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Introduction

Lamb survival is a key factor influencing the productivity, profitability, and sustainability of
sheep farming systems worldwide. Increasing lamb survival is also important for improving
welfare in the sheep sector. Globally it is estimated between 10-20% of all lambs born die
every year before weaning. Environmental factors such as weather conditions, shelter
availability and management practices, for example, whether the ewes are lambing indoors or
outdoors is known to significantly affect survival outcomes (Dwyer et al/, 2016). The most
desirable characteristic of a production animal is to express good performance independent of
the environment (Knap, 2005). A genotype-by-environment interaction (GxE) is defined as a
difference in phenotypic expression of a trait in different environments and is identified when
the genetic correlation between a trait measured in different environments is low (Falconer &
Mackay, 1989). The failure to account for GXE can undermine genetic evaluations,
particularly if genetic lines that perform well under one set of environmental conditions fail
to do so under another. This has important implications for breeding strategies, as GXE can
influence trait heritability and the effectiveness of selection programmes (Dominik &
Kinghorn, 2008). Recognising and understanding these interactions can therefore lead to
more targeted and robust breeding decisions.

Materials & Methods

Animals and Management. Data were collected between 2016 and 2024 from 25
commercial farms across the UK. Six breeds that make up the Innovis breeding programme
were included in the analysis. All breeds were represented in both indoor (n = 18 flocks) and
outdoor (n = 7 flocks) lambing systems (Table 1), and sires were moved between systems.

Table 1: Number of flocks lambed indoors and outdoors, and number of lambs (N) born in
an indoor and outdoor lambing system.

Breed Flocks Indoor Flocks Outdoor N lambs indoor N lambs outdoor
Aberfield 6 2 10,208 2,117
Highlander 2 4 5,313 4,361
Texel 3 3 837 1,456
Abermax 12 2 18,976 1,330
Aberblack 2 1 2,721 172
Primera 5 4 11,603 2,350

In indoor lambing flocks, lambs were moved to individual pens within 2 hours of birth,
where they were tagged with an electronic identification tag (EID) and recorded for birth dam
identity, sex, birthweight (kg), and date of birth. In outdoor lambing flocks, lambs were not
individually identified at birth unless intervention was required, e.g. for problems such as
dystocia, poor development of the ewe lamb bond, or poor lamb feeding. In such instances
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(16%), ewes and lambs were moved into individual pens and detailed observations were
recorded. For lambs born outdoors without complications, lambs were marked within 24
hours of birth using a coloured stock-marker to indicate week of birth. The flock was
gathered when the lambs were an average age of four weeks, at which point lambs were EID-
tagged, sampled for DNA to assign parentage and recorded for sex and week of birth.

Only flocks that lambed entirely indoors or outdoors were included in this study. Indoor
lambing was defined as all ewes housed during lambing, with lambs turned out after around
48 hours of birth. Outdoor lambing involved ewes remaining outside unless intervention was
required. Flocks were not included in the analysis if they moved ewes between indoors and
outdoors during the lambing period. A total of 109,298 lambs were recorded for survival to
48 hours after birth (0O=dead, 1=live). As a second trait, survival to 8 weeks was assumed if
the lambs were weighed at 8 weeks (actual age varied between 42 and 84 days, average 64
days) or at a later date. If lambs were not weighed at 8 weeks (or on a later occasion), they
were assumed to be dead. A third trait of survival to ultrasound scanning was assumed if the
lambs were weighed at the time of ultrasound scanning to measure fat and muscle depths
(between 45 and 245 days, average 125 days). Again, if the lambs were not weighed, they
were assumed to be dead, as all lambs present in these flocks were weighed and scanned at
this event. For any years where the lamb survival to 48 hours for an individual flock was 98%
or more, the flock year was removed from the study, as it was assumed that dead lambs were
not completely recorded (15 flock x year combinations). Records were also removed from the
dataset for flocks where it was known that not all the animals present were weighed at 8§
weeks or ultrasound scanning (21 flock x year combinations). Artificially reared lambs and
fostered lambs (13,493 lambs) were removed from the dataset as these were likely to be less
well recorded over time and have different reasons for mortality (Binns et al., 2002). After
removing these records, 61,444 survival records remained for analysis.

Statistical Analysis. Lamb survival was analysed separately for indoor and outdoor systems
using binomial multiple linear regression in GenStat (VSN International, 2022). All available
biologically sensible explanatory factors or covariates and two-way interactions were tested
and retained if significant (p<0.05). Fixed effects tested were flock (24 levels), year of
lambing (9 levels, 2016-2024), batch of lambing (an individual batch number for every
lambing batch on each farm every year e.g. early lambing, main lambing, ewe lamb lambing;
208 levels), age of the dam (6 levels, 1-6 and greater), litter size the lamb was born into (birth
type: 3 levels, 1-3 or more), lamb breed (6 levels), lamb sex (3 levels, male, female and
unknown) and birthweight (covariate, indoor flocks only).

Variance components for lamb traits were estimated using binomial models in ASReml
(Gilmour et al, 2021). The associated pedigree file included 190,793 pedigree records over
18 generations. The model for 48-hour survival in an indoor lambing system was:

v = Flock 4+ Batch + Lamb Sex + Lamb Breed + Birthweight + Dam Age + Animal + DamG

+ DamPE+ e ()

where: Animal = random lamb direct additive genetic effect; DamG = random dam genetic
effect; DamPE = random dam permanent environmental effect associated with multiple
lambing records of the same dam, and e = random residual effect. The process was repeated
for the dependent variables of lamb survival to 48 hours in outdoor lambing flocks, survival
to 8 weeks (indoors and outdoors), survival to ultrasound scanning (indoors and outdoors)
and 8-week weight (indoors and outdoors) where all significant fixed effects, covariates
(Table 2) and interactions were fitted, the random effects fitted were the same as above.
Direct heritability for each trait was calculated as the ratio of the direct additive genetic
variance to the observed total phenotypic variance. To evaluate genotype-by-environment



interactions, bivariate models were fitted in ASReml to estimate genetic correlations between
indoor and outdoor lambing systems for each trait.

Table 2: Table of the significant fixed effects and covariates used in the genetic models for
lamb survival to 48 hours, 8 weeks and ultrasound scanning and for the model for 8-week
weight, for both indoor and outdoor lambing systems, *** indicates p<0.001.

Trait Level Fixed Effects and Covariates
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SurViVal tO Indoor kksk skksk kksk skksk skkk kkock skkk
48 hours Outdoor kkk skksk kkk skksk skkk skksk
SurViVal tO Indoor kksk skkk kksk skkk skkk kksk skkk
SWGCkS Outdoor skkk skksk skkk skksk skkk skksk
SurViVal tO Indoor kksk skkk kksk skkk skkk kksk skkk
US Scan Outdoor kkk skksk skkk skksk skkk skksk
8-Week Indoor kksk kksk skkk kksk skkk kksk skkk
Welght Outdoor skkk skkk koksk skkk koksk skkk koksk
Results

Lamb survival was higher in indoor lambing systems compared to outdoor lambing systems
to 48 hours and 8 weeks but was similar for survival to ultrasound scanning (Table 3).

Table 3: Survival percentages to each time point (48 hours, 8 weeks or ultrasound scanning)
for both the indoor and outdoor lambing systems. The direct heritability estimates + the
standard error for the univariate analysis, and the genetic correlation between the indoor
lambing and outdoor lambing systems for each trait.

Trait Level Survival h? hm? Genetic correlation
Survival to 48 Indoor 92% 0.03+0.01 0.006+0.005 0.15+0.29
hours Outdoor 83% 0.18+0.07 0.012+0.048

Survivalto 8  Indoor 84% 0.04+0.01 0.015+0.006 -0.23+£0.26
weeks Outdoor 80% 0.13+£0.06 0.001+0.001

Survival to Indoor 79% 0.14+0.02 0.006£0.005 0.14+0.39

US Scan Outdoor 78% 0.02+0.04 0.070+0.050

8-week Indoor 25.6kg 0.11+0.01 0.066+0.010 0.85+0.28
weight Outdoor 23.2kg 0.15+0.03 0.089+0.023

The heritability estimates from the univariate analyses (for each system separately) were
generally higher in the outdoor lambing systems (0.13-0.18) than the indoor lambing systems
(0.03-0.04) for survival to 48 hours and survival to 8 weeks, but not for survival to ultrasound
scanning where the heritability estimate from the indoor lambing system was higher (Table
3). The lower heritability for lamb survival to 48 hours appear to be a result of having
birthweight fitted in this model, when birthweight was removed from the model the
heritability was more in line with the heritability to 48 hours in an outdoor system
(h?=0.12+0.01). Genetic correlations between indoor and outdoor survival for the same time
points were low (Table 3), indicating large GXE interactions in lamb survival between lambs
born in an indoor lambing system and an outdoor lambing system. In contrast the genetic
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correlation for 8-week weight between indoor and outdoor systems was high (0.85, Table 3),
indicating more consistent genetic expression for growth across the environments.

Discussion

In this study there was a higher survival rate to all time points (48 hours, 8§ week and
ultrasound scanning) for lambs born in indoor lambing systems than in outdoor lambing
systems. Increased survival in the indoor lambing systems to 48 hours is most likely due to
increased supervision during and immediately after parturition, allowing quick intervention
during any lambing difficulty and ewe-lamb bonding issues. The genetic correlations
between indoor and outdoor systems were low, which suggests GXE interactions for lamb
survival. This implies that animals genetically superior for survival in indoor systems may
not perform equivalently in outdoor systems and vice versa. It has been suggested that GXE
interactions are important and affect breeding programmes when the genetic correlation is
less than 0.6 (Mulder et al., 2006). Therefore, a low genetic correlation, as seen in this study,
is likely to have an impact on breeding programmes and have an effect on how genetically
superior lines perform in other systems. Genetic lines that are poorer at giving birth without
complications and/or have poorer ewe-lamb bonding could have good lamb survival in
indoor lambing systems where there are people on hand to help with difficult births and ewes
and lamb(s) and moved into individual pens soon after birth to promote ewe-lamb bonding. If
these lines were performing in an outdoor lambing system, lamb survival might be lower, as
without constant human observation these lambs could die before there is intervention for
difficult births or ewes walking away from their lambs. These differences are important to a
breeding programme as rams are moved between systems. If a ram has a good breeding value
for lamb survival when used in an indoor lambing system but did not perform as well in an
outdoor lambing system, more losses would occur at lambing time. This has the potential of
eroding trust in estimated breeding values. The genetic correlation for 8-week weights was
0.85, indicating that being born indoors or outdoors does not affect the ranking of animals for
lamb growth.

Conclusions

In conclusion, genetic-by-environmental interactions are likely influencing the analyses for
lamb survival when animals from an indoor lambing system and an outdoor lambing system
are included in the breeding programme. Therefore, if the type of lambing system is not
considered in genetic evaluations, it is possible that progeny from breeding stock with good
lamb survival merit moved into another flock will not perform to their expected potential.
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