
PROJECT ESTIMATED BREEDING
VALUES (EBVs) for

Methane Production 



Introduction

Reducing methane emissions from livestock is a key priority for improving the
environmental sustainability of the Australian sheep industry. This booklet presents
results from a project designed to quantify methane emissions in sheep and develop
the foundation for genetic selection strategies to reduce these emissions over time. To
support this objective, a mobile field-testing system using Portable Accumulation
Chambers (PAC) was implemented across research and breeder flocks, including the
MLA Resource Flock and associated satellite flocks. This approach enabled the
collection of methane phenotype data from a large and diverse population of sheep
under commercial and research conditions. This booklet also introduces and explains
methane Project Breeding Values, the methodology, recording protocols and reports
Project Breeding Values on sires whose progeny have been recorded.

This project is a collaborative project that included Prof. Julius van der Werf & Pete
Fitzgerald from the University of New England, Ed Clayton, Alistair Donaldson & Prof.
Hutton Oddy from the Department of Primary Industries, Prof. Daniel Brown & Dr
Michael Aldridge from AGBU, Sheep Genetics & Meat and Livestock Australia.

Purpose and description

A mobile field test was developed for measuring methane emissions from 10,000
sheep in research and breeder flocks as part of this project. The MLA Resource Flock
and breeder satellite flocks are ideal to build reference populations for genomic
prediction of methane emission traits enabling the development of breeding values.   It
is expected that such a strategy will allow Australian sheep to reduce methane
emissions by ~1% per year while at the same time improving production efficiency and
product quality. These improvements are permanent and cumulative. 

The investment goal is to develop Australian Sheep Breeding Values (ASBVs) for  
methane traits so producers can select animals as part of an emissions reduction
strategy alongside genetic improvement for productivity and product quality. This
project aims to develop ASBVs and help inform future selection indexes that allow
balanced genetic improvement of Australian sheep to cumulatively and permanently
reduce methane emissions, while at the same time improve or maintain production
efficiency and product quality.



Measuring methane phenotypes

Methane phenotypes are measured by keeping sheep for a certain amount of time in a
Portable Accumulation Chamber (PAC). The basic principle of Portable Accumulation
Chambers (PAC), is that if the volume of the PAC is known, as is the weight and duration
the animal is inside the chamber, and the concentration of methane inside the chamber at
the end of that duration, which grants the ability to calculate the rate at which methane
was produced by that animal. 

It is important to remember that most animals are only measured once for 40 or 50
minutes which provides a single spot-measure. However, methane production fluctuates
across an individual day and across a lifetime which is why methane rate (ml of CH4 /
minute) is the trait currently used. For an estimate of methane production (g of CH4 / day),
multiple measures of each animal would need to be made across a day, across multiple
days, and repeated multiple times in its lifetime. 

For ranking purposes, methane rate is sufficient to make selection decisions which will
reduce methane production. Previous experiments show there is high repeatability
between PAC methane rate measurements and a high correlation with methane
production as recorded with respiration chambers (Goopey et al. 2011).

The production of methane is highly dependent on the diet and environmental conditions.
For example, a property that has limited feed on offer and a high daily temperature, will
cause animals to produce less methane than a property with excess feed on offer and mild
weather conditions. 



The type of feed on offer can also affect methane production with low digestible feeds
typically associated with higher methane production. Additionally, a property with limited
feed on offer will also have less variation between animals measured. For genetic models
to effectively rank animals, there needs to be variation in the trait measured.

The protocol for measuring methane tries to limit differences between sites and maximise
variation within the site and is therefore a factor that is considered for determining when a
site is visited for methane recording. However, this is not always possible within the
practical limitation of a sheep production system. This is also why the protocol now calls
for having a high quality lucerne hay on offer during the 24 hours before recording.

The efforts made to standardise the recording protocol has improved the consistency
between flocks and ensures there is variation between animals within a flock. To correct
for remaining differences, statistical methods are used to further standardise the methane
rate trait. Within flock the mean is standardised to zero, this corrects for the properties
that had high quality pasture available which would unfairly produce more methane than a
property with less and/or lower quality pasture available. It follows the same principle as
comparing animals with each other for other traits in a contemporary group. Secondly, the
variation within each flock is then standardised by dividing the animal differences by each
flock’s standard deviation. Other known non-genetic factors are fitted in the models used
to calculate the Project Breeding Values. 

Estimating methane rate Project Breeding Values

An estimated breeding value for Methane rate
(CH4 ml/min) describes the genetic differences
between animals in methane production. A
negative Project Breeding Value indicates a
lower rate of methane production compared
with an animal with a Project Breeding Value of
0, which is associated with lower total methane
production. The Project Breeding Value is a
value that can be compared across the flocks in
the below anaylses that were measured in the
project.



Merino and Dohne methane Project Breeding Values
While methane rate was recorded on multiple breeds, this analysis was limited to only
include Australian Merino and Dohne sheep. The analysis includes data from ongoing
projects, which included 6,998 genotyped animals with CH4 rate measured. 

The data was collected across 16 sites, which includes both industry and research flocks.
The flocks were spread across Australia but were predominately from NSW and WA. The
ewes were from seedstock breeders and the Merino Lifetime Productivity (MLP) project,
and lambs from the MLA Resource Flock (RF). Due to heterogeneity of the data, CH4 rate
was standardised by flock mean and flock standard deviation.

The heritability of methane rate was 0.20 ± 0.03 which is considered moderately heritable.
While this analysis used a single univariate trait model to develop Project Breeding Values,
the plan is expanded to multi-trait evaluations and a pipeline to ASBVs.

Multibreed methane Project Breeding Values 

Only recently has there been enough data collected across maternal and terminal breeds
that an evaluation for multibreed sheep has been possible. The analysis includes animals
from the following breeds Aussie White, Border Leicester, Coopworth, Corriedale, Dorper,
Hampshire Down, NZ Romney, Poll Dorset, Romney, Southdown, Suffolk, Texel, White
Dorper, White Suffolk, and Composite Maternals, Shedders, and Terminals. 

The analysis includes data from ongoing projects, which included 5,026 genotyped animals
with CH4 rate measured. The data was collected across 7 sites, which includes both
industry and research flocks. The flocks were spread across Australia but were
predominately from NSW and WA. The ewes measured were from seedstock breeders and
lambs from the MLA Resource Flock (RF).

A single-step approach was used to derive the Project Breeding Values; this was to align
with current Sheep Genetics evaluations. The heritability of methane rate was 0.23 ± 0.03
While this analysis used a single univariate trait model to develop Project Breeding Values,  
multi-trait evaluations will be explored a pipeline to ASBVs.



Disclaimer: The project partners and Sheep Genetics do not accept responsibility for accuracy of the
information in this or accompanying documents. Due to the preliminary nature of the results and to maintain
anonymity, only sires used in resource flocks 26IN01 and 26IN08 with methane measured on lambs have
been presented. For each sire, Project Breeding Values were derived from 7th and 15th May
MERINOSELECT & LAMBPLAN analysis.

Project Breeding Values
Project Breeding Values are calculated from raw experimental data collected within the
Low Methane Sheep project from over 10,000 measurements. They are subject to change
as more animals are added to the reference population and the model is improved. Project
Breeding Values help to refine the performance recording, refine the analysis, and facilitate
discussions with industry stakeholders, as part of the development of Research and
commercial breeding values. 

 

How to interpret breeding values

1.The reports section shows the name of the Stud that owns the animal and the animal
ID that the results the following results are based off. 

2.The CH4 and CH4 acc columns show the methane breeding value and its overall
accuracy. The other production traits reported in the report are from the main
MERINOSELECT, Dohne or LAMBPLAN Evaluations. 

3.  Highlighted values are within the top 20th percentile for that trait. 

4.A negative project breeding value for methane indicates an animal will produce
progeny that produced less methane than an animal with a project breeding value of 0. 
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