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Thermogenic mechanisms of the newborn ruminant
Thermogenic mechanisms mature over the final days of gestation, but it is the combination of the birth process and exposure to cold in the extra-uterine environment that are responsible for the onset of thermogenesis. Fetal cortisol and thyroid hormones play an important role in the maturation of the lamb, with significant individual variation in the timing and magnitude of the prepartum cortisol surge, which may explain the diversity in vigour at birth (Symonds et al. 1995). Changes in metabolism by BAT and the liver stimulate heat production and lipid and glycogen reserves are mobilised to meet the increased oxygen consumption (Mellor and Cockburn, 1986). The thermogenic activity of BAT increases in the first two hours following birth in full term neonates. However, the availability of carbohydrates in the liver limits this period with depletion of liver glycogen, the main source of circulating glucose until the lamb ingests lactose contained in colostrum, and the resulting hypoglycaemia leads to depressed heat production, hypothermia, compromised brain function and death. Skeletal muscle glycogen is used directly by the muscle itself, releasing large amounts of unmetabolised lactate that is used during locomotion and shivering (Alexander, 1979). The high mortality rate observed during or shortly after periods of bad weather are largely the results of hypoglycaemia which in turn produces hypothermia and death, before total depletion of the fat body reserves. Normoglycaemia is therefore an important indication of neonatal well-being. Hypoglycaemia and hypogammaglobulinaemia are associated with hypothermia and are often fatal (Eales et al. 1986; Vihan, 1988). Once colostrum is ingested, protein, glucose and cholesterol concentrations in the plasma increase within hours (Eales et al. 1982; Chniter et al. 2013). 

Details of recent genetic analyses of lamb survival
[bookmark: _GoBack]Recent analyses of 174K lamb survival records rate between the years 1976-2011 for Scottish Blackface sheep in the UK (Conington et al., 2013) used subsequent records of lamb weights to retrospectively assign a lamb survival record to lambs born within the national Sheepbreeder sheep improvement programme. The average survival was 87.8%. Lamb survival (SURV01) was coded 0=dead if any lamb recorded at birth had no live weight recorded at either 8 weeks or subsequent weighing occasions, and 1=alive, if it survived at least until 8 weeks with a record of live weight. The main influencing factors were flock, year/season, age of dam, sex of lamb, birth type and birth weight. Figure 4 (main paper) shows the relationship between lamb birth weight and lamb mortality. Lamb birth weight is the most important predictor of lamb survival, Figures 1 and 2 (Supplementary Material) show the effect of dam age and lamb gender on lamb survival odds. Compared to male lambs, female lambs have a 1.3 times better survival odds. Lambs from 3 year old ewes are 1.6 times more likely to survive compared to lambs from 1 year old ewes and have the highest survival odds compared to all other ewe ages. The heritability estimate was between 0.05 and 0.09, depending on the model used in the analyses. New lamb survival heritability estimates for Texel, Lleyn and Dorset breeds are currently being analysed and it is expected that lamb survival as a breeding goal trait will be included into UK sheep breeding programmes from 2016.  

Figure 1: Effect of dam age on lamb survival


Figure 2: Effect of lamb gender on lamb survival


lcl= 0.70, ucl=0.79, s.e.d.= 0.03


Details of French Participative Research Project: Massif Central case study
During 2011-2013, a prevalence study was conducted with 60 farmers in the Massif Central of France and in three farming systems: system with two lambing periods, pastoral system and accelerated system (3 lambing in two years). The purpose of this study was to evaluate directly on farms, during two production cycles, the rate of lamb mortality, the age at death, the main causes of death and the frequency of exposure to different recognised risk factors for lamb mortality.
For each farm participating in the study, farmers were encouraged to keep exhaustive records on lambing (dates, number of ewes, litter size, sex) and lamb mortality (date, number of lambs or ewes, causes of mortality from a standardised list). Moreover, in each farm, one or two lambing batches participated in enhanced monitoring to provide an assessment of the level of exposure to the different risk factors. In total 46 of the 60 farms provided usable data for analysis.
The median pre-weaning lamb mortality rate for 2011-2013 was 13.4% (including aborted and stillborn lambs). This result can be considered relatively low in comparison to published figures (Fig 1, main paper), and raises the question of the representativeness of the farms included in this study. Between the two productions cycles, the mortality rate remained quite stable with respectively 13.7% and 13.3% in 2011-12 and 2012-13. However, this study confirmed the published findings in other countries that the rate of lamb mortality is highly variable between farms within and between farming system, with mortality rates at 60 days ranging from 3.6% to 31.2% between farms. This also reinforces the feeling that progress is possible. Overall, farms practicing the accelerated system (where ewes lambed 3 times in 2 years) had a higher lamb mortality rate (median 18.4%) in contrast to the pastoral system (median 14.6%) and the system with two lambing periods (median 12.7%). 
In common with published studies, lamb mortality was highest in the first 48 hours of life, with 54% of deaths related to abortions or stillborn lambs and to lambs dying within their first 2 days of life. It is, therefore, in the very early mortality that progress to improve survival can be significant. However, the farmers in the study generally felt that they had little or no ability to influence lamb mortality during this period. They considered it to be inherent to the system, and outside their control. On the other hand, they felt they had more opportunity to improve the mortality that occurred after the first 2 days of life of the lamb.
The distribution of causes of death by lamb age is consistent with the published literature. From birth to 48 hours of age, the causes of death were mostly classified as “unknown" (including aborted foetuses and stillborn) and non-infectious (very small lamb, unable to begin independent breathing, misplaced, sucking problem). In contrast, after 10 days of age, infectious causes (enterotoxemia, respiratory infections, diarrhoea) were predominant. However, the three leading causes of death were, in descending order, "unknown" (24.9%), “very small lamb" (11.6%) and "sucking problems" (7.5%).
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