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Enteric methane
80% Agricultural  Emissions 35 % NZ GHG
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Biogenic Methane is challenging

• More Uncertainty
• Technology unknown
• 10% by 2030
• 24-47% by 2050



Mitigation Technologies for grazing livestock

Targets 10% by 2030    24-47% by 2050     
mix of charges  and incentives



• Performance

• Feed efficiency

• Rumen size

• Economics

Major Questions



• Methane selection lines monitored annually – 200 ewes

• Ram used in research flock – 750 ewes monitored annually

• Central progeny test flocks

• National records

Research



The quest for individual variation……



  Spot the difference.....
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Rumen Differences
Trait High CH4 Low CH4 P-value Diff.1 Heritability
Reticulo-rumen full (g) 5358 ± 82 5052 ± 83 0.01* 6% 0.19 ± 0.07
Reticulo-rumen empty (g) 988 ± 8 956 ± 8 0.01* 3% 0.16 ± 0.07
Est. rumen contents (g) 4370 ± 81 4096 ± 82 0.02* 6% 0.20 ± 0.07
Papillae count (per cm2) 32 ± 1 31 ± 1 0.61 2% 0.09 ± 0.05
Av. papillae height (mm) 3.69 ± 0.09 3.92 ± 0.09 0.06 -6% 0.25 ± 0.07
Av. papillae width (mm) 1.94 ± 0.04 1.95 ± 0.04 0.85 0% 0.10 ± 0.06
Av. papillae surface area 26.6 ± 1.0 28.5 ± 1.1 0.21 -7% 0.22 ± 0.07
1 Percentage difference between high and low CH4 as a proportion of the high.



AI for rumen volume (unpublished)
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Fatty Acid % Diff P-value

C18:1 t9 5.6 0.034 
C18:1 t11 8.7 0.001 
C18:1 c9 -2.3 0.206 
C18:1 c11 8.2 0.024 
C18:2 n6 9.5 <.001 
C18:3 n3 12.7 <.001 
C20:0 -4.9 0.007 
CLA 12.3 <.001 
SFA2 -2.7 <.001 
PUFA3 11.9 <.001 

The next generation of predictors ?

CH4 

CH4 

methanogens

Bacteria
 fungi

 protozoa

Acetate  
Propionate  
Butyrate

sugars

CH4
CH4

CH4

CH4

CH4 

CH4
CH4CH4

    H2   CO2

Variance explained    

    Acetic/Propionic 0.28 ± 0.07 *

    (A + B)/(P + V) 0.29 ± 0.07 *



Fatty Acid Profiles
Low Methane

Less short chain
More branched chain
More polyunsaturated
More CLA

Meat & Milk



Low Methane Sheep Lower fat : lean ratio
Greater Meat yield

• Less short chain
• More branched 

chain
• More 

polyunsaturated
• More CLA



Respiration chamber - cut pasture
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In Sheep – Portable Accumulation chambers



Thousands of measures are needed 
for breeding schemes 
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• Methane selection lines monitored annually – 200 ewes

• Ram used in research flock – 750 ewes monitored annually

• Central progeny test flocks

• National records

Research





CH4 /DMI, g/kg/d

rg rp

Faecal egg 0.13 ± 0.11 0.05 ± 0.02

LW Mating 0.30 ± 0.09 0.07 ± 0.02

BCS Mating 0.21 ± 0.11 0.01 ± 0.02

PREG scan 0.11 ± 0.13 -0.02 ± 0.02

Lambs born 0.06 ± 0.13 -0.01 ± 0.01

Wool -0.21 ± 0.10 -0.07 ± 0.02

Low Methane

Lighter at mating
Lower BCS (NS)
More wool

Adult ewe traits (n=9-20k)



  CH4/(CH4+CO2)
  rg

Residual feed intake (MJ/day) -0.41 ± 0.15
Traits in Residual feed intake Model  
Feed intake (MJ/day) -0.24 ± 0.09

Mid-trial metabolic live weight (kg) -0.06 ± 0.08
Feeding behaviour  
Average feeding time per feeding event 0.02 ± 0.15

Average intake per feeding event 0.21 ± 0.08
Average number of daily feeding events -0.38 ± 0.15
Average feeding rate per feeding event 0.27 ± 0.11

Feed traits (1-2k)

Low Methane

Eat more often
Eat more total

Eat less per meal
Eat slower



CH4/(CH4+CO2)
rp rg

Visceral fat (kg) 0.31 ± 0.15 0.07 ± 0.04
Subcutaneous fat (kg) 0.19 ± 0.17 0.11 ± 0.04
Intermuscular fat (kg) 0.24 ± 0.17 0.09 ± 0.04
Carcass lean (kg) -0.03 ± 0.17 -0.05 ± 0.04
Carcass fat (kg) 0.24 ± 0.18 0.12 ± 0.04
Total fat (kg) 0.33 ± 0.17 0.11 ± 0.04
Total bone (kg) -0.72 ± 0.26 -0.09 ± 0.03
Non-fat visceral components (kg) -0.03 ± 0.18 -0.03 ± 0.04
Fat:lean 0.30 ± 0.16 0.10 ± 0.04
Carcass weight (kg)2 -0.28 ± 0.16 -0.04 ± 0.04
Dressing-out-percent (%)3 -0.33 ± 0.15 -0.11 ± 0.04

Low Methane

Lower fat:lean ratio

Greater Meat yield

CT Scan – Carcass traits



Microbiomes for prediction

Hess et al, 2023, GSE

• Collect a rumen sample

• Sequence 1% of microbial genomes

• Predict merit using microbial and host DNA



Bivariate Analysis
Parameter

 
MidIntake RFI

Feeders RMC Feeders RMC

Heritability 0.44 ± 0.16 0.15 ± 0.11 0.45 ± 0.14 0.26 ± 0.13

Phenotypic 
variance 78785 ± 6610 7772 ± 606 19166 ± 1625 1094 ± 87

Genetic correlation 0.64 ± 0.30 0.46 ± 0.26

Phenotypic 
correlation 0.33 ± 0.05 0.30 ± 0.05

ScCH4

PAC RMC

0.19 0.19

3.01 0.43

0.76 ± 0.14

0.35 ± 0.03

Methane traits
(Bilton et al. 2022)

Bilton et al. (2022) WCGALP 12:168



Microbiomes add to Genomic prediction
Accuracy

G M G+M
Hess et al., 2023 GSE



• Offset phenotyping costs for breeders

• Breeders pay for genotyping (60k for <15 euros) 

• Measure 8-12 per sire

• Minimum 120 sheep

Cool Sheep program



• BVs expressed in g/d for CH4 and CO2
• Based on PAC emissions for a ~40kg animal removed from 

pasture ~1-4 hours
• Corrected for contemporary group (flock sex year) and “lot” in PAC 

chambers
• Traits used in prediction
• Scaled mean 7.5 g/h/d
• Fixed effects Flk*yr*sex lot brr aod

Breeding Values & Economic weights



                                        Ranking for all





What do methane breeding values look like?
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Flock 2638 – Select top ram lamb per sire 
22 ram lambs selected from ~700 male progeny

Select 22 best 
sons ranked by 
Maternal index

Select 22 best sons 
ranked by Maternal 
plus methane index

Ave 
index Ave

Average 
Index + 
Methane 
($100 per 
tonne CO2e)

 Average 
Economic ($) 36.65 35.63 37.63

Change ($) -1.03 +0.98
Change in CH4 
per generation 

(%)

+1.69 -3.69



In practice g CH4 x $6.81 ($100 CO2e equiv)

Implement 
Genomic 
Selection for less 
methane

4% 
drop



Ewes
Ewe Liveweight gBV Ewe BCS gBV



Fat and Meat Yield
Fat Yield gBV Lean Hindquarter Yield gBV



• Included likely 
range of prices from 
existing reports

$3.93
2025

$23.58
2050

$60
2050



Gains by trait for selection intensity 
i=1



Breeding predicted reduction in 
emissions (kt)

• Slow start but exponential

• Delays are costly

• By 2040 predict 4.49M 
tonnes of CO2e reduced 

• $6M from government
• $1.75M from breeders

• ~$1.72/tonne CO2e 
mitigated

• IRR – 80% GWP100

• 111% GWPw.e



Fiona McGovern, Sinead Waters, Paul Smith



Global Impact



• Economic models and national index
• Recognised in government calculations
• Continue to monitor flocks under challenge
• Fundamental model for rumen physiology
• Testing new technology
• Stackability of mitigation technologies

What next ?
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• Passage rate changes?

• Differences in rumen microbiota and substrate

• Changes in acetogenesis, methanogenesis

• Bottom line is looking at tens of thousands of animals very little 
impact on performance traits in selecting for low methane

Whats going on?



• Need a methane yield phenotype – feed intake

• Continue to monitor flocks

• Measure ewes all year on maintenance, different diets

• Fundamental work on rumen physiology

What next



Respiration 
chamber/Greenfeed 

10s to 100s
<€2000

<€$200
PAC/Rumen Profiles

1000s

Breeding Values <€20
100,000s

Milk Meat screening <€2  
1,000,000 millions



Future plans
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• There are small differences between highs and lows in the reticulo 
rumen

• Potentially highs have big rumens
• Relationships between methane yield and performance traits

• Wool is reduced, Fat is increased, Dressing out is decreased
• Feed traits

• Eat less, more efficient, Eat less often, Eat bigger meals
• Low methane animals are more profitable – dress out better
• No evidence for detrimental effects – watching brief

Conclusions



Other trials



-40% by 40 

Buccal 
swabs and 
fatty acid 
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Cattle
INZB LIC, CRV, 
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Methane BVs 
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MBIE Mapping the NZ 
Rumenotype $4m

17,000 samples and 15,000 
phenotypes

ASGGN 
Network
ASGGN 

Network

Low input

Future 
Farm
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• No evidence to date for detrimental effects
• Relationships between methane yield and performance traits

• Changes in digestion, microbes and fatty acids
• Wool is reduced, Fat is increased, Dressing out is decreased
• Low methane animals are more profitable – dress out better
• Eat frequent smaller meals – eat more, less efficient, 

• Small differences in the reticulo rumen

Conclusions



Impact



Science Outputs

More than 50 publications
Hundreds of presentations, workshops and wool shed talks
Presented at every major meeting
 globally in the sector



Awards and Recognition



Media



Developments
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CH4, g/d CH4 /DMI, g/kg/d

rg rp rg rp

Faecal egg 0.18 ± 0.09 0.09 ± 0.03 0.13 ± 0.11 0.05 ± 0.02

LW Mating 0.77 ± 0.05 0.41 ± 0.02 0.30 ± 0.09 0.07 ± 0.02

BCS Mating 0.34 ± 0.09 0.12 ± 0.02 0.21 ± 0.11 0.01 ± 0.02

PREG scan -0.05 ± 0.12 0.01 ± 0.02 0.11 ± 0.13 -0.02 ± 0.02

Lambs born -0.10 ± 0.11 0.01 ± 0.02 0.06 ± 0.13 -0.01 ± 0.01

Wool -0.10 ± 0.08 -0.01 ± 0.02 -0.21 ± 0.10 -0.07 ± 0.02

Genetic and phenotypic correlations between methane 
emissions (CH4, g/d), methane yield traits (CH4/DMI, g/kg/d) 
and adult ewe traits (n=9-20k). 



  CH4 g_d CH4/(CH4+CO2)
  rg rp rg rp

Residual feed intake (MJ/day) -0.28 ± 0.16 0.03 ± 0.03 -0.41 ± 0.15 -0.13 ± 0.03
Traits in Residual feed intake Model    
Feed intake (MJ/day) 0.33 ± 0.17 0.36 ± 0.02 -0.24 ± 0.09 -0.08 ± 0.03

Mid-trial metabolic live weight (kg) 0.68 ± 0.11 0.41 ± 0.02 -0.06 ± 0.08 -0.02 ± 0.03
Feeding behaviour        
Average feeding time per feeding event 0.04 ± 0.16 0.08 ± 0.03 0.02 ± 0.15 0.04 ± 0.03

Average intake per feeding event 0.41 ± 0.13 0.26 ± 0.03 0.21 ± 0.08 0.08 ± 0.03
Average number of daily feeding events -0.28 ± 0.08 -0.10 ± 0.03 -0.38 ± 0.15 -0.10 ± 0.03
Average feeding rate per feeding event 0.55 ± 0.16 0.23 ± 0.03 0.27 ± 0.11 0.07 ± 0.03

Table 6. Genetic (rg) and phenotypic (rp) correlations (± s.e.) between PAC gas production traits (estimated from indoor feeding) and residual feed, feeding behaviour and body composition traits estimated on New Zealand maternal sheep.  Results are based on data from 968 animals for which feed intake and PAC data were available. 
1C is the Measurement of subcutaneous fat depth over the M. longissimus lumborum using ultrasound
2Estimated as the sum of weights of carcass components
3Ratio of carcass weight to live weight Feed traits



CH4 g_d CH4/(CH4+CO2)
rp rg rp rg

Ultrasound assessed body composition      
Starting C (mm)1 -0.001 ± 0.13 -0.02 ± 0.03 0.27 ± 0.10 0.08 ± 0.03
Final C (mm)1 -0.04 ± 0.15 -0.01 ± 0.03 0.06 ± 0.08 0.02 ± 0.03
Change C (mm)1 -0.27 ± 0.23 -0.002 ± 0.03 -0.26 ± 0.13 -0.06 ± 0.03
Computed tomography assessed body comp.    
Visceral fat (kg) -0.13 ± 0.16 -0.05 ± 0.04 0.31 ± 0.15 0.07 ± 0.04
Subcutaneous fat (kg) -0.10 ± 0.19 0.03 ± 0.04 0.19 ± 0.17 0.11 ± 0.04
Intermuscular fat (kg) -0.10 ± 0.18 0.04 ± 0.04 0.24 ± 0.17 0.09 ± 0.04
Carcass lean (kg) 0.54 ± 0.12 0.28 ± 0.03 -0.03 ± 0.17 -0.05 ± 0.04
Carcass fat (kg) -0.11 ± 0.18 0.01 ± 0.04 0.24 ± 0.18 0.12 ± 0.04
Total fat (kg) -0.13 ± 0.18 -0.01 ± 0.04 0.33 ± 0.17 0.11 ± 0.04
Total bone (kg) -0.33 ± 0.25 -0.07 ± 0.04 -0.72 ± 0.26 -0.09 ± 0.03
Non-fat visceral components 
(kg) 0.36 ± 0.17 0.12 ± 0.04 -0.03 ± 0.18 -0.03 ± 0.04
Fat:lean -0.12 ± 0.17 0.01 ± 0.04 0.30 ± 0.16 0.10 ± 0.04
Carcass weight (kg)2 -0.22 ± 0.16 -0.08 ± 0.04 -0.28 ± 0.16 -0.04 ± 0.04
Dressing-out-percent (%)3 -0.24 ± 0.16 -0.20 ± 0.04 -0.33 ± 0.15 -0.11 ± 0.04



Work trial 1 and 2

• Initial work n=96 evaluated swab types and results
•   Identified problems with: low DNA recovery and concentration 

<10ng/ul 
•  Sample collection and DNA extraction ease

• Revised collection, preservative & extraction 
protocol tested n=8 buccal + 8 rumen

• Concentrations and quantity still too low but adequate
• Achieved same proportion of filtered good reads as rumen 
• Reads 79% sheep, 9% rumen, 11% buccal
• Need 5-10X more reads to get same number of rumen 

microbe reads as rumen sample!
• Buccal “rumen” read composition averages vs Rumen 

read composition averages encouraging

Copyright © 2010 New Zealand Agricultural Greenhouse Gas 
Research Centre 64



Work trial 3
• Revised method 

to extract more 
DNA

• 5 X sequencing 
depth

• Test storage time

• Test repeatability 
of buccal 
samples

• Test correlation 
“buccal rumen 
reads” vs rumen 
reads

• Test SNP chip vs 
GBS host 
genotyping of 
buccal samples

•  

Copyright © 2010 New Zealand Agricultural Greenhouse Gas 
Research Centre 65

277 low & high methane ewes
• Rumen
• Buccal

• Buccal resample 96 ewes weaning
• Balanced selection line and
• Freeze 0 days or
• Freeze 14 days

• DNA quantity + quality + 
concentration √

• Number of reads √
• 14 days storage √
• ~80% host reads
• ~5-10% rumen reads



Going forward
• Decision made to double sequencing depth to increase buccal rumen reads
• When complete analyse buccal rumen read correlation with rumen profiles
• Evaluate predictive ability with methane traits and RFI
• Do a rarefication analysis against predictive ability
• Test buccal DNA samples for use on host SNP chips (covers additional sequencing cost)
• At this stage trying for a method that is both discovery and profiling 
• If suitable criteria achieved use method across species where rumen samples collected to 

evaluate in parallel (n = 500-1000 animals/species)

Copyright © 2010 New Zealand Agricultural Greenhouse Gas 
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• No big signals

• Unlikely linked to major traits

GWAS



Samples

• 444 sheep sampled
• 1258 herd test samples
• 997 full fatty acid samples
• 1138 Rumen microbial profiles
• 734 Rumen VFAs
• 473 Blood VFAs
• Methane Predict  - 500 sheep and 500 beef cattle fatty acid 

profiles for meat

Copyright © 2010 New Zealand Agricultural Greenhouse Gas 
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