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Introduction 

Enteric methane emissions from Australian livestock in 2007 amounted to 57.6 million 

tonnes of CO2-eq, which represents 65% of emissions from Australian agriculture and 10.5% 

of all Australian greenhouse gas emissions.  A review of between- and within- animal 

variation in daily methane production from respiration chamber measurements suggests that 

methane production is moderately repeatable for some groups of animals (Robinson, in 

preparation), but little is known about whether this is due to genetic or environmental factors. 

An important recent development that could shed light on the issue is a system to screen 

grazing sheep for methane production over a 1-hr period.  Results are presented here on 

repeatability, and variation between animals and between sires, from measured 1-hour 

methane production and rumen volatile fatty acids (VFA) of 708 grazing ewes.  

Material and methods 

Measurements.  Daily methane production is correlated with 1 and 2-hour methane output 

(Goopy et al. 2009).  A system was therefore devised to measure short-term methane 

production.  Sheep spend approximately 1-hour in a sealed polycarbonate booth with hourly 

methane production (CH4P) calculated from chamber volume, methane concentration (final - 

background) and sheep volume (assumed density = 1.0).  Measurements took place from 21 

to 31 July 2009 at the Falkiner Memorial Field Station at Deniliquin, NSW (Oddy et al. 

2005). The 708 non-pregnant mature ewes were progeny of 20 sires (average 35 progeny per 

sire, range 15-58), but there was little information on the ewes’ dams, or pedigree 

information on the sires.  Methane production was measured in 15 booths, each used for 5   

1-hr measurement periods per day, commencing 9:00, 10:30, 12:00, 13:30 and 15:00 hrs.  In 

order to control variation due to feed intake, the ewes were fasted overnight then allowed ad-

libitum access for 1 hr to baled wheaten hay (90% DM; 86 g CP, 9.1 MJ ME/kgDM), to 

which they had been previously accustomed, then fasted for an hour prior to their 

measurement period.  To provide information on day-to-day and period-to-period variation, 5 

randomly-chosen ewes were measured (one per period, the same ewe being measured at 

different times of day on different days) on days 1, 3, 5, 8 and 10, and another 5 ewes on 

days 2, 4, 7, 9 and 11; there were no measurements on day 6.  On day 12, repeat 

measurements were taken on 59 of the lowest emitting ewes to provide additional 

information on repeatability and improve the accuracy of identifying the lowest emitters.  To 

investigate physiological indicators of methane production, sheep were weighed and rumen 

fluid sampled immediately after the 1-hour test for analysis of VFAs – acetate (Acet), 

propionate (Prop), butyrate (But), valerate (Val), isobutyrate (Ibut) and isovalerate (Ival).    
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Statistical analyses.  Records of all ewes with unusually low emissions were examined and 

8 (where the booth seal appeared to have been compromised) deleted, as were 2 records of 

ewes with unknown sires. VFA measurements were also checked for consistency and obvi-

ous outliers deleted.  Raw correlation matrices were calculated between CH4P, liveweight 

(Lwt) and VFA concentrations.  An exploratory stepwise linear regression was used to de-

termine the best predictors of CH4P from Lwt, Acet, But, Prop, Val, Ibut, Ival and total VFA.  

Factors influencing CH4P were examined using ASreml software (Gilmour et al. 2005) to fit:  

CH4P = µ  + Lwt + sire_type + sire + ewe + booth + period + day + period.day + residual        (1) 

where fixed effects µ and Lwt modeled the overall mean and a covariate to adjust for the 

ewe’s liveweight at the time of measurement.  All other factors were fitted as random: 

sire_type = the ewe’s sire type (dual, terminal or Merino), sire = the ewe’s sire, booth = the 

polycarbonate booth (1 - 15) in which the ewe was measured, day = the day of testing, 

period = test period (1-5).  The same model was used for VFA concentrations, with the addi-

tion of injection port on the chromatography machine.  Model 1 omitting Lwt was also fitted 

to CH4P and to liveweight to shed further light on their relationship.  Finally multivariate 

models, with Lwt, booth (for CH4P only) and date.period as fixed and sire, ewe plus residual 

variation as random, were fitted to determine correlations for sire and animal effects.  

Results and discussion 

The raw correlations between traits (Table 1) showed that CH4P was related to liveweight   

(r = 0.45), and had low positive correlations with Acet, But, Prop and Val concentrations, 

also low negative correlations with Ibut and Ival. VFA concentrations had low negative or 

zero correlations with Lwt.  High positive correlations were noted among Acet, But, Prop 

and Val concentrations; Ibut and Ival were also highly correlated (r = 0.82).  The stepwise 

regression identified Lwt, But, Ival and Prop as the 4 best predictors (31% of variation 

explained), with prediction equation: CH4P = -3.53 + 0.138*Lwt + 0.393*But - 2.0*Ival - 

0.076*Prop. SE of coefficients were 0.010 (Lwt, P<.001), 0.066 (But, P<.001), 0.262 (Ival, 

P<.001) and 0.41 (Prop, P=.068).  Adding Prop did not significantly improve the fit 

(P>0.05), but the coefficient was negative, consistent with the stoichiometry of Demeyer 

and Van Nevel (1975; 2A + P + 4B = 4 CH4 + 2P + 2B;  i.e. 4 CH4 = 2A + 2B – P).   

Table 1: Raw correlations (%) between methane production (CH4P, dL/h), 

liveweight (kg) and rumen concentrations of volatile fatty acids (VFA, mM) 
 

 CH4P Lwt Vtot Acet But Prop Val Ibut 

Methane (CH4P) 100        

Liveweight (Lwt) 45 100       

Total VFA (Vtot) 17 -5 100      

Acetate (Acet) 18 0 98 100     

Butyrate (But) 19 -11 91 82 100    

Propionate (Prop) 16 -8 94 86 89 100   

Valerate (Val) 18 -6 83 74 85 86 100  

Isobutyrate (Ibut) -13 -10 33 30 39 22 22 100 

Isovalerate (Ival) -21 -12 27 21 32 22 16 82 
 



Means, residual variances, and variances of other terms fitted in the model (as percentages 

of the residual variation) are shown in Table 2, together with regression coefficients for Lwt, 

all of which were significant (P<0.05) except for valerate.  The coefficient for CH4P was 

positive (0.13), but negative for all VFAs.  The sires used in Falkiner flock were of diverse 

genetic backgrounds.  After fitting sire type in the model, heritability of Lwt, estimated as 

4*(sire variation)/(sire + animal + residual) was 0.93, the unrealistically high value 

demonstrating the huge genetic diversity of the Falkiner flock and that heritability estimates 

from more representative sources could be much lower.   

Before adjusting for Lwt, there were substantial differences in CH4P of the different sire 

types (Merino 5.16, dual 6.30, terminal 7.04 dL/hr, P<.001), but after adjusting for Lwt 

(Merino 57.5, dual 69.4, terminal 70.9 kg) no differences remained.  Adjusting for Lwt 

reduced the variation between sires and sire types much more than the variation between 

animals (Table 2), suggesting that a substantial proportion of the observed variation could be 

due to differences in the ewes’ phenotypes rather than genotypes. Although estimated 

heritability of CH4P adjusted for Lwt was 13%, preliminary data on repeat measurements of 

the 100 highest and lowest emitting ewes suggests that there may be interactions of sire and 

animal effects with test location, and that the true heritability could be less than this. 

Table 2: Mean methane production (CH4P, dL/hr) and VFA concentrations (mM), 

residual variances and regression coefficients for liveweight from fitting model 1, 

estimated variance components of random terms,  and correlations between model 

parameters for sire and animal CH4P and VFA concentrations 
 

Results with liveweight in the model 

 

Lwt 

kg 

CH4P 

unadj CH4P Vtot Acet But Prop Val Ibut Ival 

Mean 60.7 5.5 5.5 52.3 32.1 6.6 11.6 1.11 0.51 0.50 

Resid. var 0.5 2.7 2.4 221.4 75.1 5.0 13.4 0.19 0.02 0.06 

Lwt coeff 
a
   0.13 -0.20 -0.12 -0.04 -0.04 -.003 -.004 -.006 

SE Lwt coeff  0.01 0.09 0.06 0.01 0.02 .002 .001 .002 

Sire_type
 b
 9706 31.1 0.0 0.9 2.7 0.0 0.0 0.0 0.0 0.0 

Sire 1476 11.6 4.8 1.9 2.2 0.3 3.5 1.8 6.9 5.7 

Animal 4748 45.3 41.3 12.9 17.5 29.7 15.3 11.7 73.0 23.6 

Booth 7.9 23.9 27.3 0.6 0.6 0.0 1.1 0.0 0.7 1.4 

Day 12.3 4.7 5.0 10.1 15.8 5.3 7.1 8.9 12.9 26.7 

Period 0 6.3 7.1 4.9 5.2 6.1 6.9 7.4 2.6 3.5 

Day.period 51.4 21.4 19.1 3.5 2.2 9.2 3.9 7.4 11.4 10.0 

Repeat (%) 
c
 99.4 46.8 31.6 13.6 18.3 23.1 15.8 11.9 44.4 22.6 

h
2
 (%) 

c
 93.4 29.5 13.1 6.7 7.2 0.9 11.8 6.4 15.4 17.6 

Sire correl. CH4P with VFA (%)
d
 -50 -55 -23 -40 -25 80 30 

Animal correl. CH4P with VFA (%) 27 21 8 16 18 -6 -13 
a Regression coefficients for Lwt (from model 1).   

b
 Variance components are reported as percentages of 

   residual variation; significance (LR test) indicated by type-face: bold = P<0.05; bold underline = P< 0.01.     
c
 Repeatability estimated as (sire_type + sire + animal)/(sire_type + sire + animal + residual);  

    h2 estimated as 4*sire/( sire + animal + residual).    
d
 Estimated SE of sire and animal correlations are of similar magnitude to the correlations.  



Although VFA production is stoichiometrically linked with CH4P in the rumen ecosystem 

(Van Nevel and Demeyer 1996), this association is most often demonstrated in-vitro (Russell 

1998; Moss et al. 2000).  In the current study, it was expected that VFA from samples taken 

immediately after sheep left the measurement booth would correlate with CH4P.  However, 

Table 2 shows that most VFA concentrations were significantly affected by day and test 

period, whereas sire and animal effects were significant only 36% of the time.  Thus a single 

measure of VFA concentration is unlikely to be particularly useful in predicting genetic or 

phenotypic CH4P.  Indeed, except for Ibut, the repeatability of VFA measurements (12-23%) 

was lower than that of 1-hr CH4P measurements (47% ignoring and 32% adjusting for Lwt).  

A multivariate sire + animal model was fitted to the data because pedigree information was 

limited to the ewes’ sires.  Thus the sire correlations shown in Table 2 are estimates of 

genetic correlations; the animal correlations represent a combination of genetic and 

permanent environmental effects. 

Sire and animal correlations among individual VFAs (not shown here, for brevity) followed 

a similar pattern to the raw correlations in Table 1 – those for total VFAs, Acet, But, Prop 

and Val were highly positively correlated, as were Ibut and Ival, but iso-acids and other VFA 

were negatively correlated.  Table 2 shows that estimates of animal correlations with CH4P 

are similar in magnitude and sign to the raw correlations (Table 1), but sire correlations were 

the opposite sign, with high standard errors.  This supports the conclusions of Robinson et al. 

(2010) from respiration chamber measurements of 22-hour CH4P and VFA samples of sheep 

at 3 different feeding levels – that VFA concentrations are of limited utility in selecting for 

methane production of sheep. 

Conclusion 

Results from 800 measurements of 1-hr CH4 production in grazing sheep show repeat-

abilities of 0.47 and 0.32, before and after adjusting for liveweight, and that there is signifi-

cant between-animal variation, a small proportion of which might be genetic.  Repeatabilities 

of VFA concentrations in rumen fluid sampled after the 1-hour test were generally lower 

than that of CH4 production.  Direct measurement of CH4 production is therefore recom-

mended in preference to using VFAs to screen grazing sheep for methane emissions. 
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