 ± s.e. rg rp rg rp

WWT (kg) 48591 27 4.11 0.23 ± 0.01 0.23 ± 0.01 0.71 ± 0.07 0.43 ± 0.02 0.06 ± 0.12 0.01 ± 0.02

LW8 (kg) 34742 40 4.95 0.56 ± 0.01 - 0.80 ± 0.04 0.52 ± 0.02 0.06 ± 0.13 0.03 ± 0.03

FW12 (kg) 15186 3.1 0.48 0.53 ± 0.02 - 0.11 ± 0.07 0.12 ± 0.03 -0.32 ± 0.11 -0.08 ± 0.03

EMD (mm) 22141 26.7 2.86 0.50 ± 0.02 - 0.42 ± 0.10 0.32 ± 0.03 -0.03 ± 0.11 -0.01 ± 0.03

DAG3 score 22809 1.03 1.12 0.43 ± 0.02 - -0.18 ± 0.07 -0.06 ± 0.03 -0.07 ± 0.13 -0.02 ± 0.02

DAG8 score 8072 1.14 1.25 0.51 ± 0.03 - -0.07 ± 0.12 -0.01 ± 0.04 -0.13 ± 0.12 -0.03 ± 0.03

single trait analysis 2-trait with gCH4/day 2-trait with gCH4/kgDMI
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Rumen VFA results: indirect predictor? 

Very high rg 0.8Ñ0.12 with gCH4/KgDMI suggests a good indirect predictor 
 * also for ALL individual VFA!  
 * prop/acetate differs low and high groups 
 
Is plasma VFA also as good? 
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Brief measurements 
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Changes in screened animals 

ÅBorn 2007 animals (screened) 

ÅDifferences present across 5 
feeds 

ÅDM digestibility lower (Pasture 
& pellet)  

ÅRetention time lower (solute, 
particulate?) 

ÅPinares-Patino et al. 2011 a,b 

ÅG1 animals differ by 8.4% 
gCH4/kgDMI 
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