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opinion that may be present, nor for the consequences of any decisions based on 
this information. Any view or opinion expressed does not necessarily represent the 
view of the Global Research Alliance. 
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A brief overview of the Network 
Background 
The global agricultural community contributes approximately 50% of the world’s 
anthropogenic methane (CH4) production (Eckard et. al., 2010). A large proportion of 
this is produced by ruminant livestock, which are farmed to turn otherwise 
indigestible material into high quality animal protein.  
 
The global population of the two major farmed ruminant species was estimated at 
1.03 billion sheep and 1.37 billion cattle in 2002 (FAO, 2009). A cost of this is the 
production of around 80 Million tonnes of CH4 per year, (~33% of the anthropogenic 
total; Beauchemin et. al., 2008).  Enteric CH4 emissions from ruminant livestock are, 
and will continue to be, a significant contributor to the global greenhouse gas 
inventory (Simm, 2011).  
 
Several animal production traits are correlated to, and can be used to predict, CH4 

emissions. By maximising the efficiency of animal production, emissions intensity 
(units of CH4 emitted per unit of commodity produced) can be managed. 
 
Animals have been selected over many years to improve production. Selection 
decisions exploit the genetic variation that exists between animals.  As technologies 
improve it is now possible to predict genetic characteristics of individual animals in 
the laboratory, without having to directly measure the predictive trait on the animal. 
This has significant implication for traits that are inherently difficult to measure, 
traits which are not fully expressed until late in life and traits that are only 
measurable after the death of the animal.  The identification of these markers can be 
utilised to select (or avoid selecting) individual animals based on their genetic profile 
and the known performance history of their close relatives. This is genomic 
selection. 
 
Methane emission is directed by the rumen rather than the animal.  Therefore, the 
animal is only an indirect CH4 emitter. Because animal genetic influences on CH4 

emission are indirect, it is not a simple animal phenotype to establish and varies with 
numerous factors including time, forage quantity and quality, intake and age of 
animal.  Each of these also influence variation between animals. It is therefore 
difficulty to establish the CH4 emission trait and have confidence that the 
measurement can be repeated. 
 
The correlation between some production traits and methane production, plus the 
fact that methane production is not yet a routinely available measurement, means 
that a likely method of methane mitigation in ruminants is development of genomic 
selection techniques. However, to be successful thousands of animals per species 
have to be genotyped and/or sequenced in the research phase. This will only be 
possible if all international parties pool data and resources. It is expected that 
information will be placed in the public domain free of IP entanglements. 
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Global Networking to date 
Between March 3rd - 5th 2009 a 3 day workshop funded by MAF New Zealand and 
the Pastoral Greenhouse Gas Research Consortium (PGgRC) was held in Wellington, 
NZ under the auspices of the LEARN Network. Twenty-nine participants from 7 
countries attended. This was the first time, animal genetics and animal methane 
researchers had been gathered in a forum where they could discuss aspects of 
genetic improvement for enteric emissions.  
 
Then, in December 2009, the Global Research Alliance (GRA), which currently has 30 
member countries, was launched. At the inaugural Senior Officials Meeting held in 
NZ in April 2010, three research groups were established; “Livestock Research”, 
“Croplands” and “Paddy Rice”. That meeting agreed that New Zealand and the 
Netherlands would jointly coordinate the Livestock Research Group.  
 
The first meeting of the Livestock Research Group was held in Banff, Canada from 8-
9 October 2010, immediately following the international Greenhouse Gas and 
Animal Agriculture (GGAA) Conference from 3-7 October. At that meeting, among 
the achievements recorded was an agreement that the group should develop 
topics/projects focused initially on: facilitating data sharing; developing protocols 
and standardised methodologies and best practice guidelines for measurement 
techniques; preparing synthesis papers on growing areas of livestock emissions 
research. 
 
In May 2011 a Workshop, funded by MAF via the GRA, brought together leading 
researchers from New Zealand, Australia, Canada, USA, Great Britain, the EU and 
Brazil who are involved in projects aimed at reducing enteric methane emissions 
from farmed livestock. The focus of the workshop specifically addressed the area of 
animal selection via genetics and genomics and facilitated an information and data 
sharing Network of researchers and organisations involved in efforts to mitigate CH4 
via animal selection/genetics/genomics. Given the need for phenotyping and 
genotyping large numbers of animals, it is obvious that individual countries working 
alone cannot hope to achieve success. Therefore, the development of robust 
genomic selection indexes, will only be possible if all international parties pool all 
their available information.  
 
The objectives of the workshop were to: 
 identify common protocols for measurement of CH4 emissions  
 define a list of correlated and productive traits 
 ensure that these traits are also co-measured on individuals 
 establish protocols for collection & storage of DNA from all animals measured  
 establish protocols for collection & storage of rumen samples from all animals  
 define data sharing criteria  

 
The GGRMEN  going forward 
The next meeting is planned to be April 2012 in Australia. It is expected that the 
annual face to face meeting will be resourced from within the host country.   
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Funding outside of these projects will be sought for New Zealand scientists (n=6-10) 
to travel to attend this meeting, depending on location.    
 
The current research position 
Current projects signaled by GGRMEN  members are presented in tabular form in 
Appendix 1. 
 
Methane emissions - cattle 
Methane measurements in cattle are being measured in Australia, Canada, Ireland, 
New Zealand and the UK on both heifers and mixed age cows.  To date, 
measurements have been recorded on 4500 animals, with a further 600 planned 
over the next 2 years. Protocols range from 2x 22 hour measurements to 14 days to 
lifetime.  Co-traits being recorded include Growth Rate, intake, Liveweight and milk 
composition.  Both SF6 and Respiration chambers are used, with intakes being 
measured either manually, automatically or on pasture via alkane calibration. DNA 
samples have been collected on some animals and there are currently 700 animals 
genotyped using SNPchip technology.  Rumen samples have only been collected in 
Ireland and the UK. 
 
Methane emissions - sheep  
Methane measurements in sheep are being collected in Australia, Ireland, Canada 
and New Zealand on young growing animals and mixed age ewes.  Some 6960 
animals have been measured, with a further 2080+ planned over the next 2 years. 
Protocols range from 1 hour portable chamber measurements to 22-24 h per day up 
to 3 times.  In some cases up to 300 co- traits are also recorded.  Both Respiration 
Chambers and Portable chambers have been used. DNA samples have been collected 
on the majority of animals and 2660 animals (plus some sires) have been genotyped 
using SNPchip technology.  Rumen samples have only been collected in Australia, 
New Zealand and the UK. 
 
Feed efficiency and Residual feed intake - cattle 
Currently, cattle feed efficiency and RFI work is being undertaken in New Zealand, 
Australia and the Netherlands.  Both pre-pubertal and adult animals (n=1550) have 
been measured for periods up to 56 days. Co-traits recorded include CH4 production, 
growth rate/weight gain, milk production, behaviour, conformation and body 
condition score.  In all cases feeding and intake information is recorded by automatic 
electronic weighing technology.  DNA samples have been collected  and 
approximately 2800 genotypes have been generated using SNPchip technology.  
Rumen samples have been collected on a small number of animals. 
 
Feed efficiency and Residual feed intake - sheep 
Feed efficiency and RFI in sheep has been measured in the USA and Australia.  
Measurements have been done on 1200 growing animals for periods up to 84 days. 
Co-traits recorded include average daily gain, body fat and lean eye muscle area.  In 
all cases feeding and intake information is recorded by automatic electronic 
weighing technology.  DNA samples have been collected and all animals have been 
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genotyped using SNPchip technology.  Rumen samples have been collected on a 
some animals. 

 
Proposed research in a global context 
Further work is proposed in all countries (see Appendix 2).   
 
A table of Organisations and funders associated with the GGRMEN  is attached as 
Appendix 3. 
 
The UK in particular has a very large, integrated project involving Dairy, Beef and 
Sheep.  A variety of breeds ages and parity will be compared on both hard feed in a 
housed situation, and a different pasture types.  A large proportion of this work is 
aimed at establishing baseline data. 
 
Core funding is critical to the viability of the GGRMEN . In both New Zealand and 
Australia some funding is reaching roll-over.  All individuals within the GGRMEN  will 
be responsible for securing their own core-funding.  However, the GGRMEN  is 
expected to strengthen the case for core investment. 

 
Collaborations 
In several countries, research in this space is an internal collaborative effort between 
various research organisations and funding bodies.  There are also existing 
international collaborations among all the countries involved (see Table).  Since the 
May 2011 workshop, these collaborations are expected to expand significantly.  
 
What are the science gaps? 
The major issue is between animal variability, and in the case of CH4, between 
measurement variability. 
 
The difficulty in comparing results between countries is also an issue. 
 
Methodologies 
Methane 
Technologies for rapid measurement of CH4 emissions are required. Low cost 
methods for repeated measurements on large numbers of animals are a priority.  
However, calibration may be limiting in the short term.   
 
Despite their apparent promise, there is potential for the current Portable Chambers 
method to have limited use in some countries due to animal welfare considerations.. 
 
C-Lock and laser based systems also offer the potential for repeated measurements.  
These are valuable for opportunistic measurement that can be used when animals 
are being routinely handled and fed, either in research (RFI) facilities or milking 
parlours and/or feedlots.  Calibration is also an issue. 
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RFI 
Current data require standardisation of protocols for both measurement and data 
analysis.  
 
Calibration between techniques and protocols is especially lacking.  The potential for 
GxE interactions with age, feedstuff, feeding level and environment are not well 
defined. 
 
A wide variety of data manipulation and transformations have been used, which 
make it difficult to compare experiments.  Data is often reported as point 
measurements.  Breeding objectives will however frequently require estimation of 
emissions or intake over a year for both the breeding individual and its offspring 
 
Phenotyping 
CH4 emission differences (adjusted for liveweight or intake) are also heritable. 
Adjusting methane emissions for intake or liveweight reduces variance, repeatability 
and heritability. 
 
The overall relationships between the traits is less clear due to the variety of 
measurement methods, protocols and adjustments used.  This creates a need for 
developing ways to present results in a common format and, where practicable, 
merged for meta-analyses. 
 
The intricacies of GxE interactions also need to be unravelled. 
 
There is also a need for Calibration between different measurement techniques. 
 
Rumen sampling 
The New Zealand programme (Kittelmann et al) expect to have defined protocols for 
collecting and storing rumen samples available in the short to medium term 
(approximately 6-12 months). 
 
Data analysis and reporting 
Data reporting issues will be addressed by the ability to pool data in a common 
database for meta analysis. 
 
In the meantime when data are transformed, the raw value should also be reported.  
 
Selection potential 
Intake has a heritable component, that is independent of liveweight (and liveweight 
change) in both cattle & sheep. Similarly, methane emissions also differ between 
individuals even after adjustment for intake. 
 
The heritable component of any trait can be changed by selection.  Further work is 
needed to define the heritable components of both CH4 emission and RFI. 
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Intake is often expressed as RFI but the method of calculation varies and it appears 
that adjusting for liveweight decreases the intake variance but not the heritable 
fraction 
Current evidence suggest that measurement of intake (independent of liveweight) at 
one age and forage type may only be poorly related at other ages/seasons/forage 
types. Further work is required 
 
Outcomes arising from the Auckland Workshop 
The workshop identified significant potential for collaborative research between 
countries, and the need for a set of common, defined measurement protocols to 
address an agreed methane phenotype.   
 
Research results presented showed that genetic improvement in reproduction 
efficiency and calf/lamb survival, earlier onset of puberty and reducing the effects of 
disease all reduce emissions intensity per unit of product.  Genetic selection is 
already contributing significantly to changes in these traits without reference to 
methane emissions. Properly defined breeding objectives will allow GHG traits to be 
included in selection indexes immediately, but also require a large dataset, 
preferably genetically linked between countries, and appropriate data 
transformations. 
 
The Workshop focused on CH4 and feed intake measurement technology in 
particular and respiration chambers were identified as the “gold standard” for 
measuring methane emissions, but suffer from cost and time constraints. A major 
obstacle is establishing, and accounting for, between animal variation and 
repeatability of measured emissions.           
 
Regardless of country, rapid industry uptake will require a return inside the farm 
gate. Reducing emissions intensity per unit of output is a more economically 
effective outcome than total emissions per individual. 
 
The establishment of a formalised Network was identified as pivotal, with regular 
meetings to exchange information, and the significant potential for joint work across 
countries.  
 

 An offer to act as secretary to a formal International Network, and to manage 
an internet presence has been received  (Dr Hutton Oddy; Australia) 

 The next meeting is planned for April/May 2012 (Dr Julian Hill; Australia) 

 SAC, Edinburgh has secured funding to set up a database system.  It is hoped 
that this will become  available to all parties  (Dr Eileen Wall; UK) 

 A Post Doctoral position to meld the international programmes together into a 
unified meta-analysis has been signalled.   (John McEwan; NZ) 

 A proposal to establishment of an international DNA bank, and to facilitate the 
exchange of genetic material (semen) across countries to establish genetic 
linkage has been offered. (Grant Shackell; NZ) 

 A PhD student from the University of Wyoming will visit an NZ genomics lab  in 
December 2011 (Rebecca Cockrum; USA/John McEwan; NZ) 
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 A paper highlighting the Auckland workshop will be presented at the CGG6 
Symposium in November 2011 (Roel Veerkamp et al; Netherlands/UK/NZ) 

 A number of between country collaborations were identified (see Appendix 2) 

 A positioning paper is being prepared for submission to an Internationally 
recognised, peer reviewed Journal  (Grant Shackell et. al.; all countries) 

 
Benefits:  
The workshop offered the opportunity for scientists from 9 countries to interact and 
discuss their work. 
 
Of major benefit was the discovery of potential collaborations that could enhance 
the research efforts in all countries. 
 
During 2-4th November, 2011, the Air Quality and Climate Change Section of the 
Netherlands Association of Environmental Professionals (VVM) organizes the Sixth 
International Symposium on science, implementation and policy aspects of non-CO2 
greenhouse gases (NCGG-6). NCGG-6 will be held in Amsterdam in The Netherlands 
and will address both the role of non-CO2 greenhouse gases and aerosols in human-
induced climate forcing, and options for their reduction by industry and society. The 
symposium aims to remove barriers between policy, industry and science and fosters 
the dialogue between scientists, engineers and officials in industry and government 
working in this field from different perspectives. This multidisciplinary approach is 
expected to yield realistic and achievable mitigation solutions that significantly lower 
NCGG emissions.  
 
A paper to be presented identifies the opportunity created by the Workshop. 
 
Action points - networking  
 a formalised GGRMEN  will be developed  
 the next Workshop, to be based round “Defining traits”, will be in Australia in 

April/May 2012 
 
Action points – science 
Database 
 a common database will be established where phenotype and pedigree data can 

be stored and made available for genome wide association studies 
 
Breeding objectives 
 agreement on which co-traits should be targeted and how these will be 

incorporated into breeding objectives will be facilitate 
 
Measurement 
 a rapid CH4 measurement is required as a genomic selection tool given the 

number of animals required when repeated measurements are necessary 
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Appendix 1 Known current and projected work. 
 
 
Methane – Cattle 
 
Where Age N next 2years Measure Co-traits Technology DNA G’types Rumen CONTACT 

NZ    Methane  Chambers    Pinares 

NZ 4-5 y  TBC 5000+? 
VFA 
BCFA 
Metabolites 

Everything …esp MC SF6 + FI calc yes 700 no Davis 

AU 20 m 142 ~500 2 x 22h GR SF6 yes  no Hegarty 

AU 24 m   14d GR 
Chambers 
Boxes 

   Hegarty 

IR 
 

MA 
 

363  
 

 

2x5d 
or 
1x6-7d 
 

Intake 
LW 
MP 
MC  

SF6 + FI alk 
or  
SF6 + FI auto 

yes  some Berry 

NL 
Milking 
heifers 

600   
300d  
(lactation) 

Intake (KgDM/d) 
 MP  
LW/BCS 

Electronic yes 588 no Veerkamp 

UK Range 1319 32-72 
CH4 
 

Energy 
N-balance 
Intake 

Alkanes 
Intake 

few 700 Very few Wall et al 

UK Mature 997  CH4 

Energy 
N-balance Breed 
G’tic merit 
Lactation 
Parity 
Diet 

 few  Very few Wall et al 

UK young 72  CH4 RFI Meat yes  yes Wall 
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Methane – Sheep 
 
Where Age N next 2years Measure Co-traits Technology DNA G’types  Rumen CONTACT 

NZ 6-9m 360 720 2d Intake 
Repeat 
LW 

RC 
yes 360 (+sires) yes Pinares/McEwan 

AU MA 770  1 x 1h >300 PC yes 770 yes Hegarty 

AU MA 2200 - 1 x 1h ~ 180 PC yes  no Hegarty 

AU MA 160 200 22 h x 3 d  RC yes  no Hegarty 

AU MA 20 10 2 x 22h Rumen kinetics RC no  yes Hegarty 

AU 
1.5 - 3.5 
y 

2300 Unknown 1 x 1h 
Pedigree 
 >300 traits. 

PC yes 2300 no Thompson 

UK MA 1078        Wall et al 

 

 

 

 

RFI – Cattle 
 
Where Age N next 2years Measure Co-traits Technology DNA G’types  Rumen  CONTACT 

 NZ Aus 
 

5-7 m 0  tbc  
Feed intake  
GR  
milk prod 

Gallaghers 
automatic 
 

yes >1000 no Davis 

NZ 
Aus 

5-8 mth 1052 240 
35d 
 
 

DWG Behaviour, Methane 
Milk Prod 
LW change 
Blood & Faeces for future 
analysis;  

Methane RC 
Intake 
Gallaghers 

 
1052 
 

 (96) Waghorn 

NL MA    500 cows  600 cows 
56d Daily intake 
(70-110 DIM) 
 

Ration (KgDM/d) 
Milk Prod (Kg/d) 
LW 
Conformation 
BCS 

EID/scales yes  no 
Veerkamp 
 

UK Mature 2000  Lifetime CH4 on some  few  Very few Wall et al 

UK young 72  RFI CH4 Meat yes  yes Wall 
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RFI – Sheep 
 
Where Age N next 2years Measure Co-traits Technology DNA G’types Rumen CONTACT 

USA 9 mth ~60 ~300 84 days 

RFI 
ADG 
BF (u/s) 
LEA (u/s) 

GrowSafe 
 

yes ~300  (60) Cammack 

USA 9 mth ~60 ~300 84 days 

RFI 
ADG 
BF (u/s) 
LEA (u/s) 

GrowSafe 
 

yes ~300  (60) Cammack  

USA 
9 mth- > 
1yr 

~60 ~300 84 days 

RFI 
ADG 
BF (u/s) 
LEA (u/s) 

GrowSafe 
 

yes ~300  (60) Cammack  

USA 6-8 mth ~80 ~300 84 days 

RFI 
ADG 
BF (u/s + actual) 
LEA (u/s & actual) 

GrowSafe 
 

yes ~300  (60) Cammack  
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Appendix 2 Existing and Proposed Collaborations 

Leader Organisation Existing 
Collaborations 

Proposed  Collaborations Research Proposals Challenge 

Steve Davis Vialactia, NZ 
LIC/DairyNZ  
PPI Vic, AU 

Robustmilk   

Peter Amer Abacusbio, NZ 
 SAC , UK 
 

Potential for future collaboration with 
the Netherlands 

Extend modelling work to investigate impacts 
of breeding on other species/industries and in 
other countries 

 

Garry Waghorn DairyNZ, NZ 
Within NZ 
 Ireland  
Australia 

Know the Canadians, but no formal 
collaboration;  

Physiology behind variation in RFI 
Divergent animals as a platform for further 
manipulation of digestion.  

Marker based selection 
has small increments of  
improvement 

Kristi Cammack 
U of Wyoming, 
USA 

AgResearch, NZ 
NZAGRC, NZ  
Sheep CRC, Australia    

To develop RFI as a viable selection criterion 
for sheep producers in the U.S.   
To investigate the role of rumen microbe 
populations in controlling feed efficiency in 
sheep. 

Comparing rumen 
microbe populations 
divergent for RFI and 
CH4 

Andrew Thompson Sheep CRC, AU 
Within Australia 
 

Interested in collaborating with NZ 
 

CH4 measurements to establish genetic 
parameters for feed intake, RFI and methane. 

 

Donagh Berry Teagsc, IR 

SAC, Scotland 
Waginenin, 
Netherlands 
UoA, Canada 
Abacusbio, NZ 

Defining efficiency in lactating animals 
(all spp) 
 

  

Roel Veerkamp Waginenin, NL 
SAC, Scotland 
Teagsc, Ireland 

LIC, NZ 

Breeding for reduced environmental impact of 
dairy cattle, focussing on both indirect traits 
(i.e. feed efficiency, milk composition) and 
direct traits (reduced emissions of CH4).  

Easy to use,  cheap & 
accurate method that 
uses many animals in 
practical situations (i.e. 
barn). 
Correlations between 
indicator traits & real 
measurements. 

Roger Hegarty UNE, AU 
Within Australia 
AgResearch, NZ 
PGGrC, NZ  

SAC, Scotland 
PGGrC, NZ 
NZAGRC, NZ 
Combine Aus % US Angus cattle data 

A methane/genetics program funded from 
mid-2012 as part of at least a three way bid 
(Aus, NZ, UK). 

GxE 
Phenotype definition 

John McEwan AgResearch, NZ 
Within NZ 
UoW 

UNE 
SAC 

  

Cesar Pinares NZAGRC, NZ Within NZ    

Sandra Kittelmann NZAGRC, NZ Within NZ    

Eileen Wall SAC, UK 

Extensive in UK 
Abacusbio, NZ 
Robustmilk, EU 
University of Alberta 

Dairy:  Australia 
NZ 

Pooling genomics data from diverse flocks and 
herds throughout the UK and Ireland as well 
as collaboration with the EU and Canada. 
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Appendix 3 Research and funding bodies associated with the GGRMEN  
 

Country Research Organisations Funding Organisations 

New 
Zealand 

Abacus Biotech 
AgResearch 
DairyNZ 
Vialactia 

Beef+Lamb New Zealand 
Fonterra  
GRA  
NZAGRC 
PGgRC 

Australia Beef CRC 
CSIRO 
Murdoch University 
Sheep CRC 
University of New England 
University of WA  

Dept of Agriculture & Food WA 
NSW Dept of Primary Industries 
 

Canada Agriculture & Agrifood Canada 
Nat Sci & Eng Council  
Alberta Ag & Rural Devel 
University of Alberta 
University of Guelph 

Alberta Livestock & Meat Agency 
Beef Cattle Research Council 
Genome Alberta 
Genome Canada 
NSERC discovery 

Ireland Teagsc Irish Dept of Ag and Food 

Netherlands 
 

Waginenin University 
 

Product Board 
EU (FP7) 
Min  Econ Affairs Ag & Innovations 
United States Dairy Association 

Brasil EMBRAPA  

UK 
 

Abacusbio 
Agri-Food & Biosciences Inst 
Roslin Institute 
Rothamsted Research 
Scottish Agricultural College 
University of Edinburgh 
University of Nottingham 
University of Reading 

DairyCo  
Dept Ag & Rural Dev Northern Ireland 
Defra 
EU 
IBERS, Wales 
National Physics Laboratory 
Scottish Government 
Welsh Assembly Govt. 

USA 
 

University of Montana 
University of Wyoming 

NIFA/USDA  
Western SARE (USDA) 

 
 
 


