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Introduction

Reducing methane emissions at flock level and at a national scale will require various mitigation
strategies that deliver environmental gains without compromising animal performance or
production efficiency (Beauchemin et al., 2022; Palangi ef al., 2022). Among these approaches,
genetic selection for lower-emitting animals is one of the most promising, owing to the
moderate heritability of methane production and the cumulative, permanent nature of genetic
gain (Rowe et al., 2022). Recent development of high-throughput phenotyping tools, most
notably portable accumulation chambers (PACs), has enabled routine, large-scale collection of
individual-animal methane phenotypes across commercial and research flocks (O'Connor et al.,
2021). However, methane production has been shown to be strongly positively correlated with
traits such as body weight, growth, and feed intake (Bird-Gardiner ef al., 2017). As a result,
selecting directly for lower absolute emissions risks undesirably constraining animal
productivity. One response to this dilemma has been the growing interest in developing
alternative methane traits that aim to quantify methane emissions independently of production
and includes metrics such as methane intensity, methane yield, and residual methane (Crowley
et al., 2024). Despite the conceptual appeal of these alternative methane definitions, their
suitability for routine use in breeding programmes warrants further investigation. Therefore,
the objectives of this research were to estimate the genetic parameters of alternative methane
traits and investigate their behaviour within a national breeding index.

Materials & Methods

A total of 15,385 methane measurements were collected from 8,182 sheep across 121 research
and commercial flocks in Ireland between 2019 and 2024 using PACs (O'Connor et al., 2021).
Individual chamber methane concentrations (ppm) were recorded after the 50-minute
measurement period and converted to daily methane output using the calibration equations of
O'Connor et al. (2021). Animals were classified as growing animals (males and nulliparous
females; 105 to 600 days of age) or ewes (females with >1 lambing; 380 to 3,850 days). After
removal of outliers, the final datasets comprised 6,778 methane records from 3,413 growing
animals and 6,679 records from 3,941 ewes. All animals originated from Teagasc research
flocks or flocks participating in the Irish national sheep breeding programme, thus, additional
phenotypic data including dry matter intake (DMI) and body weight were available on both
ewes and growing animals. Several alternative methane traits were derived, including methane
production (methane g/day), representing estimated daily methane output based on PAC
measurements.

Two ratio-based methane traits were calculated for both ewes and growing animals to account
for differences in animal size and feed intake. Methane intensity was defined as methane
production per kg of metabolic body weight where metabolic body weight (MBW) was
calculated as liveweight®”>. Methane yield was defined as methane production per unit of dry
matter intake, representing methane emissions per unit of feed consumed.
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A residual methane trait (RMT) was derived to represent methane output adjusted for
differences in body size across all animals where methane production expressed on a daily basis
was phenotypically adjusted for metabolic body weight using a linear model; the residuals from
this adjustment were retained as the RMT phenotype. This residual trait was subsequently
analysed using the same genetic model as the other methane traits.

Genetic and residual variance components for all four methane traits were estimated separately
in ASReml (Gilmour et al., 2021) using univariate animal models, with genetic correlations
obtained from corresponding bivariate analyses. For all models fixed effects included sex, age
at measurement, breed composition covariates, heterosis, and recombination loss, while random
effects included the additive genetic effect of the animal, repeated animal effect and
contemporary group (PAC measurement date — by group of 12 animals measured
consecutively). Genetic relationships among animals were accounted for using a pedigree-
based numerator relationship matrix (A), comprising 330,484 animals.

Selection response. Selection index theory was used to evaluate the predicted response to
selection of incorporating three alternative methane traits (independently) into the Sheep
Ireland national terminal breeding objective, which comprises lambing, growth, and carcass
traits (McHugh ef al., 2022). The weightings applied to each trait were similar to those used in
the national breeding objective and with a 5% relative emphasis placed on the methane trait.

Results

Genetic Parameters. The number of records, phenotypic means, genetic variances, and
heritability estimates differed across methane trait definitions (Table 1). Contemporary group
variance was consistently large across traits ranging from 40% - 54% of total variance, the
repeated animal effect was more variable, representing just 1% of the total variation in methane
intensity, and 22% of the variation in methane yield. The coefficient of genetic variation ranged
from 0.11 to 2.49%. All traits exhibited moderate heritability, with the exception of methane
yield, which showed a heritability not different from zero with large SE, and was not used in
selection index analysis.

Table 1. Number of records (n), number of animals, phenotypic mean (p; SD in parentheses),
genetic SD (o), heritability (SE in parentheses) for methane traits'

Methane n No. w(SD) Og h? (SE)
animals

Methane (g/day) 13,457 7,032 17.51 (9.56) 2.49 0.18 (0.05)
Methane intensity 13,457 7,032 0.81(0.31) 0.11 0.23 (0.03)
(g’kg MBW)

Methane yield 1,441 342 14.06 (9.50) 1.58 0.05 (0.07)
(g/kg DMI)

RMT 13,457 7,032 0.00 (8.97) 2.41 0.22 (0.03)

IRMT is residual methane.

Genetic correlations among methane traits varied depending on trait definition. Strong positive
genetic correlations were observed between methane (g/day) and size-scaled traits, with
methane (g/day) strongly correlated with methane intensity (rg = 0.87 & 0.02) and with residual
methane (rg=0.77 £ 0.13). A close to unity correlation was observed between methane intensity
and residual methane (r; = 0.97 = 0.002). In contrast, methane yield showed weak, non-
significant genetic associations with daily methane and residual methane (rg = 0.08 + 0.13 and
rg =0.07 = 0.13) and only a modest correlation with methane intensity (rg = 0.30 = 0.09).



Response to Selection. Under the current national terminal index (without any weighting on a
methane trait), the predicted genetic responses for absolute methane emissions are expected to
increase by 1.62 g/day per generation, with the days to slaughter reducing by -8.85 days per
generation (Fig 1). The incorporation of a methane trait into the terminal index did not reverse
the upward trajectory of methane emissions but consistently reduced the rate of increase. The
inclusion of daily methane (g/day) reduced the predicted increase to 1.20 g/day per generation,
while methane intensity and residual methane yielded similar outcomes (1.18-1.24 g/day).
Importantly, these reductions were achieved with minimal impact on production, with days to
slaughter consistently reduced by over 8 days per generation and negligible effects on lamb
survival and vigour.
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Figure 1. Predicted responses to selection under alternative terminal index scenarios including
the current index (current), and a 5% weighing placed on methane (g/day) (CH4/day), methane
intensity and residual methane.

Discussion

Methane emissions in sheep were moderately heritable across all trait definitions examined,
with the exception of methane yield, which was estimated from substantially fewer individual
animals. These results confirm the potential for genetic selection as a methane mitigation
strategy and align with previous findings in both sheep and cattle (Jonker ef al., 2018; Crowley
et al., 2024). The patterns of genetic correlation among methane traits reveal distinct strategic
options for breeding programs. The strong correlation between absolute methane production
and size scaled traits (rg = 0.77 — 0.87) indicates substantial shared genetic architecture similar
to what has been found in dairy cattle (Lassen and Levendahl, 2016), while the near-perfect
correlation between methane intensity and residual methane (rg = 0.97) demonstrates these traits
are close to equivalent genetically. In contrast, methane yield showed non-significant genetic
associations with methane (g/day) and residual methane (r_g = 0.07) and a modest correlation
with methane intensity (rg = 0.30), substantially lower than estimates reported in dairy cattle
(Kamalanathan et al., 2023). However, as this is the first study to estimate these correlations in
pasture-based sheep, larger datasets may reveal stronger genetic relationships.



The incorporation of methane traits into the terminal index demonstrates that genetic
improvement in emission efficiency can be achieved without compromising production
performance. While absolute emissions continued to increase under selection, reflecting the
strong genetic correlation between body size, growth rate, and methane production, the rate of
increase was consistently reduced by approximately 25% across different methane metrics with
no adverse effects on days to slaughter or lamb survival. Scaled to the national level,
incorporating methane traits into the terminal index could reduce methane emissions by
approximately 25.7 tonnes by 2050, equivalent to removing 26,000 sheep per year, while
maintaining the same level of production. The similar outcomes achieved across different
methane traits (methane (g/day), methane intensity, and residual methane) provide flexibility in
trait selection for terminal indexes. However, further research is needed to better understand the
genetic relationships between alternative metrics such as methane intensity and residual
methane with economically important production traits, which would help optimize multi-trait
selection strategies and ensure that efficiency improvements in both production and emissions
can be pursued simultaneously as breeding programs evolve to address environmental
sustainability.

Conclusion

Genetic selection offers a practical and sustainable approach to mitigating methane emissions
in sheep production without compromising economic viability or productivity. The moderate
heritability of methane traits and their diverse genetic architectures provide breeding programs
with strategic flexibility to target emission efficiency alongside traditional production goals. At
scale, this approach represents a meaningful contribution to national climate mitigation efforts
while maintaining the competitiveness of the sheep industry.
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