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Executive summary

Lamb mortality is an important economic and welfare problem for the Australian sheep industry
with 20 — 30% of lambs dying before weaning, 74% within three days of birth. A significant
proportion of these lamb deaths and an unknown number of ewe deaths are related to dystocia
(difficult birth). This review aims to describe the nutritional and non-nutritional pathways that may
affect parturition and dystocia; quantify impacts on the Australian sheep industry, and; identify both
opportunities to improve lamb and ewe survival and knowledge gaps requiring research and
development.

Dystocia may originate from either the ewe (maternal dystocia) or lamb (fetal dystocia). The primary
causes of maternal dystocia are fetopelvic disproportion, uterine inertia and failure of the cervix to
fully dilate with fetal dystocia resulting from malpresentation, disease or congenital defects.
Overseas studies indicate maternal dystocia accounts for 25-44% of dystocia cases.

Dystocia is categorised as A, B or C based on the presence of sub-cutaneous oedema, central
nervous system lesion scores and whether lambs have walked, breathed and metabolised brown fat.
The consequences include lambs that are born dead or with birth injury. Injured lambs are more
susceptible to the confounding effects of starvation-mismothering and exposure in the first few days
of life. This higher susceptibility of lambs born alive is related to behavioural and physiological
anomalies in both lamb and ewe. Little is known of the longer-term impacts on ewes and lambs that
survive dystocia.

Dystocia has been considered a problem for large single-born lambs. This is not universally correct as
dystocia is a significant contributor to lamb deaths across all litter sizes. Optimal birthweight varies
between breeds and birth types, with dystocia risk increased for lambs with very low or very high
birthweight. Lower birthweight appears to be more of a risk for litter sizes greater than one. Ewes
with low or high condition score in late pregnancy have a higher dystocia risk with fatter ewes the
highest risk. Current recommendations for target weight and condition profile during pregnancy to
manage dystocia risk are based on limited data, with optimum condition score to reduce dystocia
risk likely to vary according to litter size. Dystocia rates have been reported to be higher for maiden
ewes (especially when joined as ewe lambs) and ewes older than 4.5 years. The influence of ewe
breed on dystocia risk is inconsistent between studies, but there may be scope to reduce dystocia
risk using dam or sire selection following further studies.

There is limited potential to decrease dystocia through direct selection due to low heritabilites for
dystocia categories (<0.1). There are dystocia indictor traits such as lambing ease, lamb size and
conformation and yearling fleece and liveweight that are correlated to dystocia but some of these
also have low heritability.

Maternal dystocia may be related to hormonal imbalances that impact dilation of the cervix or
uterine contractions. Hormonal imbalances may be linked to endocrine disrupting compounds in the
environment, including phytoestrogens produced by plants such as oestrogenic legumes and man-
made xenoestrogens. Oestrogenic clovers are widespread in the moderate to high rainfall areas of
southern Australia, and the contribution of these to dystocia may be significant. Management of
periparturient ewes may also alter endocrine pathways, leading to dystocia. Hypocalcaemia,
oxidative stress, and pregnancy toxaemia potentially may contribute to maternal dystocia, but these
interactions have not been experimentally tested.

A systematic review of the literature identified that approximately 54% of lamb mortalities were
associated with dystocia (including still births and perinatal deaths with evidence of hypoxic injury)



in Australian studies conducted since 1990. The proportion of lamb deaths attributable to dystocia
was similar for lambs born to Merino and non-Merino ewes, although relatively few cases for non-
Merino ewes are available. More data will be required to determine effects of ewe breed
independent of other factors. The proportion of lamb deaths attributable to dystocia is higher for
single lambs than twin lambs, but as total mortality is higher for twin-born lambs overall the number
of twin lambs that die from dystocia is more than double that for singles.

Based on available evidence, it is estimated that approximately 6.9 million lamb deaths and 367,500
ewe deaths per year are attributable to dystocia in Australia for national flock of 42 million breeding
ewes. The impact of dystocia on farm profit is sensitive to lamb sale price. Dystocia is estimated to
reduce national farm profit by AUS616 million for dystocia-related lamb mortality and AUS$56 million
for ewe mortality based on an assumed lamb sale price of AU$6.50 per kg carcass weight. These
estimates do not include reduced productivity for ewes and lambs that survive, cost of intervention,
post-farmgate impacts along the supply chain or impact on community support and social licence.

A number of prospective mitigation strategies have been identified that have varying degree of
evidence. These include, differential nutritional management of single and multiple bearing ewes,
ram selection, avoiding mating of small or immature ewes, ensuring adequate mineral and vitamin
status, managing mob size and providing edible shelter to reduce desertion and stress, providing
appropriate supervision during lambing, minimising exposure to oestrogen pastures and other
endocrine disrupting compounds, controlling predators and possibly culling susceptible ewes. These
mitigation strategies may reduce the risk of dystocia related to fetopelvic disproportion, uterine
motility, cervical dilation (ring womb), interruption of parturition and mortality of birth injured
lambs

There are significant strategic and tactical knowledge gaps. This lack of knowledge means that while
risk factors can be identified, there is limited evidence to support current recommendations. It is the
recommendation from this review that research priorities focus on three key control points. These
are: 1. The preparation of the ewe and developing fetus for birth and survival (Fitness to Lamb); 2.
The stressors that directly influence the process of parturition and ability to recover from a difficult
birth (Ready to Rear) and; 3. The within and between breed genetics that contribute to dystocia risk
(Bred to Deliver).

To address the knowledge gaps and develop verified recommendations a staged approach is
recommended. This would begin with an investigation and potential re-analysis of currently
available datasets together with a national survey of producers. Depending on results from the initial
steps a second stage of controlled field experiments, producer demonstration with aligned basic
research is recommended.

1. Fitness to Lamb
Lamb birthweight, ewe maturity and liveweight, condition, condition profile and fatness, glycogen in
uterine muscle and mineral status all influence the fitness of the ewe to give birth and lamb viability.
There is currently insufficient information to provide tested recommendations to ensure fitness to
lamb. The following research approach is recommended:
a. Investigation and possible re-analysis of existing datasets where fitness to lamb control
points and dystocia have been measured or may be indicated;
b. Survey producers (particularly those with a history of dystocia) and collate information
on measured risk factors and seasonal variation;
c. Field studies integrated with producer demonstration sites incorporating range of age
groups, genotypes, years (seasonal variation) and environments to test and define ewe



and lamb condition, fatness and metabolic state required to minimise the risk of
dystocia. Where possible consider add on to existing research;

d. Complementary basic research overlaying field studies to determine mechanisms
associated with dystocia with focus on metabolic and hormonal changes that impact
birth. To include studies/measurements on glycogen in uterine muscle and ewe aerobic
fitness, sub-clinical hypocalcaemia, pregnancy toxaemia and oxidative stress. Consider
support for PhD students

Progress to c. and d. dependant on results from a. and b., completion of d. with c. is likely to provide
information that will support the extrapolation of results and reduce the years, environments and
genotypes testing requirements.

Defining Fitness to Lamb was considered the highest priority for future research.

2. Ready to Rear

The short-term process of parturition and immediate recovery after difficult birth are closely related
to stress and environment influences. The stress and reproductive hormones play a major role in the
initiation and control of parturition and thermoregulation in the sheep, and these hormones are
under both endogenous control and exogenous influence. As with Fitness to Lamb theme, there are
knowledge gaps that limit the certainty of general recommendations. The following research
approach is recommended:

a. Investigation and possible re-analysis of existing datasets where flock size, shelter and
disturbance have been measured and possibly associated with dystocia;

b. Survey producers (particularly those with a history of dystocia) and collate information
on stress and environmental conditions around parturition and time of lambing;

c. Field and producer demonstration studies to investigate flock size, supervision, shelter
and weather conditions on the incidence of risk dystocia. Where possible consider add
on to existing research;

d. Complementary overlay to field studies of basic research to include the relationship
between hypoxia, hormonal change and thermoregulation in the lamb and the
interactions between stress hormone changes and the parturition process;

e. Continued studies into the prevalence and consequences of oestrogenic pastures, with a
particular focus on identification, measurement and eventually eradication.

3. Bred to Deliver

There is a genetic component to dystocia. This is at least partly explained by incompatibility in
physical size and dimensions of the ram, ewe and lamb. The repeatability within a ewe is uncertain.
There is also a heritable component although heritability of dystocia and indicator traits appears to
be low. Positive correlations with some favourable production traits requires clarification. The
following research approach is recommended:

a. Continued collection of genetic correlations between dystocia and production traits. Use
within breeding indices where required. It is assumed this will be done as part of normal
business by SGA,;

b. As part of any field studies include breed, genotype comparisons of risk;

Investigate available data sets for evidence of repeatability.
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Milestone description

Milestone 1: Submission of a milestone report detailing completion of:
1.1 Systematic review of evidence to determine reported incidence of dystocia in Australian sheep
and estimated economic impacts

1.2 Review of available literature on factors contributing to maternal dystocia

Project objectives

This project will review available literature to:

1.

Determine the rate and variation in rate of dystocia as related to breed, litter size and parity
in the Australian sheep flock.

Estimate economic impact of ewe and lamb mortality, health and production associated
with dystocia

Assess and interpret the physiological, endocrinological and biochemical changes associated
with dystocia.

Assess and interpret the changes in maternal behaviour, milk production and myometrial
activity associated with dystocia

Identify risk factors and opportunities to mitigate dystocia in Australian sheep production
systems

Based on the reviewed information, identify gaps and propose new R&D priorities to reduce
the impacts of dystocia on sheep production, health and welfare.



Success in meeting project milestones

Milestone Report reference Status
1.1  Systematic review of evidence to Section 6 of review Complete
determine reported incidence of
dystocia in Australian sheep and
estimated economic impacts
1.2 Review of available literature on factors Section 1, 2, 3, 4 and 5 of Complete
contributing to maternal dystocia report
2.1  Submission of final report (a) collating (a)Sections 1-6 of report Complete
outcomes from stage one and (b) (b)Section 7 and 8 of report
identification of research gaps and R&D
priorities to reduce ewe and lamb loss
at parturition
2.2 Submission of a draft scientific journal 1. Manuscript for Small Complete
manuscript for review (inclusive of Ruminant Research
estimate for rate and impact of dystocia submitted for MLA
for Australian sheep industry, and approval
factors contributing to maternal 2. Manuscript for second
dystocia) article (systematic review
and MIDAS modelling)
fully drafted.
2.3 Published at least one article in 1. Article for Farming Ahead Complete

communication/extension focussed
publication

submitted to MLA for
approval 23 April 2020

2. Content sent to Carly
Mortimer (MLA) for
Feedback Magazine 2
April 2020

3. Article for Ovine
Observer submitted to
MLA for approval 1 May
2020




A Review of Maternal Dystocia

1 Background

1.1 Pre-weaning mortality of lambs

The incidence of lamb mortality prior to weaning is high. Hinch and Brien (2014) summarised results
from 15 Australian publications to conclude that, on average, 20 — 30% of lambs die before weaning
and 74% of these deaths are within three days of birth. There was significant variation among
locations and litter size, with mortality of single born lambs ranging from 6 to 30% and of twins from
19 to 63% (Geenty et al., 2014; Hinch and Brien, 2014). Others have reported lamb mortality rates
from 10-25% in Australia, UK and New Zealand (Mellor and Stafford, 2004; Celi and Bush, 2010;
Ferguson et al., 2014). Itis likely that losses are similar in all other extensive sheep production
systems including those in China and South America.

There has been little change in lamb mortality in recent years (Elliott et al., 2011). In Merino ewes
the trend towards multiple births is associated with increased lamb mortality, however, there is
evidence that with the appropriate selection index, genetic gains in both litter size and lamb survival
are achievable (Atkins, 1980; Cloete et al., 2009; Brien et al., 2014) and in some maternal breeds
there is little difference in survival between single and multiple born lambs (Conington et al., 2014).
Differences in lamb mortality are associated with ewe age and parity, breed and genetics, maternal
nutrition during pregnancy, birthweight, litter size, birth type, sex, weather conditions, and the
physiological and immunological status of the lamb (Hinch and Brien, 2014). The major causes of
perinatal mortality are dystocia (19 — 67%) and starvation-mismothering-exposure (SME; 30 — 48%)
(Dennis, 1974; Holst et al., 2002; Refshauge et al., 2016). Dystocia is defined as a difficult birth due
to a long, unassisted parturition or prolonged delivery requiring assistance (Arthur, 1975; Zaborski et
al., 2009).

1.2 Ewe deaths during pregnancy

There is little information available on the incidence and cause of ewe deaths during pregnancy.
Annual losses have been estimated at 2-10% in New Zealand and Australia, with higher susceptibility
in multiple-bearing ewes (Trompf et al., 2011; McGrath et al., 2013b; Ferguson et al., 2014). The
highest risk of ewe mortality is during the periparturient period but few data are available to support
this expectation or to indicate the risks associated with dystocia.

1.3 Costs of perinatal lamb and periparturient ewe mortality

Neonatal mortalities have been estimated to cost the Australian sheep industry approximately
AUS$540.4 million each year with the dystocia component of the loss estimated at approximately
AUS$219 million (Lane et al., 2015). A 50% reduction in dystocia has been predicted to gain the
industry approximately AU$77 million (Lane et al., 2015). These estimates do not account for
possible production loss from surviving ewes and lambs in subsequent years. For ewes surviving
dystocia, there are additional costs from impaired maternal instinct (Dwyer, 2014) and possibly dam
fertility and stillbirths in subsequent pregnancies. The longer-term impacts on fertility and lamb-
rearing are not well understood. For lambs surviving dystocia, there are also developmental
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abnormalities along with reduced vigour and health (Smith, 1977; Dwyer, 2003; Dwyer and Biinger,
2012; Fonséca et al., 2014).

1.4 Welfare considerations

Peri-natal lamb and periparturient ewe mortality not only have high costs associated with
production losses but also present an animal welfare concern. There is an increasing demand for
improved ethical and humane treatment of animals during the production process. Ferguson et al.
(2014) summarised some of the consequences of these demands as:

e Increasing pressure to include welfare standards in trade agreements;

o Differentiation of products and brands based on animal welfare standards;

e Increased consumer pressure on governments to introduce a social license to operate;
e Products required to include welfare standards in provenance certification.

Failure to address and improve sheep welfare including ewe and fetal or lamb loss during and after
pregnancy will compromise the brand, consumer trust and confidence, and may even threaten the
licence to operate in some markets.

1.5 Aims of this review

The direct and indirect costs of dystocia are high and increasing. This review aims to identify the
nutritional and non-nutritional stressors that affect parturition and dystocia in ewes. It will also re-
assess the economic costs of dystocia. The review focuses on dystocia of maternal origin. Gaps in
knowledge and prospective mitigation strategies will be identified for application and research.
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2 Impact of dystocia on sheep survival, health and production

2.1 Maternal vs fetal dystocia

There are a number of underlying causes of dystocia that may originate from either the ewe
(maternal dystocia) or lamb (fetal dystocia); (Table 1). The causes of maternal dystocia are
inconsistent and vary between breeds. Cloete et al. (1998) observed the main cause of maternal
dystocia was foetopelvic disproportion for South African Mutton Merino ewes and uterine inertia for
Dormer ewes. Other studies have reported most maternal dystocia was caused by incomplete
dilation of the cervix (Thomas, 1990; Sirinivas and Sreenu, 2009; Mostefai et al., 2019).

Fetal dystocia explains between 36% and 75% of dystocia cases, with most of these caused by
malpresentation due to head deviation or limb flexion (Cloete et al., 1998; Sirinivas and Sreenu,
2009; Ennen et al., 2013; Mostefai et al., 2019).

Table 1: Causes of maternal and fetal dystocia

Maternal dystocia Fetal dystocia
Fetopelvic disproportion Malpresentation
Failure of the cervix to fully dilate (ringwomb) Fetal disease and death
Vaginal prolapse Congenital defects

Uterine torsion
Inguinal hernia
Uterine inertia

2.1.1 Fetopelvic disproportion

Incompatibility between fetal size and the dimensions of the pelvis is a cause of dystocia that can
occur over successive lambings (McSporran and Fielden, 1979). Fetopelvic disproportion is
commonly associated with high lamb birthweight, with single-born fetuses at highest risk. Lamb
conformation is also a consideration. Brown et al. (2014) analysed records for 3224 Merino or
crossbred breed lambs born in Australia across four years. They reported some categories of death
from dystocia were positively correlated with lamb thorax circumference adjusted for birthweight
and negatively correlated with crown-rump length at a given birthweight. In contrast, the risk of
birth injury was negatively correlated with thorax circumference and positively correlated with
crown-rump length at a given birthweight. This indicates genetic selection for longer and thinner
lambs may not reduce the incidence and consequences of dystocia (Brown et al., 2014). Congenital
defects such as hydrocephalus, monsters, hydrops fetalis are uncommon in sheep, but may also
present as fetopelvic disproportion (Jackson, 2004; Basher, 2006).

In ewes, the conjugate diameter of the pelvis and pelvic area is negatively correlated with the length
of parturition and incidence of dystocia in many breeds (Fogarty and Thompson, 1974; McSporran
and Fielden, 1979; Kilgour and Haughey, 1993; Cloete et al., 1998).

Strategies recommended to reduce the risk of fetopelvic disproportion include mating ewes at an
age when they are adequately grown, ensuring ewes are not over-fat and careful sire selection (Ali,
2011; Brown et al., 2014).
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2.1.2 Obstruction

Maternal dystocia due to obstruction of fetal delivery originating from the ewe can be due to
ringwomb, vaginal prolapse, uterine torsion or inguinal hernia.

Ringwomb refers to inadequate softening and dilation of the cervix due to failure of normal
physiological processes during parturition. Ringwomb is often reported as an important contributor
to maternal dystocia outside Australia (Thomas, 1990; Sirinivas and Sreenu, 2009; Ennen et al., 2013;
Mostefai et al., 2019). The incidence in Australian ewes is not well described but, for unexplained
reasons, has been reported to vary between seasons (Jackson, 2004), indicating further research is
required. Failure of cervical dilation may be observed in association with vaginal prolapse, cervical
damage, uterine inertia or breech and other malpresentations of lambs (Jackson, 2004; Menzies,
2006).

Vaginal prolapse may occur before or at lambing due to increased abdominal pressure or reduced
resistance of the reproductive tissues to distension. Predisposing factors include history of vaginal
prolapse, increasing age and parity, larger litter sizes, poor nutrition, metabolic disease and
prolonged recumbency with associated bladder distension (McLean, 1956).

Uterine torsion is uncommon in ewes, though may be confused with incomplete cervical dilation
during clinical examination (Scott, 2011). Inguinal herniation of the uterus may also be associated
with fetal obstruction but is uncommon in ewes (Sirinivas and Sreenu, 2009; Mostefai et al., 2019).

2.1.3 Uterine inertia

Uterine inertia is failure of the uterus to expel the fetus. Causes of uterine inertia may be
categorised as primary inertia associated with disease impacting contractility or secondary inertia
due to exhaustion with prolonged labour (Menzies, 2006).

Primary inertia results when uterine activity is reduced or disrupted in ewes with metabolic diseases
such as hypocalcaemia and pregnancy toxaemia, endocrine disruption such as with consumption
oestrogenic clover, or physical injury such as abdominal wall rupture, or hernia of the abdomen,
umbilicus or perineum (Moule, 1961; Robalo Silva and Noakes, 1984; Jackson, 2004; Barbagianni et
al., 2015). Uterine activity and progression of labour can also be inhibited by stress caused by
disturbances during lambing which may predispose ewes to dystocia (Naaktgeboren, 1979).

Secondary uterine inertia due to myometrial exhaustion may be the consequence of prolonged
labour, fetal malpresentation, loss of uterine tone or stress (Dwyer et al., 1996; Cloete et al., 1998).
Overstretching of the myometrium or poor uterine tone following delivery of other fetuses may
cause uterine inertia in multiple-bearing ewes (Jackson, 2004).

2.1.4 Malpresentation

Fetal dystocia due to malpresentation of lambs is associated with at least 50% of dystocia cases in
studies based on requirement for intervention at parturition (Dwyer et al., 1996; Cloete et al., 1998).
Common malpresentations include flexions of the neck, shoulder or carpus but dystocia may also
result from breech presentation or simultaneous presentation of multiple-born lambs (Jackson,
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2004). Congenital defects that result in arthrogryposis or monsters may result in malpresentation of
the fetus.

2.1.5 Other causes of dystocia

Failure of the initiation of birth and subsequent dystocia may also result from fetal death in utero
(Jackson, 2004). Unpublished data from the Australian Sheep Cooperative Research Centre
Information Nucleus Flock indicate 30% of dead lambs categorised as premature or dead in utero
required assistance in delivery (G Refshauge pers comm). Autolysis and emphysema of dead fetuses
can compromise the uterus and increase the risk of vaginal or uterine damage during delivery
(Menzies, 2006). Hight and Jury (1970) and Refshauge et al. (2016) reported approximately 10% of
perinatal lamb deaths occurred in utero, however the incidence of dystocia associated with delivery
of these fetuses is unknown. In utero death may be caused by compromised placental function,
infection, exposure to toxic agents, metabolic disease, stress or congenital defects.

Uncommon causes of maternal dystocia include hydropsy and sciatic nerve paralysis impacting
function of the hindquarters (Patil et al., 2014; Prasad et al., 2014).

2.2 Dystocia and lamb survival
2.2.1 Dystocia and birth injury in lambs

Dystocia predisposes lambs to birth injuries that impact viability. Prolonged parturition increases the
risk of asphyxia. As many as 33% of newborns experience severe asphyxia and the risk of asphyxia is
15.6 times higher for twin-born lambs compared to singles (Dutra and Banchero, 2011). Hypoxia
and acidaemia evident as haemorrhaging and congestion of the meninges of the brain, spinal cord
and vertebral canal have been reported in dystocic deaths (Haughey, 1973b). More recently, Dutra
et al. (2007) found that all autopsied lambs presented with hypoxic ischemic lesions of the central
nervous system which indicated all dead lambs had experienced a lack of oxygen. However, it is not
so simple to imply that a lamb which had not breathed will develop the lesions. The lesions are
produced ante- or intra-partum, although forming post-partum lesions is not impossible if lungs fail
to properly inflate. Apart from dystocia, lesions consistent with hypoxic injury may also be observed
for lambs with intra-uterine growth restriction and delayed parturition (Dutra and Banchero, 2011).

Severity of these birth injury lesions is correlated with mortality risk (Haughey, 1980a, 1982),
although the aetiology of birth injury in lambs is not well understood. Barlow et al. (1987) proposed
that maternal contribution to neonatal lamb mortality through intrapartum asphyxia and reduced
placental efficiency warrants further investigation. An experimental model of dystocia using peri-
vaginal sutures to prolong duration of parturition in ewes demonstrated lamb mortality was 15%
higher and the incidence of meningeal lesions were 9 times greater than controls delivered by
caesarean birth (Haughey, 1982). This suggests that the vigour of birth and duration of labour both
contribute to birth injuries. Increased neuronal death in the dentate gyrus of the hippocampus has
been observed using immunohistochemical staining in lambs that died from of dystocia compared to
lambs that died from starvation-mismothering-exposure or barbiturate overdose (Lashley et al.,
2014).
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2.2.2 Classification of dystocia and starvation-mismothering-exposure

The methodology used to identify cause of death attributable to dystocia at necropsy has evolved
over the past 50 years. McFarlane (1965) identified the necropsy lesions used to determine time of
lamb death in relation to the time of birth. These were subsequently characterised by Haughey
(1973b, 1973c) and this system has since been widely adopted.

Holst (2004) refined this approach to categorise deaths associated with difficult birth into three
categories. These were later modified by Refshauge et al. (2016) to include lambs with subcutaneous
oedema that may have breathed or walked as Dystocia A (Table 2). The critical categorisation of
lambs into one of the three classes of dystocia relies on the presence of significant oedema and
central nervous system lesion scores. Based on this classification system, starvation-mismothering
cases may have signs consistent with birth injury except for central nervous system lesions (Table 2).
Other categories of death in this system are primary predation, prematurity or in utero death,
primary exposure, infection, misadventure or undiagnosed (Holst, 2004). While this categorization is
now well defined, the assessment of central nervous system lesion scores is subjective. Hence, the
placement of lambs into the death categories relies heavily on assessor experience and bias. For
example, lambs that die on cold days appear more likely be categorised into cold exposure whereas
lambs that have been predated classified tend to be categorised into primary predation, irrespective
of available evidence to suggest otherwise. Holst et al. (2002) found that most dead lambs had
significant lesions of the brain tissues. Dutra et al. (2007) concluded that these lesions explain most
deaths at birth and within 6 days of birth, despite categorising 49% of lambs to starvation-
mismothering-predation and 40% to dystocia-stillbirth-birth injury. Other studies have reported that
20-60% of lambs categorised as SME also experienced birth stress apparent as central nervous
system lesions (Alexander et al., 1980; Duff et al., 1982; Haughey, 1982; Haughey, 1983; Knight et
al., 1988).

These studies indicate the complexity in differentiating both within dystocia categories and between
dystocia and SME. Given the need for training and experience for the detection of lesions in dead
lambs, published estimates of dystocia:SME are likely to underestimate the contribution of dystocia
to lamb mortality.

Table 2: Methodology developed by Holst (2004) and refined by Refshauge et al. (2016) to classify
lamb deaths associated with dystocia or starvation-mismothering

Dystocia A Dystocia A Dystocia B Dystocia C Starvation-
(Holst, 2004) (Refshauge et al., 2016)  (stillbirth) (birth injury)  mismothering
Oedema” v v x x x
Central nervous system 22 22 >3 >3 <2 (no lesion)
lesion score ™
Walked x +/- +/- +/-
Breathed x +/- +/- v
Fat deposits metabolised™ % x x v v

* subcutaneous oedema of head or shoulders

** Central nervous system (cranial, spinal) lesion score scale 1-5 (1 = no lesion; 5= severe haemorrhage, obvious blood
clots & congestion)

*** Pericardial and perirenal fat deposits metabolised
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2.2.3 Prospects for survival of lambs born alive

Long and difficult labours are associated with poorer ewe-lamb behaviour and lamb survival (Arnold
and Morgan, 1975; Smith, 1977; Cloete et al., 1998; Dutra and Banchero, 2011). Ewes display a
reduced frequency of low-pitched bleats, poorer grooming behaviours and an increase in rejection
behaviour following a prolonged or difficult birth (Dwyer et al., 2003; Darwish and Ashmawy, 2011).
Longer parturition has been associated with poorer lamb viability at birth, including latency to stand
or suckle (Dwyer et al., 1996; Darwish and Ashmawy, 2011; Dutra and Banchero, 2011; Fonséca et
al., 2014), although this is not consistent in all studies (Duff et al., 1982). Slowed progress in righting
movements, impaired suckling ability and depressed neonatal behaviours have been reported for
lambs assisted at birth (Dwyer, 2003; Dwyer and Biinger, 2012). Lower suckling ability reduces
access and absorption of colostral immunoglobulins (Hinch and Brien, 2014). Lambs with poor vigour
in their first hour of life are less likely to survive (Murphy and Lindsay, 1996).

A reduction in energy and fluid intake in lambs with impaired suckling behaviours increases the
vulnerability to wind chill when exposed to cold temperatures (Haughey, 1980a) and to dehydration
during hot conditions. In addition to behavioural change in the lamb, depressed heat production
associated with hypoxia or placental insufficiency further increases the risk of exposure or
dehydration in cold or hot conditions (Haughey, 1980a; Eales et al., 1982). Depressed heat
production may be evident soon after birth and persist for days for lambs with prolonged birth, with
lower rectal temperatures before suckling and at 24 and 72 hours post-partum (Darwish and
Ashmawy, 2011). Depressed heat production has been reported in association with severe hypoxia
and acidaemia (Eales and Small, 1985), but the association between subacute hypoxia and heat
production is not well understood. Susceptibility to hypoxia-induced hypothermia may be a direct
result of placental insufficiency and chronic hypoxaemia (Mellor and Stafford, 2004). Impairment of
heat production may only last for 0.5 to 1 hour after birth in cases of acute hypoxaemia following
occlusion of the umbilical cord or prolonged birth (Eales and Small, 1985).

Sub-acute central nervous system injuries associated with dystocia are therefore not always fatal.
However, the impacts on suckling, heat production and the ewe-lamb bond are often so challenging
that the neonate is unable to survival without human intervention, particularly under cold or hot
conditions. When kept disease free, warm and fed, very few hand reared lambs die and even very
low birthweight lambs born following intrauterine growth restriction can be kept alive with intensive
nursing care (Greenwood et al., 1998).

2.3 Dystocia and ewe health and survival

Most studies have focused on the impact of dystocia on survival of the lamb rather than ewes.
Impacts on the ewe are usually attributable to trauma and haemorrhage during parturition, and
septicaemia in the post-partum period (Mavrogianni and Brozos, 2008). However, there are
relatively few studies that describe the incidence of complications or the consequences on ewe
survival and production in extensive sheep production systems.

Trauma associated with dystocia and/or obstetrical intervention, including uterine rupture or tearing
of the cervix, vagina, vulva or rectum, may result in severe haemorrhage, subsequent sepsis or organ
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prolapse (Hindson and Winter, 2007; Roger, 2009). Dystocia also predisposes ewes to development
of acute metritis. This may develop directly with unassisted dystocia or subsequent to conditions
secondary to dystocia such as uterine or vaginal prolapse or retained placenta or fetal tissue,
provision of obstetrical assistance or post-parturient ketosis (Tzora et al., 2002). Ewes with metritis
may develop septicaemia and toxaemia which can result in death if untreated. Ewes often respond
to treatment with an effective antimicrobial agent, oxytocin and non-steroid anti-inflammatories
with no consequences to future fertility (Mavrogianni and Brozos, 2008; Roger, 2009). Good hygiene
during lambing reduces the risk of metritis, especially where obstetrical assistance is provided.

The relationship between retained fetal membranes and metritis is not as clear for sheep as it is for
cattle. Dystocia increases the risk of retained fetal membranes in ewes (Leontides et al., 2000).The

risk of intrauterine bacterial colonisation is increased in ewes with retained fetal membranes (Tzora
et al., 2002). However, this is not associated with impacts at subsequent lambing (Fthenakis, 2004).

Clostridial infections including Clostridium chauvoei (post-parturient gangrene) subsequent to
trauma during parturition or obstetrical interference may progress to severe necrotizing myositis,
toxaemia and death (Lewis, 2007; Roger, 2009). Vaccination of pregnant ewes and good hygiene
during lambing reduces the risk of this condition.

2.4 Consequences for future production of surviving ewes and lambs

The ‘carry-over’ impacts of dystocia on the subsequent reproductive and productive performance of
surviving ewes and lambs are not well studied. Haughey (1982) reported no permanent effect on
growth or fleece production to two years of age following a prolonged or stressful birth. However,
ewes with dystocia at their first lambing have a higher risk of dystocia at subsequent lambings. Lamb
Ease score, a semi-quantitate score derived from the level of lambing difficult, recorded at maiden
lambing can be used to identify ewes with increased risk of dystocia at subsequent lambings (Horton
et al., 2018). However, the relationship between Lamb Ease score and dystocia at subsequent
lambings is weak and other factors such as increased litter size play a more significant role (Horton
etal., 2018).

Severe dystocia cases may be managed by caesarean delivery in valuable ewes. No differences in
ewe mortality have been observed for caesarean compared to assisted deliveries (Waage and
Wangensteen, 2009; Ennen et al., 2013). The impact of caesarean delivery on reproductive
performance in the following season is variable, with several studies noting no consequences on
conception and delivery (Mosdoel, 1987; Brounts et al., 2004) or no difference between caesarean
and vaginal delivery for subsequent reproductive performance (EI-Guindy and EI-Ghannam, 1973).
Others have noted that ewes that have previously undergone caesarean section typically give birth
to smaller litters and a significantly higher proportion of stillborn lambs when compared to those
that deliver vaginally (Waage and Wangensteen, 2013).
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3 Physiological risk factors for dystocia

3.1 Litter size and birth weight

Dystocia has traditionally been considered as a problem caused by large single-born lambs.
However, dystocia is a significant contributor to lamb deaths across all litter sizes (Holst et al., 2002;
McHugh et al., 2016; Refshauge et al., 2016; Holmoy et al., 2017; Kenyon et al., 2019). Woolliams et
al. (1983) reported higher rates of dystocia in singles than twins, although this difference was
reduced when adjusted for birthweight. Others have confirmed this observation (Brown et al.,
2014). While this does indicate that birthweight is a major driver of dystocia, it also indicates that
other factors are involved. Fetal entanglement, malpresentation and prolonged birthing process are
also major contributors to lamb dystocia deaths in multiple-born lambs (George, 1976; Woolliams et
al., 1983; Hinch et al., 1986; Speijers et al., 2010; Dwyer and Biinger, 2012; Kenyon et al., 2019).

A quadratic relationship between birthweight and the risk of peri-parturient lamb death, irrespective
of cause, is well established (Knight et al., 1988; Geenty et al., 2014). Although optimal birthweight
varies between breeds and birth types, Australian studies using the Australian Sheep Cooperative
Research Centre Information Nucleus Flock data set indicate that the risk of dystocia is lowest for
lambs with birthweight between 4.5 and 5 kg (Brown et al., 2014; Horton et al., 2018). The quadratic
relationship between survival and birthweight explained 70% of the variation in lamb survival
(Geenty et al., 2014). Management of lamb birthweight to avoid dystocia is however problematic;
the very large variation in birthweight (1.5 - 10 kg) observed by Geenty et al. (2014) were from lambs
born to ewes that were similarly managed to targets of adequate body condition.

Consistent with the relationship between birthweight and periparturient mortality, analyses using
the Australian Sheep Cooperative Research Centre Information Nucleus Flock data set demonstrated
dystocia rates too are higher at the birthweight extremes in singles, twins and triplets (Brown et al.,
2014; Horton et al., 2018). Everett-Hincks and Dodds (2008) observed in singles, twins and triplets
that the risk of death due to dystocia increased as the birthweight of the individual lamb deviated
from the mean for its birth type. Horton et al. (2018) divided dystocia into low and high birthweight
dystocia and reported that the rate of low birthweight dystocia increased with litter size while high
birthweight dystocia was not affected by litter size. Refshauge et al. (2016) also reported that lighter
multiple-born lambs were more likely to display dystocia than lighter singles. Interestingly, Horton et
al. (2018) reported that the optimum birthweight to minimise the risk of dystocia in singles may be
lower than that for multiple-born lambs. Refshauge et al. (2016) reported that the risk of a lamb
dying from birth injury increased as lamb body mass index increased. Combined, these findings
indicate that there is an optimum range in birthweight for each birth type that will reduce the risk of
dystocia. Understanding how to manipulate birthweight and variation in birthweight within a flock
would be beneficial for reducing dystocia and possibly also other production parameters.

3.2 Ewe live weight and body condition score

The relationship between ewe liveweight or body condition and dystocia is inconsistent across
studies. Hall et al. (1994) reported that ewe liveweight at joining had no influence on dystocia rates.
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In contrast, Horton et al. (2018) reported positive relationships for both ewe liveweight and
condition at joining with the risk of both low and high birthweight dystocia. Further, they reported a
positive relationship for ewe liveweight at days 60 and 90 of pregnancy and the risk of both low and
high birthweight dystocia.

Ewe liveweight change and condition score in late pregnancy may impact the risk of dystocia.
Liveweight gain in the last six weeks of pregnancy was reported by Scales et al. (1986) to be
positively associated with increased rates dystocia in singles but decreased rates in twins. However,
ewe liveweight just prior to lambing had little effect on the proportion of ewes requiring assistance
at lambing. Horton et al. (2018) found a positive relationship between ewe liveweight at day 120 of
pregnancy and the risk of dystocia, though high condition score at day 120 of pregnancy was
associated with a reduced risk of low birthweight dystocia and a tendency for lower rates of high
birthweight dystocia. George (1976) reported that annual stocking rate, a proxy for individual ewe
feed allowance, had no influence on dystocia rates in a year-round study.

Increased ewe body condition at lambing may impact dystocia risk. Holst et al. (2002) observed
greater central nervous system lesion scores for offspring of fatter ewes, and concluded a ‘dam
fitness quotient’ was present whereby ewes with high fat level were predisposed to dystocia and
fetal birth injury. The mechanism by which dystocia and birth injury occurs in overconditioned ewes
is not well understood, and whilst both heavy and light lambs are at risk of dystocia and birth injury,
hormonal differences in lambs born to fatter ewes could be involved.

Loss of ewe body condition during pregnancy and low condition score at lambing is also a risk factor
for dystocia. Behrendt et al. (2019) observed higher incidence of dystocia C (birth injury) and lower
rectal temperature for lambs born to ewes managed to reach body condition score 2.4 or 2.8 at
lambing compared to lambs born to ewes managed to reach body condition score 3.2 or 3.6.

It seems most likely that ewes with low or high condition score will be at a higher risk of dystocia.
The optimum condition score for reduced risk of dystocia may vary between single- and multiple-
bearing ewes. Drawing further conclusions is impeded by the limited numbers of studies. Therefore,
further studies that link the risk of dystocia with ewe weight and condition profile during pregnancy
and/or meta-analysis of existing data are required before firm conclusions and recommendations
can be made (Horton et al., 2018).

3.3 Time of lambing

Time of lambing has implications for ewe nutrition and therefore ewe weight and condition score
and lamb birthweight. Pregnant ewes predominantly graze in seasonal environments meaning that
feed supply and pattern of availability will vary for different selected mating and lambing times. In
southern Australia, lambing ranges from March to November (Croker et al., 2009). There are few
studies which compare the risk of dystocia across different times of lambing. However, there is some
evidence that variation in the availability of energy, protein, minerals and vitamins will influence the
incidence and category of dystocia (Osuagwuh et al., 1980).
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3.4 Ewe parity and age

The rate of dystocia and lamb birth injury have traditionally been reported to be highest in first
parity ewes, with little or no difference between ewes of greater parity or age (George, 1976;
Woolliams et al., 1983; Mathias-Davis HC et al., 2010; Speijers et al., 2010; McHugh et al., 2016;
Refshauge et al., 2016). Li and Brown (2016) reported that lambing difficulty decreased with increase
in age of the dam, but only up to 4.5 years. After this age, lambing difficulty increased. Horton et al
(2018) reported that the incidence of dystocia increased with ewe age. However, older ewes with
dystocia were predominantly triplet-bearing with low birth-weight lambs indicating that this
increased risk was specific to low birthweight dystocia. Fetal entanglement may have been a
contributing factor for dystocia in that cohort. The distribution of high birthweight dystocia was
more even across ewe age groups (Horton et al., 2018).

Younger ewes have been reported to have a longer parturition and require more birthing assistance
(Everett-Hincks et al., 2007; Matheson et al., 2012). Yearling ewes are approximately 60 -70% of
their mature body weight and the increased incidence of dystocia is usually attributed to
disproportion between the size of the ewe and lamb (McMillan, 1983). Parity and age are often
confounded and therefore the explanation for higher dystocia rates in first parity ewes has been
their smaller physical size. There is a positive relationship between ewe liveweight and pelvic
diameter and increasing pelvic diameter has been associated with a lower incidence of dystocia and
greater lamb survival (Knight et al., 1988; Kilgour and Haughey, 1993; Cloete, 1994).

McHugh et al. (2016) reported that birthing difficulty rates did not differ between first parity ewes
lambing at approximately one or two years of age. The greater risk of dystocia in first parity ewes
therefore cannot simply be explained by the physical size of the ewe and disproportion between
maternal and fetal size. Redmer et al. (2004) reported that over-nourishing the pregnant adolescent
ewe results in rapid maternal growth at the expense of the nutrient requirements of the gravid
uterus. Subsequent nutrient deprivation to the feto-placental unit and uterus could impact on the
normal mechanical and endocrine parturition processes.

3.5 Breed

The influence of breed on the risk of dystocia has been inconsistent between studies. Differences in
the number and types of breeds compared in these studies is likely to explain a significant
proportion of this variation. It is also important to acknowledge that there can be considerable
variation within breeds for given traits.

Dam breed has been found to influence the rate of dystocia (Knight et al., 1988; Dawson et al., 2002;
Kerslake et al., 2005; Dalton et al., 2012; Dwyer and Biinger, 2012; McHugh et al., 2016), possibly
due to differences in pelvic size (Knight et al., 1988; Cloete et al., 1998; Dawson et al., 2002; Dalton
et al., 2012). This is more likely to occur in breeds selected for terminal sire traits including muscling
(Dwyer and Biinger, 2012; McHugh et al., 2016). However, ewe breed has not been found to affect
the rate of dystocia in all studies (Woolliams et al., 1983; Geenty et al., 2014; Refshauge et al., 2016).
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Speijers et al. (2010) reported that sire breed influenced the risk of dystocia risk. This was driven by
variation in lamb birthweight and malpresentation of lambs between sire breeds. However, Geenty
et al. (2014) reported inconsistent effects of sire breed on dystocia rates across a series of sites and
farms. Others have reported no effect (Knight et al., 1988; Dawson et al., 2002; Refshauge et al.,
2016).

Combined, these results suggest that there is scope for producers to manipulate the risk of dystocia
through selection of dam and/or sire breed. However, further work is required to compare the risk
of dystocia for different genotypes in given environments, before firm recommendations can be
made to producers.

3.6 Sex of lamb.

Dystocia rates have been reported to be higher in male lambs (Everett-Hincks and Dodds, 2008;
Mathias-Davis HC et al., 2010; McHugh et al., 2016). Further, male lambs have been reported to
need more birthing assistance (Matheson et al., 2012). Male lambs are generally heavier than
female lambs are birth which is likely to explain much of their greater risk of dystocia. However,
McHugh et al. (2016) reported that the difference still existed after adjustment for birthweight,
suggesting other factors also play a role in dystocia risk.

3.7 Summary

The physiological and environmental factors contributing to dystocia and the relative contributions
to lamb mortality are summarised in Figure 1. This figure is based on an average lamb mortality of
20% and is at the lower end of the range reported by Hinch and Brien (2014). Estimates of lamb
deaths and causes are therefore likely to be conservative.
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Normal birth
78 — 85% survival
(range 40 - 95%)

Pregnant
ewe

Lamb loss up to 3 days
after birth

15 — 22% average mortality
(range 6 - 60%)

Predation, infection, cold
exposure, other
<2% of lambs*

Internal factors:

birthweight/shape/sex

litter size

ewe weight/condition/nutritional status
ewe parity/age

breed

Starvation/mismothering/
exposure
6—10% of lambs*

External factors:
oestrogenic plants

pregnancy toxaemia
hypocalcaemia

* Based on average lamb mortality of 20%

Figure 1 Schematic summary of lamb survival and dystocia in Australian sheep flocks
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4 Genetic options for dystocia management

The pursuit for highly productive breeding stock has its compromises. Domestication and intensive
selection has led to a longer parturition and less favourable maternal behaviours, when compared to
breeds that experience little human intervention (Dwyer and Lawrence, 2005). Selection for
accelerated growth rate, increased muscling, optimal fat coverage, the use of larger sires and the
retention of assisted lambs may be contributing to more difficult parturitions and reduced lamb
vigour (Speijers et al., 2010; Dwyer and Blinger, 2012). Further examination of the relationship
between lamb conformation and dystocia is warranted because in some cases extra muscling around
the neck and shorter neck bones may be advantageous during birth (Dutra et al., 2007).

Unfavourable genetic correlations between production traits and perinatal lamb mortality have
been reported. Yearling greasy fleece weight has a positive genetic correlation with Dystocia A, B
and C, while yearling weight has a positive genetic correlation with Dystocia A and C (Brown et al.,
2014). This suggests that selection for fleece and yearling weight alone may result in higher rates of
dystocia.

There is limited potential for a rapid reduction in dystocia through direct genetic selection.
Heritabilities for some categories of dystocia (including still birth and birth injury) and lamb survival
range from 0.02 to 0.04, with a moderate level of genetic correlation between dystocia types (Brien
et al., 2010; Brown et al., 2014). This is consistent with observations of Everett-Hincks et al. (2014)
who also reported low heritabilities for dystocia (0.01 to 0.07) in a large study in New Zealand.
Matheson et al. (2012) determined the heritability of birthing assistance to be 0.26 and reported
genetic correlations with lamb vigour and the need of suckling assistance of 0.68 and 0.54
respectively.

Dystocia indicator traits include lambing ease (Lamb Ease score), lamb thorax circumference, lamb
crown rump length and yearling fleece and birthweight. Of these, lambing ease has the highest
genetic correlation with dystocia of up to 0.45 followed by lamb thorax circumference of up to 0.44
which indicates that these traits could be used in selection programs to reduce dystocia rates
(Brown et al., 2014). These correlations indicate that it may be possible to select against dystocia
using the indicator traits including lambing ease and lamb size, weight and conformation at birth,
combined with other lamb survival and ewe rearing ability traits. Everett-Hincks et al. (2014)
reported a moderate level of heritability for the indicator trait of lamb birth-weight (0.32 to 0.43)
while Brien et al. (2010) reported a low heritability of 0.09 for lamb ease. Li and Brown (2016)
reported a low genetic correlation between lamb ease and birth weight (0.31) and between lamb
ease and gestation length (0.24).

Horton et al. (2018) found that prediction of future dystocia from previous dystocia was not reliable.
Furthermore, they observed that the repeatability of low and high birthweight dystocia was not
consistent. However, the authors suggested that a small proportion of ewes could be identified as
high risk and managed differently from the rest of the flock.

In cattle, positive correlations are found between heifer body height, hip height and shoulder height
with calf birth weight (Basarab et al., 1993) indicating that larger heifers with a larger pelvic inlet
give birth to correspondingly larger calves (Zaborski et al., 2009). In studying 14 cattle breeds, Laster
(1974) found heavier cows have calves with greater weight deviation from the mean and were

23



tending to have larger pelvic area. Selection to increase pelvic size relative to calf birth weight or
pelvic size relative to cow body weight should lead to favourable reductions in dystocia (Taylor et al.,
1975). Albeit with high standard errors, Morrison et al. (1986) estimated a genetic correlation
between pelvic area and cows weight at 0.57, similar to those by Upton and Bunter (1995) with
liveweight (0.5-0.6) and with hip height (0.53-0.71), while Meyer et al. (2010) reported correlations
to hip height at 0.21-0.44. Calf birth weight is however, strongly correlated with pelvic area at 0.73-
0.75 (Benyshek and Little, 1982; Cook et al., 1993), suggesting that selection for reduced birth
weight will see concomitant reductions in progeny pelvic area. Pelvic height and area are positively
correlated with body weight in Angus and Hereford dams, with larger dams found to have greater
pelvic dimensions (Bellows et al., 1971).
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5 Endocrine, nutritional and metabolic relationships with birth and
dystocia

The length of gestation is tightly regulated and is determined by fetal genotype. The ewe generally
does no more than expressing her preference for giving birth at a suitable birth site or at a particular
time of day. During the gestational period the fetus undergoes the growth and developmental
changes that will allow it to successfully transition from an intrauterine to extrauterine existence at
parturition. The dominant hormone during gestation in sheep is progesterone secreted by the
placenta. It is often called the "hormone of pregnancy” as it has many roles relating to the
development of the fetus (Liggins, 1982). One of these roles is to block uterine myometrial activity to
prevent early expulsion of the fetus (Heap and Flint, 1984). Hence, the needed increase in
contractility of the myometrium at parturition to expel the fetus necessitates the removal of this
hormonal inhibition. The way that progesterone dominance is removed, at least in the sheep, is an
example of how placental endocrine function is influenced by the near-term fetus.

5.1 Parturition — the neurohormonal cascade

The chain of events leading to parturition begin with biochemical connective tissue changes in the
cervix which precede uterine contractions that, in turn, lead to cervical dilatation to allow expulsion
of the fetus. The fetus is crucial in this process as it initiates a neurohormonal cascade, via activation
of the fetal hypothalamic-pituitary-adrenal (HPA) axis, which sets in motion the physiological,
endocrine and biochemical changes needed (Fowden et al., 1998). Appropriate and timely cervical
remodelling and uterine contractions are key for successful birth. It has been suggested that
hormonal imbalances related to activation of the fetal HPA axis may result in dystocia, commonly
presenting as the cervix not being completely dilated or the uterine contractions being affected
(Braun, 2007).

5.2 Role of the fetus

Toward the end of gestation, and at the onset of parturition, there is an increase in fetal plasma
corticosteroid concentration due to maturation and sustained activation of the fetal HPA axis
(Fowden et al., 1998). The chronological timing of this has a strong genetic component (Kitts et al.,
1984; Kitts et al., 1985), but can be modulated to some extent by internal and external factors
(Clegg, 1959). For example, Forbes (1967) showed that gestation length was influenced by the lamb
birth type, size and sex and the age and nutrition of the ewe , albeit by only about 2% (i.e. 2 -3
days). In the 1960s investigators also became aware that ingestion of certain teratogenic shrubs by
sheep predisposed them to prolongation of gestation (Coppock and Dziwenka, 2017). Morris (1973)
and Holst et al. (1986) also found that over-feeding during certain ‘windows’ of gestation increased
gestation length, but again only by a few days. Prolonged gestation could increase the risk of
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dystocia due to fetal overgrowth. However, there is little direct evidence for this in sheep, perhaps
due to the subtle nature of the length of gestation effects seen in the above studies.

A general characteristic of fetal endocrine maturation across different species is the enhanced
activity of the fetal HPA axis during late gestation (Challis et al., 2001). Activation of this axis has
been linked to a changing intra-uterine environment, such as hypoxemia (Braems et al., 1996) which
would act as a stressor to the fetus. HPA development is associated with increased levels of
adrenocorticotropic hormone (ACTH) and adrenal corticosteroids (cortisol in sheep) in the fetal
circulation (Challis and Olsen, 1988), and increased corticotrophin releasing hormone (CRH)
synthesis in the hypothalamus (Challis, 1995). At term, increased levels of cortisol act on the
placenta to increase expression of prostaglandin (PG) synthase (Challis, 2013). Increased synthesis of
PG in turn increases the activity of enzymes in the fetal membranes that result in increased local
generation of cortisol from cortisone, with further paracrine/autocrine stimulation of PG output
(Challis, 2013). Increased fetal cortisol contributes to the maturation of organ systems, such as the
lungs, required for post-natal survival of the lamb in the extra-uterine environment (Challis and
Olsen, 1988), and starts the cascade of events leading to parturition. Thus, the level of fetal HPA
activity is crucial not only for determining gestation length, but also in preparing the fetus for extra-
uterine life. There has been minimal investigation on the effect of altered fetal HPA activity impacts
the risk of dystocia in sheep.

5.3 Role of the placenta

Cortisol from the fetal adrenal gland provides the signal for the subsequent maternal endocrine
changes. In sheep this is primarily driven by changes in the hormonal output of the placenta (Flint et
al., 1975). During gestation, the myometrium is rendered quiescent under placental progesterone
dominance via refractoriness to stimulation by PG-F2alpha and oxytocin. Removal of progesterone
dominance is essential to start the cascade of events leading to birth.

The mechanisms by which increased concentrations of cortisol in the fetal circulation drive the
subsequent hormonal changes that initiate the onset of parturition in the sheep have been reviewed
previously (Challis and Brooks, 1989; Liggins and Thorburn, 1994). The increase in fetal cortisol prior
to parturition causes an increase in the activity of the enzyme P450 C17 in the placenta. As a result,
C21 steroids reaching the placenta can be metabolized to C19 steroids and then another placenta
enzyme, P450 aromatase, converts the C19 steroids to oestrogen. The prepartum increase in
oestrogen results in increased output of PG-F2a from the placenta which in turn acts on uterine
tissues (Challis et al., 2001). More recently it has been proposed that fetal cortisol may also act
directly on placental tissue to stimulate PG secretion (Challis, 2013), particularly PG-E2. It has been
shown that PG-E2 has a primary role in the regulation of cervical softening and dilation at term
(Ledgert et al., 1983; Owiny and Fitzpatrick, 1990). Braun (2007) suggested that hormonal
imbalances could result in dystocia due to the cervix not being completely dilated. This may occur
via alteration of placental PG-E2 actions, although this has not been investigated.
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5.4 Role of the ewe

Two changes must take place in a ewe's reproductive tract for parturition to occur. First, the uterus
must be converted from a quiescent structure to a contracting organ. This requires the formation of
gap junctions between myometrial cells to allow for transmission of the contractile signal. The
second change is that the cervical connective tissue and smooth muscle must be capable of
dilatation to allow the passage of the fetus from the uterus. Myometrial activity becomes
synchronised and uterine contractions increase in both frequency and amplitude just before the
time of parturition (Liggins, 1982). With the fetus now being pushed onto and through the cervix
there is a neurohormonal reflex release of oxytocin from the maternal pituitary gland, which further
increases the contractions and leads to the expulsion stage of parturition (Heap and Flint, 1984). All
of these changes are accompanied by a shift from progesterone to oestrogen dominance (Heap et
al., 1977), increased responsiveness to oxytocin by means of up regulation of myometrial oxytocin
receptors, increased PG synthesis by the uterus (Jenkin, 1992), increased myometrial gap junction
formation (Garfield et al., 1979), decreased nitric oxide activity and increased influx of calcium into
myocytes leading to increased myometrial activity (Crankshaw et al., 1979; Massmann et al., 1999).

5.5 Endocrine changes associated with dystocia

As mentioned above, hormonal imbalances may result in maternal dystocia commonly presenting as
the cervix not being completely dilated or the uterine contractions being affected (Braun, 2007).
Most commonly dystocia associated with hormonal imbalances is linked to endocrine disrupting
compounds (EDC) in the environment. The main EDCs are xenoestrogens and phytoestrogens.
Xenoestrogens are man-made synthetic products whereas phytoestrogens are derived from plants.
Although there is less evidence, it is also important to consider the role of animal management in
altering endocrine pathways leading to dystocia.

5.5.1 Oestrogenic pastures

Phytoestrogens, polyphenolic compounds, are one of the major plant secondary metabolites found
abundantly in animal diets. Many forage legumes contain oestrogenic compounds that cause
infertility in grazing animals. The richest sources of phytoestrogens in sheep diets is clover, but other
legumes such as medics (including Lucerne) are a risk. This risk is primarily from green clover plants
but may also occur in dry or rank medics under fungal attack (K Foster pers comm). The putative
effects of phytoestrogens are based on their structural similarity to the mammalian oestrogen, 17f3-
oestradiol, and thus their potency to bind with mammalian oestrogen receptors. More attention has
been paid to these metabolites since they can act as oestrogen agonists or antagonists (Usui et al.,
2002), which makes their effects variable. The oestrogenic activity of phytoestrogens depends on
many factors such as chemical structure of the compound, bioavailability, responsive tissue and its
oestrogen receptor sub-type (ERa or ERB), and metabolites resulting from their fermentation and
digestion (Shutt and Cox, 1972; Lundh, 1995).
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It is expected that phytoestrogens can alter reproduction of females on different levels because
endogenous oestrogen receptors are widely distributed in the entire reproductive axis
(hypothalamus, pituitary, ovary and reproductive tract).

Phytoestrogens generally inhibit endogenous oestrogens production, leading to disturbances in the
follicular development and lack of the occurrence of oestrus (Rosselli et al., 2000). Further, it has
been suggested that phytoestrogen compounds may disturb oestrus and ovulation through their
effects on the central nervous system (Woctawek-Potocka et al., 2013).

It has long been known that high levels of oestrogens found in older varieties of subterranean clover
(Trifolium subterraneum L) can interfere with sheep reproduction, with the effects often referred to
as ‘clover disease’. Bennetts et al. (1946) first described severe clinical symptoms in sheep grazed on
highly oestrogenic clover pastures that included ewe infertility, prolapsed uteri, dystocia and
increased lamb mortality. Ewes grazing oestrogenic varieties of subterranean clover have
reportedly had rates of dystocia of 40%, with 20% ewe mortality and 60% mortality of lambs born
(Moule, 1961). Davies et al. (1970) also reported higher mortality of lambs born to ewes grazing
highly oestrogenic varieties (30—47%) compared with other varieties with a lower oestrogen
concentration (16 to 30%).

Oestrogenic clovers are still widespread in the moderate to high rainfall areas of southern Australia.
This is not surprising, a recent survey indicated 70% of producers have not re-sown a paddock to one
of the newer varieties in the last 25 years, so the probability of pastures containing high levels of
oestrogenic clover is very high (Foster et al., 2019). Adams (1995) estimated that approximately four
million ewes are affected in south Western Australia. In 2002 it was reported that between 10 — 15
million sheep in the national flock were possibly being affected to varying degrees by oestrogenic
clovers (Walker et al., 2002). This number is still applicable to the current flock, with a recent survey
in Western Australia, South Australia, New South Wales and Victoria indicating 25% of pastures
collected contained potentially potent concentrations of phytoestrogens (Foster et al., 2019) with
the figure being over 65% in some districts. Clover disease remains one of the most significant
environmental factors in poor ewe reproductive performance in southern Australia.

The pathogenesis of clover-induced dystocia is not well understood. Bennetts et al. (1946) suggested
that dystocia resulted from primary uterine inertia. However, Maxwell (1970) and Adams and Nairn
(1983) suspected that some outbreaks of dystocia resulted from failure of the cervix or vulva to
dilate. Treatment of ewes with diethylstilbestrol, a synthetic oestrogen, can produce a syndrome in
which the expulsive effort of the uterine musculature is normal but the cervix or vulva fails to dilate
(Clark, 1965; Hindson et al., 1968), in a fashion similar to the dystocia ascribed to phytoestrogens.
However, the effect of phytoestrogens may not be direct because treatment of ewes with oestrogen
in late gestation does not result in dystocia (Clark, 1965). It is possible that the condition arises from
a refractoriness of the genital tract to oestrogenic stimulation. If, for example, the ability of
oestrogen to induce the synthesis of PG were impaired, both uterine motility and dilation of the
cervix could be impeded (Anderson et al., 1981). Woclawek-Potocka et al. (2005) found that soy-
bean (Glycine max L) derived phytoestrogens altered the production of luteolytic PGF2a in cattle
during the oestrous cycle and early pregnancy. The effect of phytoestrogens on uterine and cervical
function during parturition have not been investigated. Further investigations into the
pathophysiology of the effects of oestrogenic clover on the occurrence of dystocia are warranted.
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5.5.2 Endocrine disrupting compounds.

EDCs “interfere with the synthesis, secretion, transport, binding, action, or elimination of natural
hormones in the body that are responsible for the development, behaviour, fertility and
maintenance of homeostasis” (Crisp et al., 1998). Animal exposure to EDCs can occur via ingestion of
food, dust and water, inhalation of gases and particles in the air and through the skin. EDCs can also
be transferred from pregnant sheep to developing fetus or to the lamb through the milk. The most
abundant EDCs in the environment are the xenoestrogens. Xenoestrogens are oestrogen-mimicking
compounds which are not produced by the animal’s body. These compounds are structurally or
functionally related to 17B-estradiol (E2) and bind the estrogen receptors (ERs) with various degrees
of affinity and selectivity (Paterni et al., 2017).

Although there is no direct evidence for a link between EDCs and dystocia, several studies have
indicated that EDCs can disrupt uterine structure and/or function in animal models (Gore et al.,
2015; Feng et al., 2016). Moreover, EDCs like dioxins, polychlorinated biphenyls (PCB) and
organochlorine pesticides, have been used extensively in agriculture, and due to their long half-lives
remain persistent in the environment. In the UK, defects in fetal development were noted when
pregnant ewes were exposed to a mix of EDCs contained in human sewage sludge, following its
application to pasture as a fertiliser(Paul et al., 2005; Fowler et al., 2008).

5.5.3 Environmental and management stress and interruption during parturition

Environmental disturbances causing fright or anxiety may lead to two different effects upon uterine
motility in many mammalian species, either inhibitory or excitatory. Stress causes an arousal of the
sympathetic nervous system, leading to a release of adrenaline and other catecholamines, and
glucocorticoids such as cortisol (Selye, 1956; Naaktgeboren and Slijper, 1970; Naaktgeboren and
Bontekoe, 1976). From in vitro studies it has become clear that adrenaline is able to either excite or
to inhibit uterine activity (Risse, 1963; Naaktgeboren and Slijper, 1970; Naaktgeboren and
Bontekoe, 1976). However, little is known about the impact of environmental stress on the
incidence of dystocia in sheep. One study investigating the underlying endocrine mechanism found
that both stress (psychological) and exogenous adrenaline inhibited uterine motility in sheep, but
only when endogenous plasma levels of oestrogen were high (Bontekoe et al., 1977). It is known in
many species that adrenaline inhibits oxytocin release during the milk-ejection neurohormonal
reflex during lactation (Whittlestone, 1954; Barowicz, 1979; Bruckmaier et al., 1997). However, the
effect of stress (adrenaline) on oxytocin release during parturition and the role this plays in dystocia
in sheep is less clear. The responsiveness of the HPA axis to stressors has been shown to be
progressively attenuated during late pregnancy (Neumann et al., 1998; De Weerth and Buitelaar,
2005), and remains suppressed during parturition in other species (Gilbert et al., 1997; Douglas et
al., 2003).

There is an established link between cold stress and lamb survival (McCutcheon et al., 1981).
Challenges that threaten energy homeostasis, such as cold exposure, will normally lead to activation
of the HPA axis resulting in the release of adrenal hormones which facilitate the mobilisation of
energy substrates and supports energy homeostasis. These endocrine changes could interfere with
parturition. Verbeek et al. (2012) reported that thin ewes with restricted feed intake had reduced
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stress responses to an acute cold challenge, suggesting that the ewes had an impaired ability to
temporarily adjust their physiology to the cold challenge. The possibility of heat stress impacting on
fetal development and parturition should also be considered with climate change. Sustained heat
stress in sheep during late gestation appears to be associated with intra-uterine growth restriction
(Alexander and Williams, 1971; Brown et al., 1977), which may lead to fetal dystocia due to
developmental abnormalities. Heat stress does not appear to alter the duration of parturition for
ewes (Stephenson et al., 1984), though research in this area is limited.

Much more is known about the impacts of environmental and management stress on dystocia in
dairy cattle. This has been reviewed by Mee (2008). Incomplete dilatation of the cow’s cervix and
vulva is more common when there is environmental stress or premature assistance during the
periparturient period. Also, the increased risk of vulval stenosis and dystocia in heifers calving in
stalls compared to pens or paddocks has been attributed to parturient stress and adrenalin and
cortisol release. Moving heifers or cows during the early stages of calving is associated with
increased risk of both dystocia. Assistance at calving before the cervix and vulva are fully dilated can
result in iatrogenic dystocia due to cervico-vulval stenosis. Providing assistance less than one hour
after the fetal hooves appear increases the risk of dystocia and reduced perinatal vigour, while
delaying assistance for more than two hours prolongs calving and induces hyperlactataemia.
Environmental disturbances at calving caused by the continuous presence of an observer,
confinement, or overcrowded calving accommaodation can lead to reduced uterine motility, cervical
dilatation and abdominal contractions with resultant prolonged calving and dystocia. The effects of
many of these environmental and management stressors on dystocia in sheep are either unknown
or anecdotal.

5.6 Energy and protein

Energy and protein intake may influence the size of the lamb, the length of gestation, condition of
the pregnant ewe and plays a direct role in the process of parturition. Maternal nutrition controls
growth and development of the sheep fetus through nutrient partitioning and indirect metabolic
effects (Redmer et al., 2004)). The effects of nutrient manipulation during pregnancy on fetal
development and gestation length in sheep are subtle and inconsistent (Morris, 1973; Holst et al.,
1986; Redmer et al., 2004), and may depend on the level and length of manipulation as well as the
stage of pregnancy. Under-feeding sheep during late gestation is associated with intra-uterine
growth restriction (Oliver et al., 2001). This is not likely to impact on maternal dystocia but the
growth retardation may impinge on fetal dystocia through negative effects on development. The
hypoglycemia associated with underfeeding the pregnant ewe shortens gestation length (West,
1996), though reversing this by experimentally inducing a state of hyperglycaemia does not always
extend gestation length (Stevens et al., 1990). There is some evidence that over-feeding slightly
increases gestation length. Longer gestation may be associated with dystocia (Morris, 1973; Holst et
al., 1986; Redmer et al., 2004). Holst et al. (2002) found that lamb survival was negatively correlated
with the fatness of the ewe and, in beef cattle, maternal obesity has been linked to dystocia (Arnett
et al., 1971). Though, separation from the effects of fetal overgrowth have not been established.
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Energy is also associated with the parturition process as it is required for muscle contraction. The
specific energy expended during labour and parturition is not high relative to daily energy
requirements (0.8 — 1.2 MJ) (Brockway et al., 1963) but, in other species, glycogen in the
myometrium increases dramatically just prior to parturition and decreases significantly during birth .
This indicates that glycogen may serve as an important energy source for uterine contraction (Chew
and Rinard, 1979). Exogenous oestrogen also increases glycogen in the uterus (Bitman et al., 1967),
so the increase in glycogen close to parturition is aligned with the change in the ewe from
progesterone to oestrogen dominance.

There is also some evidence of interactions between nutrition and endocrinology that may influence
the process of parturition. McMillen et al. (1995) suggested hypoglycaemia in the fetus may result in
increased production of ACTH and cortisol and thereby play a role in the initiation of the HPA
cascade. Others have postulated that progesterone stored in adipose tissue of overfat ewes may
cause a hormonal imbalance at parturition leading to a dysfunctional birth process. This has not
been tested experimentally (Holst et al., 2002).

Providing supplements which increase glucose supply, such as cracked maize, has been shown to
increase colostrum production and may improve survival of lambs after a difficult birth (Banchero et
al., 2004). These supplements were also associated with lower plasma progesterone in the ewe.

5.7 Minerals and vitamins

5.7.1 Macrominerals, vitamins and uterine activity.

Acute hypocalcaemia has been observed in ruminants for 200 years and, if untreated, may result in
mortality of the pregnant ewe and fetus. Transient acute or subclinical hypocalcaemia is less well
understood but has implications for the birth process and maternal dystocia. In the uterus,
myometrial contractions are triggered by a rise in intracellular calcium (Ca) caused by an influx of Ca
from extracellular space and mobilisation of intracellular Ca (Tribe, 2001). Low Ca allows sodium (Na)
to enter the nerve cells, increasing irritability and causing spontaneous contractions and
fasciculations (Friend et al., 2020). Secondary or subclinical hypocalcaemia increases dystocia,
retained placenta and uterine prolapse in dairy cattle (Curtis et al., 1983; Risco et al., 1984). Less is
known of secondary effects in the ewe. Older ewes are more susceptible to hypocalcaemia in
commercial production systems and incidence hypocalcaemia increases from about 6 weeks prior to
lambing. Hypocalcaemia in cattle is usually observed later in pregnancy and early lactation and may
therefore coincide with parturition. Although hypocalcaemia is less likely to coincide with parturition
in the ewe, induction of hypocalcaemia by infusion of the disodium salt of ethylene-diamine tetra
acetic acid results in a reduction in uterine activity (Silva and Noakes, 1984), indicating a likely
relationship between Ca and dystocia in sheep. In field studies, Caple et al. (1988) reported
subclinical hypocalcaemia in ewes was associated with lower lamb survival.

Hypocalcaemia is primarily due to a failure of the endocrine system to respond to increased demand
for Ca. There is uncertainty around the role of mineral and vitamin intake in mitigating the
susceptibility in ewes (Friend et al., 2020). Modern pastures grazed around parturition often provide
an imbalanced supply of Ca, magnesium (Mg), potassium (K), phosphorus (P), Na, vitamin D and
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dietary cation-anion difference (DCAD) (Masters, 2018; Masters et al., 2019). High K and low Na in
pastures depress absorption of Mg and may induce hypomagnesaemia, while low Mg, vitamin D and
high P and DCAD will decrease Ca absorption or mobilisation. Hypomagnesaemia predisposes the
grazing ruminant to hypocalcaemia (Herd, 1965).

Further studies are required to determine if mineral imbalance induces subclinical hypocalcaemia
during late pregnancy and whether this subclinical hypocalcaemia causes uterine inertia and
maternal dystocia in grazing ewes. If so, can the problem be managed through nutritional
management?

5.7.2 Oxidative stress and maternal dystocia.

Dystocia is associated with acute inflammation of the uterus and cervix that leads to oxidative stress.
Cytokine production and reactive oxygen species (ROS) in serum increase significantly at this time
(Rizzo et al., 2008). Change from anaerobic to aerobic respiration also increases the production of
ROS in the neonate ROS and if untreated, this may cause pathological conditions, disease or death
(Mutinati et al., 2014). A direct relationship between oxidative stress and impaired uterine
contractility has also been suggested in the ewe (Celi, 2010). Selenium (Se), manganese (Mn), zinc
(Zn), copper (Cu), sulfur (S), vitamin E and vitamin A function synergistically in a series of antioxidant
reactions that provide a defence against ROS (Masters, 2018). An imbalanced supply of these
minerals and vitamins may slow recovery or compromise survival and long-term production.
Moreover, magnesium sulfate has been shown to act as a neuro protectant through reduction in the
production of cytokines and free radicals following hypoxia-ischemia (Marret et al., 2007; Plush et
al., 2016), similarly caffeine may reduce the effects of hypoxia and has been associated with
improved lamb survival (Robertson et al., 2017).

While there is insufficient evidence to indicate a lack of antioxidants is a primary contributor to the
high rates of dystocia in ewes and subsequent production loss, there is evidence to support a
strategy ensuring reproducing ewes have an adequate and balanced supply of antioxidants during
the periparturient period, particularly when lambing on rapidly growing pastures in regions with a
history of Se deficiency.

5.7.3 Indirect roles for minerals and vitamins in maternal dystocia.

Any vitamin or mineral deficiency that causes a loss in body condition or energy mobilisation may
indirectly influence the birth process and potentially cause or accentuate maternal dystocia. Under
commercial conditions deficiencies of P, cobalt (Co), Se and Cu can all cause weight loss (Suttle,
2010) while, in peri-parturient dairy cows a relationship between serum Ca and energy metabolites
indicates that Ca may influence energy mobilisation and utilisation around parturition (Lean et al.,
2014). A lack of iodine will increase susceptibility to cold stress in lambs surviving dystocia (Suttle,
2010).

32



5.8 Toxins

A wide variety of toxins have been demonstrated to have teratogenic effects that impact embryo
survival and can be associated with congenital defects and malformation of the fetus. However,
there is scarce information on the impacts of toxins on parturition for an otherwise normal fetus.

Ergopeptine alkaloids from ergot or grazing of fescue pasture infected with endophytes during late
gestation can be associated with prolonged gestation, dystocia, agalactia and foal dysmaturity in
horses (Porter and Thompson, 1992; Evans et al., 2004; Coppock and Jacobsen, 2009). Dystocia is
not reported in sheep and sheep are generally less susceptible to endophyte toxicosis than cattle.

The pesticide carbaryl has been shown to have teratogenic effects via stillbirths and malformations
in pigs and dogs, and dystocia associated with uterine atony has been observed in bitches exposed
during pregnancy (Smalley et al., 1968). Carbaryl exposure is unlikely to explain dystocia in
Australian sheep except in circumstances where ewes are grazing treated pasture during late
gestation.

Scorpion venom exposure in late pregnancy can cause abortion or dynamic dystocia (Ben Nasr et al.,
2007a; Ben Nasr et al., 2007b), but scorpion envenomation is not reported in Australian sheep.

5.9 Pregnancy toxaemia

Pregnancy toxaemia is a metabolic disease that may occur during late pregnancy. It is most likely to
develop in fat or lean ewes when high energy requirements are not being met or, when feed intake
is depressed (Pethick et al., 2005; Mavrogianni and Brozos, 2008). The resulting high blood ketone
levels and low blood glucose results in high ewe mortality and, even if the ewe survives, increased
lamb mortality (Henze et al., 1998). Barbagianni et al. (2015) observed a higher incidence of dystocia
in ewes with pregnancy toxaemia and suggested this may be caused by impaired hormonal
mechanisms due to poor ewe nutrition or reduced gestation length. Ewes that recover may develop
dystocia or have a slow birth process resulting in metritis and stillborn lambs (Andrews, 1997). There
are also reports that hypocalcaemia reduces abomasal and rumen motility and may precipitate
pregnancy toxaemia in ewes (Friend et al., 2020). A combination of pregnancy toxaemia and
hypocalcaemia would likely cause uterine inertia. Pregnancy toxaemia has been reported to have
relatively low incidence of 0.5 — 2% of the flock (Andrews, 1997; Lane et al., 2015) and is therefore
unlikely to be a major contributor to dystocia in ewes.
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6 Dystocia impacts for the Australian sheep industry

6.1 Lamb deaths attributable to dystocia — systematic review

A literature search (methodology shown in Appendix 2) identified 880 papers including 209 duplicates.
After initial screening of title and abstracts, 228 papers remained and were subject to full text
screening and 10 papers were identified that fit inclusion criteria for the systematic review (Table 3).

6.1.1 Contribution of dystocia to lamb mortality.

The overall proportion of lamb mortality attributable to dystocia (pooled proportional mortality
ratio) was 46% (Figure 2). The proportion of lamb mortality attributable to dystocia for the six
Australian studies was 54.0% (95% confidence interval (Cl): 46.7%; 61.2%), with the three most
recent Australian studies ranging from 46 to 47%.

Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Lockwood et al. (2019a) 107 227 P 0.47 [0.40;0.54] 1.3% 10.0%
Lockwood et al. (2919b) 66 144 b — 0.46 [0.38;0.54] 0.9% 9.8%
Refshauge et al. (2016) 1519 3198 | = 0.47 [0.46;0.49] 18.9% 10.3%
Holst et al. (2002) 468 700 —— 0.67 [0.63;0.70] 4.6% 10.2%
Holst et al. (1997) 163 261 : ——= 0.62 [0.56;0.68] 1.6% 10.1%
Hall et al. (1995) 127 240 — 0.53 [0.46;0.59] 1.4% 10.0%
Everett—Hincks et al. (2014) 1949 7794 4 0.25 [0.24;0.26] 61.1% 10.3%
Kerslake et al. (2005) 861 1529 | R 0.56 [0.54;0.59] 9.1% 10.3%
Sargison et al. (1998) 25 72 —*—— 0.35 [0.24;0.47] 0.5% 9.5%
Sargison et al. (1997) 13 60 —— 0.22 [0.12;0.34] 0.5% 9.5%
Fixed effect model 14225 3 0.36 [0.35; 0.36] 100.0% -
Random effects model ———— 0.46 [0.35; 0.58] -= 100.0%

Heterogeneity: 17 = 99%, 12 = 0.0342, p < 0.01 ' I I f I !
0.2 03 04 05 06 0.7

Figure 2. Forest plot of proportional mortality ratio for dystocia in lambs in Australia and New
Zealand with 95% confidence interval shown in square parentheses.

Australian studies pre-dating 1990 that included post mortem examination of lambs, reported the
proportion of lamb mortality attributable to dystocia ranging from 5% to 54% (Table 4). These
studies did not include the birth injury (Dystocia C) category and central nervous system lesions
were not part of inclusion criteria for cases categorized as stillbirth (Dystocia B). Therefore, these
older studies are likely to underestimate the proportional mortality ratio for dystocia based on
current definitions (Table 2).

The proportion of lamb mortality attributable to dystocia for the four New Zealand studies was
34.7% (95%Cl: 19.0; 50.5%). None of these studies used methodology that included the birth injury
(Dystocia C) category or presence of central nervous system lesions for categorising cases to stillbirth
(Dystocia B) which could explain the apparent lower proportional mortality ratio compared to
Australian studies (see section 2.2.2). Additionally, it is possible that climatic conditions in New
Zealand lead to a higher absolute number of SME deaths, and as a consequence the relative
contribution of dystocia is decreased. It is therefore not possible to conclude whether the
proportion of lamb mortality attributable to dystocia is different between Australia and New
Zealand.
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Table 3. Summary of postmortem examination (PME) studies included in the systemic review for proportional mortality ratio in lambs attributable to

dystocia
Dystocia (n)
Sire Age PME A B C
Reference Year Dam breed breed Location? Cause of death classification (days) (n) Total (dystocia) (stillbirth)  (birth injury)
Lockwood et al. (2019b) 2016 Merino Merino WA Holst (2004) N/A 144 66 4 32 30
Lockwood et al. (2019a) 2017 Merino Merino WA Holst (2004) N/A 227 107 15 39 53
Refshauge et al. (2016) 2008-2011 Merino & Mixed Various®  Refshauge et al. (2016) Oto5 3198 1519 282 660 577
Merino-cross
Holst et al. (2002) 1994-1996 Merino & Mixed NSW (McFarlane, 1965; Haughey, Oto3 700 468 138 55 275
Merino-cross 1973a; Duff et al., 1982)
Holst et al. (1997) 1994-1995 Merino & Mixed NSW (McFarlane, 1965; Haughey, Oto3 261 163 55 18 90
Merino-cross 1973a; Duff et al., 1982)
Hall et al. (1995) 1979-1981 Non-Merino Merino  NSW Not described Oto3 240 127 - - -
Everett-Hincks et al. (2014) 2007-2011 Non-Merino - Nz Everett-Hincks and Dodds Oto3 7794 1949 - - -
(2008)
Kerslake et al. (2005) 2003 Non-Merino - NZ McFarlane (1965) Oto3 1529 861 728¢ 133# -
Sargison et al. (1998) 1997 Non-Merino - NZ McFarlane (1965) N/A 72 25 - - -
Sargison et al. (1997) 1996 Non-Merino - Nz McFarlane (1965) N/A 60 13 - - -

aWA - Western Australia, NSW - New South Wales, NZ — New Zealand

b Study conducted at 9 Australian Sheep Cooperative Research Centre Information Nucleus Flock sites located across WA, South Australia (SA), Victoria (VIC) and NSW

¢ Kerslake et al. (2005) used 2 dystocia categories: primary dystocia (localised moderate/severe (> 3 mm) subcutaneous oedema on head, neck, brisket or rib cage), secondary dystocia
(localised minor; visible, but not measurable) subcutaneous oedema on head, neck, brisket or rib cage)

N/A not available
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Table 4. Summary of Australian postmortem examination (PME) studies with lamb autopsy pre-dating 1990 (not included in the systemic review)

Cause of death category (% cases)

Starvation-
Study State? PME (n) Dystocia® Stillbirth® mismothering® Exposure Predation
Moulk (1954) QLD 453 5 - 30 11 34
McHugh and Edwards (1958) VIC 512 17 19 31 1 11
Smith (1962) QLD 27 26 11 48 - -
Smith (1962) QLD 34 3 - 82 - -
Smith (1964) QLD 981 12 1 67 - 15
Hughes et al. (1964) NSW 8016 54 - 7 9 7
McDonald (1966) VIC 390 19 3 32 5 33
Moore et al. (1966) SA 157 9 3 35 - 12
Dennis (1974) WA 4417 19 - 46 2
Luff (1980) NSW 2534 18 - 58 - 8
Alexander et al. (1980) NSW 634 - - - 9 -
Haughey (1983) NSW 173 32 2 24 - 1
Jordan and Le Feuvre (1989) QLD 115 17 4 67 9 9
Jordan and Le Feuvre (1989) QLD 56 20 - 54 - 25
Jordan and Le Feuvre (1989) QLD 58 10 - 69 - -

2 QLD — Queensland, VIC — Victoria, NSW - New South Wales, WA - Western Australia.
b note methodology used for these studies did not include birth injury (Dystocia C) category and presence of central nervous system lesions was not criteria for categorising
cases to stillbirth (Dystocia B)
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6.1.2 Contribution of dystocia to lamb mortality in Merino and non-Merino ewes

Proportional mortality attributed to dystocia was not different between Merino ewes (49%) and
non-Merino ewes including cross breed with Merino dam or sire (46%; Figure 3).

Notably, wide variation was observed for non-Merino ewes across the different studies, with high
heterogeneity (I? = 98.7%) indicating almost all of the observed variation is due to real differences in
the population rather than sampling error. This was likely attributable to different breeds (and
genotypes within breeds), sire types, number of ewes in different studies and methodology used to
classify cases for dystocia. Australian studies contain relatively few cases for non-Merino ewes, and
it is likely more data will be required to determine ewe breed effects independent of other factors
such as sire breed and litter size.

Study Dystocia Total Proportion [95% CI]

Merino ewes

Lockwood et al. (2019a) 107 227 —a— 0.47 [0.41, 0.54]

Lockwood et al. (2919b) 66 144 }—-—| 0.46 [0.38, 0.54]
Refshauge et al. (2016)# 1244 2519 +I1 0.49[0.47, 0.51]
RE Model for Subgroup (Q = 1.05, df = 2, p = 0.59; I? = 0.0%) Q 0.49 [0.47, 0.51]

Non-Merino and cross-breed ewes

Refshauge et al. (2016)# 199 457 0—l—-—< 0.44[0.39, 0.48]
Everett—Hincks et al. (2014) 1949 7794 | 0.25[0.24, 0.26]
Kerslake et al. (2005) 861 1529 HH 0.56 [0.54, 0.59]
Holst et al. (2002) 468 700 . 0.67 [0.63, 0.70]
Sargison et al. (1998) 25 72 D—-—i 0.35[0.24, 0.46]
Sargison et al. (1997) 13 60 P 0.22[0.11, 0.32]
Holst et al. (1997) 163 261 —a— 0.62[0.57, 0.68]
Hall et al. (1995) 127 240 ;—-—u 0.53 [0.47, 0.59]
RE Model for Subgroup (Q = 1125.22, df = 7, p = 0.00; I” = 98.9%) —. 0.46 [0.34, 0.57]
RE Model for All Studies (Q = 1379.10, df = 10, p = 0.00; P = 98.7%) ‘ 0.46 [0.38, 0.55]

o B o ol s s s B s o o B B B B
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Proportional Mortality Ratio

Figure 3. Forest plot of proportional mortality ratio of dystocia in Merino and non-Merino or cross breed ewes
(with Merino dam or sire) with 95% confidence interval shown in square parentheses. #Data from Refshauge et
al. (2016) was adapted to disaggregate Merino ewes from Merino-cross ewes as presented in Table 6.
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6.1.3 Contribution of dystocia to lamb mortality in single and twin pregnancies.

Proportional mortality attributed to dystocia is higher for singles (70%) than twins (54%) or triplets
(59%; Figure 4). However, dystocia is an important contributor to mortality of lambs for all litter sizes.
Proportional mortality is affected by the absolute numbers of other causes of mortality, and reduced
proportional mortality in twins may simply be due to a larger proportion dying of SME. Calculating
the proportion of lambs born that died due to dystocia would account for the influence of other
factors such as SME, however these data were not available. There is high heterogeneity between
studies in each birth type category (1> > 80%), which suggests the true proportional mortality ratio is
different between studies by birth type, and highlights the need for differences in environmental
conditions to be included in analyses.

Study Dystocia Total Proportion [95% Cl]
Single H

Refshauge et al. (2016)# 299 508 - 0.59 [0.55, 0.63]
Kerslake et al. (2005) 90 140 —a— 0.64 [0.56, 0.72]
Holst et al. (2002) 64 78 { —a— 0.82[0.74, 0.91]
Holst et al. (1997) 19 25 —_—y 0.76 [0.59, 0.93]
Hall et al. (1995) 76 104 C—a— 0.73[0.65, 0.82]
RE Model for Subgroup (Q = 28.39, df = 4, p = 0.00; 2= 83.2%) ’ 0.70 [0.61, 0.79]
Twin i

Lockwood et al. (2019a) 107 227 —a— i 0.47 [0.41, 0.54]
Refshauge et al. (2016)# 672 1505 ~m i 0.45 [0.42, 0.47]
Kerslake et al. (2005) 499 907 .- 0.55 [0.52, 0.58]
Holst et al. (2002) 222 355 —— 0.63 [0.58, 0.68]
Holst et al. (1997) 63 104 P 0.61[0.51, 0.70]
RE Model for Subgroup (Q = 55.71, df = 4, p = 0.00; I? = 92.1%) e 0.54 [0.47, 0.61]
Triplet or more :

Refshauge et al. (2016)# 472 963 i 0.49 [0.46, 0.52]
Kerslake et al. (2000) 274 482 i 0.57 [0.52, 0.61]
Holst et al. (2002) 182 267 —— 0.68 [0.63, 0.74]
Holst et al. (1997) 81 132 —— 0.61[0.53, 0.70]
RE Model for Subgroup (Q = 38.06, df = 3, p = 0.00; I* = 91.0%) i 0.59 [0.50, 0.67]
RE Model for All Studies (Q = 188.33, df = 13, p = 0.00; 2= 94.1%) R e == 0.61 [0.55, 0.66]

o B o ol s s B s B B o o B B B B i
0.00 0.10 0.20 0.30 0.40 050 0.60 0.70 0.80 0.90 1.00

Proportional Mortality Ratio
Figure 4. Forest plot of proportional mortality ratio of dystocia for lambs born to different birth types with 95%

confidence interval shown in square parentheses. #Data from Refshauge et al., (2016) was adapted to
disaggregate Merino ewes from Merino-cross ewes as presented in Table 6.

6.1.4 Lamb mortality attributable to dystocia in maiden and adult ewes.

Insufficient data were available to conduct pooled analyses comparing mortality for lambs born to
maiden and adult ewes based on data available in the publications included in the systematic
review.
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6.2 Australian lamb and ewe mortalities attributable to dystocia
6.2.1 Lamb mortalities

Trompf et al. (2018) estimated national lamb mortality (Table 5) based on national flock of 42 million
breeding ewes and industry average scanning and marking rates (Merino ewes scanning 125% and
marking 86% lambs per 100 ewes joined, and non-Merino ewes scanning 155% and marking 112%
lambs per 100 ewes joined).

Table 5. Estimated total lamb loss (million head/year) by ewe type and birth type (Trompf et al., 2018)

Singles Twins Triplets Total
Merino 2.8 6.8 0.3 9.9
Non-Merino 0.7 3.9 0.2 4.7
Total 3.5 10.7 04 14.65

Applying the proportion of wastage attributable to dystocia observed for Australian Sheep
Cooperative Research Centre Information Nucleus Flock (Table 6) to lamb mortality for
corresponding ewe breed and litter size categories (Table 5) indicates that 6.9 million lambs per year
die from dystocia in Australia (Table 7). Although proportional mortality for dystocia is higher for
single lambs than twin or triplet lambs, total mortality for twins is higher and the number of twin
lambs that die from dystocia is more than double that for singles.

Table 6. Proportional mortality for dystocia (%) including stillbirth and birth injury for post mortem
examination (PME) of lambs with known pedigree and litter size from Australian Sheep Cooperative
Research Centre Information Nucleus Flock (2008-2011). Data adapted from (Refshauge et al., 2016)

Dystocia (% PME cases)

Ewe type Single Twin Higher order multiples”
Merino (n=2519) 58 46 50
Non-Merino (n=457) 64 37 45

*includes quads and quins

Table 7. Estimated annual Australian total lamb dystocia mortalities (millions) (calculated from Table
5 and Table 6)

Ewe type Single Twin Triplets Total
Merino 1.6 3.1 0.1 4.9
Non-Merino 0.4 1.4 0.1 1.9
Totals 2.1 4.6 0.2 6.9
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6.2.2 Mortalities and interventions in ewes

Dystocia requiring some form of intervention (easy or hard pull, malpresentation or veterinary
assistance) was reported in 1,789 (7.3%) of 24,652 ewes in the Australian Sheep Cooperative
Research Centre Information Nucleus Flock for which birth was observed (Horton et al., 2018). This
was higher than 1.3% dystocia incidence reported by in a survey of 71 Australian farmers for ewes
grazing wheat crops during late pregnancy and lambing, though for a subset of 24 farms with
abnormally high ewe losses farmers reported dystocia for 4.6% ewes (McGrath et al., 2013a).
Perinatal ewe mortality attributable to dystocia was not reported for these studies. The intensity of
lambing rounds at the Australian Sheep Cooperative Research Centre Information Nucleus Flock
study sites could have influenced the reported incidence as frequent inspection over lambing could
have increased detection of dystocia and level of intervention compared to that expected for
commercial extensive sheep production systems.

Ewe mortality attributable to dystocia is poorly described in the literature. Preliminary findings for
Meat and Livestock Australia project L.LSM.0019 (Unlocking the Keys to Ewe Survival) indicate mean
non-Merino ewe mortality of 2.5% in the perinatal period on 30 commercial farms located
predominantly in Victoria and Western Australia. Dystocia was reported as a suspected cause of
death by participating farmers in 34% of cases, and this was consistent with veterinary post-mortem
examinations in a subset of ewes identifying dystocia as the primary cause of death in 35% of cases
(McQuillan et al., 2019). The preliminary findings for this study are consistent with observations for
the Victorian Sentinel Flock Project where 35% of ewe deaths in the periparturient period were
attributable to dystocia in a study of 20 farms on Victoria 2009-2012 (Source Rob Suter, Agriculture
Victoria, unpublished data).

Assuming 2.5% ewe mortality in the perinatal period with 35% cases attributable to dystocia can be
applied across a national flock of 42 million breeding ewes, ewe mortality attributable to dystocia is
estimated at 367,500 head per year.
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6.3 Financial impact of dystocia for Australian sheep industry
6.3.1 Impact of lamb mortality attributable to dystocia on national farm profit

Analysis to determine the value of lamb mortality attributable to dystocia was conducted using the
MIDAS model described in detail by Young et al. (2014) using sheep sale prices consistent with a
lamb price of AU$6.50/kg (carcass weight), wool price (eastern market indicator) of AU$14.50/kg
and grain price of AUS286/t.

Applying the proportion of wastage attributable to dystocia observed for Australian Sheep
Cooperative Research Centre Information Nucleus Flock (Table 4) to lamb mortality for ewe breed
and litter size categories (Table 3) indicates mortality attributable to dystocia costs the Australian
sheep industry AU$616 million per annum (Table 5).

Table 8. Reduction in Australian farm profit (national) for lamb mortality attributable to dystocia (AUS
millions per annum)

Ewe type Single Twin Triplets Total
Merino 170 241 10 421
Non-Merino 45 143 7 195
Totals 215 384 17 616

The impact of lamb mortality on farm profit is sensitive to lamb meat price, with impact of dystocia-
related lamb mortality on national farm profit increasing as lamb price increases (Table 9). Impact on
farm profit was less sensitive to wool price, consistent with Young et al. (2014).

Table 9. Change in impact of dystocia lamb mortality on national farm profit (AUS millions per annum)
with variable lamb sale price (SAUS per kg carcass weight)

Lamb sale price (AUS per kg carcass weight)
5.00 6.00 6.50 7.00 8.00 9.00

National farm profit impact 448 560 616 672 784 896
(AUS millions)
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6.3.2 Impact of ewe mortality attributable to dystocia on national farm profit

The absence of reliable data on ewe mortality rates hampers estimation of economic cost associated
with ewe deaths attributable to dystocia. Using estimates of 2.5% ewe mortality in the perinatal
period with 35% cases attributable to dystocia based on the preliminary data reported by McQuillan
et al. (2019), the estimated impact on Australian farm profit is AUS56 million per annum using
MIDAS model described above. This modelling included the values and costs of changes in wool
production and feed intake associated with producing a lamb.

Modelling used to determine this value assumes lamb mortality associated with ewe deaths are
accounted for with lamb mortality (Table 8). If lamb mortality associated with death of ewe are
combined, the impact on the Australian sheep industry is AU$S96 million per annum.

The assumptions used are based on limited data, and it is not clear if mortality reported for
L.LSM.0019 and the Victorian Ewe Sentinel project are applicable across different seasonal
conditions, production systems and ewe genotypes.

6.3.3 Impact of maternal dystocia on national farm profit

Australian studies used to base assumptions to estimate value of ewe and lamb mortality
attributable to dystocia do not differentiate maternal and fetal dystocia. International studies have
attributed 25-51% of dystocia cases to maternal dystocia (Cloete et al., 1998; Sirinivas and Sreenu,
2009; Ennen et al., 2013; Mostefai et al., 2019), and applying this range to estimated value of lamb
and ewe mortality attributable to dystocia indicates the impact of maternal dystocia on Australian
farm profit ranges from AUS168 — $342.7 million per annum (Table 10).

Table 10. Impact of dystocia on national farm profit (SAU) and mortality for ewe and lambs

Impact
Lamb mortality attributable to dystocia (national farm profit) $616 million
Ewe mortality attributable to dystocia (national farm profit) $56 million
Overall dystocia impact lamb + ewe mortality (national farm profit) $672 million

Maternal dystocia (25-51% dystocia cases) impact on national farm profit $168-342.7 million

Overall lamb mortality — dystocia 6.9 million lambs
Lamb mortality - maternal dystocia (25-51% dystocia cases) 1.7 — 3.5 million lambs
Overall ewe mortality — dystocia 367,500 ewes

Lamb mortality - maternal dystocia (25-51% dystocia cases) 91,875 - 187,425 ewes

The combined impact dystocia on farm profit due to lamb and ewe mortality is AU$672 million per
annum (Table 10), or approximately $16.00 per ewe joined. This is considerably higher than AU$149
million per annum estimated by Lane et al. (2015) for a review of costs associated with endemic
sheep and cattle diseases in Australia. Lane et al. (2015) used assumptions of lamb mortality
associated with dystocia ranging 5.0-8.4% and ewe mortality 0.26-0.49% with flock structure based
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on 2010-2011 data (73 million sheep, 42 million breeding ewes). Assumptions for meat and wool
prices used in modelling were not reported.

6.3.4 Impacts not captured in financial cost estimates

The modelling used to assess impacts on national farm profit has not included impact of any long
term reduction in productivity for affected ewes and lambs that survive, nor expenditure on
prevention and treatment, such as labour costs for increased supervision of lambing ewes, nutrition
management of pregnant ewes, or selection/genetic strategies aimed at mitigating risk.

The estimation of costs reported describe impact on Australian farm profit, and not impacts for the
full sheep meat supply chain (e.g. processors, retailers etc). Lamb and ewe mortality has post-
farmgate implications for sheep meat supply chain, especially where this impacts sustainability of
national ewe population and lamb supply.

The effect of dystocia on animal welfare and associated social licence for the sheep meat industry is
more difficult to quantify, requiring willingness to pay studies.

7 Mitigation strategies and gaps in understanding

This review has focussed on understanding of aetiology of dystocia of maternal origin, identified
nutritional and non-nutritional pathways that affect parturition and dystocia in ewes, and estimated
impacts of dystocia on national farm profit and ewe and lamb mortality in Australia.

A number prospective mitigation strategies have been identified that have varying degree of
evidence to support a role in reducing dystocia impacts (Table 11). A number of these
recommendations are hypothesised to reduce impact through improving survival of lambs born with
birth injury subsequent to difficult birth by extrapolating findings from studies exploring strategies
for improving lamb survival more generally. There are major gaps in understanding about the
relationship between hypoxic injury and lamb viability, and what level of intervention is required to
have meaningful impact on survival of lambs with birth injury (Dystocia C), and it remains unclear to
what extent generic lamb survival strategies impact survival of lambs born with birth injury.
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Table 11. Mitigation options for maternal dystocia and impact on ewe and lamb mortality. Italicised text indicates statement based on limited information or
extrapolation in relation to dystocia (more research may be required)

Tactics Tools Goal Knowledge gaps for tactical management
Differential management e CS monitoring e Reduce dystocia for large single and small multiple e Optimum condition score profile

of single- and multiple- o Avoid over-fat ewes lambs e Variation in birthweight of lambs from
bearing ewes e Avoid thin ewes e Reduce dystocia secondary to metabolic disease ewes with a similar CS

¢ Influence of ewe nutrition (including
glycogen stores) on parturition, length of
pregnancy and the HPA axis

Ram selection e Birthweight ASBV e Reduce foetopelvic disproportion e Current knowledge on impact of breed is
e Lamb Ease ASBV inconclusive
e Breed/size e Low heritability of dystocia related traits

e Limited knowledge on genetic
correlations between production and
indicator traits

Do not mate small, e Liveweight monitoring e Reduce foetopelvic disproportion e Optimum proportion of mature weight
immature ewes at joining
Address mineral e Consider access to mineral and e Reduce dystocia secondary to metabolic disease o Benefits of minerals and vitamins.
nutrition during late vitamin supplements. e Role of subclinical hypocalcaemia on
pregnancy and lambing uterine function.
Reduce mob size e Reduce disturbance during e Reduce dystocia through interrupted parturition e Optimum mob and paddock size for

parturition e Reduce desertion of compromised lambs lambing

®

Provide edible shelter e Manage exposure risk e Reduce desertion of compromised lambs (birth e Benefit of edible shelter for lamb and ewe
during lambing e Provide feed near the birth injury) by providing feed and shelter near the birth survival

site site

e Improve survival of compromised lambs (birth injury)
by reducing exposure (wind chill)
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Table 11 (continued). Mitigation options for maternal dystocia and impact on ewe and lamb mortality. /talicised text indicates statement based on limited

information or extrapolation in relation to dystocia (more research may be require

Tactics

Tools

Goal

Knowledge gaps for tactical management

Provide appropriate
supervision during
lambing

e Avoid stressing ewes over lambing
and minimise disturbance

e Appropriate obstetric intervention for
ewes

e Reduce dystocia through interrupted parturition
(avoid over-disturbance)

e Improve survival of compromised lambs (birth
injury) by supporting ewe-lamb bond (not
disturbing ewe during critical bonding period)

e Reduce ewe mortality through appropriate

obstetric intervention (reduce infection,
trauma)

e Influence of ewe stress on HPA axis and
impact on parturition

e Level of monitoring and intervention to
balance ewe and lamb mortality in
extensive systems

Manage exposure to
oestrogenic pastures

e Graze pregnant ewes on non-
oestrogenic pasture.

e Assess pasture composition and
manage pasture species

e Reduce dystocia due to uterine inertia or
failure of cervical dilation

e Understanding of extent and potency of
oestrogenic pastures across different
regions.

e Role of clover and non-clover legumes on
dystocia

Avoid other toxins and
endocrine disrupting
compounds

e Pasture monitoring

e Fertiliser management

e Herbicide, fungicide and pesticide
management

e Reduce dystocia due to uterine inertia or
congenital abnormalities

e Relative impact of teratogenic plant
ingestion on occurrence of dystocia

e Relative impact of endocrine disrupting
chemicals on occurrence of dystocia

Predator control

e Dog, fox and pig control

e Reduce dystocia through interrupted parturition

e Improve survival of compromised lambs (birth
injury) by supporting ewe-lamb bond (not
disturbing ewe during critical bonding period)

e [nfluence of ewe stress on HPA axis and
impact on parturition

Time of lambing

e Avoid lambing in extreme climatic
conditions

e Reduce disturbance from
supplementary feeding

e Adequate feed at or near the birthsite

e Reduce dystocia through interrupted parturition

e Improve survival of compromised lambs

e Reduce desertion of compromised lambs (birth
injury) by providing feed and shelter near the
birth site

e Relative impact of environmental stress
on dystocia

e Impact of time of lambing on dystocia

e Seasonal variation in ringwomb incidence

Ewe selection and
culling

e Selection of maternal sire using traits
that improve Lamb Ease in daughters

e Sire breed

e Size (liveweight)

e Cull ewes with history of dystocia

e Repeatability for dystocia

e BCA for culling affected ewes

e Assessment of pelvic conformation and
impact on dystocia
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In addition to knowledge gaps for tactical management (Table 11), a number of additional strategic
research gaps relating to fundamental processes involved in dystocia have been identified (Table
12).

Table 12. Additional strategic research gaps for fundamental processes involved with dystocia

Strategic research gaps Relative role of ring womb and seasonal variation in incidence

Link between over-conditioning in ewes and dystocia — physical or
hormonal impacts on parturition and lamb viability

Role of gestation length on dystocia risk
Role of hormonal changes on dystocia risk
Role of sub-clinical hypocalcaemia on uterine function

Role of stress-nutrition interactions in HPA axis function and impact
on parturition
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8 Prioritisation of identified gaps and proposed R&D programs

Three key control points have been identified as priorities for research, management and reduction
of dystocia (Table 13). These are; 1. The preparation of the ewe and developing fetus for birth and
survival (‘Fitness to Lamb’); 2. The stressors that directly influence the process of parturition and
ability to recover from a difficult birth (‘Ready to Rear’) and; 3. The within and between breed
genetics that contribute to dystocia risk (‘Bred to Deliver’).

A staged approach is recommended to address the knowledge gaps and develop verified
recommendations. This would begin with an investigation and potential re-analysis of currently
available datasets together with a national survey of producers. A second stage of controlled field
experiments, producer demonstration with aligned basic research is suggested that reflects results
from the initial step. Aligned basic research will characaterise mechanisms that lead to improved
lamb and ewe survival. This information will then support extension of recommendations across
environments, genotypes and management systems.

1. Fitness to Lamb

Factors including lamb birthweight, and ewe maturity, liveweight, condition score profile, fatness,
glycogen concentration in uterine muscle and mineral status all influence the fitness of the ewe to
give birth and lamb viability. There is currently insufficient information to provide tested
recommendations to ensure fitness to lamb. The following research approach is recommended:

a. Investigation and possible re-analysis of existing datasets where fitness to lamb control
points and dystocia have been measured or may be indicated.

b. Survey producers (particularly those with a history of dystocia) and collate information
on measured risk factors and seasonal variation.

c. Field studies integrated with producer demonstration sites incorporating range of age
groups, genotypes, years (seasonal variation) and environments to test and define ewe
and lamb condition, fatness and metabolic state required to minimise the risk of
dystocia. Where possible consider add-on to existing research.

d. Complementary basic research that overlays field studies to determine underlying
mechanisms associated with dystocia with focus on metabolic and hormonal changes
that impact birth. To include studies/measurements on glycogen in uterine muscle and
ewe aerobic fitness, sub-clinical hypocalcaemia, pregnancy toxaemia and oxidative
stress. Consider support for PhD students.

Progress to c. and d. dependant on results from a. and b. Concurrent completion of d. with c. is likely
to provide information that will support the extrapolation of results that will reduce the
requirements for testing years, environments and genotypes.

Defining Fitness to Lamb was considered the highest priority for future research.

2. Ready to Rear
The short-term process of parturition and immediate recovery after a difficult birth are closely
related to stress and environment influences. The stress and reproductive hormones play a major
role in the initiation and control of parturition and thermoregulation in the sheep. These hormones
are under both endogenous control and exogenous influence. As with the ‘Fitness to Lamb’ theme,
there are knowledge gaps that limit the certainty of general recommendations. The following
research approach is recommended:
a. Investigation and possible re-analysis of existing datasets where flock (mob) size, shelter
availability and disturbance have been measured and possibly associated with dystocia.
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Survey producers (particularly those with a history of dystocia) and collate information
on stress and environmental conditions around parturition and time of lambing.

Field and producer demonstration studies to investigate the impacts of flock (mob) size,
supervision, shelter availability and weather conditions on the incidence of risk dystocia.
Where possible consider add on to existing research.

Complementary overlay to field studies to include basic research to investigate the
relationship between hypoxia, hormonal change and thermoregulation in the lamb and
the interactions between stress hormone changes and the parturition process. Consider
support for PhD students.

Continued studies into the prevalence and consequences of oestrogenic pastures, with a
particular focus on identification, measurement and eventually eradication of
oestrogenic species impacting livestock production.

3. Bred to Deliver

There is a genetic component to dystocia. This is at least partly explained by incompatibility in
physical size and dimensions of the ram, ewe and lamb. The repeatability for individual ewes is
uncertain. There is also a heritable component although heritability of dystocia and indicator traits
appears to be low. Positive correlations with some favourable production traits requires clarification.
The following research approach is recommended:

a.

Continued collection of data to assess genetic correlations between dystocia and
production traits. Use within breeding indices where required. It is assumed this will be
done as part of normal business by SGA.

Include breed, genotype comparisons for risk of dystocia in as part of field studies.
Investigate available data sets for evidence of repeatability.
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Table 13: Programs of work to address prioritised R&D gap for three key control points

Broad R&D Gaps addressed by program Notes Broad R&D approach across program
focus
Fit to Lamb Ewe maturity, Target condition score profile for e Highest ranking by review team e Re-analysis of existing datasets.
weight, specific genotypes and litter size. e Important to establish value of condition profile o Survey producers to collate information on

condition score
and nutritional
status

(versus one-off condition score measurement) and
relationship with lamb mortality

o Fieldwork linked to basic science required to address
existing gaps

Target weight at joining and
lambing for maidens to optimise
lamb survival

o Larger R&D gap for maiden hoggets (joined
approximalely 18 months) than ewe lambs (joined 7-
10 months)

o Significant gaps preclude evidence-based
recommendations for different age groups - maidens
(ewe lambs and/or hoggets) versus adults

Influence of ewe nutrition
(including glycogen stores, sub-
clinical pregnancy toxaemia and
oxidative stress) on parturition,
gestation length and HPA axis, and
impact on parturition and lamb
viability

Research to underpin management/adoption

recommendations

e Nutrition studies should include breed/genotype
overlay (‘breed effect’)

e Some crossover with research in ‘Ready to Rear’ (e.g.

stress-nutrition interactions impacting HPA axis and

parturition)

Establish incidence of sub-clinical
hypocalcaemia across different
production systems

Establish links between sub-clinical
hypocalcaemia, pregnancy
toxaemia and dystocia, including
measures of lamb and ewe
mortality

Research required to establish association with
dystocia and underpin recommendations for
mitigation given variability observed across regions
and seasons

Lamb
birthweight

Establish variation in birthweight of
lambs from ewes with a similar
condition score profile (within
genotype) and association with
dystocia

Initial desktop review of existing datasets in Australia
and NZ for preliminary analysis and define what
additional work is needed.

e Add relevant measurements onto existing projects
(ewe condition score, lamb birthweights)

risk factors, seasonal variation and potential
barriers to adoption

e Field and producer demonstration studies to
test and define targets for weight and
condition score profile and metabolic state

e Basic research support overlayed on field and
demonstration sites to define mechanistic
changes associated with dystocia. To include
nutritional, metabolic and hormonal profiling.
Align with support for PhD and post-doctoral
studies on fatness, hypocalcaemia and
oxidative stress.
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Table 13 (continued): Programs of work to address prioritised R&D gap for three key control points

Broad R&D Gaps addressed by program Notes Broad R&D approach across
focus program

Ready to Rear Lambing Optimum flock (mob) and e ‘Add-on’ relevant measures to existing/proposed R&D to establish e Re-analysis of existing datasets
paddock and paddock size link with dystocia (e.g. addition of lamb and ewe autopsies) e Survey producers to collate
flock information on risk factors

characteristics

Impact of edible shelter on
dystocia and survival of
compromised lambs (ewe and
lamb mortality)

‘Best practice’ supervision and
level of disturbance for extensive
production systems

e Sensor technology to drive R&D capacity to measure impact of
disturbance on ewe behaviour and outcomes for ewe and lamb
survival. Sensor technology also has implications for adoption (e.g.
remote monitoring)

o Establishing risks and benefits for different levels of monitoring
(disturbance) will inform BCA for different management practices

Seasonal
variation

Seasonal variation in dystocia
(including ringwomb)

Impact of time of lambing on risk
of dystocia

e Understanding impact of time of lambing on risk of dystocia will
inform targeted extension/adoption messages appropriate to
farming system and time of lambing

Stressors that
impact
parturition
and lamb
viability

Role of environmental and
managements stress on risk of
dystocia, including role of
hormonal and metabolic changes

e Research to establish mechanisms that impact parturition and lamb
viability and will underpin management/adoption
recommendations across environments and management systems

e Some crossover with research on ‘Fitness to Lamb’

e Studies should include breed/genotype overlay (‘breed effect’)

Factors impacting neonatal lamb
thermoregulation

e Research to establish association between hypoxic injury and
capacity for thermoregulation in neonatal period

e Genetic (breed) component should be included

e Potential to impact lamb mortality associated with starvation-
mismothering-exposure as well as dystocia

Impact of oestrogenic forages
(clover and non-clover legumes),
plant teratogens and other
endocrine-disrupting compounds
on lamb and ewe survival

e ‘Add-on’ to existing/proposed R&D on oestrogenic clover to
establish link with dystocia (e.g. lamb and ewe autopsy)

Field and producer demonstration
studies to investigate the impacts of
flock size, supervision, shelter and

weather conditions on the incidence

of dystocia
Basic research support overlayed on
field and demonstration sites to
define the relationship between
hypoxia, hormonal change and
thermoregulation in the lamb and
the interactions between stress
hormone changes and the
parturition process. Align with
support for PhD and post doctoral
studies

Continued studies into the
prevalence and consequences of
oestrogenic pastures, with a
particular focus on identification,
measurement and eventually
eradication

50



Table 13 (continued): Programs of work to address prioritised R&D gap for three key control points

Broad R&D Gaps addressed by program Notes Broad R&D approach across program
focus
Bred to Heritability Genetic correlations of production e Addition of lamb and ewe autopsy to larger studies could be e Support Sheep Genetics Australia in
Deliver and indicator traits a cost effective strategy for answering questions.

Indicator traits

Repeatability for dystocia in
context of other risk factors (ewe
age, condition score profile, sire,

Repeatability

etc).

Ram size and dimensions

e No easy solutions indicated in the review — heritability low
and repeatability not well defined

e Selection for lamb survival traits is complex in context of
broader production indexes

e Possibly already covered by Sheep Genetics - selection
strategies for reducing lamb deaths associated with dystocia
(including Dystocia B and C)

e Understanding repeatability important to establish BCA for
culling ewes that require intervention and/or fail to raise
lambs (lamb mortality due to dystocia)

e Establish role of qualitative genetics vs ‘genomics’

establishing genetic correlations
between dystocia and production traits
Consult with Sheep Genetics Australoia
to ensure that appropriate breed and
genotype overlay is incorporated into
field studies and basic research that
establish dystocia risk factors and
nutrition/management targets (identify
genotype x management/nutrition
interactions)

Investigate available datasets for
evidence of repeatability and establish
need for new data to determine BCA for
culling strategies.
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Appendix 1: Classification of cause of death and interpretation of
lesions at necropsy

A robust system to classify cause of death via necropsy is important in determining the role and
seriousness of birth injuries. The development of comprehensive neonatal lamb autopsy procedures
commenced with the method proposed by McFarlane (1965). This method created three broad
categories centred on the time of birth; ante-parturient, parturient and post-parturient. Evidence of
tissue autolysis and other signs of viability underpin the classification, such as the presence of
oedema, aeration of lung tissue, evidence of walking, the metabolism of perirenal or pericardial
brown adipose tissue and the presence of colostrum in the abomasum.

A further separation of categories relies on the subjective assessment of macroscopic lesions of the
meninges, spinal column and spinal cord. While McFarlane (1965) alluded to the presence of such
lesions, no further description was provided nor was their inclusion in the categorisation to
determine cause of death.

Haughey (1973b) modified the procedure and emphasised the examination of the central nervous
system. That work revealed blood clots and congestion were often identified over the cerebral
hemispheres, epidural haemorrhages were found typically around the atlanto-occipital joint and
blood-stained cerebrospinal fluid were observed around the cervical vertebral region. Subsequent
studies found injury to the central nervous system was common to a majority of dead lambs
(Haughey, 1973c; 1980b; Duff et al., 1982).

A system to subjectively rank the severity of central nervous system lesions was proposed by (Holst,
2004). Applying the severity scale to the brain, spinal cord and vertebral canal of newborn lambs
requires a subjective assessment of the size and number of blood clots, haemorrhages and
congestion. Assessment of congestion can be made by considering the deepening coloration of
meningeal tissues from light pink colours through to reds and to purple. As with all subjective
assessments, bias and drift will be problematic and assessors have to rely on the written descriptions
and few photographic examples to make a judgment (e.g. Holst (2004)).

Recent Australian autopsy studies relying on lesion scoring suggest that between 48% (Refshauge et
al., 2016) and 67% of autopsied lambs (Holst et al., 2002) had died from a form of dystocia. Not all
research has made observations in support of the relationships between central nervous system
injury and cause of death (Lashley et al., 2014). Those authors suggest the vascular changes may be
artefacts of poor handling. The methods employed in that study did not follow the classification
proposed by Holst (2004), but did rely on the descriptions provided by Haughey (1973c). Most lambs
that died naturally did not have any lesions (75%), yet all of the lambs that were sacrificed did have
lesions. Examining lambs that had subcutaneous oedema from a difficult birth, only 1/3 displayed
moderate meningeal haemorrhage. Most lambs were classified as SME (Lashley et al., 2014) and
little distinction between dystocia and SME could be determined when assessing central nervous
system lesions and their histopathology was unable to associate hypoxia/ischemia with evidence of
SME. To the time of writing, the study by Lashley et al. (2014) stands alone for its contrasting
findings. The absolute relationship between lesion scores and lamb mortality was also questioned by
Alexander (1984). The article by the latter author requires careful reading and has been discussed
elsewhere (Refshauge et al., 2016).
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Further comprehensive studies are required to understand more about the importance of the
assessment of the central nervous system to neonatal mortality. Preliminary studies examining brain
surface colour show some promise (Refshauge et al., 2018, a, b). The aims of such studies were to
objectify lesion severity scores. Earlier Haughey (1980b) reported that 7% of lambs born via
caesarean-section had meningeal haemorrhages, which remains unexplained. A possible explanation
may be that in some instances the lungs of neonates fail to inflate properly leading to post-partum
hypoxia and meningeal lesions. This is an area of research that warrants further research.
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Appendix 2: Methodology for the systematic review

Research question, definitions, protocol and search strategy

A systematic review was conducted to estimate the proportion lamb mortality attributable to
dystocia (proportional mortality ratio) in Australia and New Zealand. The systematic review protocol
was developed based on the Cochrane guidelines (Higgins and Green, 2011), and the PRISMA
(Preferred Reporting Items for Systematic reviews and Meta-Analyses) statement (Liberati et al.,
2009), with specific modifications for a systematic review reporting measures of disease frequency,
as recommended by the Joanna Briggs Institute (Munn et al., 2015).

Definition of death due to dystocia

To calculate the proportional mortality ratio for dystocia in each study, the total number of dystocia
cases were included. Lamb mortality due to dystocia was based on McFarlane (1965) and Holst
(2004) and was defined as: a lamb that has undergone post-mortem examination and has one or
more of the following features:

e The presence of subcutaneous oedema typically around the head and neck. A lamb that is
unviable after birth but would have been viable if not for foeto-pelvic disproportion or
malpresentation

e Stillborn lambs with significant lesion scores (Score 3-5 on a 1-5 point scale at both the
cranial-meningeal and the spinal-CNS assessment sites) and had not metabolised perirenal
or pericardial fat. These lambs could have breathed and walked, but must have died at a
time very close to the time of birth so as to not require heat production from their
thermogenic brown fat reserves.

e Lambs dying due to birth injury had significant lesion scores, had breathed and had
metabolised perirenal and pericardial fat reserves. These lambs died at any time up to 5 days
after their birth. In some cases, lambs may have ingested some milk, but it is the presence of
significant lesion scores that defines this death category.

Eligibility criteria

The records identified in the search were assessed for eligibility using the PICOS approach (P:
population; I: the intervention or exposure; C; the comparator group; O: outcome or endpoint; S: the
study designs chosen) (O'Connor et al., 2011) (Table 14). Sheep in Australia and New Zealand were
the population of interest and for this study all breeds were included. The exposure of interest was
death due to dystocia as defined in the case definition (see above). The comparator group were
lambs with no evidence of dystocia on post-mortem examination. A variety of observations made
during post-mortem examination were used to determine the exposure, therefore the classification
system used by the researchers was recorded in the data extraction form. Randomised control trials,
cohort studies, case-control studies, cross-sectional studies, case reports and outbreak investigations
were all included if they reported number of post-mortems conducted (denominator) and the
number of animals classified as death due to dystocia (numerator).
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Table 14. Descriptions of the population, exposure, outcome, study types and limits used as inclusion
criteria for estimating proportional mortality ratio

Population  The study population includes sheep of all breeds in Australia and New
Zealand.

Exposure Dystocia (see case definitions of dystocia)
Comparison Lambs with no evidence of dystocia on post mortem examination
Outcome Perinatal or post-natal lamb mortality

Studies Original research papers: experimental, case-control, cohort, cross-sectional
studies, case reports or outbreak investigations where infected and non-
infected animals are compared.

Limits Restrictions on date of publication (published after 1% January 1990)
Language: No restriction

Document type: all document types were included.

Search strategy

A systematic search of four databases was conducted on the 11" of January 2020: (i) PubMed; (ii)
Web of Science — All Databases; (iii) Scopus; and (iv) Cochrane. The following search terms used:

sheep OR ovine OR “small ruminant”

AND

(lamb AND survival) OR dystocia OR (lamb AND mortality) OR (lambing AND ease) OR
stillbirth OR parturition

AND

Australia OR “New Zealand” OR Australasia

The search terms were developed by the research team and refined in consultation with the
veterinary and life sciences librarian at Murdoch University. Because of the changes in methods of
classifying dystocia from a post-mortem examination, we only included studies published since 1%
January 1990 with the aim to review data that was more consistent in measurement. We included
studies that reported all categories of dystocia (as outlined in Appendix 1) and recorded the
classification system used.

EndNote X9 (Thompson Reuters) bibliographic software was used to manage citations. Duplicate
entries were identified, using the automatic function in EndNote and manually during the screening
process, by considering the author, the year of publication, the article title, and the volume, issue
and page numbers of the source. In questionable cases, the full-text articles were compared.
Conference abstracts of studies that were subsequently published in journals were considered
duplicates.
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Screening

The records identified were assessed for eligibility in two phases (Figure 5). The initial screening was
conducted by one researcher (MB), who screened references by titles, available abstracts, or both as
required to determine the relevance of the study, and references that did not fulfil the eligibility
criteria were excluded from the review. Papers not immediately identifiable as fitting either the
inclusion or the exclusion criteria were kept for full text screening. If the abstract was not available
and the title was not sufficiently clear to satisfy the exclusion criteria, the reference was included for
full-text screening. Following the first screening process, the full text of each selected article was
retrieved for detailed analysis and subject to a second screening to eliminate any that did not fulfill
the eligibility criteria described above.

S 879 studies identified 1 additional record identified
'g through database searching by reference screening
t g
c
[}
12
670 after duplicates removed
= 670 screened by title or abstract ‘ 443 papers excluded
g
CIJ
5]
(%]
o 217 full-text were excluded because:
= * Only measures lamb survival at
Ea 227 full-text screened for eligibility - weaning (n=41)
w * Only measures lamb survival at
marking (n = 98)
l * Study on embryo survival only (n=15)
* Experimental study (n=12)
10 studies from 10 papers * Bioeconomic mode'l (n=9)
. R - . * Found to be a duplicate (n=5)
included in the qualitative synthesis .
32 * Review paper (n=37)
el
s i
=}
g
10 studies included in the
quantitative synthesis (meta-
analysis)

Figure 5. Flow diagram detailing the study selection process for the systematic review on proportional mortality ratio for
dystocia in lambs in Australia and New Zealand

Data extraction and quality assessment

Data extraction was performed by one reviewer (MB) and checked for accuracy by CJ. Any
ambiguous information was discussed and variable values recorded by consensus. The data
extracted included: (i) study characteristics (authors, year or years the study was conducted, study
design, geographical location, a priori objectives, sample size calculations and funding sources); (ii)
animal characteristics (breed of ewe and sire, age of ewe, parity of ewe, age of lamb, birth type); (iii)
numerator case definition, namely the post-mortem protocol; (iv) definition of a suitable
comparator (for example death due to SME); and (v) the total number of animals that underwent
post-mortem examination (denominator) and number in each exposed and non-exposed group

75



(numerator). One reviewer (MB) conducted the quality assessment using a risk of bias tool as
described by Hoy et al. (2012), modified for proportional mortality ratio. Each study was assigned an
overall quality score between 0 and 10.

Data analysis

The primary outcome measure is proportion of lamb mortality attributable to dystocia. Summary
tables of extracted data were created to describe the characteristics and findings of the included
studies. Pooled effect sizes were calculated and associated forest plots created. An assessment of
between-study heterogeneity was conducted by examining the forest plots and the |2 Statistical
analyses were performed in R statistical software using the “meta”(Balduzzi et al., 2019),
“metafor”(Viechtbauer, 2010), and “weightr”(Coburn and Vevea, 2019) packages. Pooled analysis of
proportions (dystocia) were calculated using the methods described by Munn et al (2015), weighted
summary proportion under random effects model. Subgroup analysis was conducted to investigate
differences in proportional mortality ratios for dystocia in lambs born to Merino ewes compared to
cross-breed ewes or other breeds, and between birth type (single, twin, triplet or more).
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