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Summary

This paper reports phenotypic and genetic relationships between reproductive performance,
cow weight and methane traits in Angus females. Reproductive performance traits included
pregnancy (PREG), calving (CALV) and weaning (WEAN) success and days to calving
(DTC). Cow weight traits recorded were weight at mating (JOIN WT) and weight at calf
weaning (MCWT). Females had records collected for up to five parities. Methane traits
included methane production (MPR), methane yield (MY) and residual methane production
(RMP). PREG was found to be moderately heritable (0.26) on the underlying scale, while
CALV (0.13), WEAN (0.10) and DTC (0.07) were lowly heritable. Moderate to large
heritabilities were observed for JOIN WT (0.49) and MCWT (0.75). Phenotypic correlations
between reproductive performance and methane traits were not significantly different to zero
(-0.08 to 0.06). Moderate to high phenotypic and genetic correlations were observed between
cow weight traits and MPR (rp 0.43 to 0.75; rg 0.73 to 0.88) while phenotypic and genetic
correlations between cow weight traits and MY and RMP were not significantly different to
zero (rp 0.04 to 0.12; rg 0.10 to 0.18). Genetic correlations between methane traits and PREG
and CALV were moderately negative (-0.47 to -0.37), while genetic correlations between
methane traits and WEAN and DTC were not significantly different to zero (-0.19 to 0.08).
These results indicate that selection for low MY or low RMP may lead to higher PREG and
CALV, with no significant impact on WEAN, days to calving or cow weight. However, in
view of the large standard errors associated with some estimates more data are required to
confirm these findings.
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Introduction

The contribution of livestock to worldwide greenhouse gas emissions is significant (14.5%)
and primarily from ruminants (Gerber et al. 2013). Methane emission traits have been
reported as moderately heritable in sheep (Pinares-Patino et al. 2011) and beef cattle
(Donoghue et al. 2016). While selection for low methane genotpyes is now possible, little
information is available regarding the impact of this selection on female reproductive
performance. Donoghue et al. (2017) examined the impact of selection for methane yield
(MY) on reproductive performance in first parity Angus heifers, and found that low MY
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females calved later in the season and were lighter in weight at weaning of their calf than
high MY females. However, selection for MY did not have any impact on pregnancy, calving
or weaning rates. No information is available on the impact of selection for methane traits on
reproductive performance beyond the first parity.

The objective of this study was to investigate the phenotypic and genetic relationships
between methane and lifetime reproductive performance traits recorded over five parities in
Australian Angus females. These traits include pregnancy success, calving success and
weaning success, days to calving, weight at mating and weight at weaning of calf.

Material and methods

The females used in this project were from the methane yield selection lines within two
research herds of Angus cattle at the Agricultural Research Centre, Trangie, NSW, Australia.
Methane yield (MY) is the amount of methane emitted per day divided by the weight of feed
eaten on a dry-matter basis (g CH4/kg DMI). The animals were measured once for methane
emissions, at approximately yearling age, and details on the creation of the selection lines and
measurement procedure can be obtained from Donoghue et al. (2016). Females were born in
2009 (n=193); 2011 (n=179); 2012 (n=120); 2013 (n=125) and 2014 (n=104). All females
available each year were mated and females were culled from the herd if they had failed to
calve two years in a row. In years 2011 to 2013 females were mated in single sire mating
groups for approximately 9 weeks while in years 2014 and 2015 females underwent a
synchronised artificial insemination program followed by multiple sire mating groups for
approximately 9 weeks. Females were pregnancy tested by trans-rectal ultrasonography
approximately 10 weeks after the end of mating.
Reproductive performance of the females was assessed by pregnancy success (PREG; 1 =
pregnant, 0 = non-pregnant), calving success (CALV; 1 = calved, 0 = failed to calve) and
weaning success (WEAN; 1 = weaned a calf, 0 = failed to wean a calf). Days to calving
(DTC) was also recorded as one of the reproductive performance traits for the first three
mating years (2011 to 2013), and was calculated as the number of days between the start of
the mating season and the date of birth of the subsequent calf. Females that failed to calve
were assigned a penalty value which was 21 days greater than the last female to calve in their
contemporary group. Age and weight (JOIN WT) of the females at mating and at the weaning
of her calf (MCWT) were also recorded.
Methane production was measured on males and females from both herds over a four year
period, with a total of 1,096 records collected. Several key methane traits were chosen to
examine the relationship between methane and reproductive performance: daily methane
production (MPR; g CH4/day), methane yield (MY; g CH4/kg DMI) and residual methane
production (RMP), calculated by regression of MPR on DMI as described in Donoghue et al.
2016).

Model of analysis

Significant fixed effects for each trait were determined using the MIXED procedure in SAS
(SAS Institute, Cary, NC, USA) by considering both main effects and first-order interactions,
with sire included as a random effect. Fixed effects for all traits included mating group,
lactation status (wet or dry), sex of previous calf, previous mating group and parity.
Covariates fitted included age at mating, age of dam, age at weaning of calf (for weight at
weaning of calf) and age of previous calf. Models were stepped down removing non-
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significant effects (P > 0.05) to obtain final models for each trait.
Variance and covariance components for non-binary traits were estimated with a repeated
records animal model using ASReml (Gilmour et al. 2009) and the sets of fixed effects
identified using SAS. Binary traits (PREG, CALV and WEAN) were analysed using a sire
model with a logit-link function. Heritability (h2L) estimates on the underlying logit scale
were computed as:

where π2/3 is the assumed residual variance and σ2S the estimated sire variance from the logit
model. Heritabilities on the observed binomial scale (h2) were approximated by multiplying
the underlying-scale heritability (h2L) by p(1-p), where p is the mean trait incidence. Pedigree
records for all animals with records and 3 further generations of ancestors were used.
Phenotypic and genetic correlations between pairs of traits were estimated from bivariate
analyses using ASReml. Linear models were assumed for all traits.

Results and discussion

Table 1 contains summary statistics for the reproductive performance, cow weight and
methane data. Reproductive performance and cow weight records were available for 721
animals for JOIN WT, PREG, CALV and WEAN, with high pregnancy (88%), calving (85%)
and weaning (77%) rates observed. There were fewer animals with MCWT (n=541) and DTC
(n=492) records. There were 1,096 animals (both male and female) with methane traits
recorded, and 429 of those with methane records also had reproductive performance and cow
weight records.

Table 1. Descriptive statistics for reproductive performance, cow weight and methane traits.

Trait No. animals No. records Average (SD) Minimum Maximum
PREG 721 1,979 0.8823 (0.3224) 0 1
CALV 721 1,979 0.8480 (0.3592) 0 1
WEAN 721 1,979 0.7692 (0.4215) 0 1
JOIN WT (kg) 721 1,979 493.9 (110.4) 264 934
MCWT (kg) 541 1,338 538.4 (84.8) 345 838
DTC (days) 492 873 308.3 (26.4) 267 375
MPR (g/d) 1,096 1,096 132.8 (25.2) 78.9 250.9
MY (g/kg DMI) 1,096 1,096 21.8 (2.3) 13.1 29.5
RMP (g/d) 1,096 1,096 0 (9.7) -39.6 64.1

Genetic parameters for reproductive performance and cow weight traits are reported in Table
2. The trait PREG was found to be moderately heritable while the traits of CALV and WEAN
were lowly heritable. The heritability estimate for PREG observed in this study (h2L = 0.26 on
the underlying scale) is similar to previously reported estimates on the underlying scale for
heifer pregnancy success in temperate beef breeds, which range from 0.13 to 0.34
(Buddenberg et al., 1989; Evans et al., 1999; Doyle et al., 2000; Minick Bormann et al.,
2006). Heritability estimates of calving success obtained from threshold models range from
0.03 to 0.35 (Johnston et al., 2001; Donoghue et al., 2004; Urioste et al., 2007; Naya et al.,
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2017), and are similar to the estimate observed in this study (h2L = 0.13 on the underlying
scale). Estimates of heritability reported in literature for WEAN in temperate breeds are low
(0.04; Morris et al., 1987 for temperate breeds using a paternal half-sib model), and similar to
the estimate observed in this study (h2 = 0.02 on the observed scale).
The heritability estimate for DTC observed in this study (0.07) is similar to the estimate from
Meyer et al. (1990) of 0.08, but is higher than recently reported estimates in temperate
breeds, which have ranged from 0.02 to 0.04 (Meyer and Johnston 2003; Meyer et al., 2004;
Jeyaruban et al., 2009; Jamrozik et al., 2012). This higher estimate may be explained by the
herd policy of not culling empty females until they have failed to calve two years in a row,
thus leading to greater genetic variation in DTC.
Moderate to large heritabilities were observed for both cow weight traits (JOIN WT and
MCWT). The estimate observed in this study for JOIN WT (0.49) was similar to that
observed for the same trait in a selection experiment in New Zealand (0.49; Morris et al.,
1987). However, the estimate for MCWT (0.75) was higher than most reported estimates for
this trait, which have ranged from 0.39 to 0.61 (Choy et al., 2002; Arango et al., 2002;
Jeyaruban et al., 2009; Meyer et al., 2004). Rumph et al., (2002), however, did report high to
very high heritability estimates (0.49 to 0.86) for MCWT taken at different times of the year.

Table 2. Estimates of variance components and parameters for reproductive performance and
cow traits over five parities in Angus females.

TraitA,B p σ2A σ2C σ2P h2L h2 c2

PREG 0.88 0.91 - 3.52 0.26 (0.18) 0.03 -
CALV 0.85 0.43 - 3.40 0.13 (0.14) 0.02 -
WEAN 0.77 0.32 - 3.37 0.10 (0.09) 0.02 -
JOIN WT - 873 180 1,765 - 0.49 (0.07) 0.10 (0.06)
MCWT - 1,977 172 2,647 - 0.75 (0.08) 0.07 (0.08)
DTC - 41.9 0 596 - 0.07 (0.04) 0
A p = incidence; σ2A = additive genetic variance; σ2C= permanent environment variance; σ2P = phenotypic
variance; h2L= heritability on logit scale; h2 = heritability; c2 = fraction due to permanent environment
variance.
B Estimates for binary traits from sire model with logit-link function; σ2A = 4 × σ2S; residual variance = π/3; h2

on observed scale approximated by h2L× p(1-p).

Phenotypic (rp) and genetic (rg) correlations and their associated standard errors between
reproductive performance, cow weight and methane traits are reported in Table 3. Phenotypic
correlations between reproductive performance and methane traits were not significantly
different to zero (-0.08 to 0.06), indicating no phenotypic relationship between these groups
of traits. As expected, females that were phenotypically heavier also emitted more methane
(rp 0.43 to 0.75), reflecting the fact that MPR is correlated with DMI which, in turn, is
correlated with weight traits. These results are similar to reported estimates between methane
traits and early-life growth traits for these cattle (rp 0.53 to 0.61; Donoghue et al., 2016). In
this study no phenotypic relationship was observed between weight traits and MY and RMP
(0.04 to 0.12), which is also similar to the findings by Donoghue et al., (2016).
Genetic correlations between methane traits and PREG and CALV were moderately negative
(-0.47 to -0.37), however large standard errors are associated with these estimates. This
indicates that animals that are selected for low MY (or low RMP) may have higher pregnancy
and calving rates. This result was not observed for the traits of WEAN and DTC where
genetic correlations with methane traits were not significantly different to zero (-0.19 to
0.08). Therefore, results from this study indicate that selection for low MY (or low RMP)
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may lead to higher pregnancy and calving rates with no significant impact on DTC or
weaning rates. However, in view of the large standard errors associated with these estimates
more data are required to confirm these findings.
The genetic correlations for MPR with cow weight traits were high (0.73 to 0.88), and similar
to those reported for these animals with early-life growth traits (0.79 to 0.86; Donoghue et
al., 2016). The estimates in this study, along with earlier estimates from the same data,
indicate that directly selecting for reduced MPR would result in lower early-life and mature
weights in the progeny. The genetic correlations between cow weight traits and MY and RMP
(0.10 to 0.18) were not significantly different to zero, which is also similar to the findings by
Donoghue et al., (2016). Therefore, results from this study, along with earlier estimates from
the same data, indicate that selection for low MY (or low RMP) would not have a significant
impact on early-life or mature weights.

Table 3. Phenotypic (rp) and genetic (rg) correlations between reproductive performance, cow
weight and methane traits in Angus females.

rp rg
Trait MPR MY RMP MPR MY RMP
PREG -0.02 (0.05) -0.07 (0.05) -0.05 (0.06) -0.39 (0.42) -0.37 (0.34) -0.47 (0.36)
CALV -0.04 (0.04) -0.08 (0.06) -0.07 (0.06) -0.46 (0.58) -0.37 (0.44) -0.42 (0.47)
WEAN -0.03 (0.05) 0.01 (0.06) 0.02 (0.06) 0.03 (0.33) 0.08 (0.35) 0.07 (0.36)
JOIN WT 0.75 (0.02) 0.04 (0.06) 0.12 (0.06) 0.88 (0.04) 0.15 (0.12) 0.18 (0.13)
MCWT 0.43 (0.05) 0.07 (0.06) 0.09 (0.06) 0.73 (0.08) 0.10 (0.12) 0.11 (0.13)
DTC 0.03 (0.06) 0.06 (0.06) 0.04 (0.06) -0.02 (0.30) -0.13 (0.31) -0.19 (0.32)

Conclusions

Genetic correlations between cow weight traits and methane yield and residual methane
production in this study were not significantly different to zero. Genetic correlations between
methane traits and pregnancy success and calving success were moderately negative, while
genetic correlations between methane traits and weaning success and days to calving were not
significantly different to zero. These results, along with published estimates between methane
yield and residual methane production and early-life growth traits from the same animals,
indicate that directly selecting for reduced methane yield or residual methane production may
lead to higher pregnancy and calving rates with no significant impact on weaning rates, days
to calving, or early-life and mature cow weights. However, in view of the large standard
errors associated with some estimates more data are required to confirm these findings.
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