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Summary

Ewe efficiency has traditionally been defined as the ratio of litter weight to ewe weight; given
the statistical properties of ratio traits, an alternative strategy is proposed in the present study.
The concept of using the deviation in performance of an animal from the population norm has
grown in popularity as a measure of animal-level efficiency. The objective therefore of the
present study was to define a novel measure of efficiency for sheep which considers the
weight of a litter of lambs relative to the weight of their dam. Two novel traits, representing
the deviation in litter weight at 40 days (DEV40) or at weaning (DEVwean), was represented
by the unexplained variability from a statistical model with litter weight as the dependent
variable and with fixed effects such as litter breed, ewe parity and ewe weight. Variance
components for DEV40 and DEVwean were estimated using a 2-step approach (i.e., whereby
the litter weight phenotype was derived first and variance components was subsequently
estimated) and a 1-step approach (i.e., variance components for litter weight were estimated
directly in a mixed model). The phenotypic standard in DEV40 and DEVwean was 8.46 kg
and 15.37 kg, respectively; the mean litter weight at 40 days and weaning was 30.97 kg and
47.68 kg, respectively. The genetic standard deviation and heritability for DEV40 estimated
using 1-step or 2-step models varied from 2.65 to 2.96 kg and from 0.12 to 0.14, respectively.
Corresponding values for DEVwean ranged from 4.94 to 5.47 kg and from 0.13 to 0.15,
respectively. The genetic variability in both DEV40 and DEVwean indicates appreciable
potential for improvement through breeding.
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Introduction

The importance of efficient meat production systems is intensifying in light of the desire for
long-term global food security but from an ever-reducing land-base for agricultural food
production. Efficiency, either at the level of the animal, or the system has traditionally been
depicted by the ratio of outputs to inputs including the ratio of litter weight to ewe weight
(Lobo et al., 2012). More recently, however, the concept of using the deviation in
performance of an animal from the population norm has grown in popularity as a measure of
animal-level efficiency; such traits include residual feed intake (Koch et al., 1963), residual
daily gain (Koch et al., 1963) and residual intake and gain (Berry & Crowley, 2013). The
hypotheses of these residual-based statistics are that animals that perform better than the mean
of their population contemporaries are deemed to be superior. One of the merits of the
residual-based traits is that there is an obvious biological interpretation of the emanating
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value as it is presented in the units of the dependent variable. Procuring actual feed intake
records on individual animals is resource intensive and even measuring group-level (e.g.,
flock) feed intake can also be difficult, especially in extensive production systems as
predominant in sheep. In sheep and beef production systems, a large proportion of a dam’s
total dietary energy is used for maintenance, which can be approximated by (metabolic) live-
weight. Therefore, representing any output parameter as a function of the maintenance
requirements (approximated by body weight) of the mature flock, could be a useful proxy for
efficiency either at an individual animal or a group level. The objective of the present study
therefore was to define a novel measure for efficiency of sheep which considers the weight of
a litter of lambs relative to the weight of the dam.

Material and methods

A total of 101,216 live weight records from 42,965 ewes collected from 624 flocks between
the years 2008 and 2017, inclusive were extracted from the Irish national database hosted by
Sheep Ireland (http://www.sheep.ie). An additional 174,547 lamb live weight records
recorded at approximately forty days of age and a further 219,381 lamb live weight records at
weaning recorded between the years 2008 to 2017, inclusive were also available. Ewe live
weight was defined as the weight of a female who had at least one recorded lambing event;
only ewe weights between 45 and 120 kg were retained. Lamb live weight recorded at
approximately forty days (hereon referred to as 40-day weight) was defined in the present
study as the live weight taken between 20 and 65 day of age; only records of lambs weighing
between 12 and 32 kg were retained. Weaning weight was defined as the weight recorded
between 66 and 120 day of age; only weights between 20 and 55 kg were retained. In the
present study, live weight records relating to the ewe and lamb weights were only retained
where both the ewe and her litter were weighed on the same calendar day. The combined
litter weight at 40 day and the combined litter weight at weaning were generated by summing
the weights of all litter-mates. This resulted in the retention of 6,776 ewe and litter weights
(10,186 individual lamb weights) recorded at 40 days and a further 6,469 ewes and litter
weights (9,334 individual lamb weights) recorded at weaning.

Data were also available on date of birth, ewe parity, breed composition, and the
pedigree of each ewe and lamb. Ewe parity was categorised as 1, 2, 3, 4, or ≥ 5. Age of the
dam at first lambing was categorised as lambing either: 1) between 8 and 18 month of age, or
2) between ≥ 18 and 28 month of age. Birth type of the lamb was defined as the recorded
number of lambs born (alive or dead) per lambing event; only birth types between one
(singles) and four (quadruplets) were retained for analysis. Rearing size was defined as the
number of lambs reared in the litter (including the lamb itself); only rearing sizes between
one and three were retained. Litter (and ewe) weight records were discarded for litters where
one or more lamb(s) had been cross-fostered onto a surrogate ewe. Each ewe and litter weight
combinations for 40-day and weaning weights were allocated to a contemporary group of
flock-date of weighing. Only records from contemporary groups with at least five records
were retained. Following all edits, 4,838 ewe and litter weights recorded at 40 day (7,707
individual lamb weight records) and 4,817 ewe and litter weights recorded at weaning (7,259
individual lamb records) remained.

Novel phenotypes were created to represent the combined weight of a litter relative to
the respective weight of the ewe at the same time point at either 40-day weight (phenotype
termed deviation in litter 40-day weight; DEV40) or weaning weight (phenotype termed
deviation in litter weaning weight; DEVwean).
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For the derivation of DEV40, the following model was initially fitted:
WT40 = CG + eweWT +Age|Litter + e

where WT40 = litter weight at 40 days, CG = contemporary group, eweWT = ewe
weight recorded at 40 days, age = litter age at weighing relative to 40 days and Litter= the
litter rearing type. DEV40 was subsequently derived by removing from each litter weight
separately, the effect of ewe weight; the appropriate age adjustment to 40 day equivalent was
used based on the regression coefficient for that litter size. The model solutions for litter size
itself were therefore not used when adjusting 40 day weight in creating DEV40. A similar
approach was used in the creation of DEVwean except where the dependent variable was
weaning weight and the covariate of age was relative to day 100 rather than day 40.

Statistical analyses

Genetic and residual components were estimated in Asreml (Gilmour et al., 2009) for DEV40
separately using either a 2-step or 1-step model. The 2-step model employed was:

Y = CG + Parity*AFL + Breed + Het + Rec + Ewe + EwePE + Sire + e
where Y = DEV40, CG = contemporary group, parity*AFL = the interaction between

ewe parity and age at first lambing, breed = the fixed effect of the litter breed proportion of a
specific breed (Belclare, Beltex, Charollais, Suffolk, Texel and Vendeen), het = heterosis
coefficient of the litter, rec = recombination loss coefficient of the litter, ewe = random ewe
direct additive genetic effect, ewePE= random ewe permanent environmental effect, sire =
random non-genetic sire of litter effect and e=random residual term. The genetic and residual
components for DEVwean were similarly estimated.

In the one-step model, the variance components for DEV40 and DEVwean were
estimated directly from the actual live weight records which had been pre-adjusted to 40 days
or 100 days. Pre-adjustment was achieved by fitting the model outlined above for the 2-step,
with the interaction between litter rearing size and age at weighing also included as a fixed
effect to estimate the regression coefficients on age for the litter size which was subsequently
used in the pre-adjustment. The 2-step model outlined above was then re-ran on the pre-
adjusted weight traits but without litter size by age interaction; ewe weight recorded at either
40 or 100 days post lambing was also included as a fixed effect.

Results and Discussion

The average litter weight at 40 days and weaning was 30.97 kg and 47.68 kg, respectively.
The proportion of phenotypic variation in litter 40-day weight explained by contemporary
group, ewe live weight and litter age was 42%. The phenotypic standard deviation in DEV40
was 8.46 kg, which represents 27% of the mean 40-day weight. The proportion of phenotypic
variation in litter weaning weight accounted for by the model that included contemporary
group, ewe litter weight and litter age was 41%. The phenotypic standard deviation in
DEVwean was 15.37 kg, representing 32% of the mean weaning weight.

Litters from first parity ewes were 3.45 (SE= 1.90) and 6.11 (SE=1.98) kg lighter at 40
days than litters born to fifth parity ewes estimated using the two-step or one-step approach,
respectively. Similarly litter weight increased with parity number. Irrespective of the weight
trait under investigation, or the model used, litters with a greater proportion of the Belclare
breed were consistently heavier than all other breeds. Each 10% increase in Belclare
proportion was associated with an increase in DEV40 by 0.21 kg and 0.22 kg for the 2-step
and 1-step models, respectively. When DEV40 and DEVwean were adjusted to a common



litter size, greater DEV40 and DEVwean were associated with each 10% increase in Suffolk
and Texel proportion compared to the Belclare proportion. Results from this study
corroborate previous studies that have shown that number of lambs weaned per ewe, rather
than the weight of individual lambs, is of key importance to sheep systems (Earle et al.,
2017).

The genetic standard deviation and heritability (SE) for DEV40 estimated using the 2-
step model was 2.65 kg and 0.12 (0.03), respectively; for the 1-step model the corresponding
values were 2.96 kg and 0.14 (0.03). For DEVwean, the genetic standard deviation and
heritability calculated using the 2-step model were 4.94 kg and 0.13 (0.04), respectively; the
values estimated using the 1-step model were 5.47 kg and 0.15 (0.04). The coefficient of
variation calculated using the 1-step or 2-step for DEV40 and DEVwean ranged from 9% to
11%, which was similar to those observed for growth performance traits (Safari et al., 2005).
The estimated dam permanent environmental variance was small for all traits and modelling
approaches. The average within breed correlation between DEV40 EBV estimated using the
1-step or 2-step model was 0.99; a close to unity correlation was also estimated between
DEVwean EBV derived using the 1-step or 2-step model (0.98). Considerable genetic
variation exists within the two novel phenotypes defined in this study; the phenotypic
information required to derive these phenotypes is routinely available which enables the traits
to be exploited easily through breeding, thereby producing genetically efficient ewes.
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