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SECTION I

1

PREFACE
This thesis is a collection of papers resulting from the research undertaken for my PhD on the
shelter utilisation by ewes and lambs and its effect on new born lamb survival and is
composed of 3 sections. Section I provides a review of the literature to complement the
information outlined within the following papers. Section II comprises 9 papers, each of
which describes a specific aspect of the research program and is presented as papers: either
published in scientific journals or conference proceedings, or prepared for submission while
section III consists of two additional published papers. Whilst I was not the lead author in
these papers I was involved in the planning, operation and reporting of the experiment. Data
for several of the papers in Section II were collected from the animals during these
experiments.

Section IV consists of the conclusions reached throughout this study,

complementing the information provided in Sections II and III with additional references, and
together provides the reader with sufficient information on the research carried out during my
PhD candidature. The material in this thesis provides new information on shelter use by ewes
and lambs as well as the influence of the shelter on the interactions between the animals.
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ABSTRACT
The survival of new born lambs is important to the profitability of sheep enterprises in
Australia with a significant number of lambs born each year dying within 72 hours of their
birth. Periods of high wind, combined with rain and low temperatures can lead to marked
increases in the mortality level. Under these climatic conditions mortality levels may be
reduced with the provision of shelter.

This project looked at the effect the provision of two different shelter types, shrubs or
hedgerows (phalaris or hessian) would have on lamb survival and the interactions between
ewes and lambs and the shelter itself. The provision of hedgerow shelter did not increase the
survival of single lambs compared with unsheltered paddocks while the survival of twin
lambs increased from 70% to 77% when comparing paddocks sheltered by shrubs with
hessian hedgerows, no difference in survival was recorded in two other experiments.

The birth sites of 224 ewes were recorded over three years with a higher than expected
proportion of ewes lambing in the areas closest to both shelter types, in the shrub treatment
42% of ewes lambed within 2.5 metres of the shrub rows (11% of paddock area). Despite
this higher than expected proportion of ewes lambing close to the shelter rows data from GPS
collars showed that ewes either avoided or showed no preference for or against these areas.
After lambing ewes with twin lambs crossed through the hessian rows more than ewes with
single lambs and also travelled further (up to 12.8 km) per day. Contact loggers were used to
record the interactions between ewes and their lambs with single-born lambs averaging 11 h
contact per day with their mother compared with twin-born lambs who averaged 9.25 and
14.7 h/day with their mother and sibling respectively. The level of contact between ewes and
each of their offspring in the hessian was 24% lower for ewes with twin lambs than with
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singles and for ewes with twin lambs the level of contact was 17% lower in the hessian
shelter compared with shrub shelter suggesting both shelter type and birth number influence
contact between ewes and their offspring.

Increasing the stocking rate in lambing paddocks sheltered by hessian rows from 16 ewes/ha
to 30 ewes/ha resulted in the survival of twin lambs declining from 83% to 63%. This was
associated with an 11% increase in the distance travelled by the ewes even though they
crossed through the hessian rows 37% less often. Additionally higher levels of contact were
recorded between ewes and their lambs at the high stocking rate suggesting that the
interaction between ewes and their lambs was modified by stocking rate and/or flock size for
small groups lambing in shelter rows.

An economic analysis of the potential profitability of shelter using the same shrub row design
as the field experiments showed that an increase in lamb survival of 12.4% (eg. 60% to
72.4%) was required for the management and economic criteria chosen.

The cost of

establishing this shelter was the most important factor in determining the level of increased
lamb survival required to achieve a positive return on the investment. A 10% reduction in
shelter establishment cost resulted in an 8.2% reduction in the required increase in lamb
survival to 11.37%.

The decision support tool GrassGro® was used to determine the likelihood of adverse weather
conditions occurring at six locations across south-eastern Australia between May and
October. A number of climatic factors were compared and the effectiveness of reducing
wind speed to reduce the occurrence of a high chill index was also evaluated. The severity of
these weather events varied between locations with the median weekly chill index rarely
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exceeding 1000 kJ/m2.h at Temora, but was common at both Hamilton and Orange.
Reducing wind speed by 50% reduced the number of weeks with a median chill index
exceeding 1000 kJ/m2.h in twice as many weeks at Hamilton and Yass compared with
Orange showing that the potential for shelter to reduce chill index will vary according to the
location and time of year.

The field experiments in this research showed no consistent increase in lamb survival over
the period studied even though the different shelter types were designed to protect the entire
lambing area. Therefore shelter will not be an economically viable option at all locations
with the likelihood of adverse weather conditions during lambing to achieve the required
increase in survival to offset the cost of the shelter determining the profitability of providing
shelter. However with shelter type, litter size and stocking rate all affecting ewe and lamb
movement and interactions the design of the shelter may interact with lamb survival in ways
other than just protection from the weather conditions.
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INTRODUCTION
Importance of lamb survival
The survival of new born lambs is important to the profitability of sheep enterprises in
Australia.

With the number of lambs surviving to weaning more important than their

individual performance on the amount of sheep product (meat and wool) produced each year
even small reductions in lamb mortality can be of great benefit to producers (Sidwell et al.
1962; Lax and Turner 1965). A recent benchmarking study showed that increasing weaning
percentage by 10% resulted in a 10% increase in gross margin (Warn et al. 2006). However,
Warn et al. (2006) reported that the largest influence on enterprise gross margins was
stocking rate.

Holmes Sackett and Associates (2004) also stated that in prime lamb

enterprises increased stocking rates through improved pasture utilisation or production was a
more reliable method of increasing productivity compared to increasing weaning percentage
through increased lamb survival. While the occurrence of bad weather at lambing can be
reduced by a change in lambing time, other factors (eg. pasture availability, cropping
activities etc.) also influence the time chosen for lambing (Holmes Sackett and Associates
2004). Increases in stocking rate also increases risk, (both production and environmental)
and if the enterprise is at the optimum stocking rate increasing weaning percentage can be
profitable, even if accompanied by a slight decrease in ewes per hectare (Warn et al. 2006).

Mortality levels
The average marking percentage (lambs marked / ewes joined x 100) in Australia between
2005 and 2012 was 83.8% (range 79%-90%). Over the same period the mean marking
percentage ranged from 66% in Queensland to 89% in Victoria (Table 1) (Department of
Agriculture 2014) . This compares unfavourably with New Zealand, the United Kingdom
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and the United States where marking percentages have averaged over 105% for the last ten
years (Table 1).

Table 1: Marking percentages for Australia (2005-2012), New Zealand (2005-2012), the
United Kingdom (2005-2012) and the United States (2005-2012).
Location
Mean
Minimum Maximum
Range
Australia
83.8
78.6
89.6
11.0
New South Wales
84.4
76.3
91.4
15.1
Victoria
88.8
85.7
93.9
8.2
South Australia
87.3
78.2
92.8
14.6
Western Australia
80.2
72.0
85.9
13.9
Tasmania
84.5
73.6
92.1
18.5
Queensland
66.0
53.5
73.9
20.4
New Zealand
United Kingdom
United States

123.5
105.5
109.3

117.2
102.5
104.8

127.9
108.6
115.5

10.7
6.1
10.7

Source: (Beef & Lamb New Zealand 2014; Department of Agriculture 2014; Department of Environment and
Food Affairs 2014; United States Department of Agriculture 2014)

While there are many significant causes of reproductive wastage (ewes mating but not
lambing, partial failure of multiple ovulation or deaths at lambing or soon afterwards), the
major cause of reproductive wastage is lamb death from the commencement of lambing to
weaning (Knight et al. 1975; Kelly 1982; Plant 2004; Cloete et al. 2005; Kleemann and
Walker 2005b). The majority of these deaths, in some cases up to 94% (Scales et al. 1986),
occur within 72 hours of birth (Haughey 1981; Miller 1991). Australian studies have shown
pre-weaning mortality to vary between 11 and 39% of lambs born (Table 2); at an average
mortality rate of 20% this was calculated to equate to approximately 11 million lambs
annually (Miller 1991). However, it can vary greatly between flocks, districts and seasons
and in some circumstances may exceed 50% (Haughey 1981). As the average mortality of
20% is only slightly higher than the 15% reported for both New Zealand (McCutcheon et al.
1981) and the United Kingdom (Eales et al. 1983), the large differences in marking
percentages are the result of differences in fecundity between the different genotypes used in
these countries.
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Table 2: Pre weaning mortality rates recorded from various locations within Australia.
Location
Ewe
Years
Mortality % Reference
Breed
Cowra & Glen Innes Merino
1964-65
22
(Fogarty 1972)
Trangie
Merino
1964-71
16
(Tyrrell and Giles 1974)
Sthn NSW
Merino
1972-74
27
(Ferguson 1975)
Armidale
Booroola
1977-80
39
(Owens et al. 1985)
Temora
Merino
1979-81
19
(Hall et al. 1995)
Canberra
Merino
1956-57
26
(Lloyd Davies 1968)
Canberra
Merino
1970-71
25
(Donnelly 1984)
Canberra
BL x Mo
1970-71
32
(Donnelly 1984)
Tooradin Nth (Vic)
Merino
1947-49
12
(Alexander et al. 1955)
Geelong
Polwarth
1964
37
(McDonald 1966)
Western District
Various
1958-61
22
(Mullaney and Hyland 1967)
(Vic) (8 flocks)
Minnipa
Merino
1965
24
(Moore et al. 1966)
Kybybolite
BL x Mo
1960-64
18
(Geytenbeek 1969)
Queensland
Merino
1949-51
36
(Moule 1954)
(11 flocks)
Bollon (Qld)
Merino
1978
20
(Jordan and Le Feuvre 1989)
Kojonup
Merino
c. 1960
18
(Lloyd Davies 1964)
(WA) (55 flocks)
Merino
1969-73
11
(Knight et al. 1975)
Note: Experiments involving shelter only included if no significant results from shelter.

Causes of mortality
The starvation/mismothering/exposure complex (SME) tends to be the most important cause
of perinatal mortality, with dystocia the other major cause (Ferguson 1982; Plant 2004),
while predation, infections, nutritional deficiencies and congenital malformations are
generally of minor importance. Additionally, the major cause of death differs with litter size;
dystocia deaths were nearly three times those of SME for single lambs, whilst in multiple
lambs SME deaths were 250% higher than dystocia deaths (Hight and Jury 1970; Scales et al.
1986).

While over 80% of lambs which die from dystocia show signs of birth injury (cranial and/or
spinal lesions) evidence of birth injury is also found in a significant proportion (20-57%) of
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lambs which die from SME (Duff et al. 1982; Haughey 1991; Kerslake et al. 2005). The
effect of birth injury on SME deaths is unclear. Less severe injuries to the central nervous
system impact on the lambs ability to feed and walk (Haughey 1980; Ferguson 1982) and
maintain their body temperature (Eales et al. 1982). This then places them under more stress
when exposed to cold and or wet conditions (Ferguson 1982; Kerslake et al. 2005), with
more lambs failing to suck (60% cf. 5%) and survive (52% cf. 95%) at 1oC than at 28oC
(Haughey 1975).

McCutcheon et al. (1981) suggested that providing new-born lambs with a benign
environment minimises the effects of birth injury and it has been shown that under ideal
conditions (food, warmth and birth assistance) close to 100% survival of lambs can be
achieved (Alexander et al. 1959; Alexander and Peterson 1961). This suggests that while
birth injury may affect the behaviour and vigour of the new born, the effects of cold exposure
are of greater importance in deaths of lambs with none to lower levels of birth injury.

Factors affecting mortality levels
Birth weight
Birth weight is considered the most important factor in determining lamb survival (Purser and
Young 1964; Hight and Jury 1970; Bradford and Taylor 1973; Atkins 1980; Dalton et al.
1980; McMillan 1983; Hinch et al. 1985; Huffman et al. 1985; Fogarty et al. 1992; Morris et
al. 2000), with a curvilinear relationship between birth weight and lamb survival. While the
optimum birth weight varies across the many studies, and the many breeds used, it is usually
found to be between 4.0 and 5.5kg for single lambs (Hight and Jury 1970; Atkins 1980;
Dalton et al. 1980; Hinch et al. 1985; Fogarty et al. 1992; Hall et al. 1995) although both
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Fogarty et al. (2000) and Knight et al. (1988) found the optimum weight range to be wider,
between 3.5 and 6.0kg.

The major cause of death also differs with a higher percentage of lighter lambs dying as a
result of SME compared with heavier lambs who are more likely to die from dystocia or birth
injury (Purser and Young 1964; Hight and Jury 1970; Atkins 1980; Fogarty et al. 1992).

Breed
Merinos usually have higher peri-natal mortality rates than other breeds and cross-breeds
(Atkins 1980; Donnelly 1984; Miller 1991; Fogarty et al. 2000). Merinos are generally
assumed to have lower potential lambing rates than other breeds however several studies
have shown the twinning rate of Merinos to be as high as 40% in mature ewes (Kilgour 1992;
Kleemann and Walker 2005b). This assumption of low twinning rates in Merinos may, in
fact, have under-estimated their level of lamb mortality (Kilgour 1992).

Fogarty et al. (2000) found that pure bred Merino lambs had average birth weights of 4.1kg,
seven and fifteen percent lighter than both first cross (Merino ewes) and second cross lambs
(Border Leicester x Merino ewes) respectively, although the average birth weights of all
breeds were within the optimum range for survival. Among artificially inseminated ewes
mated to Poll Dorset or Texel rams, for a given birth weight the survival percentage of lambs
born to Merino ewes (first cross lambs) was lower than those born to Border Leicester x
Merino ewes (second cross lambs) (Fogarty et al. 2000).
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Litter size
Many studies in Australia and New Zealand have shown the mortality rate of single lambs is
less than that for twin lambs, but as twin lamb mortality is usually less than 50% twinning
usually results in more lambs alive at weaning (Table 3). When fecundity increases beyond
approximately 1.5 lambs per ewe triplets and quadruplets become more common (Davis et al.
1983; Amer et al. 1999). Increased deaths are also expected with triplets compared to singles
and twins (Table 3).

Table 3: Pre weaning mortality rates recorded for single and multiple lambs.

Location
Temora
Cowra
Armidale
Canberra
Canberra
Canberra
Sth. Aust
Sthn. Aust
NZ
NZ
NZ
NZ
NZ
NZ
NZ
NZ
UK
USA

Ewe Breed
Various
Various
Booroola
Merino
Merino
BL x Mo
Merino
Merino
Romney
Various
Various
Various
Booroola
Romney X
Romney
Various
Various
St. Croix

Years
1964-72
1994-96
1977-80
1956-57
1970-71
1970-71
1989-92
2004
1959-67
1969-76
1975-78
1973-77
1975-82
1976-81
1971-95
2003
1952-61
1989

Litter size*
1
2
3
17 27
11 21 46
14 33 43
16 45
24 42
16 26
17 44
14 38
16 21
17 27
9
11
16 21
9
18 42
14 15 33
21 24
14 16
16 21
19 36 44

4

62

52

Reference
(Atkins 1980)
(Holst et al. 2002)
(Owens et al. 1985)
(Lloyd Davies 1968)
(Donnelly 1984)
(Donnelly 1984)
(Kleemann and Walker 2005b)
(Behrendt et al. 2006)
(Hight and Jury 1970)
(Dalton et al. 1980)
(Kelly 1982)
(Johnson et al. 1982)
(Hinch et al. 1985)
(Scales et al. 1986)
(Morris et al. 2000)
(Kerslake et al. 2005)
(Purser and Young 1964)
(Brown and Jackson 1995)

Note: Experiments involving shelter only included if no significant results from shelter.
* Where no data is presented in a column, either not available or considered as part of twins.

With birth weight considered to be the most important factor in determining lamb survival the
major reason for the lower survival in multiple births is that average birth weight is lower, so
fewer births occur in the optimal weight range (Purser and Young 1964; Hight and Jury 1970;
Bradford and Taylor 1973; Atkins 1980; Dalton et al. 1980; McMillan 1983; Hinch et al.
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1985; Morris et al. 2000). The optimum birth weight for both single and multiple births is
similar (Dalton et al. 1980; Holst et al. 2002) and where nutrition is adequate the effect of
litter size on survival is solely through its impact on birth weight (Purser and Young 1964;
Bradford and Taylor 1973; Wiener et al. 1983; Hinch et al. 1985) although some experiments
have recorded higher mortality levels for twins compared to singles of the same birth weight
(Fogarty et al. 1992; Oldham et al. 2011).

With an increase in multiple births some maternal constraints on lamb survival may become
more apparent (Everett-Hincks et al. 2004). Factors such as maternal and lamb behaviour
and milk supply will also contribute independently of birth weight on mortality (Bradford
1972). Although twin bearing ewes spend more time grooming and nursing than single
bearing ewes, it is not twice as much and therefore twin lambs receive less attention than
singles, which may inhibit bonding with the ewe (Dwyer and Lawrence 1998; Nowak et al.
2000).

Siblings born several metres apart, interference by other ewes or the physical characteristics
of the birth site may result in uneven maternal bonding and possibly the desertion of one
lamb. Ewes are often content if accompanied by one lamb, especially soon after birth
(Stevens et al. 1982; Nowak et al. 2000; Cloete et al. 2005). Stevens et al. (1982) found over
50% of ewes with twins deserted one lamb, and the inability of ewes to keep track of both
twins was considered to be the major reason for the higher twin lamb mortality in this flock.

Lamb sex
Mortality levels are normally higher for ram lambs compared to ewe lambs in the same flock
(Lax and Turner 1965; Mullaney 1969; Hight and Jury 1970; Dalton et al. 1980; Knight et al.
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1988; Morris et al. 2000). Many researchers considered this to be as a result of the average
birth weight of ram lambs being heavier than that of ewe lambs (Hight and Jury 1970; Atkins
1980; Kleemann et al. 1983; Scales et al. 1986; Knight et al. 1988; Fogarty et al. 1992; Hall
et al. 1995), although other studies have found that even at the same birth weight ram lamb
mortality was greater (Smith 1977; Wiener et al. 1983). Although this may be different for
twin lambs, with Kleemann et al. (1983) reporting that that survival was greatest for twin ram
lambs and Johnson et al. (1982) recording no difference. Knight et al. (1988) reported that
heavier birth weight ram lambs also had a greater head and chest circumference and a wider
pelvic area than ewe lambs, which may increase the potential for dystocia. However, as
single lambs tend to be heavier than twins the greater weight of single ram lambs makes them
more prone to death from dystocia, but in twins the additional birth weight is helpful in
reducing deaths from SME.

Influence of weather conditions on lamb survival
At birth the lamb must adapt to conditions markedly different from that experienced in utero.
Almost all lambs born outdoors in a temperate climate will suffer from cold stress (Slee
1979) and they must be able to maintain their body temperature to offset the heat loss (Sykes
1982). This is more difficult in new born lambs because while heat loss is proportional to
surface area, heat production is proportional to body weight (Alexander 1974; Freer et al.
2007), and compared to older animals new born lambs also have low energy reserves and
poor insulation (Bird et al. 1984).

When in the thermoneutral zone the level of heat produced by a lamb to maintain body
temperature is normally between 215-250 kJ m-2 hr-1. When the temperature drops below the
lower threshold of this thermoneutral zone they must increase their heat production to
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maintain their body temperature (Alexander 1974). Slee (1979) stated that this threshold may
be as high as 37oC in still air depending upon the time since birth and birth weight, while
Alexander (1961) and Freer et al. (2007) found it to be about 29oC. Below this temperature
lambs can maintain their body temperature by increasing their heat production to about five
times the base level (Alexander 1962) and are therefore able to maintain normal temperature
at ambient air temperatures as low as -5oC (Alexander 1961).

Alexander (1962) found this maximum heat production or summit metabolism was
approximately 1090 kJ m-2 hr-1, or equivalent to about 6500 kJ day-1 for a 5 kg lamb. This is
achieved through the oxidation of brown adipose tissue and by reducing heat loss from the
extremities by vasoconstriction (Alexander 1961).

With initial energy reserves relying

largely on the pre-natal nutrition of the ewe and estimated to be between 2500 and 3700 kJ,
summit metabolism can therefore only be maintained for a few hours, but heat production at
half summit metabolism levels can be maintained for several days (Alexander 1958a; Slee
1979; Freer et al. 2007). When heat loss is greater than this body temperatures will drop and
hypothermia and death may result (Alexander 1962).

The amount of non-evaporative heat loss experienced as a result of the combination of air
temperature, wind speed, sunshine, cloud and rain is known as wind chill and can be
calculated in two ways, either; the amount of heat loss due to wind for a specific temperature
or, the fall in temperature required to produce the same level of heat loss in still air (Mount
and Brown 1983). Since first calculated for humans using only temperature and wind speed
in 1941 (Siple and Passel 1945), modifications have been made to adapt it for use on sheep
and lambs by including all or some of the following factors; temperature, wind speed,
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rainfall, fleece depth, solar radiation and cloud cover (Nixon-Smith 1972; Mount and Brown
1982; Brown and Mount 1987; Donnelly et al. 1997).

Compared to dry and still conditions, when lambs are wet or exposed to the wind, the level of
heat loss experienced increases. Both wind and water reduce the insulation provided by the
fleece as they reduce the amount of still air which can be trapped by the fleece (Sykes 1982;
Mount and Brown 1983; Freer et al. 2007). Additionally, heat energy is also used to
evaporate any water and in the induced physical activities (shivering) of the animal (Sykes
1982; Freer et al. 2007). Mount and Brown (1983) and Alexander (1974) both estimated that
wind was responsible for 25-30% of the non-evaporative heat loss from sheep annually with
Obst and Ellis (1977) also stating that wind and rain were more important than ambient
temperature while Alexander (1962) reported that the effects of wind and evaporation at any
temperature were additive. At 0oC the heat production for a dry lamb with no wind was 500
kJ m-2 hr-1, under wet or windy conditions a 50% increase (250 kJ m-2 hr-1) was required to
maintain body temperature, while to maintain body temperature in the presence of both water
and wind the level of heat production required increased to 1000 kJ m-2 hr-1 (Alexander
1962).

Animal behaviour at parturition
When dry or pregnant, an adult ewe can be categorised as; a social animal that becomes upset
when separated from flockmates, highly mobile, easily frightened by humans and indifferent
or aggressive to all young (Lindsay et al. 1990). However, in the period beginning shortly
prior to lambing major transformations in behaviour occur as a result of the neuroendocrine
changes associated with parturition (Lindsay et al. 1990).
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Prior to lambing ewes may display interest in the lambs of other ewes (Alexander 1960;
Arnold and Morgan 1975) and as a result of this interest from other ewes at lambing, Watson
et al. (1968) found a significant proportion of lambs later died as a result of this interference,
the majority of which were twin lambs. After lambing ewes also change in their behaviour
towards both humans and predators. They no longer flee when approached but will defend
their young, occasionally becoming aggressive even in the absence of any direct threat
(Lindsay et al. 1990). However, not all animals exhibit the same degree of behavioural
change. O’Connor et al. (1985) in rating maternal behaviour recorded differences as a result
of litter size, ewe age and breed. Alexander et al. (1983a) also found differences between
breeds in maternal behaviour, with Merinos less likely to remain nearby when their lambs
were being tagged than Dorset Horns, although they assessed a much lower number of Dorset
Horns ewes than Merinos (36 cf. 453).

Lindsay et al. (1990) stated that, along with

ameliorating the physical conditions around lambing time, improving the mothering ability of
the ewe was an important approach in reducing the mortality of twin lambs. However,
O’Connor et al. (1985) found that while lamb survival for the lowest score (flees at approach
of human, no interest in lamb and does not return) was lowest there was no statistical
difference in lamb survival between the four other scores.

There is a common belief that sheep isolate themselves from the remainder of the flock at
lambing (Sharafeldin et al. 1971; Bray and Wodzicka-Tomaszewska 1974; Le Neindre and
Poindron 1990; Lindsay et al. 1990). Bray and Wodzicka-Tomaszewska (1974) reported that
74% of ewes moved away from the flock to lamb, however Stevens et al. (1981) recorded
this in only 10% of ewes and the remaining 90% commenced lambing where the flock was
grazing or resting. Any isolation that does occur may be deliberate through the ewe leaving
the flock, or incidental with the flock moving away from the lambing ewe, (Arnold and

16

Morgan 1975; Alexander et al. 1979; Stevens et al. 1981). When ewes do isolate themselves
at lambing, seldom the locations chosen are those which provide the best shelter from the
wind or protection from accidents (Smith 1965; Winfield et al. 1969; Alexander 1988).

The lamb is born more mature than many other mammals with all sensory systems functional
and as a result its response to other objects can lead to it straying unless its mother is attentive
(Vince 1993). Ungulate species are classified into two broad categories, ‘followers’ and
‘hiders’, with regards to the type of mother-offspring relationship in the days after birth, with
sheep being classed as ‘followers’ in that they maintain close and frequent contact between
mother and young, both vocally and spatially, and tend to be more mobile during this period
(Lent 1974). As such the potential for separation is much greater with studies showing ewes
unconcerned if accompanied by only one of their twin lambs (Stevens et al. 1982; Alexander
et al. 1983a) and when separated ewes with multiple lambs were less likely to return to
separated lambs when accompanied by a lamb (Cloete et al. 2005). While the level of
permanent separations between Merino ewes and a single lamb is low and relatively similar
across studies (2-4%) for Merino ewes with twins the level is higher and more variable
ranging from 6% to 46% (Alexander et al. 1983a; Buttrose et al. 1992; Cloete and Scholtz
1998; Cloete et al. 1998) with lower levels of separations reported in other breeds(Alexander
et al. 1983a; Alexander et al. 1990b). Alexander et al. (1983a) reported that in addition to
the permanent separations 34% of ewes were temporarily separated from a twin lamb. In the
first three days after birth they observed 80% of Merino ewes with twins separated from a
lamb, and only 43% of these reunited, with 80% of lambs permanently separated dying. For
over half of the separations observed by Alexander et al. (1983a) in Merinos no obvious
contributing factor (eg. lamb weakness) was apparent and, as such, in Merinos the survival of
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twin lambs is heavily reliant on the bond formed between ewe and offspring in the immediate
post partum period (Cloete et al. 2005).

Although lambs learn to recognise the mother early this recognition develops slower than that
of the ewe for its lamb (Shillito-Walser and Alexander 1980), for the first few days of its life
a lamb will attempt to drink from any ewe that answers its call and are prevented only by
active denial by the ewe, indicating that maternal-offspring bonding may initially be one
sided (Squires 1975). While visual, olfactory and auditory cues assist in both the ewes’
ability to identify their own lambs and the lamb to recognise its mother (Cloete et al. 2005),
in lambs hearing is the most important factor and this improves with age (Shillito-Walser and
Alexander 1980).

Reducing lamb mortality
Mother-offspring bond
One method of reducing lamb mortality is to improve the early relationship between the
mother and young by increasing the time spent at the birth site (Nowak 1996), with this being
of vital importance for the survival of twin lambs but less important for singles (Stevens et al.
1982; Alexander et al. 1983a). Any management practices which decrease the amount of
time spent at the birth site and disrupt the establishment of the parent–offspring bond should
be avoided, however the conditioning of lambing flocks to the presence of humans pre-natal
can be useful (Haughey 1991).

Compared to some other species the amount of time to establish the mother-offspring bond in
sheep is longer. In goats the critical period appears to be five minutes (Klopfer et al. 1964)
which may represent the difference between the species with sheep considered ‘followers’
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and goats ‘hiders’ (Lent 1974). Observations of Merino ewes in the field suggested that as
time spent at the birth site increased the level of permanent separations decreased (Alexander
et al. 1983a) and Merino ewes that stayed at the birth site for less than two hours had a
greater level of permanent separation than those that stayed longer in ewes that stayed longer
(Cloete 1992; Cloete et al. 1998). While Nowak (1996) stated Merinos needed to stay at the
birth site for at least six hours, Alexander et al. (1983a) reported they rarely stayed beyond
five hours. Murphy et al. (1994) also recorded that while mother-offspring contact of six
hours improved lamb survival in multiple birth lambs this contact did not need to be at the
birth site, however they did not investigate any time periods of less than six hours. Nowak
(1990) concluded that after three days the mother offspring bond is complete, the ewe knows
how many lambs she has and can recognise them all and the lambs can identify their mother
at a distance. As singles could better identify their mothers than twins at 24 hours after birth
it was thought that the social interaction with a sibling can possibly delay or weaken the bond
with the mother (Nowak et al. 1989; Nowak 1990).

Additionally, Putu et al. (1988a)

reported that when ewes with twins were moved from the birth site 30 minutes after the birth
of the second lamb, the majority of lambs that were separated from their mother (both
permanent and temporary) in the next 48 hours were second born and that this time period
was insufficient for a ewe to recognise their litter size.

Both Alexander et al. (1983a) and Cloete (1992) reported that Merino ewes spent less time at
the birth site than other breeds (Romneys and Dorpers respectively). Alexander et al. (1983a)
suggested that this could have been due to environmental factors, such as recent shearing or
the poor pasture availability, but also that in Merinos this could be their inherent behaviour.
Alexander et al. (1986) reported that in Merinos the first hour after birth was the most the
important, however in experiments studying three other breeds (Clun Forest, Mule and Half-
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Breed) Smith et al. (1966) found that 20-30 minutes of grooming the lamb appeared to create
this bond and this period could occur any time within the first few hours after birth.

Nutrition
With time spent at the birth site critical in the survival of new born twin lambs any
management practice which increases this time is important. Lindsay et al. (1990) stated that
ewes that lamb on an abundant pasture do not need to move far for their nutritional
requirements so more time should be spent at the birth site. Putu et al. (1988b) reported that
ewes that lambed on a dense pasture compared with a sparse pasture did spend more time at
the birth site, although the difference was not statistically significant, however this result may
have been influenced by the ewes also having different pre-lambing nutrition treatments.

Under-nutrition in pregnancy in Scottish Blackface lambs resulted in a higher proportion of
malpresented lambs that were more likely to require assistance for delivery despite being 9%
lighter (Dwyer et al. 2003). The low nutrition ewes also spent less time grooming their
lambs, were more likely to be aggressive to their lambs and recorded lower scores for
maternal attachment to the lamb at both one and three days post partum. While Dwyer et al.
(2003) reported the nutrition treatment did not affect lamb behaviour directly, across both
treatments low birth weight lambs took longer to stand and suck, and sucked less often than
heavier lambs

While time spent at the birth site is important in strengthening the mother-offspring bond,
birth weight is considered the most important factor in lamb survival (Purser and Young
1964; Hight and Jury 1970; Bradford and Taylor 1973; Atkins 1980; Dalton et al. 1980;
McMillan 1983; Hinch et al. 1985; Huffman et al. 1985; Fogarty et al. 1992; Morris et al.
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2000) and nutrition during pregnancy, through body weight and condition score, can greatly
influence new born lamb survival via impacts on birth weight.

In 15 paddock scale

experiments across Australia, lambs born to Merino ewes managed for condition score (CS) 3
and 3000 kg DM/ha feed on offer had a survival rate of 81% compared with 71% for ewes
managed for CS 2 and 1100-1400kg DM/ha (Behrendt et al. 2011). Mulvaney et al. (2008)
also found similar results in Romney ewe lambs in New Zealand, the no pregnancy weight
gain (except for conceptus) treatment had lighter lambs with lower survival percentages than
the two treatments in which the ewes were managed to gain weight over pregnancy.
Kleemann and Walker (2005a) reported that with increasing ewe liveweight and condition
score the survival of twin lambs increased while for single lambs survival increased until a
liveweight of 68.8kg and CS 3.3.

Other researchers have found that level of nutrition during pregnancy did not influence lamb
survival. Fogarty et al. (1992) found that nutrition in mid pregnancy had no effect on
survival levels of several breeds, even though in the low nutrition treatment ewe weight
dropped. Oldham et al. (2011) also reported no differences in survival due to differences in
condition score at day 100 of pregnancy, and over four experiments (2 sites over two years)
only once did differences in feed on offer influence lamb survival. In New Zealand, Kerslake
et al. (2008) found there was no difference in survival levels between different nutritional
treatments in Romneys as did Scales et al. (1986), despite differences in birth weight. In two
other experiments when unlimited feed was available, it was found that the survival of twin
(Kenyon et al. 2012) and triplet (Kenyon et al. 2011) lambs was greater when born to ewes at
CS 2 than at CS 2.5, but did not differ to survival of lambs born to ewes in CS 3.
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Despite reporting increases in single lamb survival with increased ewe liveweight and
condition score, Kleemann and Walker (2005a) found a negative relationship between single
lamb survival and liveweight gain between mating and mid-pregnancy. Smeaton et al.
(1985) also reported that the timing of restricted nutrition influenced lamb survival, with low
nutrition in mid pregnancy resulting in higher lamb survival and low nutrition in late
pregnancy lower survival, although they suggested that the result for the mid pregnancy
nutrition treatment was due to a lower percentage of twin bearing ewes in the low nutrition
treatment and the inherent lower survival of twin lambs (Table 3).

Shearing
Shearing pregnant ewes has been shown to increase the birth weight of their lambs. A review
by Kenyon et al. (2003) reported variable responses to shearing in early, mid or late
pregnancy under both housed or pastoral conditions but that shearing in mid pregnancy
appeared to provide the most consistent response in relation to increased birth weight.
Shearing ewes in mid pregnancy was found to increase birth weight in several studies
(Kenyon et al. 2002b; Kenyon et al. 2004; Kenyon et al. 2006a; deNicolo et al. 2008), with
the increase greater in singles than in twins (Kenyon et al. 2002b; Revell et al. 2002).
Kenyon (2002) stated that to obtain birth weight response the ewes had to have both the
potential (would have given birth to low birth weight lambs) and the means (adequate
nutrition) to respond to shearing during pregnancy but the exact mechanism is unknown.

Increases in lamb survival are reported to be related to increased birth weight (Kenyon et al.
2003; Kenyon et al. 2006a), although in some experiments there was no increase in survival
despite increases in birth weight (Grosser et al. 1991; Smeaton et al. 2000; Kenyon et al.
2002a; Kenyon et al. 2006b). Positive survival results from shearing were most likely in
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multiple birth lambs when their birth weights were otherwise expected to be below 4.0 kg
(Kenyon et al. 2003). The increase in birth weight due to shearing may result in more
dystocia deaths in singles (Kenyon 2002) especially if, as found by deNicolo et al. (2008),
they are accompanied by an increase in the size of the lamb. In addition to looking at
survival rates, Kenyon et al. (2002b) also examined summit metabolism rates but found no
increase as a result of ewe shearing mid pregnancy and therefore no improvements in
thermogenic capacity. However, Symonds et al. (1992) found shearing late in pregnancy
resulted in lambs with more brown adipose tissue and a 40% increased metabolic response to
cold.

While shearing pregnant ewes may increase the birth weight of lambs, other experiments
have demonstrated that shorn sheep utilise shelter more than unshorn sheep (Lynch and
Alexander 1976; Lynch and Alexander 1977; Alexander et al. 1979); a survey of New
Zealand farmers also agreed with these experimental findings (Pollard 1999). This tendency
for shorn sheep to seek shelter declined rapidly following shearing, with 80% of ewes shorn
one or two weeks before lambing utilising shelter at night compared to 30% of those shorn
eight weeks prior to lambing (Lynch 1968; Lynch and Alexander 1980a). Newly shorn sheep
made use of shelter under climatic conditions of high heat loss including all occasions when
raining, while unshorn ewes only sheltered when heavy rain was accompanied by winds
greater than 16 kph (Lynch 1968).

Some ewes seek shelter to lamb but generally this is a result of the animal itself being cold
and not as an innate response to increase the potential for the survival of its offspring (Lynch
and Alexander 1976; Alexander 1988), with Stevens et al. (1981) finding the proportion of
lambing ewes utilising shelter was similar to that of the entire flock. While the shearing of
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pregnant ewes appears to encourage them to more readily seek shelter at lambing, it may
negate some of the benefit for the lamb as shorn animals spent more time standing than
sitting (Lynch and Alexander 1976), given the ewe when sitting provides shelter to the lamb
(Pollard 1999).

Stocking rate
Robertson et al. (2012) reported reduced survival of twin lambs when stocking rate of Merino
ewes increased from 16/ha to 30/ha, as did Langlands et al. (1984) when comparing stocking
rates of 10 and 20 ewes/ha. In New Zealand however, Johnson et al. (1982) found no
differences in twin lamb survival rates between stocking rates of 16, 21 and 26 ewes/ha,
although they used different breeds (Romney, Perendale and Coopworth), likewise no
differences were recorded with more extreme differences in stocking rates of 14.3 ewes/ha cf.
143 ewes/ha, although this included both single and twin lambs (Winfield 1970). Kleemann
et al. (2006) also found no relationship between stocking rate at lambing and survival in 22
commercial Merino flocks with stocking rates ranging from 2.9 to 23.9 ewes/ha, similar to
those of Robertson et al. (2012) and Langlands et al. (1984), but that flock size did influence
survival rates (range of 119 to 499 ewes), with the optimum flock size at lambing for lamb
survival being 414 for survival of single lambs and 286 for twin lambs. Similar results were
reported by Ware (2014) who, in a survey of 150 commercial sheep enterprises, found the
optimum flock size for single bearing ewes was 400 to 500 ewes, and for twin-bearing ewes
less than 250 ewes, and that for every additional 100 ewes in the lambing paddock the
marking percentage was reduced by nine percent.

Higher levels of mis-mothering or lamb stealing were reported by Winfield (1970) when
stocking rates were increased from 14.3 ewes/ha to 143 ewes/ha, while Robertson et al.
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(2012) reported that the increase in lamb mortality at the higher stocking rate was due mainly
to a 250% increase in SME deaths, highlighting the potential for increased interference from
other ewes at lambing to impact on survival at higher stocking rates. Both Alexander et al.
(1983b) and Cloete (1992) reported that interference from other ewes increased as the
number of ewes lambing per day increased. Alexander et al. (1983b) calculated that with 4.3
ewes lambing per day minimal errors in pedigree recording would be made, an indication of
interference from other ewes, which was equivalent to a stocking rate of 18 ewes/ha. Cloete
(1992) found that a stocking density of 2.6 lambed ewes per hectare (with unlambed ewes
drifted off twice daily) theoretically resulted in no separations of ewes and their lambs, and
using the calculations of Alexander et al. (1983b) recommended that under the management
conditions of their trial a stocking rate at lambing of 11 ewes/ha would minimise ewe and
lamb separations.

Genetics
Heritability for lamb survival is low with estimates of 0.02 for survival at birth and 0.12 for
survival from birth to marking (Cloete et al. 2009), and 0.03 for overall survival and 0.06 for
rearing ability (Safari et al. 2005). Despite the low heritability, Cloete et al. (2009) managed
gains in lamb survival of 0.52% per annum over 21 years by selecting for ewes successfully
able to rear multiple lambs. Cloete et al. (2005) found that the ewes from the line selected for
a high rearing ability reunited with their full litter quicker than ewes from a line with low
rearing ability.

Maternal behaviour varies between breeds and within breeds (Cloete and Scholtz 1998).
Many of the factors which improve lamb survival are more prominent in the wild or more
extensively managed sheep breeds. Hill or feral breeds of sheep have heavier litters relative
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to dam weight, shorter parturition times, increased isolation seeking at birth, higher rectal
temperatures for the first hour after birth, increased brown adipose tissue metabolism and
lambs are quicker to stand and suck than in lowland sheep (Dwyer and Lawrence 2005).
Early behaviour of lambs such as suckling ability and maternal imprinting could also
contribute to the variability between breeds in survival ability (Slee 1978; Dwyer and
Lawrence 2005), with Border Leicester x Merino lambs being better able to identify their
mother 12 hours after birth than pure bred Merino lambs (Nowak and Lindsay 1990).
Alexander and Shillito-Walser (1978) also reported that the ability for Merinos lambs to
recognise their mothers visually appeared to develop only at two to three weeks of age.
Dwyer and Lawrence (2005) suggested that assisting ewes at lambing and selection for
production traits have reduced the natural selection of these factors which lead to decreases in
lamb mortality.

Lambs of breeds with longer birth coats (Scottish Blackface or Welsh Mountain) were found
to be twelve times more cold resistant than fine wool Merinos (Slee 1978). However, in
Australia, both Davies (1964) and Mullaney (1966) found no link between birth coat and
lamb survival. These two Australian findings were contrary to that of Alexander (1958b;
1962), who in laboratory studies found both wet and dry lambs with hairy coats lost heat less
rapidly than those with shorter coats. Obst and Evans (1970) found under adverse weather
conditions the mortality level for lambs with fine birth coats was higher than for coarse birth
coated lambs (21.5% cf. 12.6%) in Merinos on Kangaroo Island, supporting Alexander
(1958b; 1962),. Unfortunately while birth coat is highly heritable (0.52 to 0.70) in Merinos
(Schinckel 1955; Brien et al. 2009), an increase in the coarseness of the birth coat is also
associated with an increasing variability in fibre diameter and decreased crimps (Schinckel
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1958). While this may not be a major factor in some breeds in Merinos it is of vital
importance as increased fibre diameter decreases fleece value.

Under adverse conditions the survival level of lambs with haemoglobin type AA was
significantly higher than that of Haemoglobin type BB lambs (Obst and Evans 1970).
Conversely, the haemoglobin type of either ewe or ram had no influence on lamb survival
among Marshall Romneys in New Zealand (Knight et al. 1988). Haemoglobin type is
controlled by a pair of alleles at a single locus and therefore easily modified (Evans et al.
1956). In several breeds, however, Haemoglobin type BB ewes had higher lambing and
weaning percentages, while wool production or quality was unaffected by Haemoglobin type,
however Merinos were not included in this study (Dally et al. 1980). In a study of Merino
lambs in New Zealand, Forrest et al. (2006) found variations in the ß3-adrenergic receptor
(ARDB3) to be associated with lamb survival. Of the six ADRB3 alleles described in sheep,
one revealed a significant association with increased lamb mortality and another with reduced
mortality.

Shelter
As the survival of new born lambs is highly dependant on the physical environment for the
first few days after birth, the moderation of environmental factors such as temperature, wind
speed and rainfall to create a more benign environment for the new born lamb is of utmost
importance for increasing survival levels (Pollard 2006). At any temperature the presence of
wind raises the lower critical value for an animal which in turn increases the risk of
hypothermia and death (Bird et al. 1984; Gregory 1995). Additionally, the provision of
shelter may increase the time spent at the birth site and isolated from the flock, as Alexander
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et al. (1983a) observed the mean length of time Merino ewes spent at the birth site increased
from 1.8 hours to 2.8 hours when they gave birth in shelter

In Australia research has indicated that effective shelter reduced lamb mortality by between 3
and 13% (singles) and 14 and 37% (twins) (McLaughlin et al. 1970; Egan et al. 1972; Egan
et al. 1976; Lynch and Alexander 1977; Alexander et al. 1980; Bird et al. 1984). When the
lambing period is separated into good and bad (rain plus wind and/or decreased temperature)
conditions for lamb survival researchers have found different responses. It is mostly agreed
that shelter increases survival of singles in bad conditions (Watson et al. 1968; Egan et al.
1972; Lynch and Alexander 1976; Alexander et al. 1980) and twins in good conditions
(Watson et al. 1968; Egan et al. 1972; Alexander et al. 1980). However results for singles in
good weather have shown minimal differences (Egan et al. 1972; Egan et al. 1976; Lynch
and Alexander 1976; Alexander et al. 1980) and for twin lambs in bad weather results show
either no significant response from shelter (Watson et al. 1968; Alexander et al. 1980) or a
decrease in mortality (Egan et al. 1976).

The lack of response for single lambs in good weather may be related to the predominant
cause of death among single lambs. With SME responsible for approximately 25% of all
single lamb deaths (Hight and Jury 1970; Scales et al. 1986) the likelihood is that this level
would be even lower in good weather, leaving little potential for shelter to reduce deaths from
SME. While for twin lambs a possible reason for the lack of a positive response from shelter
in bad weather as reported by both Watson et al. (1968) and Alexander et al. (1980) is the
lower number of twin lambs born in one of the treatments during that time. Watson et al.
(1968) recorded only two ewes with twins lambing in shelter during the bad weather event
compared to 11 in the unsheltered treatment, while in the study by Alexander et al. (1980)
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only 16% (53/323) of all multiple birth lambs were born in bad weather over the five year
experiment, which included only 15% (22/150) of multiple birth lambs in the unsheltered
treatment being born in bad weather.

Most deaths (40%) were found to occur during or after wet weather with over half of the
lambs born on rainy days dying (Arnold and Morgan 1975) while short term losses of up to
91% for Merinos and 54% for Corriedales have been experienced in adverse weather on
Kangaroo Island (Obst and Day 1968). Obst and Ellis (1977) suggested that most lambs at
risk from death from SME died in the first 48 hours and losses could exceed 70% when mean
wind speed was greater than 18kph and more than 1.5 mm of rain fell in the first six hours
after birth. Obst and Evans (1970) suggested that the provision of shelter to reduce wind
speed to below 8 km hr-1 for the six hours after birth would reduce lamb deaths on Kangaroo
Island by eight percent to 10-15% annually over 10 years.

Forms of shelter
The micro-climate created by the lamb using the resting ewe for shelter was stated by many
researchers as having an effect in decreasing lamb mortality, although no data was reported to
support the statement (Sykes 1982; Charles 1991; Pollard 2006).

Additionally, most

environments offer some shelter from the wind at lamb height. Wind speed at lamb height
(10cm) may be about one-third of that at ewe height (45cm), and one quarter of that at two
metres (Lynch and Alexander 1976), with greater reductions at sites with tussocky pastures
compared to pasture with more consistent sward height (Cresswell and Thomson 1964).
Under frosty conditions hill tops may be frost free where warmer air circulates, while north
facing slopes allow for greater exposure to the sun and the warmth it provides (Munro 1962;
Gregory 1995).
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Vegetative shelter can range from scattered tussocks of grass, to naturally timbered areas, to
specially planned shelter rows or areas of either natural or artificial objects. Scattered
tussocks of a tall grass, such as Poa, can provide shelter for lambs with reductions in wind
speed of approximately 55% at 25cm relative to 1.2m, compared to a 25% reduction at 25cm
for more even pasture swards (Cresswell and Thomson 1964).

Researchers have also

investigated the potential to reduce wind speed and therefore improve lamb survival in other
grass species. An overgrown area of Phalaris tuberosa reduced wind speeds by 50% (Egan
et al. 1976), while within areas sheltered by hedgerows (20m apart) of a phalaris hybrid (1.0
to 1.75m tall), nowhere was the mean wind speed at ewe (45cm) and lamb (10-16cm) height
greater than 70% of the mean in the unsheltered area for the same height (Alexander and
Lynch 1976; Lynch and Alexander 1976; Alexander et al. 1979; Alexander et al. 1980;
Lynch and Alexander 1980a; Lynch et al. 1980). When unsheltered wind speeds (2.4m
height) exceeded 14 km/h tall wheatgrass hedges one metre tall resulted in wind speeds two
metres from the hedges at lamb height (0.4m) being of 30% of the unsheltered when the wind
was blowing across the hedges (McCaskill 2007). Some shelter is also provided on the
windward side of hedgerows with wind speed reductions of about 40% recorded one metre to
the windward side of hedgerows (Lynch and Alexander 1976; McCaskill 2007).

Shelter belts of trees were considered by New Zealand farmers as the most effective method
of providing shelter for lambing (Pollard 1999). In Australia researchers have used Cypress
hedges (McLaughlin et al. 1970; Egan et al. 1972) or acacia shrubs (Robertson et al. 2011) to
evaluate their impact on wind speed and therefore lamb survival. Wind speeds in the area
sheltered by the Cypress hedges were reduced to 20-40% of the unsheltered wind speeds
(daily mean 8-15 km/h) (McLaughlin et al. 1970; Egan et al. 1972), while the acacia shrubs
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which were used in a location with a lower mean daily wind speed (1.0 to 2.5 km/h) did not
reduce the mean daily wind speed and reduced the maximum daily wind speed in only one of
the two years studied (Robertson et al. 2011). Results from four experiments comparing tree
shelter belts of different species and designs, two each in Australia (13 shelter belts) and New
Zealand (20 shelter belts), with wind speeds ranging between 9 and 42 km/h showed the wind
speed reduction at a distance six times the height (6H) of the shelter ranged from 25 to 62%
of the open wind speeds for the site (Sturrock 1969; Sturrock 1972; Bird et al. 2002a; Bird et
al. 2007). Areas of trees may also be used for shelter by sheep and unlike shelter belts they
also provide shelter from rain under their canopy not solely as a windbreak (Gregory 1995).

Artificial windbreaks have some advantages over natural shelter or vegetative shelter.
Depending upon the materials and design they require less area for the same height, may be
removable and more easily relocated, provide a more consistent and immediate shelter and
can be used where windbreaks cannot grow (Dronen 1988; Gregory 1995). Also they do not
compete with the adjacent pasture for water and nutrients (Gregory 1995). They do however
have disadvantages in their high initial cost and limited lifespan, high maintenance costs and
limited height (Dronen 1988). The wind speed reduction 6 metres from Sarlon (black
polyethylene mesh 1m high) fences was 55% of the unsheltered wind compared with 35% for
the phalaris hedgerows with this difference consistent across all measured distances (Lynch
and Alexander 1977). Hessian rows (1m high) were used by Robertson et al. (2011) for
shelter at lambing and provided a reduction in the maximum daily wind speed of up to 25%
when compared to unsheltered wind speeds.

Watson et al. (1968) found that placing animals who had just lambed or who were likely to
lamb overnight in sheltered pens resulted in the level of lamb mortality being reduced to
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approximately 40% of unsheltered ewes for both single and twin lambs. However while
shedding animals is common practice in many parts of the world (Nass 1977; Binns et al.
2002; Dwyer and Lawrence 2005; Cottle 2010; Holmøy et al. 2012), the labour requirements
of this process mean that it is not usually suitable under extensive Australian conditions.

Characteristics of effective shelter
Some of the key aspects of for effective shelter include; design, location, establishment and
maintenance.

The best windbreak design depends on the benefit being sought.

This

influences many of the decisions required in shelter creation and management (Cleugh 2003).
Dense or impermeable shelter belts block the wind creating a short but well protected area
leeward of the shelter, however some turbulence may occur close to the shelter belt itself,
while semi permeable shelter belts allow some air movement through the shelter, preventing
turbulence while providing a reduction in wind speed over a larger area (Palmer et al. 2003).

The distance of reduced wind speed provided by a shelter belt is proportional to its height
(van Eimern et al. 1964; Bird et al. 1992; Cleugh 1998), with maximum protection occurring
at approximately six times the height of the trees (6H) with reductions of up to 50% still
present at 12H (Bird et al. 1992), 20% reductions as far as 25H and measurable reductions in
wind speed found up to 50H (Heisler and Dewalle 1988). Wind speeds may also be reduced
on the windward side of the belt with the level and distance of reduction greater for shelter
belts of lower permeability (Sturrock 1969; Sturrock 1972). Breckwoldt (1983) suggested
this protection extended up to 5H to windward from the shelter belt while Bird et al. (2007)
found it extended to 3H with wind speed reductions of greater than 20% at 1H to windward.
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The optimum orientation is across the prevailing wind or the direction of the wind of concern
(cold winds at lambing) (Palmer et al. 2003). Trees placed on the boundary of lambing
paddocks have resulted in mean wind speed reductions of greater than 50% across the
sheltered area compared to unsheltered, and with increasing wind speed the reductions also
become greater (McLaughlin et al. 1970; Egan et al. 1972). If the wind is constantly from
the one direction then a single correctly orientated shelter belt can give good protection
(Cleugh 2003). In other locations shelter belts which give protection from more than one
direction (“L” shaped) may be useful (Palmer et al. 2003).

However, when the wind

direction is more variable this is not the case. At Hamilton (Victoria) shelter belts were
orientated in two directions but neither protected areas of the paddock for more than 42% of
the time (Cleugh 2003). Additionally, when the wind is not at right angles to the shelter belt
there is a decrease in permeability as the effective depth of the shelter is increased, thereby
altering the characteristics of the shelter provided (Palmer et al. 2003).

With shrubs or trees the canopy of a shelter belt needs to continue to ground level as large
gaps below the canopy can cause a venturi effect, therefore animals should be excluded from
the belt itself to prevent browsing the shelter (Dronen 1988). Bird et al. (2007) reported that
where gaps were present in a shelter belt the wind speed at 50cm from the ground at 0H from
the shelter was 32% higher than measured in the open. Gregory (1995) and Palmer et al.
(Palmer et al. 2003) also stated that gaps underneath shelter belts could lead to localised
increases in wind speed at animal height.

Shelters made of grasses (eg tall wheat grass or phalaris) differ from those consisting of
shrubs or trees in that access to the shelter itself is beneficial. Egan et al. (1976) found that in
an overgrown area of phalaris the mean wind speed in the shelter was less than 50% of that in
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the open, and even when winds were parallel to hedgerows of tall wheatgrass good shelter
was still available in the hedgerow itself (McCaskill 2007). However, access to the grass
results in damage each year which may limit their useful lifespan (Robertson et al. 2011).
While the hedgerows can be fenced off at certain times of the year to allow them to
regenerate, this requires a labour input to both install and remove the fencing to allow for
access when required (Alexander and Lynch 1976; Lynch and Alexander 1977).

Utilisation of shelter
Sheltering behaviour by ewes has been observed to be minimal before the birth of their
lamb(s), increasing markedly after the birth and then declining gradually once lambs were
more than three days old; perhaps a reflection of lambs seeking shelter rather than ewes
seeking shelter for their lambs (Pollard 1999; Pollard et al. 1999; Dwyer 2008). While ewes
with lambs made more use of shelter than ewes without lambs, lambs from both shorn and
unshorn ewes made more use of shelter than their mothers (Lynch and Alexander 1977). As
the lambs become more active and independent in the days after birth they readily sought
shelter (Lynch and Alexander 1976; Alexander et al. 1979).

It has also been reported that the non-random location of birth sites is influenced by other
factors. An increased concentration of the lambing sites of Merinos in the more elevated
areas of paddocks relative to ewes yet to lamb has been recorded in several experiments
(Alexander et al. 1979; Alexander et al. 1990a). Alexander et al. (1979) also recorded an
increased concentration of lambing sites near boundary fences although this finding was not
recorded in a later experiment at the same location by Stevens et al. (1981), who suggested it
was an artefact of the smaller paddock size. While Alexander et al. (1979) and Stevens et al.
(1981) disagreed on the proportion of ewes that isolated themselves from the flock to lamb,
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both found that the proportion of ewes lambing in shelter was similar to shelter usage by the
entire flock, and therefore suggested that placing shelters in locations frequented by the flock
could result in a greater use of shelter for lambing with the associated benefits of increased
lamb survival. Lynch and Alexander (1976) found that while shorn ewes were three times
more likely to lamb within two metres of phalaris shelter, this was similar to the proportion of
time the ewes (with and without lambs) spent in this area over the entire experiment. Stevens
et al. (1981) also reported similar results.

When given a choice of three shelter types (hessian, Sarlon mesh or phalaris) shorn ewes
were more likely to be found near the hessian shelters, these were the least permeable of the
three shelter types (Lynch and Alexander 1980b). Likewise when comparing phalaris with
the Sarlon mesh, Lynch and Alexander (1977) reported that shorn ewes made more use of
phalaris especially at night. They suggested that as well as providing greater shelter from the
wind, the ability of the phalaris to provide increased protection against radiation to the cold
night sky may have been a factor.

Adult sheep in full wool made little use of shelter unless weather conditions were adverse
(Munro 1962; Lynch and Alexander 1976), with newly shorn sheep and lambs more readily
utilising shelter (Lynch and Alexander 1976; Pollard et al. 1999), especially at night (Lynch
and Alexander 1977; Alexander et al. 1979). After observing a flock of Scottish Blackface
ewes for a ten month period Munro (1962) reported that the sheep sought shelter primarily as
protection from the wind and that no consistent differences could be found between rainy and
dry days. However, Pollard et al. (1999) found ewes utilised the shelter more in late evening
or night compared to afternoon, cold weather compared to warm, wet versus dry and windy
versus calm. Both Alexander and Lynch (1976) and Lynch et al. (1980) reported similar
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findings.

Miller (1968) found that lambs made more use of shelter when it was wet

compared to dry, temperatures were low or winds were high.

As many ewes lamb within the flock and the flock then moves away (Arnold and Morgan
1975; Gonyou and Stookey 1983), the provision of shelter may provide visual separation,
even if still close spatially, from the remainder of the flock. This could result in reduced
interference from other ewes, reducing the potential for ewe and lamb separation and
therefore increasing lamb survival, even before considering the influence of shelter on
ameliorating adverse weather conditions. Lynch and Alexander (1976) agreed with this, as
they recorded a decrease in the proportion of unshorn ewes more than two metres from their
lambs in the shelter compared with unsheltered. Ewes lambing in shelter on average spent
longer at the birth site than those lambing in the open resulting in a stronger maternaloffspring bond (Alexander et al. 1983a).

Economics of shelter
The costs of creating shelter belts can be categorised into direct or indirect. Direct costs
include site preparation (ripping, chemicals), trees, fencing and labour. The indirect costs
include loss of available grazing area for both the life of the shelter and any additional area
required for construction and management issues arising from the creation of the shelter (Bird
1991).

As the costs of establishing shelter belts can be substantial, both in direct

establishment costs and production losses, the benefits of the shelter also need to be
quantified (Tisdell 1985; Jones and Sudmeyer 2002). In addition, for properties in some
areas environmental factors may also need to be considered in evaluating the financial
benefits of shelter. The reduction in recharge into the water table (Monjardino et al. 2010)
may not impact on the property itself but in the reduction of salinity in the lower or discharge
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areas of the catchment (Farrington and Salama 1996) as can the reduction in erosion (Tisdell
1985). Therefore with some of benefits occurring off the farm on which the shelter is planted
the complete financial impact of shelter belts is difficult to quantify.

While a detailed financial analysis of shelter on crop production has been completed for
Western Australia (Jones and Sudmeyer 2002), no such analyses have been completed
recently for pasture and livestock production. Analysis of the financial benefits of shelter on
animal production is more complex than for cropping. Changes in pasture production (Lynch
and Donnelly 1980; Cleugh 1998; Bird et al. 2002a; Bird et al. 2002b), animal production
(Black and Bottomley 1980; Charles 1991) and livestock health, including post shearing
(Hutchinson 1968; Bird and Cayley 1991) and lamb mortality (Obst and Ellis 1977;
Alexander et al. 1980; Pollard 2006), may all interact with each other to provide the final
economic value, positive or negative, from the shelter.

A desk top analysis conducted by Brandle et al. (1992) found that when planting shelter belts
that covered 5.5% of the arable area a crop yield increase of as little as 6% on the remaining
arable area would provide a positive return on the investment. The level of yield increase
required to compensate for the establishment cost and loss of area showed little variation
regardless of the crop sown, base yield or price obtained for that crop (Brandle et al. 1992).
This was a better economic return than found earlier in field experiments where a 10% yield
increase was required to obtain a positive return on investment (Brandle et al. 1984).

The planting of shelter belts can result in reduced plant growth close the shelter. Bird et al.
(2002a) recorded a 28% reduction in pasture production in the area less than 1H from two
shelter belt of trees but little effect on beyond this distance. In New Zealand while Radcliffe
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(1985) also reported a decrease (45%) in pasture production near tree shelter belts while
Hawke and Tombleson (1993) reported a 15% increase in pasture yield within 0.7H of the
shelter, even though overall pasture yield in the sheltered area was less than in the
unsheltered. A reduction in pasture yield close to the shelter, combined with the area of land
required for the shelter itself, will result in a significant loss in pasture production over the
whole paddock, although this loss may be offset by increases in early winter pasture growth
and improved animal production (Lynch and Donnelly 1980; Bird et al. 2002b).

McEachern and Sackett (2008) found that the providing shelter for twin bearing lambs was
not economically viable under any of the four scenarios they investigated, however they did
not did not quantify many of the underlying assumptions used in their analysis. Even the
lowest cost option of identifying twin bearing ewes and using existing shelter was less
profitable than using the shelter for mixed litter size mobs as the cost of pregnancy scanning
outweighed the benefit gained. They did state that the other benefits gained from scanning,
such as preferentially feeding twin bearing ewes, may make this option economically viable.

Economically, the provision of shelter may best be regarded as a form of insurance. For crop
production the greatest benefits of shelter were seen in years with extreme wind events
(Sudmeyer et al. 2002). This may also be the case in their ability to reduce lamb mortality;
while they have limited influence in normal conditions, when adverse weather events occur
they may be of great importance. The value of providing shelter is therefore related to the
frequency and magnitude of the adverse weather conditions.
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Scope of the research
While much research has been conducted on the utilisation of shelter by ewes and lambs and
its influence on reducing new born lamb mortality, much of it was conducted 20-30 years ago
and involved monitoring animals with substantial human interaction, which influences
behaviour.

The research undertaken in this PhD utilised remote sensing equipment to

minimise the disturbance to the animals while investigating both the shelter use by ewes and
lambs and the influence of different shelter types on the interactions between animals.
Further desktop investigations were conducted into the effectiveness of shelter at various
locations and its economic viability. Knowledge gained will contribute to existing works
published on the use of shelter to decrease lamb mortality as well as identify future research
needs in this field. A summary of the work undertaken follows.

Influence of shelter type on ewe movement and birth and death sites of lambs
The location of all identified lamb births and deaths and their distance from two types of
shelter (shrub and hessian rows) was recorded for two years. Additionally, a number of ewes
had global positioning system (GPS) collars attached during the lambing period. More ewes
than expected lambed close to the shelter rows in both shelter types, despite ewes appearing
not to have a preference for these regions over the lambing period. Ewes with twin lambs
travelled further and crossed through the hessian shelter rows more than those with single
lambs. This paper has been written for submission to Animal Production Science and is
presented in Section II, Paper A.

Influence of shelter type on ewe and lamb contact
Contact loggers were utilised to determine the influence that both shelter type (shrub and
hessian rows) and litter size had on the level of contact between ewes and their offspring.
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The interactions between non related animals, both ewes and lambs, were also recorded both
before and after lambing. Contact levels between ewes were markedly reduced immediately
after lambing compared to prior to lambing. In hessian shelter contact levels were higher for
ewes and single lambs than ewes with twin lambs, while ewes with twins had higher contact
levels with their lambs when they lambed in shrub rows rather than hessian rows. This paper
was published in Animal and is presented in Section II, Paper B.

Distance between shelter rows and its effect on ewe and lamb contact levels
Contact loggers were used to determine if the distance between hessian rows influenced the
level of contact between ewes and their offspring.

Previous work reported in Paper B

(Broster et al. 2010) found differences in contact levels between the two shelter types. As the
two shelter types were located at different distances apart it could not be determined if the
type of shelter or the distance between the shelter was responsible for this difference. In this
experiment one of the shelter types used previously (hessian) was placed at three different
distances apart. Higher contact levels were experienced with 60 metre spacing between rows
compared to 30 metres and 15 metres was intermediate to both. This paper has been written
for submission to Animal Production Science and is presented in Section II, Paper C.

Calibration of contact loggers
The contact loggers used in Papers B (Broster et al. 2010) and C use an ultra high frequency
(UHF) transceiver to transmit a unique code and receive and log signals from other units
within a specific distance. This distance can vary due to several factors (eg. height above the
ground, orientation of animals). An experiment was conducted to determine this distance for
Merino ewes using the settings to be used throughout the PhD. The findings were presented
as a poster paper at the 29th Conference of the Australian Society of Animal Production held
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in Christchurch, New Zealand (2012) and published in the conference proceedings. The
results are presented in Section II, Paper D. Additionally, as the loggers both transmit and
receive signals, both loggers for a contact record the data for that contact. The data from four
experiments was collated to determine the correlation between the reciprocal collar pairs for
both the number of contacts and duration of contact for four different classes of contacts.
The findings were presented as a poster paper at the 29th Conference of the Australian Society
of Animal Production held in Christchurch, New Zealand (2012) and published in the
conference proceedings. The results are presented in Section II, Paper E. As Papers D and E
were one page conference poster papers a more detailed paper is presented in Section II,
Paper F. This paper has been written for submission to Computers and Electronics in
Agriculture or a similar journal.

Influence of stocking rate on ewe movement and ewe-lamb contact
Contact loggers and GPS collars were used to determine the influence of two stocking rates
on the distance travelled by ewes before and after lambing. As (Robertson et al. 2012) found
a difference in lamb survival between the two stocking rates (see Paper K, section III), this
experiment aimed to identify any underlying reasons for the difference.

At the higher

stocking rate ewes travelled further than at the lower stocking rate but crossed through the
hessian shelter rows less. The stocking rate did not affect contact levels between ewes before
or after lambing but at the higher stocking rate greater contact levels were recorded between
ewes and their offspring.

The findings were presented at the 29th Conference of the

Australian Society of Animal Production held in Christchurch, New Zealand (2012) and
published in Animal Production Science and is presented in Section II, Paper G.
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Evaluating the potential for windspeed reductions to reduce chill index
Historical weather data for six locations across south-eastern Australia were analysed using
the decision support tool GrassGro to determine the likelihood of adverse weather conditions
occurring at these locations between May and October. The effectiveness of reducing wind
speed to reduce the likelihood of high wind chill was also evaluated. It was shown that the
potential for shelter to reduce chill index varies according to both the location and time of
year. This paper was published in Animal Production Science and is presented in Section II,
Paper H.

Economics of shelter
Paper I aimed to build on the findings of Paper H (Broster et al. 2012) by using a net present
value (NPV) approach to determine what increases in production and income were necessary
over the life of the shelter to make the investment in constructing the shelter economically
viable. This paper has been written for submission to Animal Production Science and is
presented in Section II, Paper I.
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Co-authored papers

Influence of shelter on lamb survival
During my PhD candidature I participated in an experiment to determine the influence that
the provision of shelter had on the survival of new born lambs born during winter near
Wagga Wagga, NSW. While this experiment was not part of my PhD per se, I was involved
in the planning, operation and reporting of the experiment and the results are of importance to
the context of my PhD, as the experimental site and the sheep provided the basis for much of
the data collected for my PhD studies. The experiment was a long term trial to evaluate the
efficacy of shelter in reducing the mortality of new born lambs, the paper based on this
experiment was published in Animal Production Science and is presented in Section III,
Paper J.

Influence of stocking rate on lamb survival
This paper followed on from Paper J (Robertson et al. 2011) and investigated the influence
of stocking rate on lamb survival. As with Paper J, I was not the lead author but was
involved in the planning, operation and reporting of the experiment with the data for Paper G
being collected from the animals used in this experiment as the same time. Lamb survival
was lower at the higher stocking rate. During this experiment I used a number of the animals
for my PhD research. The findings were presented at the 29th Conference of the Australian
Society of Animal Production held in Christchurch, New Zealand (2012) and published in
Animal Production Science. The results are presented in Section III, Paper K.
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SECTION II
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PAPER A

Shelter type and birth number influence the birth and death sites of lambs and ewe movement
at lambing

Note: The absence of an unsheltered twin treatment is a limitation in this study but this
treatment was specifically excluded by the funding body due to perceived animal ethics
issues. While there was an unsheltered singles treatment (Paper J) (Robertson et al. 2011) it
is not used in this paper. This was due to the limited number of GPS collars available and the
hypothesis of the experiment was to compare ewe movement between two shelter types and
two litter sizes in a single shelter type not differences between sheltered and unsheltered ewes
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Abstract
A significant number of lambs born each year in Australia die within 72 hours of
birth. Periods of high wind, combined with rain and low temperatures can lead to
marked increases in the mortality level. Under these weather conditions mortality
levels may be reduced with the provision of shelter. However, for shelter to be
effective ewes and lambs need to utilise it in the first few days after the lambs are
born. This study recorded the birth and death sites of lambs as well as using GPS
collars to compare movement of ewes with twin lambs across two shelter types
(hessian and shrubs), whilst also comparing ewes with single and twin lambs in a
single shelter type (hessian). A higher than expected proportion (P<0.001) of ewes
lambed in the areas closest to both shelter types, in the shrub treatment 42% of ewes
lambed within 2.5 metres of the shrub rows which comprised only 11% of paddock
area. Pre-lambing there was no difference between the two treatments in the number
of crossings through the hessian rows but after lambing ewes with twin lambs crossed
through the hessian rows more (P<0.01) compared to both, their pre-lambing
crossings and ewes with single lambs. Twin bearing ewes also covered more
(P<0.001) distance (up to 12.8 km) per day.

Despite the higher than expected

proportion of ewes lambing close to the shelter rows ewes in both twin lamb
treatments avoided the areas close to the shelter and single bearing ewes showed no
preference for or against these areas.

We conclude that despite not spending

additional time near the shelter before and after lambing, a high proportion of ewes do
lamb in this area and a design that reduces the potential for ewe and offspring
separation while providing good shelter will offer the greatest reduction in newborn
twin lamb mortality.
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Introduction
In Australia a significant proportion (11 to 39 %) of newborn lambs die (Knight et al.
1975; Owens et al. 1985) each year with the majority of deaths occurring within the
first 72 hours of birth (Haughey 1991; Miller 1991). Management of ewes and lambs
during this period has a major impact on increasing weaning percentage.

Reducing wind speeds at lamb height by providing shelter belts can reduce lamb
mortality by up to 50 % (Egan et al. 1976; Alexander et al. 1980). To gain the full
benefit from shelter belts they need to be utilised by the ewes and lambs at critical
times such as during periods of high wind chill. Ewes may seek shelter to lamb but
generally this is a result of the animal itself being cold and not as an innate response
to increase the potential for the survival of its offspring (Lynch and Alexander 1976;
Alexander 1988). Other studies have shown that ewes have an increased tendency to
lamb near shelter rows (Alexander et al. 1979; Stevens et al. 1981) but as they also
lambed in greater than expected proportions near unsheltered fences (Alexander et al.
1979) this may simply be the effect of the barrier itself impeding the movement.

Sheltering by ewes has been observed to be minimal before birth, increasing markedly
after birth and then declining gradually as lambs get older with highest shelter use
when lambs are less than three days old (Pollard 1999; Pollard et al. 1999). Ewes
with lambs made more use of shelter than ewes without lambs (Lynch and Alexander
1976), lambs made more use of shelter rows (both natural and artificial) than their
mothers (Lynch and Alexander 1977), possibly reflecting that lambs seek shelter and
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ewes follow (Dwyer 2008). The creation of a ‘maternity ward’ paddock where the
shelter is designed to protect the entire paddock removes the need for ewes or lambs
to actively seek shelter for protection from adverse conditions (Paper J) (Robertson et
al. 2011).

Earlier studies have quantified shelter utilisation by 24 hour observation of lambing
ewes (Welch and Kilgour 1970; Lynch and Alexander 1976; Lynch et al. 1980;
Stevens et al. 1981). While some of these studies recorded the location of the animals
(Lynch and Alexander 1976), their positions were estimated based on visual
observations and as such there was no information on the movement of the ewes.
Animal movement and behaviour may also have been disturbed and altered by
artificial lighting used at night for the observations and human movement in or near
the paddocks during the observation periods.

The objective of the experiment reported in this paper was to determine if ewes
utilised the areas adjacent to shelter more than the rest of the paddock before, during
and after lambing. Additionally it investigated whether shelter type and litter size
influenced the movement and distance travelled by ewes. Global positioning system
(GPS) collars were used to determine the positions of the sheep. Monitoring using
GPS enabled continuous location and movement information to be recorded with
minimal disturbance to the ewes.
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Materials and Methods
Experiment design
An experiment comparing shelter types and litter sizes was conducted between 2007
and 2009 at Ladysmith, NSW, Australia (147o31’E, 35o12’S). The treatments were;
shrub belts with twin bearing ewes (Twin-S), hedgerows with twin bearing ewes
(Twin-H), hedgerows with single bearing ewes (Single-H) and unsheltered with single
bearing ewes (Single-U).

In 2007 the hedgerows were constructed of phalaris

(Phalaris aquatica L.) which was replaced with hessian in 2008 and 2009. The
unsheltered treatment was located to the east of the sheltered treatments in paddocks
with a sub-clover pasture.

All procedures undertaken in this experiment were

approved by the Charles Sturt University Animal Care and Ethics Committee (CSU
ACEC 05/085; 07/150; 08-046; 09/011).

The paddock sizes differed between treatments to ensure the same stocking rate in dry
sheep equivalents (DSEs) for each paddock, with the aim of providing similar
nutrition for the different treatments. If the ewe stocking rates were the same for
singles and twins then the results may have been biased by nutritional influences. The
DSE ratings used in this experiment were estimated based on the feed demand of the
ewes with different birth numbers (1.6 for single and 2.2 for twin bearing ewes). A
comprehensive description of the design of the overall experiment and the
management of the ewes before and during the experiment has previously been
described by Robertson et al. (2011) (Paper J).

All shelters were placed perpendicular to the expected prevailing winds, as well as
along the northern, western and southern sides of all sheltered paddocks (Figure 1).
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Shrubs were planted in an E-shaped design in relevant paddocks with shrub belts 10
m wide and located 50 m apart and fenced to prevent grazing. The distance between
shelter rows was based on 20 times the height of the shelter, using a predicted shrub
height at maturity of 2.5 m. The shrubs were planted in 2005, with some re-planting
in 2006 and 2007 to replace dead plants. In each belt, 3 rows of shrubs were planted
with the central row being taller growing species and the two outer rows being shorter
species.

Phalaris hedgerows were 1m wide and 20m apart and were achieved by allowing rank
growth of an established phalaris pasture and then mowing to leave rows in 2006,
which carried through to 2007. Drought conditions meant the phalaris plants did not
produce seed-heads in 2007, so would not have provided shelter in 2008. Hessian
rows 1 m high were erected for 2008 and 2009 in their stead, attached to wires top and
bottom held by fence posts.

To allow sheep to pass between sections of the paddock the internal shrub row had a
single centrally located three metre wide gap while the internal hessian rows had two
to three metre wide gaps placed every 25-30 metres with a six metre gap at the eastern
end of each row. Both phalaris hedgerows and hessian rows are referred to as
hedgerows in this paper for brevity.
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Figure 1: Experiment layout showing location of the four treatments, heavier lines
denote paddocks in which GPS collars were used. Area with no hedgerow in Twin-H
replicate 2 is a farm dam.

During lambing the ewes were visually inspected each morning to record lamb births.
Inspections commenced the day after they were moved into the paddocks to
acclimatise them to the presence of humans.

For all identified birth sites (identified by the presence of afterbirth (Knight et al.
1989)) and dead lambs the distance from that site to the nearest shelter, or for the
unsheltered treatment the nearest fenceline, was measured. It was assumed that litters
of multiple births all had the same birth site. The birth sites of 224 ewes (30% of all
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ewes – 364 lambs or 31% of lambs born) were recorded over the three years along
with the death sites of 252 lambs (79% of deaths), of which the birth sites of 122 had
also been recorded. Locations were not recorded for ewes (and lambs) that had to be
caught for lambing assistance, lambs missing at marking or those carcasses moved by
predators.

GPS collars
During the 2008 lambing period GPS collars (AgTraX L18 GPS, BlueSky Telemetry;
Aberfeldy, Scotland) were placed on 21 ewes in replicate 1 during two deployments,
11 in the first deployment and 10 in the second (Figure 1). In the first deployment,
collars were placed on four ewes in Single-H and Twin-S and three in Twin-H. In the
second deployment collars were placed on four ewes in Single-H and three in Twin-S
and Twin-H. The GPS collars were configured to record latitude, longitude, satellite
number, time and date at 30 second intervals. The weight of the collars was 850
grams. Ewes that had collars fitted were selected according to foetal age to ensure
they lambed in as short a time span as possible for maximum data collection, the
weight and condition score (Jefferies 1961) of the selected ewes was; Single-H – 63.8
(s.e.m. 2.8) kg and 2.8 (s.e.m. 0.1), Twin-H – 67.1 (s.e.m. 2.6) kg and 2.7 (s.e.m. 0.1),
and Twin-S – 65.9 (s.e.m. 3.2) kg and 2.6 (s.e.m. 0.1).

For the first deployment the collars were fitted on June 20, 2008 in sheep yards
immediately prior to the ewes being introduced to the trial paddocks and commenced
logging positions at 12:00 noon on June 23, 2008. The collars were removed in small
temporary yards in the lambing paddocks from all ewes with lambs greater than three
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days old on July 7, 2008. Two ewes had lambs less than three days old at this time,
one each in Single-H and Twin-H, and these collars were removed on July 9, 2008.

For the second collar deployment on July 11, 2008 the collars were placed on 9 ewes,
which had not lambed, using the temporary yards. These collars commenced logging
at 6:00pm on July 12, 2008, while the tenth collar was attached on July 16, 2008 at
1:00pm to a ewe in Twin-S and commenced logging at 6:00pm that day. All collars
were removed in small temporary yards in the lambing paddocks from ewes on
August 1, 2008. Ewes were removed from lambing paddocks to the temporary yards
for removal or fitting of collars for a maximum of 15 minutes.

Weather
In 2007 and 2008 wind speed and temperature loggers (Tiny Tags, Hastings Data
Loggers, Port Macquarie, NSW, Australia) were placed 30 cm above ground level in
each of the paddocks for the lambing period, recording measurements every 10
minutes. In the shelter treatments, they were placed an equal distance from two
shelter rows, or in the centre of unsheltered paddocks.

In 2009 prior to lambing (June 6 to July 30), nine loggers were placed a paddock with
shrub rows (Twin-S, replicate 1) 2.5H (6.25m), 5.0H (12.5m) and 10.0H (25m) to the
north, east and south of the shrub rows in the northern section of the paddock and
three loggers in a row midway between the western and eastern fences of replicate 2
of Single-U for 55 days. During lambing (August 1 to September 15) loggers were
placed in two paddocks with hessian rows (Single-H, replicate 1 and Twin-H,
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replicate 1), one 2H (2m) and one 10H (10m) from the hessian in each paddock, the
three loggers in Single-U and at 5.0H in Twin-S remained in place.

Data Analysis
The number of recorded birth and death sites within specific distances of the shelter
were calculated for all paddocks, for Single-U the distances used were calculated from
the fencelines. The proportion of each paddock within these distances from the
shelter or fenceline was then calculated. As preliminary data analysis showed no
differences between years the data were pooled for the three years of the study. Chisquare tests were used to compare the observed birth and death sites with the
proportion number expected if the sites were evenly distributed over the paddock. A
similar method was used by Alexander et al. (1979) when comparing observed and
expected lambing sites near shelter rows.

The data from the GPS collars were downloaded after collar removal and the location
data converted from latitude and longitude to UTM co-ordinates using Trimble
Pathfinder Office 2.90 software. As an earlier paper (Paper B) (Broster et al. 2010)
showed minimal contact between ewes after lambing, in these analyses the ewes were
considered as replicates.

For each ewe, four 24 hour periods were selected for

analysis of each collar deployment. Early pre-lambing was five days before the first
collared ewe lambed in each deployment; this was the earliest 24 hour period with full
data for both deployments and provided a baseline for ewe movement comparisons.
Immediately pre-lambing and immediately post-lambing used data that was collected
on the last day prior to the ewe lambing and the first full day after lambing
(commencing between 14 and 38 hours after birth) respectively. Late post-lambing
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was the last full day of collar logging for deployment 1 (July 6 or 8, 2008) or four
days after the last lamb was born for deployment 2 (July 28, 2008).

The amount of time each ewe spent within a distance 2.5 times the height (2.5H) of
the shelter (2.5 m – Single-H and Twin-H, 6.25 m in Twin-S) and 5.0 times the height
(5.0H) of the shelter (5.0 m – Single-H and Twin-H, 12.5 m in Twin-S) was
calculated for each of the four periods using ESRI ArcMap 10 software.

As a

proportion of the total paddock area these areas varied between treatments due to
paddock shape.

For Single-H these areas comprised 25.9% and 51.0% of the

paddock, while for Twin-H they were 24.9% and 48.9% and for Twin-S 29.5% and
56.4% respectively. To determine if the ewes actively sought to spend time in these
areas a preference index (PI) was calculated as proposed by Heady (1964).

PI =

proportion of time spent in area of interest
proportion of area relative to entire area available

(1)

A PI of greater than 1 indicates more time spent in that area relative to the remainder
of the paddock while less than 1 indicates less time. This measurement has been used
when calculating preference indices for diet (Hobbs and Bowden 1982; Ganskopp and
Bohnert 2009) or landscape (Handcock et al. 2009).

The distance travelled by each ewe for each period and the number of times ewes in
Single-H and Twin-H crossed through or around the hessian barriers was also
calculated as this is a potential situation for ewe and lamb separation.
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Movement and shelter crossing data were analysed by Analysis of Variance using
GenStat version 11.1 (VSN International 2012). Due to significant differences in the
parameters measured between animals in the two deployments, the data were blocked
before analysis. Shelter use relative to shelter area (PI) data was analysed using one
sample t-tests for the different treatments and periods. Comparisons in utilisation
between the two distances (2.5H and 5.0H) from the shelter were analysed using two
sample t-tests. A negative t-value indicates avoidance of the area while a positive tvalue indicates preferential selection. The different treatment by period combinations
were not analysed due to low numbers in some of the combinations.

A wind chill reading for each wind speed and temperature data logger reading was
calculated using the formula of Osczevski (1995), which shows the temperature
equivalent without wind (oC). Daily mean and maximum wind speed, minimum and
maximum temperature and minimum wind chill were then calculated for each logger.
Additionally, the daily chill index showing heat loss (kj/m2.h) was calculated using
the formula of Donnelly et al. (1997). Rainfall data for this formula was collected
from a weather station (Vantage Pro2, Davis Instruments, Hayward, CA, USA) from
another trial site 4 km east of this trial area. The data were then analysed using
residual maximum likelihood (REML).

Results
Weather
The provision of shelter did not reduce mean daily wind speed or chill index in 2007
but did reduce the maximum daily wind speed (Twin-S only) and increase minimum
wind chill (Single-H and Twin-S) compared to the unsheltered treatment. In 2008
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shelter did not reduce chill index or minimum wind chill but in some treatments the
mean daily wind speed (Single-H) and maximum daily wind speed (Single-H and
Twin-H) were reduced compared to the unsheltered treatment. For full results see
Robertson et al. (2011) (Paper J).

The maximum daily wind speed was reduced at all distances from the shrubs
(P<0.001) while the mean daily wind speed was reduced at both 2.5H and 10H but not
5H (P<0.01) (Table 1). The shrubs did not influence either minimum or maximum
temperatures during the period the loggers were recording (P>0.05). Compared with
the unsheltered there were differences in wind chill between the three distances from
the shrubs with 5.0H and 10H recording a higher minimum wind chill than the
unsheltered but not 2.5H (P<0.05) and for chill index with 2.5H and 5.0H returning a
lower reading but not 10H (P<0.05). However, there were no differences between the
three distances from the shrubs in either wind chill or chill index (Table 1).

Table 1: Mean daily wind speed (km/h), temperature (oC), wind chill (oC) and chill
index (kj/m2.h) for three different distances from shrubs for 55 days in June and July
2009. Means within a row followed by a different letter are significantly different.

Mean wind speed (km/h)
Maximum wind speed (km/h)
Minimum temperature (oC)
Maximum temperature (oC)
Minimum wind chill (oC)
Chill index (kj/m2.h)

No shelter
2.0c
7.1b
3.2
13.1
2.0a
953b

2.5H
1.3a
5.5a
3.8
13.5
2.7ab
931a

5.0H
1.7bc
6.0a
3.9
13.0
2.8b
938a

10.0H
1.4ab
6.3a
4.0
12.9
2.9b
944ab

Sign.
<0.01
<0.001
ns
ns
<0.05
<0.05

The mean and maximum daily wind speed relative to unsheltered was reduced at all
distances from the shelter (P<0.001) (Table 2). Shelter did not influence maximum
temperatures during the period the loggers were recording (P>0.05) but minimum
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temperatures in the shrubs were lower than in the unsheltered and lower within 2.0H
of the Hessian than 10.0H (P<0.01). Minimum wind chill in the unsheltered and at
2.0H from the Hessian was lower than at 10.0H from the Hessian or 5.0H from the
shrubs (P<0.01) (Table 2). There were differences in chill index between the three
distances relative to the unsheltered but no differences between the three distances
(P<0.001).

Table 2: Mean daily wind speed (km/h), temperature (oC), wind chill (oC) and chill
index (kj/m2.h) for 46 days in August and September 2009. Means within a row
followed by the same letter are not significantly different.

Mean wind speed (km/h)
Maximum wind speed (km/h)
Minimum temperature (oC)
Maximum temperature (oC)
Minimum wind chill (oC)
Chill index (kj/m2.h)

No shelter
1.7c
6.6c
3.1ab
16.2
1.5a
909b

Hessian
2.0H
10.0H
a
0.3
0.5ab
2.1a
2.5a
a
2.7
3.7b
17.0
16.1
1.4a
2.5b
a
872
874a

Shrubs
5.0H
0.8b
4.0b
4.2bc
16.3
2.8b
881a

Sign.
<0.001
<0.001
<0.01
ns
<0.01
<0.001

Lamb birth and death sites
Overall the mean distance of the recorded birth sites from shelter or a fenceline was
5.97 metres (s.e.m. = 0.458) and for the death sites it was 6.38 metres (s.e.m. =
0.519). The provision of shelter, either hedgerows or shrubs, resulted in both birth
and death sites being closer to the shelter rows than to the fenceline in the unsheltered
treatment (both P<0.001) (Figure 2). There were no differences in the mean distance
from a shelter row of both births and deaths between the two hedgerow treatments or
for birth sites between the two treatments with twins (P>0.05) (Figure 2).
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Figure 2: Mean distance from shelter or fencelines of recorded birth and death sites.
Single-U=Unsheltered with single bearing ewes; Single-H=Hedgerows with single
bearing ewes; Twin-H=Hedgerows with twin bearing ewes; Twin-S=shrub belts with
twin bearing ewes. Means within an event with different letters differ at P<0.001 (lsd
birth = 2.69, death = 2.67)

In all shelter treatments a higher proportion of recorded birth and death sites occurred
within 2.5H than expected with an even distribution while for the unsheltered
treatment (Single-U) there was no difference (Figure 3). Between 2.5H and 5.0H the
proportion of recorded birth sites was similar to the expected but at 5.0H to 7.5H a
higher proportion of birth sites occurred in Single-U and a lower proportion in Twin-S
than expected (Figure 3). In Twin-S significantly more births (42% cf. 12%) and
deaths (34% cf. 12%) than was expected occurred within 1H of the shrub row.
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Similar results were recorded for death sites. A higher proportion of death sites were
recorded within 2.5H of shelter in all three sheltered treatments while between 2.5H
and 7.5H a lower proportion of death sites than expected were recorded (Figure 3).
There was no significant difference between observed and expected death sites for
any distance in Single-U (Figure 3).

Shelter use by ewes
Across all periods ewes in all paddocks appeared to avoid the areas closer to the
shelter than midway between shelter rows (2.5H - P<0.001, t=-5.71; 5.0H - P<0.001,
t=-5.37).

The PI exceeded 1.0 on only one occasion each for 2.5H (Twin-H,

immediately post-lambing) and 5.0H (Single-H, early pre-lambing) (Figure 4).

In both twin lamb treatments the ewes appeared to avoid the more sheltered areas
(Twin-H 2.5H - P<0.01, t=-3.44; 5.0H - P<0.001, t=-4.13 and Twin-S 2.5H - P<0.001,
t=-4.98; 5.0H - P<0.001, t=-4.00) however the single bearing ewes showed no
preference either for or against the more sheltered areas (P>0.05). Similarly when
looking at the different periods across the three treatments it appeared the ewes
avoided these areas before lambing (Early - 2.5H - P<0.01, t=-3.79; 5.0H - P<0.05,
t=-2.66 and immediately - 2.5H - P<0.01, t=-3.92; 5.0H - P<0.01, t=-3.82). After
lambing no preference for or against the sheltered areas was found (P>0.05) except
for immediately post-lambing for 5.0H (P<0.05, t=-2.42).
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Figure 3: The proportions of recorded birth (a) and death (b) sites within various
distances of shelter or fenceline (Single-U) relative to the height of the shelter or
fenceline (1.0m – Single-U, Single-H and Twin-H; 2.5m – Twin-S). Horizontal lines
indicate expected proportion for each treatment and distance. Symbols above columns
indicate level of difference from the expected (ns = not significant, * = P<0.05, ** =
P<0.01, *** = P<0.001).
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Figure 4: Preference indices (±s.e.m.) of ewes in the three treatments for 2.5H (top)
and 5.0H (bottom) for the four 24 hour periods before and after lambing (A-early prelambing, B–immediately pre-lambing, C-immediately post-lambing, D-late postlambing)

Distance travelled per day
The mean distance the ewes travelled per day was 9.25 kilometres. For each of the
selected periods the ewes in the Twin-H treatment travelled more than ewes in the
other two treatments (P<0.01). Late post-lambing the average distance travelled by
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ewes in Twin-H was nearly 13 kilometres; 72% more than ewes in Twin-S at the same
time.

Over all treatments the ewes travelled a greater distance after lambing (immediately
and late–post lambing) than before lambing (early and immediately pre-lambing). In
the two Hessian treatments the distance travelled late post-lambing was greater
(P<0.001) than that travelled before lambing while in the shrub treatment it was
similar (Table 3).

Table 3: Distance travelled (m) (S.E.M. in brackets) by ewes for the four 24 hour
periods before and after lambing (A-early pre-lambing, B–immediately pre-lambing,
C-immediately post-lambing, D-late post-lambing)
Period
Treatment
Single-H
(n=8-AB, 5-C, 3-D)

Before Lambing
A
B
12
7777
7928 123
(163)
(236)

After Lambing
C
D
234
9024
9417 45
(582)
(705)

8536 x

Twin-H
(n=6-AB, 5-C, 3-D)

10526 56
(688)

10530 56
(756)

11204 6
(521)

12814 7
(1358)

11268 y

Twin-S
(n=6-A, 5-BC, 4-D)

9117 34
(615)

7187 1
(472)

7997 123
(546)

7466 1
(161)

7942 x

Mean

9117 ab

8549 a

9408 bc

9899 c

Mean

a,b,c

Means within a row with different letters differ at P<0.01 (lsd = 723.3)
Means within a column with different letters differ at P<0.001 (lsd = 626.4)
1,2,3,4,5,6
Means with different numbers differ at P<0.01 (lsd = 1252.8)
x,y

Shelter belt crossings
There was no difference in shelter crossings overall between ewes with single or twin
lambs (P>0.05). After lambing shelter crossings increased compared to immediately
pre-lambing (P<0.001). This was due to the greater increase in shelter crossings by
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ewes with twin lambs with an increase from pre-lambing to immediately post-lambing
and a further increase to late post-lambing (P<0.01) (Table 4).

Table 4: Number of Hessian crossings (S.E.M. in brackets) between ewes for the four
24 hour periods before and after lambing (A-early pre-lambing, B–immediately prelambing, C-immediately post-lambing, D-late post-lambing)

Treatment
Single-H
(n=8-AB, 5-C, 3-D)
Twin-H
(n=6-AB, 5-C, 3-D)
Mean
a,b,c

Period
Before Lambing
A
B
23.9123
23.612
(1.08)
(1.25)
21.41
18.21
(3.64)
(2.77)
22.6ab
20.9a

After Lambing
C
D
24.4123
29.323
(1.91)
(4.98)
30.73
42.14
(3.91)
(8.62)
27.5b
35.7c

Mean
29.3
28.1

Means within a row with different letters differ at P<0.001 (lsd = 5.07)
Means with different numbers differ at P<0.01 (lsd = 7.17)

1,2,3,4

Discussion
A higher than expected proportion of lambs were born in the area less than 2.5H from
the shelter rows, in Twin-S 42% of recorded birth sites were within 1H of shelter
despite this region comprising only 11% of the paddock. This agrees with previous
research (Lynch and Alexander 1976; Alexander et al. 1979) who also recorded
higher than expected proportions of births close to shelter rows. This was not the
result of the shelter rows being an impediment to movement as there was no increase
in lambing sites near the boundary fences in the unsheltered treatment. In a previous
experiment an increase in ewes lambing near the boundary fences has been recorded
(Alexander et al. 1979), however this did not occur in a later experiment at that
location (Stevens et al. 1981).
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Stevens et al. (1981) suggested that the smaller paddock size of the first experiment
(0.4-1.0ha cf. 12ha) may have influenced this trend of lambing near the fences. The
present experiment used paddock sizes (1.0 – 1.3 ha) only slightly larger than used by
Alexander et al. (1979). If the presence of a physical barrier (eg. fence or hessian
row) in small paddocks is the sole reason for the increased proportion of lambs born
near the shelter then this should also occur in the unsheltered treatment. That it
doesn’t is most obvious when comparing the unsheltered paddocks with those with
shrubs (Twin-S). In these paddocks the area within 2.5 metres of a barrier is similar
(Single-U: 11% cf. Twin-S: 12%) but while 11% of recorded births occurred within
this area in Single-U for Twin-S it was 42%.

In the three sheltered treatments between 2.5H and 7.5H there was no difference from
the expected number of births or a reduction (Twin-S 5.0 to 7.5H) (Figure 3). The
reason for this is unknown but it shows that when close to the shelter at lambing ewes
are drawn to the barrier and therefore the better shelter. In addition to reduction in
chill index (Tables 1 and 2) this may also have the added benefits of increasing the
time spent at the birth site (Alexander et al. 1983) through limiting interference from
other ewes (Nowak et al. 2000). Although the wind direction at the time of birth was
not known, wind speed reductions can occur out to 3H on the windward side of
shelter (Breckwoldt 1983; Bird et al. 2007) with the associated reductions in wind
chill. A major side effect of this is that at a critical time in determining lamb survival,
a significant proportion of new born lambs are in the best possible location.

Differences were found for 2.5H, 5.0H and 10.0H from the shrubs in wind speed,
temperature, wind chill or chill index (Table 1). This is despite one or two of the
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replicates being on the windward side at any time. The wind chill recorded 2.0H from
the hessian was lower than recorded 10.0H from the hessian and 5.0H from the shrubs
but similar to the unsheltered area despite the lower wind speeds. This was due to the
lower minimum temperatures recorded at this distance (Table 2).

Chill index

(Donnelly et al. 1997) is the daily heat loss for those conditions while wind chill
(Osczevski 1995) calculates it at a given time. Lower temperatures can therefore
place more stress on new born lambs for short time periods, possibly negating the
benefit of the wind speed reductions by shelter through lower temperatures.

Cold air moves down slopes and warm air moves up and shelter placed across slopes
may limit this movement (Cleugh 2003).

This blocking of cold or warm air

influencing temperature near the shelter rows is less likely to occur in the shrubs.
They provide their shelter by the depth of the belt while the hessian shelter was a
vertical shelter with gaps every 20 metres. The shrubs were less consistent in the
coverage with some gaps and hollows, in many places they had not reached the fence
and have a greater porosity at the edges allowing cold air to permeate into the shrubs.

Both hessian treatments showed an increase in the distance travelled post lambing
(comparing both pre-lambing periods with late post-lambing) while ewes in Twin-S
travelled less late post-lambing than early pre-lambing. The lack of increase pre to
post-lambing for Twin-S, in combination with a reduction in distance travelled from
early to immediately pre-lambing for this treatment suggests ewes had become more
secure in this environment. In contrast, the greater distances travelled by ewes in
Twin-H combined with the increase in distance travelled late post-lambing when
lambs were older and more mobile, suggests ewes may have been less adapted to the
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environment. That there was no increase in the distance travelled by ewes in Twin-S
after lambing (immediately to late post-lambing), while there was for Twin-H,
supports the suggestion by Knight et al. (1989) that the proximity of ewes and their
lambs is determined by visual distance rather than linear distance and the increased
visual distance in Twin-S was important. The increase (although not significant) in
Single-H over the same period also supports this.

The number of shelter crossing were higher after lambing than before for Twin-H
increasing by 69% immediately post-lambing and 131% late post-lambing compared
with immediately pre-lambing. For Single-H the differences were not significant.
While Single-H and Twin-H both recorded an increase of approximately 20% in the
daily travel of ewes from immediately pre-lambing to late post-lambing (when lambs
are more active) it was only for Twin-H that there was an increase in shelter
crossings. Lynch and Alexander (1976) reported that very few ewes and lambs were
found on opposite sides of shelter rows. This suggests the increase in shelter crossing
could have been the result of ewes spending more time searching for twin lambs
which may also account for the lower contact levels between ewes and their offspring
observed in this treatment (Paper B) (Broster et al. 2010).

Ewes in Twin-H travelled further than the other treatments in every period despite
similar pre-lambing shelter crossings to Single-H. Whether this is the result of litter
size, paddock size and characteristics or a combination of these influencing ewe
movements is unclear. Given the difference between Single H and Twin H in distance
travelled was similar before (35% early and 33% immediately pre-lambing) and after
(24% immediately post-lambing and 36% late) lambing, it appears likely that paddock
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characteristics largely influenced the differences in distance travelled in these two
paddocks. The increased nutritional requirements of ewes with twin foetuses or lambs
may result in an increase in the distance travelled compared to single bearing ewes but
does not explain the differences in distance travelled between Twin-H and Twin-S.
To fully investigate the reasons for the differences, single and twin-bearing ewes
would need to lamb in the same paddock.

Our conclusion is that although ewes did not spend additional time close to the shelter
in the day before and after lambing, a higher than expected proportion of them lambed
close to the shelter resulting in high levels of protection in the period immediately
after birth. After lambing, ewes with twin lambs travelled further and crossed the
hessian rows more than ewes with single lambs, while ewes with twin lambs in the
shrub treatment travelled less distance than the ewes in the hessian treatments.
Additionally, even though the shelter was designed to protect the entire paddock a
high proportion of births occurred close to the shelter, the most protected area,
especially in the shrubs with nearly half of recorded births within 1H or 2.5 metres.
As twin lambs are more susceptible to death from SME, when selecting between
shelter designs that provide similar levels of protection from wind and chill, the
shelter design that increases ewe-offspring bonding and reduces the potential for
separation, in this case shrubs, should provide a greater reduction in new born lamb
mortality even under moderate climatic conditions.
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PAPER B

Ewe and lamb contact at lambing is influenced by both shelter type and birth number.

Published in animal 4, 796-803, 2010.

Note: The absence of an unsheltered twin treatment is a limitation in this study but this
treatment was specifically excluded by the funding body due to perceived animal ethics
issues. While there was an unsheltered singles treatment (Paper J) (Robertson et al. 2011) it
is not used in this paper. This was due to the limited number of contact loggers available and
the hypothesis of the experiment was to compare ewe movement between two shelter types
and two litter sizes in a single shelter type not differences between sheltered and unsheltered
ewes
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A significant number of lambs born each year in Australia die within 72 h of birth. Periods of high wind, combined with rain
and low temperatures can lead to marked increases in the mortality level. Under these climatic conditions mortality levels may
be reduced with the provision of shelter. This study used contact loggers to compare interactions between ewes with twin
lambs across two shelter types (Hessian and shrubs), while also comparing ewes with single and twin lambs in a single shelter
type (Hessian). The contact loggers record the time of the initial contact (within approximately 4 to 5 m) between collared
animals and the duration of each contact. Contact levels between ewes immediately after lambing were only 10% of the initial
levels (1 h/day). For single-born lambs, lambs averaged 11 h contact per day with their mother, while for twinborn lambs, each
lamb averaged 9.25 h/day with its mother and 14.7 h/day with its sibling. The level of contact between ewes and each of their
offspring in the Hessian was 24% lower (P , 0.05) for ewes with twin lambs than with singles. For ewes with twin lambs the
level of contact was 17% lower (P , 0.05) in the Hessian shelter compared with shrub shelter. We conclude that shelter type
and birth number can affect the level of contact between ewes and their offspring.
Keywords: sheep, newborn lambs, mother-offspring bond, shelter, contact logger

Implications
The death of newborn lambs is both an economic and
welfare concern for sheep producers. Providing shelter from
adverse weather conditions has been shown to reduce the
level of mortality. This study aims to quantify the impact
that shelter type can have on ewe and lamb bonding which
may also influence mortality levels.
Introduction
In Australia a significant proportion (11% to 39%) of
newborn lambs die (Knight et al., 1975, Owens et al., 1985)
each year with the majority of deaths occurring within the
first 72 h of birth (Haughey, 1991; Miller, 1991). Management of lambs during this period has a major impact on
increasing weaning percentage.
The two major causes of newborn lamb mortality are
dystocia and the starvation–mismothering–exposure complex
-
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(SME) (Plant, 2004). The SME complex is a broad term used
to describe lamb deaths that are attributed to a variety
of causes, however, typically SME results in hypothermia
caused by a failure to feed (Haughey, 1991). SME occurs
more frequently in small lambs, or those from multiple
births (Hight and Jury, 1970; Scales et al., 1986). Lamb
mortality of greater than 70% may occur in periods of high
winds and rain (Obst and Ellis, 1977). Lowering wind
speeds at lamb height by shelterbelts can reduce this by up
to 50% (Egan et al., 1976; Alexander et al., 1980).
While ewes tend to isolate themselves from the main
mob for lambing it is not clear whether this movement is
deliberate or as a result of restlessness due to physical
discomfort (Alexander et al., 1979; Nowak, 1996). The use
of shelterbelts to ‘trap’ these animals may lead to more
lambs being born in shelter and therefore lower neo-natal
mortality. The design of shelter needs to allow full
separation from the main mob, as interest from other ewes
and lambs is a significant cause of lamb separation from
their mother (Alexander et al., 1983). Research has shown
that ewes lambing in shelter spent longer on average at the
birth site than those lambing in the open resulting in
a stronger maternal–offspring bond (Lynch and Alexander,
1976; Alexander et al., 1979 and 1983). The ability of lambs
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to recognise their mother early in life also appears important, as twin lambs that were better able to recognise their
mother when 12 h old had a greater chance of survival
beyond 7 days (Nowak and Lindsay, 1992).
The ability of lambing ewes to isolate themselves from
the flock may be influenced by the type of shelter. As the
area protected by shelter is relative to the height of the
shelter (van Eimern et al., 1964; Cleugh, 1998) a shelter
lower in height (e.g. grass hedgerows) requires more rows
than a taller form (e.g. shrubs) to protect the same area.
Knight et al. (1989) found that when lambing, ewes
favoured sites that were away from the flock but still in
visual contact. With less distance between rows the ability
of ewes to attain greater spatial separation from the
remainder of the flock at lambing while still maintaining
visual contact may be inhibited.
Earlier studies have attempted to quantify shelter utilisation by 24 h observation of the ewes (Welch and Kilgour,
1970; Lynch and Alexander, 1976; Stevens et al., 1981).
While these examined the use of shelter by animals only
Lynch and Alexander (1976) quantified the interaction
between ewes and lambs within the sheltered areas.
However, as assessment of interaction involved disturbance
of the animals, through artificial lighting at night and
human movement in or near the paddocks, behaviour may
have been altered.
This experiment aimed to determine if shelter type
influenced the level of contact between ewes and their
offspring, and if contact between an ewe and their offspring would differ between ewes bearing singles and
twins. Contact loggers were used to quantify the interactions between sheep to minimise the level of disturbance.
Material and methods

Experiment design
Two shelter types and two litter sizes were compared in
an experiment at Ladysmith, NSW, Australia (1478310 E,
358120 S). The treatment combinations were; shrub belts
with twin bearing ewes (Twin-S), Hessian rows with twin
bearing ewes (Twin-H), and Hessian rows with single
bearing ewes (Single-H). The absence of unsheltered
treatments for both singles and twins does limit some of
the conclusions, which could be drawn from the data. All
procedures undertaken in this experiment had been
approved by the Charles Sturt University Animal Care and
Ethics Committee (CSU ACEC 2008-046).
The paddock size ensured the same stocking rate in dry
sheep equivalents (DSEs) for each treatment. The DSE ratings used in this experiment were estimated based on the
feed demand of the ewes with different birth numbers (1.6
for single and 2.2 for twin bearing ewes). Each paddock
contained 23 Merino ewes resulting in a stocking rate of
22.7 ewes/ha in Single-H and 17.1 ewes/ha in both Twin-S
and Twin-H. While the stocking rate varied between birth
types the aim was to provide similar nutritional status for
the different treatments. If the ewe stocking rates were the

same for singles and twins then the results may have been
biased by nutritional influences.
The total feed on offer for the three treatments was
measured before the ewes were put into the paddocks on
17 June 2008 and when the ewes were removed from the
paddocks on 30 July 2008. When entering the paddocks the
total feed on offer was; Single-H 1.87 t/ha, Twin-H 1.54 t/ha
and Twin-S 1.84 t/ha. At the completion of the experiment
total feed on offer was Single-H 1.20 t/ha, Twin-H 1.10 t/ha
and Twin-S 1.19 t/ha.
The ewes were shorn five weeks before the experiment to
encourage them to utilise the shelter (Alexander and Lynch,
1976). The pregnant ewes were placed into the lambing
paddocks 6 days before the first lamb was due to be born.
The mean live weight and condition score (Jefferies, 1961)
of the ewes in each treatment at this time were; Single-H –
64.5 kg and 2.8, Twin-H – 67.4 kg and 2.7, and Twin-S –
67.6 kg and 2.8. Throughout the experiment the ewes were
visually inspected each morning to record lamb births.
Inspections commenced the day after they were moved into
the paddocks to acclimatise them to the presence of humans.
The shrub belts were each 10 m wide and had and average
height of 2.5 m. These were fenced to prevent animal access.
Hessian shelters were 1 m high, being fixed to two lines of
plain wire suspended from posts spaced evenly along each
row. Shelter was placed on the northern, western and
southern boundaries of each paddock. The distance between
parallel shelterbelts was determined by the height of the
shelterbelt and equated to 20 times height spacing. These
distances resulted in the internal shrub rows being 50 m apart
and the Hessian rows being 20 m apart (Figure 1).
To allow sheep to pass from one section of the paddock
to another, gaps were created in the shelterbelts. The
internal shrub row had a single centrally located 3-m wide
gap while the internal Hessian rows had 2 to 3 m gaps

Figure 1 Experiment layout showing location of the three treatments,
dashed lines indicate Hessian hedgerows and thick lines represent shrub
belts. Twin-H, Hessian rows with twin bearing ewes; Twin-S, shrub belts
with twin bearing ewes; Single-H, Hessian rows with single bearing ewes.

77

797

Broster, Dehaan, Swain and Friend
placed every 25 to 30 m with a 6 m gap at the eastern end
of each row. No gaps were placed in any of the boundary
shelterbelts except to enable access between paddocks.

Contact loggers
Contact loggers (SirTrack Ltd., Havelock North, New Zealand)
were placed on a total of 36 ewes during two deployments,
18 per deployment. Ewes were selected according to foetal
age to ensure they lambed in as short a time span as possible
for maximum data collection. When entering the paddocks
the mean live weight and condition score for the selected
ewes was; Single-H – 64.3 kg and 2.8, Twin-H – 70.0 kg and
2.7, and Twin-S – 67.8 kg and 2.7. Loggers were fixed to
leather collars for attaching to ewes (total weight – 425 g)
and synthetic collars for attaching to lambs (total weight –
270 g, between 3.75% and 9% of lamb birth weight). Collars
were attached to the lambs in the afternoon of the day their
birth was recorded with the lambs being between 4- and 28-h
old. After the contact logger collars were attached lambs
were observed for several minutes to confirm their movement
was not impaired.
In each deployment, collars were placed on six ewes per
treatment. For the first deployment the collars were
attached on 20 June 2008 in sheep yards immediately
before the ewes being introduced to the trial paddocks. The
collars were removed in small temporary yards in the
lambing paddocks from all ewes with lambs greater than
3 days old on 7 July 2008. Four ewes had lambs less than
3 days old at this time, two each in Single-H and Twin-H,
and these collars were removed on 9 July 2008.
For the second deployment, on 11 July 2008 the collars
were placed on 18 ewes, which had not lambed, using the
temporary yards. All collars were removed in small temporary yards in the lambing paddocks from ewes and lambs
on 1 August 2008. Ewes and lambs were removed from
lambing paddocks to the temporary yards for removal or
fitting of collars for a maximum of 15 min.
Collars were placed on a total of 56 of the 60 lambs born
to the ewes with collars installed, three lambs were born
dead (Single-H – 2, Twin-H – 1) and one (Twin-S) was
considered too weak to have a collar attached. The lambs
were caught in the lambing paddock, the collar attached,
and on release both the lambs and their mothers were
observed for a period to ensure no adverse effects from
collar attachment. This was gauged by the ability of the
lambs to stand and walk and that the ewes had returned to
their lamb(s). In this study 10 collared lambs, all twins, died.
This was a mortality rate of 21% for the collared twin
lambs, lower than found in other studies involving Merino
ewes (Donnelly, 1984; Kleemann and Walker, 2005) and
similar to the overall mortality of 23% for the twin lamb
treatments, indicating no adverse effects on survival from
collar attachment. An analysis of the effect of the different
treatments on lamb mortality was not undertaken due to
the low numbers of animals with collars attached.
The contact loggers use an ultra high frequency transceiver that transmits a code unique to each logger. They
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receive and log signals from all other contact loggers within
a predetermined distance. For this study, the contact loggers
were set to log all contacts within a maximum range of 4 to
5 m between ewes. This distance cannot be determined
exactly as the radio waves can be reflected, refracted and/
or absorbed by a number of naturally occurring objects
(Mullen et al., 2004). The output from each contact logger
provides a record of the date and time of the commencement of every contact with any of the other contact loggers,
each of which has its own individual identification number,
and the duration of each contact. The data were then
downloaded into a spreadsheet to allow the calculation of
contact levels for given time periods.

Data analysis
Four 24 h periods were selected for analysis of each collar
deployment. Period A was 5 days before the first collared
ewe lambed in each deployment; this was the earliest 24-h
period with full data for both deployments and provided a
baseline for ewe contact comparisons. Periods B and C used
data that were collected on the last day before the ewe
lambed and the first full day post-lambing (commencing
between 14 and 38 h after birth), respectively. Period D was
the last full day of collar logging for deployment 1 (6 or 8
July 2008) or 4 days after the last lamb was born for
deployment 2 (28 July 2008).
The data were placed into five contact classes: ewe–ewe,
ewe–offspring, sibling–sibling, unrelated pairs of ewe–lamb
and lamb–lamb. Data from the contact loggers were analysed to determine the number of meetings and the amount
and proportion of time animals spent with each of the other
collared animals in each treatment.
Ewe–ewe interactions were calculated using the last
collared ewe in each paddock to lamb as the reference
animal. This animal was assumed to still be in contact with
the flock while the other ewes lambed. Studies have shown
that sheep tend to move in flocks (McBride et al., 1967;
Arnold and Pahl, 1974) and become isolated from the main
flock at lambing (Alexander et al., 1979; Nowak, 1996).
As this experiment involves the comparison of single and
twin lamb contact, any ewe combinations not representative
of their treatment birth class at time of analysis were excluded
from the ewe–offspring and sibling analyses for that time only.
This included any ewe and lamb combinations where lambs
had been stolen and/or abandoned by ewes. Two lambs were
defined as stolen or abandoned as contact levels with their
birth mother were less than 40 min/day.
While the memory of some loggers was full before
removal, these collars were still useful as they continued to
transmit their unique identification number and this information formed part of a contact recorded on any other collars
that formed part of a paired contact enabling the reciprocal
data to be used in analyses (Swain and Bishop-Hurley, 2007).
Statistical analyses were carried out by two-way ANOVA
using GenStat version 9.1 (GenStat, 2006). Due to the major
differences in the level of contact between animals in the two
deployments, the data were blocked before analysis.
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between ewes increased between periods C and D, over
the same period, the level of contact between ewes and
their offspring decreased (P , 0.001) (Table 2). The level of
contacts between siblings increased by 24% between periods C and D from 13.14 (s.e.m.: 1.088) to 16.28 h (s.e.m.:
0.691) per day (P , 0.05). Shelter type did not influence the
level of contact between siblings (Table 3).

Results

Ewe–ewe contact
The level of contact between ewes was higher for single
bearing ewes (Single-H) than for the twin bearing ewes
(P , 0.01). There was no significant difference in overall
contact levels between the two shelter types for the twin
bearing ewes (Table 1).
Contact between ewes was higher before lambing than
immediately after lambing (P , 0.001). There was a 35%
decrease in contact for the day before lambing (period B)
compared to period A with a further 84% decrease from
period B to C, resulting in a total reduction in contact
between periods A and C of 90%. After lambing contact
levels increased by over 350% between periods C and D
(Table 1). The mean contact duration between ewes
immediately after lambing was 18% of that immediately
before lambing for both Hessian treatments compared to
10% for the Twin-S (Table 1).

Non-related pairs contact
The mean daily duration of contacts between ewes and
individual non-related collared lambs was less than 1% of
Table 2 Contact duration between ewes and each of their offspring
for the two 24 h periods after lambing
Period, h (s.e.m.)
Treatment
Single-H (n 5 8)
Twin-H (n 5 20-C, 12-D)
Twin-S (n 5 20-C, 12-D)
Mean

Related pairs contact
The level of contact between the ewes and each of their
offspring was higher than that observed between ewes. At the
initial contact measurement period (period A) the mean contact time between ewes was 59.9 min, which was between
9% and 12% of the contact duration between ewes and their
offspring for periods C (11.03 h) and D (8.56 h), respectively.
Contact levels between ewes and their lambs decreased
between periods C and D by 22% (P , 0.001).
For ewes with twin lambs the mean level of contact
between ewes and each of their lambs for periods C and D
was 9.52 h (s.e.m.: 1.25). Shelter type influenced the level
of ewe–offspring contact, with ewes in the Hessian treatment (Twin-H) having 17% less contact with their offspring
than those in the shrub treatment (Twin-S; P , 0.001). In
the treatments with Hessian (Single-H and Twin-H) contact
was 24% lower in the twin lamb treatment. No significant
difference was observed between the Single-H and Twin-S
treatments (Table 2).
The amount of contact between siblings was 55% higher
than between ewes and their twin lambs (Tables 2 and 3).
The difference was greater for the Hessian treatment
compared to the shrubs (80% cf. 44%). While contact

C

D

Mean

12.91 (1.038)
8.65 (1.027)
11.54 (0.842)
11.032

9.14 (1.271)
7.97 (0.655)
8.57 (0.586)
8.561

11.02b
8.31a
10.05b

Single-H 5 Hessian rows with single bearing ewes; Twin-H 5 Hessian rows
with twin bearing ewes; Twin-S 5 shrub belts with twin bearing ewes.
C – 24-h post-lambing and D – minimum 3 days post-lambing.
a,b
Means within a column with different letters differ at P , 0.001 (s.e.d. 5
0.667).
1,2
Means within a row with different numbers differ at P , 0.001 (s.e.d. 5
0.544).

Table 3 Contact duration between siblings for the two 24 h periods
after lambing
Period, h (s.e.m.)
Treatment
Twin-H (n 5 5)
Twin-S (n 5 8)
Mean

C

D

Mean

13.10 (1.888)
13.18 (1.421)
13.141

16.84 (0.778)
15.72 (1.024)
16.282

14.97
14.45

Twin-H 5 Hessian rows with twin bearing ewes; Twin-S 5 shrub belts with
twin bearing ewes.
C – 24-h post-lambing and D – minimum 3 days post-lambing.
1,2
Means within a row with different numbers differ at P , 0.05 (s.e.d. 5
1.101).

Table 1 Contact duration between ewes for the four 24 h periods before and after lambing
Period, min (s.e.m.)
Pre-lambing
Treatment
Single-H (n 5 10-A, 9-B, 7-CD)
Twin-H (n 5 10-ABC, 8-D)
Twin-S (n 5 10-ABC, 6-D)
Mean

Post-lambing

A

B

C

D

Mean

65.4 (14.95)
70.2 (12.47)
44.0 (13.62)
59.93

56.4 (22.58)
27.8 (6.28)
33.3 (9.37)
39.12

11.1 (1.70)
5.2 (2.38)
3.5 (0.97)
6.61

55.4 (12.19)
10.7 (2.45)
4.9 (1.65)
23.72

47.1b
28.5a
21.4a

Single-H 5 Hessian rows with single bearing ewes; Twin-H 5 Hessian rows with twin bearing ewes; Twin-S 5 shrub belts with twin bearing ewes.
A – 5 days before first lamb, B – 24 h pre-lambing, C – 24-h post-lambing and D – minimum 3 days post-lambing.
a,b
Means within a column with different letters differ at P , 0.01 (s.e.d. 5 6.99).
1,2,3
Means within a row with different numbers differ at P , 0.001 (s.e.d. 5 8.08).
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Table 4 Contact duration between ewes and lambs other than their own for three 24 h periods
Period, min (s.e.m.)
Post-lambing

Pre-lambing
Treatment
Single-H (n 5 3-B, 12-CD)
Twin-H (n 5 5-B, 12-CD)
Twin-S (n 5 6-B, 12-CD)
Mean

B

C

D

Mean

4.5 (3.34)
4.8 (3.28)
2.8 (0.85)
4.0a

5.5 (1.53)
4.0 (0.78)
3.0 (0.43)
4.2a

11.6 (1.99)
7.2 (1.77)
7.2 (1.41)
8.7b

7.22
5.41,2
4.31

Single-H 5 Hessian rows with single bearing ewes; Twin-H 5 Hessian rows with twin bearing ewes; Twin-S 5 shrub belts with twin bearing ewes.
B – 24-h pre-lambing, C – 24 h post-lambing and D – minimum 3 days post-lambing.
a,b
Means within a row with different letters differ at P , 0.001 (s.e.d. 5 1.15).
1,2
Means within a column with different numbers differ at P , 0.05 (s.e.d. 5 1.15).

Non-surviving lambs
Ten lambs died while the collars were attached. Nine of
these died within 72 h of birth, the other dying 11 days
after birth. Post mortems conducted showed that all lambs
died of SME. Eight of these lambs were from the Twin-H
treatment and two from the Twin-S treatment. Of the seven
lambs, which had surviving siblings, at period C, two had
more contact with their mother than the surviving sibling
while five had less contact.
Discussion
The results show that both shelter type and litter size
influenced the level of mother and offspring interaction.
Contact between ewes and their offspring was greater for
single lambs than twins for the same shelter type (Hessian).
While for the two twin lamb treatments, the level of contact
between ewes and their offspring was lowest in the Twin-H
treatment. We cannot conclude from our data whether the
Hessian shelter decreased contact levels in the single lambs
to that of twin lambs or whether the shrubs increased
800

Table 5 Contact duration between non-related lambs for the two
24 h periods after lambing
Period, min (s.e.m.)
Treatment
Single-H (n 5 8)
Twin-H (n 5 12)
Twin-S (n 5 18)
Mean

C

D

Mean

4.51 (1.8)
8.81,2 (3.99)
4.41 (0.95)
5.9a

42.44 (10.45)
16.52 (3.30)
29.23 (5.15)
29.4b

23.4y
12.6x
16.8xy

Single-H 5 Hessian rows with single bearing ewes; Twin-H 5 Hessian rows
with twin bearing ewes; Twin-S 5 shrub belts with twin bearing ewes.
C – 24-h post-lambing and D – minimum 3 days post-lambing.
a,b
Means within a row with different letters differ at P , 0.001 (s.e.d. 5 2.77).
x,y
Means within a column with different letters differ at P , 0.01 (s.e.d. 5 3.4).
1,2,3,4
Means with different numbers differ at P , 0.001 (s.e.d. 5 4.81).

5.9 min
400

300
% change

that between ewes and their offspring (5.7 min cf. 10.19 h).
Mean daily contact between unrelated lambs (16.5 min)
was also less than that recorded for siblings (14.6 h).
Overall contact levels were higher at period D compared
to periods B and C (P , 0.001). There was no difference
between the two Hessian treatments or the two twin lamb
treatments but overall contact was higher for the Single-H
treatment when compared to the Twin-S treatment
(P , 0.05) (Table 4).
In addition, as was found for the level of contact
between ewes and unrelated collared lambs, overall contact
between unrelated lambs was higher for period D than
period C (P , 0.001). There were no differences between
the three treatments in the level of contact at period C but
at period D all treatments had different levels of contact
with the Single-H treatment the highest and Twin-H the
lowest (P , 0.001) (Table 5).
Contact between siblings increased by 22% over this
time while the increases for non-related ewes and lambs
were 120% and 420%, respectively (Figure 2).

6.3 min
200
4.0 min
100
13.1 hrs
0
11.9 hrs
–100
Ewe-ewe

Ewe-offspring Sibling

Ewe-lamb Lamb-lamb

Class of contact

Figure 2 Changes in contact levels for period D as a percentage of
period C for the five analysis groups (numbers on columns indicate level
of contact at period C).

contact levels in twin lambs to the level of single lambs and
their mothers.
The reduction in contact levels among ewes as they
approached lambing indicates that separation from the flock
occurred at least 24 h before lambing. This separation may
represent the onset of physiological changes associated with
parturition (Welch and Kilgour, 1970; Nowak et al., 2000).
There was a further decrease in contact immediately after
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lambing suggesting that ewes are seeking isolation from the
remainder of the flock at this time. While the ewe stocking
rate in the single-H treatment was 35% higher than the two
twin treatments, at no time did the differences in ewe contact
reflect this. For period A contact was 7% lower than Twin-H,
for period B it was 100% higher, for period C it was 95%
higher and for period D it was 300% higher (Table 1).
Knight et al. (1989) found that when lambing, ewes
favoured sites that were away from the flock but still in
visual contact. In this experiment the shelter design in the
Hessian treatments may have limited the ability of some
ewes to spatially separate themselves greatly from the
remainder of the flock when lambing as indicated by the
higher ewe contacts in the Hessian treatments compared
with the shrub treatment. Conversely as the shrubs are a
more substantial barrier with only the single crossing point
this may increase the ability of ewes to attain separation
from the flock. Further study is required to determine which
of these is the case.
This reduction in contact with the other members of the
flock both before and after lambing has also been observed
in wild sheep. Studies of wild mouflon sheep in Germany
found that the ewes withdrew from the flock, both spatially
and socially, for about 14 days. This time was divided
approximately one-third pre-lambing and two-third postlambing. It was presumed that the period of isolation
assisted in the establishment of the mother–offspring bond
(Langbein et al., 1998).
Dwyer and Lawrence (1999) found that in a smaller
paddock the distance between ewes decreased. In this
experiment the level of contact between ewes with twin
lambs was 60% higher, although not statistically significant,
in the Hessian treatment compared to the shrubs before
lambing (period A) (Table 1). Although the paddocks were
the same size the reduced distance between the Hessian
rows may promote the impression of smaller paddock size.
The similarity in contact levels after this period suggest that
the impending lambing or the presence of a lamb may reduce
the effect of environment on ewe–ewe contact levels.
The level of contact recorded between ewes and their
lambs in this study was much higher than Swain and
Bishop-Hurley (2007) found in cattle when also using contact loggers. They found for cows and their calves (between
1 and 14 days old) the overall mean level of contact was
1.03 h/day. This compared to 10.26 h/day of contact
between ewes and their lambs in this study. In fact 23%
of cows spent less than 10 min/day with their calves while
in this study the minimum daily contact between an ewe
and their lamb was 3.72 h. While ewes also spent more
time in contact with non-related lambs (mean 381 s/day)
than cows (mean 232 s/day) the difference was not as
pronounced.
Difference between the sheep used in this study, and the
cattle studied by Swain and Bishop-Hurley (2007) may
represent the difference between these two species in their
spatial association with their offspring; sheep are considered ‘followers’ where the newborn follows the mother

closely as she grazes (Alexander, 1988), while cattle can be
either ‘hiders’ or ‘followers’ depending upon the interaction
of innate and environmental traits (Wood-Gush et al., 1984;
Lidfors and Jensen, 1988). While some differences in the
transmission and receiving ability of the contact loggers
were expected due the different body sizes of the species
studied this would not account for the substantial differences between the studies. The level of ewe and lamb
contact is below that stated by Hinch et al. (1987) who
found that ewes and their lambs were closely associated
(mean distance 1 m) for 75% of the time, however, these
data were collected by daytime visual observations only.
Lynch and Alexander (1976) also found higher levels of
contact in the first 24 h after birth than in this experiment
with ewes and lambs being within 2 m of each other more
than 90% of the time. However, they state that some disturbance of animals occurred when the observers entered
the paddocks at every hour. What is unknown in those
experiments is how the visual presence of an observer, even
when outside the paddocks, has influenced contact
between ewes and their offspring. Does the ewe deem the
observer to be a potential threat and therefore become
more attentive? The use of contact loggers to collect data
overcomes this problem and therefore provides a continuous
and more realistic study of ewe and lamb contact levels.
This experiment has shown that contact between ewes
and their lamb(s) decreases over a short time period
(Table 2). As all of the lambs in this experiment were
between 14 and 38 h old when the level of ewe and lamb
contact was first analysed (period C); it could be expected
that the number of contacts would be lower than that
found by Lynch and Alexander (1976). Morgan and Arnold
(1974) also found that the average distance between ewes
and their lamb(s) increased as lambs got older. They recorded
that when ewes and lambs were some distance apart this
tended to be during periods of time when the ewes were
grazing and the lambs were more likely to be lying or playing.
In this study, as lambs grew older the time spent with their
mother decreased and the time spent with both siblings and
other non-related ewes and lambs increased. The decrease in
time spent with their mother was similar to the level of
increase in time spent with their siblings. Over the same time
period the increase in contact with non-related animals,
although lower in actual time, as a proportion of contact
immediately after birth, was much higher (Figure 2). For both
non-related ewes and lambs the level of increase was
greatest in the Single-H treatment (Table 5) possibly showing
the effect of the increased stocking rate had on the level
of contact between animals. Although there were major
increases in the level of contact between non-related animals
over time, at the final analysis time there were more lambs
with collars present in each paddock and therefore higher
levels of incidental contact could have occurred.
In cattle, Wood-Gush et al. (1984) found that calves
tended to interact with each other from an early age, and
this interaction increased over time. The large amount of
time spent with siblings has been noted in both sheep and
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cattle with twins in both species staying together when
grazing or resting (Ewbank, 1967; Shillito-Walser et al.,
1981). While the increase in contact levels between nonrelated lambs increased between the two recording periods,
it still averaged only 30 min per day at period D. Morgan
and Arnold (1974) observed that it was not until day 29
that peer groups of lambs separate from ewes. Peer groups
were observed playing together later in our experiment
(J. Broster, personal observation) and it may be in a ‘follower’
species like sheep these groups take longer to form than in a
‘hider’ species like cattle (Lent, 1974).
The reduction in maternal contact was lowest in the Twin-S
treatment suggesting this design led to less separation of
lambs from their mothers as they became more independent.
The increased visual distance in the shrub treatment (50 m cf.
20 m) could mean that as the ewe was grazing it was more
often in sight of the lamb and when the distance was perceived as too great by either the ewe or lamb they moved to
reunite, or alternatively, the higher amount of shelter interface
per hectare within the Hessian treatments resulted in lambs
resting adjacent to the shelter and feeling more protected
both visually and climatically and only seeking out their
mother when hungry or startled.
We conclude that shelter design influences the level of
contact between ewes and their twin lambs and that under
the same shelter design and DSE/ha, ewes with single
lambs had greater contact with their offspring than ewes
with twin lambs. As twin lambs are more susceptible to
death from SME, when selecting between shelter designs
that provide similar levels of protection from wind, the
shelter design that maximises ewe and offspring contact
and therefore bonding should provide the greatest reduction in newborn lamb mortality.
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Abstract
The effective area in which wind speed is reduced by shelter belts is mainly dependent on
shelter height. To provide a similar level of shelter for a given area, shorter windbreaks need
to be closer together than taller windbreaks. The distance between these belts has the
potential to influence sheep behaviour and therefore lamb survival.

This study used

proximity loggers on 36 ewes and their lambs to investigate the interaction between ewes and
new born lambs for the first four days after birth when zero, one or three internal rows of
hessian were placed in small (0.24ha) replicated plots. The experiment was located within a
relatively sheltered paddock, so the rows were not designed to provide shelter but to
investigate how the interactions between animals would be affected by different distances
between shelter rows due to their impact as a movement and vision barrier. Average duration
of contact between ewes and their lambs was greater (P<0.01) with zero internal rows (15.1
hrs/day) compared to one internal row (12.7 hrs/day); the treatment with three internal rows
was intermediate to both other treatments (14.0 hrs/day). By the fourth day after lambing,
contact levels between ewes and their offspring were approximately 15% lower (P<0.01) than
during the first two days. Contact levels between ewes before lambing or between unrelated
ewe-lamb or lamb-lamb pairs were not influenced by shelter distance (P>0.05). Ewes and
their lambs showed higher than average contact levels during the night and dawn periods
(P<0.001), while ewes had greater contact with other ewes during the day and dusk periods
(P<0.001). We conclude that, for the same shelter type, different distances between shelter
rows can affect the level of contact between ewes and their offspring.

Additional keywords: newborn lambs, mother-offspring bond, shelter, proximity logger
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Introduction
The survival of lambs is influenced by the physical environment during the first few days
after birth (Pollard 2006). The moderation of environmental factors such as temperature and
wind speed to create a more benign environment for the new born lamb, can increase survival
(Pollard 2006). The energy expenditure of animals increases under cold conditions. The
lower critical temperature is the temperature below which animals must increase heat
production to maintain body temperature (Alexander 1961). For a new born lamb this lower
critical temperature is approximately 29oC (Alexander 1961; Freer et al. 2007). Below 29oC
lambs can maintain their body temperature for a few hours by increasing their heat
production to approximately five times the base level (Alexander 1962; Freer et al. 2007).
Increased wind speed raises the lower critical temperature for an animal, which also increases
the risk of hypothermia and death (Bird et al. 1984; Gregory 1995).

The horizontal distance in which wind speed is reduced by a shelter belt is proportional to its
height (van Eimern et al. 1964; Bird et al. 1992; Cleugh 1998) with the maximum protection
occurring at approximately six times the height of the trees (6H) and reductions of up to 50%
still present at 12H (Bird et al. 1992). Shelter rows that are shorter (eg. phalaris hedgerows
or hessian) therefore need to be placed closer together than taller shelter rows of trees or
shrubs.

Previous experiments using different forms of shelter (cypress, acacia, phalaris or hessian)
observed increased lamb survival compared with unsheltered ewes (Paper K) (Egan et al.
1972; Alexander et al. 1980; Robertson et al. 2011). Several reports noted that lambs were
more likely to utilise the shelter than their mothers (Lynch and Alexander 1977; Alexander et
al. 1979). However, only Lynch and Alexander (1977) observed changes in ewe and lamb
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interactions and they reported that there was little evidence of mis-mothering despite the
increased concentration of ewes and lambs near the shelter.

In a recent study (Paper B), Broster et al. (2010) compared close proximity encounters of
ewes with twin lambs in two types of shelter belts (one metre high hessian 20 metres apart
and 2.5 metre tall shrubs 50 metres apart). There was less close (4 metres or less) contact
time between ewes and their twin lambs in the hessian treatment (8.31 hrs day-1) compared
with the shrubs (10.05 hrs day-1). The study by Broster et al. (2010) was not able to report
whether the difference in close contact was due to the different shelter type or the different
distances between the rows. The objective of the present experiment was to determine if
decreases in distance between shelter belts of the same construction resulted in decreased
contact levels between ewes and their lambs, and if contact levels differed between familiar
and unfamiliar ewes.

It was hypothesised that contact would increase with decreasing

distance between shelter rows, and contact levels would be higher between familiar ewes
compared with unfamiliar ewes.

Materials and Methods
Experimental design
The experiment was located on the Charles Sturt University (CSU) farm (35o03’S, 147o20’E)
at Wagga Wagga, in a 2.8 ha paddock sheltered on all sides by two rows of trees 5-6m high
and single storey buildings to the east and west. The location was selected to minimise the
differences between the different treatments in wind reduction. Weather data from a nearby
location is shown in Appendix 1.
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The design comprised three treatments, replicated three times: zero internal rows (60 metre
spacing), one internal row (30 metre spacing) and three internal rows (15 metre spacing)
(Figure 1). To create the internal rows, one metre high hessian was attached to lengths of
plain wire, top and bottom, supported by steel posts. These rows were not designed to
provide shelter for the entire paddock but rather to test the effect different spacings may have
on interactions between animals by impacting upon both animal movement and visual
distances.

Each paddock was 60 metres by 40 metres (0.24 ha). The shape of the paddocks was the
same for all treatments, as was the distance between the gaps in the hessian rows (14 metres
or 6 metres) and the size of the gaps (2 metres) (Figure 1). All common fences between the
paddocks also had hessian placed on them to limit interaction between animals in the
different paddocks, hessian was not placed on the western fences of replicates 1 and 2 or the
eastern fence of replicate 1. There was a gap of 17 metres between replicates 1 and 2 and a
10 metre gap between the trial paddocks and the western and northern fences of the overall
paddock (Figure 1).
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Figure 1: Paddock layout of the three shelter treatments (zero, one and three internal rows) in
three replicates. Each treatment paddock is 60 m (N-S) x 40 m (E-W).

Animals
All procedures undertaken in this experiment approved by the Charles Sturt University
Animal Care and Ethics Committee (CSU ACEC 2010-005).
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Each paddock contained four ewes bearing single lambs, equating to a stocking rate of 16.7
ewes ha-1. In January 2010, the mating of 88 Merino ewes at CSU was synchronised using
Controlled Internal Release Devices (EAZI-BREED (CIDR); 0.3 g progesterone, Pharmacia
and UpJohn Pty Ltd, Rydalmere, NSW, Australia). At CIDR removal each ewe was injected
with 400iu of pregnant mare serum gonadotrophin (Pregnecol™, Bioniche Animal Health
(A/Asia) Pty. Ltd, Armidale, NSW, Australia) after which they were mated to Merino rams.
The ewes were scanned for pregnancy using trans-abdominal B-mode ultrasonography on
April 13 with foetal number and age estimated. All single bearing ewes estimated to lamb on
July 9 were selected for the experiment, providing 17 of the 36 ewes required for the
experiment.

The remaining 19 ewes were sourced from a flock near Ladysmith (35o13’ S, 147o37’ E) east
of Wagga Wagga, New South Wales. These Merino ewes were not synchronised and were
mated to Composite rams (Poll Dorset x White Suffolk) between January 29 and February
26, 2010 and scanned for pregnancy to determine foetal number and age on April 22. Ewes
bearing single lambs and expected to lamb between June 28 and July 19 were selected for the
experiment.

The ewes were randomly allocated to one of three replicates for the treatments. As the ewes
were sourced from two locations with different mating regimes allocation took place after
stratification on either; liveweight and condition score (CSU ewes) or estimated lamb birth
date (Ladysmith ewes). All but one of the paddocks contained two ewes from each source
(CSU and Ladysmith). The other paddock, selected randomly, contained one CSU and three
Ladysmith ewes.
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Collar allocation
Proximity loggers (SirTrack Ltd., Havelock North, New Zealand) were attached to all 36
ewes before the ewes were placed in the paddocks on June 26, 2010. Loggers were fixed to
leather collars for attaching to ewes (total weight 425 grams) and synthetic collars for
attaching to lambs (total weight 270 grams, between 3.75 % and 9 % of lamb birth weight).
The ewes were inspected from outside of the paddocks several times per day and proximity
loggers placed on new born lambs within a day of birth. The first ewe lambed on June 29 and
the last on July 13, with 30 of the 35 ewes lambing between July 1 and 8. After the proximity
logger collars were attached, lambs were observed for several minutes to confirm their
movement was not impaired. Researchers only entered the paddocks to attach collars to the
lambs and to assist one ewe having difficulty lambing. Collars were removed from all
animals on July 16.

The proximity loggers use an ultra high frequency (UHF) transceiver that transmits a code
unique to each logger. They receive and log signals from all other proximity loggers within a
predetermined distance. For this study the proximity loggers were set to log all contacts
within a maximum range of four to five metres between ewes (Paper D) (Broster et al.
2012b). This distance cannot be determined exactly as the radio waves can be reflected,
refracted and/or absorbed by a number of naturally occurring objects (Mullen et al. 2004) and
will differ for lambs as they are smaller and the antenna will be closer to the ground but have
less body mass to interfere with the signal. The output from each proximity logger provided
a record of the date and time of the commencement of every contact with any of the other
proximity loggers, each of which has its own individual identification number, and the
duration of each contact. The data were then downloaded into a spreadsheet to allow the
calculation of contact levels for given time periods.
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Data analysis
The data were allocated into four contact classes, ewe-ewe, ewe-offspring and unrelated pairs
of ewe-lamb and lamb-lamb. Data from the proximity loggers were analysed to determine
the number of meetings and the amount and proportion of time animals spent with each of the
other collared animals in each treatment. Loggers that reached their full memory capacity
before removal continued to transmit their unique identification number and this information
formed part of a contact recorded on any other collar that formed part of a paired contact
enabling the reciprocal data to be used in analyses (Paper E) (Swain and Bishop-Hurley 2007;
Broster et al. 2012c).

Contact between ewes before lambing, the first four full days after the ewes entered the
paddocks (June 27 to 30) was used to provide ewe-ewe interaction data.

Ewe-ewe

interactions were calculated for each animal using the mean of its contact with the three other
ewes in that paddock, and then the contacts for all four ewes in a paddock were averaged to
give a value for that paddock. One ewe collar in the zero internal rows treatment was faulty
so the value for that paddock was the mean of three ewes. It was not possible to record eweewe contacts after lambing as the memory for most of the loggers was full when the ewes
lambed.

Comparing ewe-ewe contact levels within and between the two sources of ewes (CSU and
Ladysmith) also used the first four full days after collar attachment (June 27 to 30). The
contact time for each ewe with each of the three other ewes was calculated and then assigned
to the appropriate contact class (CSU-CSU, Ladysmith-Ladysmith or CSU-Ladysmith).
Two of the three zero internal row plots differed from the other paddocks, one with a faulty
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collar (Ladysmith ewe) and the other contained one CSU and three Ladysmith ewes. For this
reason the contact measurements for each animal were considered separately resulting in 64
CSU-CSU, 80 Ladysmith-Ladysmith and 264 CSU-Ladysmith contact measurements.

Interactions between ewes and their offspring (related pairs) were calculated using the first
four full days after collar attachment for each lamb, with day 0 being the day the birth was
recorded and day 1 the first full day after proximity logger attachment. Ewe-offspring data
was available for 32 combinations with data for four ewes being removed; lambs for two
ewes were born dead (zero internal rows, one internal row), one ewe (zero internal rows) did
not lamb during the experiment and one faulty ewe collar (zero internal rows). Contact for
unrelated pairs of ewe-lamb and lamb-lamb, for each lamb were calculated using the first
four full days after collar attachment using the mean of its contact with the three non related
animals (ewes or lambs) in that paddock and then the contacts for all lambs in a paddock
were averaged to give a value for that paddock. All interactions involving ewes and lambs,
whether related or unrelated, used data from the lamb collar only, as the memory of ewe
collars was full by lambing.

The four days after collar attachment to lambs were split into four periods of dawn (0600 h to
0800 h), day (0800 h to 1600 h), dusk (1600 h to 1800 h) and night (1800 h to 0600 h). The
times of sunrise and sunset were determined for the trial location and time using the United
States Naval Observatory website (United States Naval Observatory 2012) whilst allowing
sufficient buffer before and after the time of sunrise and sunset so that dawn and dusk could
be considered as the transition periods and for day and night the conditions are consistently
different across the entire period. The proportional time each pair spent together for each
period on each of the four days was compared to the proportion of time spent together for that
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day. A number greater than 1 indicated more contact for that period compared to the daily
proportion while a number less than 1 indicated less contact. This is a similar concept to that
used when calculating preference indices for diet (Hobbs and Bowden 1982) or landscape
(Handcock et al. 2009).

Statistical analyses were carried out by two way Analysis of Variance using GenStat version
9.1 (VSN International 2012). Comparison between the two ewe lines (CSU and Ladysmith)
for contact levels between the ewes was analysed using an unbalanced ANOVA, and between
the ewes and their offspring was analysed using t-tests.

Results
Ewe-ewe contact
Overall daily contact between ewes averaged 4.36 hours (s.e.m. 0.345) for the first four days
after they entered the paddocks, with no significant difference between treatments (P>0.05)
or over the four days analysed (range: 4.21 to 4.78 hours) (P>0.05). No analysis of ewe-ewe
contact after lambing was possible as the memory for the majority of loggers was filled
before lambing.

There was, however, a difference in contact levels between the different ewe lines (P<0.001,
lsd = 0.7983). Contact between the CSU ewes averaged 7.29 hours per day (s.e.m. 0.369) for
the first four days after entering the paddocks, between Ladysmith ewes 5.03 hours (s.e.m.
0.299) while contact between CSU and Ladysmith ewes was lowest at 3.66 hours per day
(s.e.m. 0.174). The differences between the three ewe contact lines were influenced by the
treatment (P<0.001, lsd = 1.372) with the greatest difference in the three internal rows
treatment and the least in the zero internal rows treatment (Figure 2). As the number of
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internal rows decreased contact levels within ewe lines decreased while contact between ewe
lines increased.

10
CSU-CSU

Hours / day

8

L-L
CSU-L

lsd (0.05)

6

4

2

0
0 rows

1 row

3 rows

Treatment (m)

Figure 2: Effect of ewe line (CSU and Ladysmith (L)) and number of internal rows (zero, one
or three) on the mean daily duration of ewe-ewe contact (hours per day) over four days prior
to lambing. Bars indicate lsd (1.372)

Related pairs (Ewe-offspring)
There were no differences (P>0.05) between the two ewe lines in the duration of eweoffspring contact on any of the four days analysed, with mean daily contact between ewes
and their lambs being 13.94 hours (s.e.m. 0.321). The level of ewe-offspring contact differed
(P<0.01, lsd = 1.31) between treatments with the one internal row treatment (12.73 hrs/day;
s.e.m. 0.45) having lower contact levels than the zero internal rows treatment (15.11 hrs/day;
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s.e.m. 0.53), while the three internal rows treatment did not differ significantly from either of
the other two treatments (13.98 hrs/day; s.e.m. 0.49) (Table 1). Contact levels between ewes
and offspring were similar for the first three days after lambing (14.93, 14.6 and 13.86 hours
respectively) but reduced significantly (P<0.01, lsd = 1.513) on the fourth day (12.36 hours).

Table 1: Duration of contact (hours) (s.e.m. in brackets) between ewes and their lambs for the
first four days after lambing
Day 1
Day 2
Day 3
Day 4
16.34
15.66
15.40
13.04
(1.02)
(0.20)
(0.29)
(1.02)
One row
13.54
13.48
12.60
11.30
(0.44)
(0.75)
(1.04)
(0.99)
Three rows
14.93
14.66
13.57
12.75
(1.33)
(1.12)
(0.24)
(1.25)
b
b
b
Mean
14.93
14.60
13.86
12.36 a
a,b
Means within a row with different letters differ at P<0.01 (lsd =1.513)
x,y
Means within a column with different letters differ at P<0.01 (lsd = 1.31)
Zero rows

Mean
15.11 y
12.73 x
13.98 xy

Unrelated pairs
The mean daily duration of unrelated ewe-lamb contact was 89.3 minutes (s.e.m. 8.15),
approximately 10% of that of ewe-offspring contact. There were no significant differences
(P>0.05) between treatments. Mean daily unrelated lamb-lamb contact was 129 minutes
(s.e.m. 14.4), and although not significantly different (P=0.054), contact levels for the three
internal rows treatment (78 minutes, s.e.m. 14.9) were half that of the one internal row (152,
s.e.m. 26.5) and zero internal rows (158 minutes, s.e.m. 26.1) treatments. While contact
levels between unrelated animals increased by 33% (ewe-lamb) and 40% (lamb-lamb) from
day 1 to day 4, these differences were not significant (P>0.05). All treatments had a large
range in daily contact levels between non related lambs ranging from 20 to 351 minutes.
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Timing of contact
Only non related ewes and lambs showed no significant differences (P=0.08) between time
periods in the proportion of contact. Contact levels between ewes and their offspring were
highest during the night and dawn periods, while for the other classes contact was lower at
this time and highest during the day or at dusk (Figure 3). While contact levels between ewes
and their offspring were highest during the night and dawn periods for all treatments, ewes
and their offspring in the zero internal rows treatment had a significantly higher proportion of
contact at dawn than the three internal rows treatment (Table 2).

Table 2: Effect of shelter distance and time of day on the duration of contact per hour for
ewes and their offspring relative to their overall mean contact level (>1 = more contact, <1 =
less contact)
Treatment
Dawn
Day
Dusk
Zero rows
1.158 e
0.807 a
0.854 ab
cde
a
One row
1.049
0.820
0.960 bc
Three rows
1.025 cd
0.890 ab
0.913 ab
a,b
Means with different letters differ at P<0.001 (lsd = 0.1087)

Night
1.075 de
1.131 de
1.097 de
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2.0

Contact proportion

1.5

Dawn (lsd = 0.0627)
Day (lsd = 0.2252)
Dusk (ns)
Night (lsd = 0.2437)

1.0

0.5

0.0
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Ewe-lamb
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Figure 3: Effect of time of day on the duration of contact per hour for the four contact classes
relative to their overall mean contact proportion (>1 = more contact, <1 = less contact). Eweoffspring, ewe-ewe and lamb-lamb differences significant at P<0.001; ewe-lamb not
significant at P>0.05. Bars indicate lsd (Ewe-offspring - 0.0627, ewe-ewe – 0.2252 and
lamb-lamb – 0.2437)

Discussion
The purpose of the hessian rows in this experiment was not to provide shelter (as the site was
already well sheltered) but to represent the barrier to movement and reduction in the field of
view that can occur when providing shelter. As such, while the different treatments may
have provided some small differences in shelter from winds, we consider treatment effects
observed in this experiment to be primarily a result of the different shelter spacing affecting
perceived space allowance.
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Our hypothesis that contact levels between related ewes and lambs would decrease with
increasing number of rows or decreasing distances between rows (of shelter) is partially
supported by the data. Contrary to expectation, contact duration in the three internal rows
treatment was not significantly lower than either the one or zero internal rows treatments.
However, the greater contact levels between ewes and their offspring in the zero internal row
treatment compared with the one internal row treatment demonstrates that row spacing can
impact on ewe-lamb contact. Previous work also observed that the duration of ewe-offspring
contacts were greater when rows were 50 metres apart compared to 20 metres apart, although
the materials used in the experiment were different and the authors could not conclude
whether it was the spacing or the materials used to create the rows that resulted in the
different contact levels (Paper B) (Broster et al. 2010).

In both this and previous experiments (Papers B, G, J & K) (Broster et al. 2010; Robertson et
al. 2011; Broster et al. 2012a; Robertson et al. 2012) which used hessian, lambs have often
been observed sitting against or near the hessian rows whilst their mothers grazed. This
could result in the distance between ewes and their lambs being greater than that a proximity
logger records as contact even though both animals are content with this distance. Therefore,
in the one internal row treatment, the lambs were able to sit adjacent to an internal hessian
row, and while ewes moved to graze, they were able to maintain visual contact with their
lamb, but beyond the range at which the proximity loggers record a contact (Paper D)
(Broster et al. 2012b). As the distance between the animals increased one of the pair may
become uncomfortable with this increased distance so they re-established close contact with
the other animal. Sheep are considered ‘followers’ where the newborn follows the mother as
she grazes (Lent 1974). The absence of internal hessian rows in the zero internal rows
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treatment may have resulted in lambs spending more time closely following their mothers as
their need for contact could not be satisfied when resting on the hessian boundaries.
However contact loggers only record the amount of contact not the underlying reason for the
contact, for this observational data is required. While observations may have provided
information with regards to the reasons for the differences in contact levels observed between
the different shelter distances the presence of observers could have influenced the behaviour
of the animals.

With the closer rows in the three internal rows treatment, to maintain visual contact with their
lamb the ewes may have grazed nearer the hessian where their lamb was sitting, or if ewes
crossed through the next hessian row, the lambs may have moved to regain physical and
visual contact with their mother before resting on the hessian rows again. These movements
may have resulted in the contact levels in the three internal rows treatment being higher than
expected. Alternatively, the three internal rows treatment created a physical environment that
resulted in the ewes and their lambs adopting different movement patterns. Ewes isolate
themselves from the flock immediately prior to lambing, either deliberately or through being
left behind (Arnold and Dudzinski 1978). This isolation was also recorded in the time
immediately after lambing (Paper B) (Broster et al. 2010) and may be a part of the
establishment of the mother-offspring bond by increasing the time spent together post partum
(Murphy et al. 1994) while limiting interference from other ewes (Nowak et al. 2000).
During this period the reduced area between hessian rows may have resulted in ewes grazing
in the same section being more unsettled due to the close proximity of other animals, and
they consequently moved with their lamb to another section. In a previous experiment, ewes
lambing at a higher stocking rate had higher ewe-offspring contact levels and travelled
greater distances despite crossing through rows less often (Paper G) (Broster et al. 2012a).
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The smaller area between the rows may create the perception of a smaller paddock, and
therefore a higher stock density which could then influence ewe behaviour by creating a drive
to find isolation in the few days after lambing. The wider row spacing may have allowed the
ewes to more easily maintain adequate physical separation from other ewes reducing the
desire to move.

Arnold and Maller (1985) observed that as paddock size increased small groups of familiar
Merinos had closer contact. In this experiment familiar ewes decreased contact as perceived
paddock size increased, while for unfamiliar animals contact increased when the paddocks
visually appeared larger. These differences could have animal welfare implications when
flocks are rearranged for lambing (eg. litter size) where stress levels may become higher if
ewes are placed in flocks with unfamiliar ewes. That ewes prefer the company of familiar
animals is shown in the decreased contact levels between unfamiliar animals in the treatments
with internal rows, these rows acting as a barrier more easily allowing the maintenance of
existing relationships while limiting the creation of new ones. However, as stated previously,
the contact that satisfies the need of the animals may occur beyond the distance at which the
proximity loggers registered a contact in this experiment (Paper D) (Broster et al. 2012b).

There were differences in the proportion of contacts for the different time periods for three of
the four contact classes (Figure 5), however, only ewe-offspring contacts were affected by the
different treatments; and then only for one period, dawn (Table 2). It is likely that the
inherent behaviours of the animals outweighed the impact of the treatments in this
experiment. Contact between ewes was highest during the day and around dusk, the periods
of the day when it would be expected they would most likely be grazing (Penning et al. 1991;
Champion et al. 1994). As sheep tend to graze as a flock (Rook and Penning 1991) the
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higher ewe-ewe contact during these time periods is to be expected and while lambs tend to
follow their mothers while she grazes (Lent 1974; Alexander 1988), lambs can often be seen
lying down while the ewes graze in the near vicinity. Lambs spend more time with their
mothers at dusk and during the night, either because ewes spend less time grazing then or
they stay closer to their mothers in low visibility.

In previous experiments using proximity loggers (Papers B & G) (Broster et al. 2010; Broster
et al. 2012a) contact between unrelated animals increased significantly in the first days after
the lamb’s birth. This did not occur in this experiment with the level of increase lower (3040%) when compared with these previous experiments, where increases of up to 1000% were
recorded. This, and the higher initial contact levels between unrelated animals, suggests the
smaller paddock size in this experiment increased incidental contacts which masked the
increase in intentional contacts as the lambs grew older and more active. No significant
differences were observed between treatments for non-related animals, even though contact
levels between non-related lambs in the three row treatment were approximately half of the
two other treatments. That these differences were not significant is due to the variability in
contact levels recorded across the treatments. While most of this variability is most likely
due to the inherent differences between animals in their need for contact, for some replicates
individual animal pair data are missing. This may be the result of the memory of some
loggers filling up, lambs born dead or the spread of lambing dates in some replicates limiting
the numbers of contacts available on a specific day.

The results suggest that the distance between rows does affect the level of contact between
ewes and their offspring. However, in this experiment a decrease in the distance between the
rows did not always equate to a decrease in contact levels. The changes in close proximity
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encounters suggests that under the conditions of this experiment (small paddocks, small flock
size and single lambs) the form of this contact may differ with changing row spacing, and
therefore more work needs to be undertaken on the effect of row spacing on both the amount
and form of contact that takes place within sheltered areas and the influence this may have on
the survival of new-born lambs.
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Appendix 1
A weather station located 375m to the north east of the experimental area recorded
temperature, wind speed and direction, rainfall and wind chill at 15 minute intervals. The
daily chill index showing heat loss (kJ/m2/hr) was calculated using the formula of Donnelly et
al. (1997).

Over the 20 days of the experiment daily minimum temperatures varied between -1.1oC and
7.5oC while maximum temperatures were from 6.2oC to 15.5oC (Figure A). The wind came
from the west (SW to NW) or east (SE to NE) 74% of the time (Figure B) and the mean daily
wind speed ranged from 3.1 km/h to 16.9 km/h. Rain was recorded on 13 of the 20 days and
daily chill index was between 944 kJ/m2/h to 1234 kJ/m2/h (Figure A).

While the weather data showed a number of days during the experiment had a chill index of
greater than 1000 kJ/m2/h, a level at which twin lamb survival is compromised (Kleemann
and Walker 2005), there were no lamb deaths due to exposure in this experiment. Weather
data was recorded near the experimental site. However as the experimental site was well
sheltered by trees on all sides and buildings on two it is likely that the chill index within the
site was considerably lower than that reported in Figure A.

Furthermore, the incidence of

winds originating from the north or south (for which the shelter design would be most
effective), was relatively low compared to easterly or westerly winds (which the internal
shelter rows would be less effective in reducing) (Figure B).
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Figure A: Daily chill index (kJ/m2/h) (top), mean wind speed (km/h) (second top), minimum
and maximum temperature (oC) (second bottom) and rainfall (mm) (bottom) over the
experiment
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Figure B: Wind direction during the experiment
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Determining the Distance Proximity Loggers Record Contact in Merino Ewes
J.C. BrosterA, D. L. SwainB and M. A. FriendA
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B
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The use of remote sensing technology enables quantitative measurements of animals and their behaviour to
be obtained 24 hours/day without the need for a human presence. Proximity loggers use an ultra high frequency
(UHF) transceiver that transmits a unique code and receives and logs signals from other contact loggers within a
predetermined distance. This distance cannot be determined exactly as the radio waves can be reflected, refracted
and/or absorbed by a number of naturally occurring objects (Mullen et al 2004).
Global positioning system (GPS) collars and proximity logger collars were attached to 3 Merino ewes each
weighing approximately 50 kg. The GPS collars were configured to log their position at 4 sec intervals, the
shortest logging interval available for the units used. The proximity loggers were configured for a separation
time of 1 sec.
Times for all loggers were converted to the number of seconds after a specified time. When no GPS position
was available for a time the previously logged position was used. The distance that each sheep was from the
other 2 were then calculated for each second. The start and finish of every contact logged between animals was
also assigned a time in seconds after the initial start point. From these data the distance between the animals
could then be calculated for the start and end of all contacts.
The mean distance between collars for the start and end of each contact was similar (4.29 m cf. 4.3 m). This
was the result of the logging interval for the GPS being 4 sec and the majority of contacts being 1 sec in length.
The overall mean contact distance was 4.295 ms (SEM: 0.018 m) and median was 3.327 m. However, there was
a large range in the start or end contact distances, the minimum being 0 m and the maximum 29.63 m. However,
91.9% of contacts occurred below 10 m and 99.08% below 15 m (Figure 1).
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Figure 1. Frequency of the distances at which contact started or ended
The results of this experiment shows that for ewes weighing approximately 50 kg contacts will be recorded
when ewes are approximately 4 m apart on the settings selected. There was some variation between the units
tested. This may simply be the result of the sheep having different body masses or shapes or the location of the
antennas relative to the animals. The GPS units involved did not provide a differentially corrected position;
therefore there will be some positional errors but minimal relative differences between the 3 GPS units.
EverGraze is a FFI CRC, MLA and AWI research and delivery partnership.
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The use of remote sensing technology enables quantitative measurements of sheep and their behaviour to be
obtained throughout day and night. These measurements can be obtained without the need for a human presence.
Proximity loggers have also been used to measure contact levels between cows and calves (Swain and BishopHurley 2007). The loggers use an ultra high frequency (UHF) transceiver that transmits a unique code. They also
receive and log signals from other units within a predetermined distance (Broster et al 2012).
Proximity loggers were attached to a total of 85 ewes over 4 experiments to record contact levels. Data were
analysed to evaluate the reliability of the loggers in quantifying contacts between various classes of sheep. As
proximity loggers both transmit and receive a signal the number and duration of contacts between each
reciprocal pair of collars should be similar. The output from the proximity loggers provided a record of the date,
time and identification of first contact with any other collar, and the length of that contact.
For 3 of the 4 experiments reciprocal data for three classes of animals (ewe-ewe, ewe-offspring and siblings)
were plotted for all collar pairs that were both transmitting and receiving a signal while for the fourth experiment
reciprocal data was collected only for ewe-ewe contacts. Both the total number and duration of contacts were
plotted. This provided 221 ewe-ewe, 75 ewe-offspring and 24 sibling pairs for analysis. The data from all
experiments were combined into the appropriate animal class and the collar pairs were compared using linear
regression.
Overall the data demonstrated that there was a strong correlation between the pairs of collars in both the
duration (r2=0.9878) and number (r2=0.9128) of contacts. For all of the different classes of animals the
correlation for contact duration was higher than that of contact numbers (Table 1).
Table 1. Correlation (r2) between reciprocal collar pairs for duration and number of contacts
Class
All
Ewe-ewe
Ewe-offspring
Siblings

Contact duration
0.9878
0.9659
0.9555
0.9712

Contact number
0.9128
0.9113
0.7905
0.9663

That the reciprocal pairs of collars returned a similar number of contacts and contact start distance agrees
with the findings of Swain and Bishop-Hurley (2007) where the correlation (r2) between pairs of collars was
greater than 0.95. This justifies the use of pairs of collars when only one is working. Swain and Bishop-Hurley
(2007) found similar correlations between cows and calves for both numbers of contacts and contact duration.
However, for both ewe-ewe and ewe-offspring pairs this study found the correlations for contact numbers to be
much lower than that for contact duration.
For the ewe-ewe collars the reduction in correlation may have been due to interference from other ewes. As
sheep move in flocks, ewes without collars may also have impacted on the signal strength of the collars when
moving between two collared animals. However, for the ewe-offspring pairings it is more likely that the lower
level of correlation for contact numbers was the result of differences in collar height. That the correlations for
contact number and duration for the siblings were similar supports this explanation.
EverGraze is a FFI CRC, MLA and AWI research and delivery partnership.
Broster J.C., Swain D.L. and Friend M.A. (2012). Proc . Aust. Soc. Anim. Prod. (in press)
Swain D.L. and Bishop-Hurley G.J. (2007). Appl. Anim. Behav. Sci. 102,1
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Abstract
Remote sensing technology gives researchers the ability to collect quantitative data from
animals without the need for human observation, but the technology needs to be calibrated to
obtain the full benefit of the data collected.

Contact loggers measure the number and

duration of contacts between animals wearing them, but the distance at which these contacts
are recorded differs as the radio signal can be affected by objects, multipath interference and
intensity/range. GPS collars and contact loggers were placed on three adult Merino ewes; the
mean distance at which contacts started and finished was 4.3 metres, with 92% of contacts
occurring at less than 10 metres. As contact loggers both transmit and receive a signal the
duration and number of contacts between reciprocal collar pairs should be highly correlated.
Data from four experiments were collated and the correlations between collar pairs were
determined. Across 320 collar pairs over four experiments there was a strong correlation
between collar pairs for both duration (r2 = 0.99) and number (r2 = 0.95) of contacts. All
correlations (r2) between different animal classes (ewe-ewe, ewe-offspring and siblings) were
greater than 0.89, demonstrating that even when only one collar from a pair is receiving data
due to malfunction or a full memory, the data can still be used for analysis.
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Introduction

Many studies have attempted to quantify the interaction between ewes and newborn lambs.
Some experiments have measured the interaction in pens (Nowak and Lindsay 1990; Nowak
and Lindsay 1992; Dwyer and Lawrence 1999), while others quantified the interaction
between ewes and lambs in the field (Winfield 1970; Lynch and Alexander 1976; Alexander
and Shillito 1977; Alexander et al. 1993). As assessment of animal interaction in the field
can involve disturbance of the animals through artificial lighting at night and human
movement in or near the paddocks, animal behaviour may have been altered.

The use of remote sensing technology enables quantitative measurements to be obtained
throughout day and night, without the need for human presence. In earlier experiments
observer measurements were often not continuous but recorded at discrete time intervals
(Lynch and Alexander 1977; Alexander et al. 1979), and their location was often estimated
from reference points within the experimental area (Lynch and Alexander 1976; Alexander et
al. 1979), which was often relatively small. More recently, the use of global positioning
systems to record the positions of animals has been used for both wild (Bradshaw et al. 1995;
Moen et al. 1996) and domestic animals (Putfarken et al. 2008; Swain et al. 2008), at a scale
much larger than the standard experimental plot.

Contact loggers have been used to measure contact levels between cows and calves (Swain
and Bishop-Hurley 2007). The contact loggers use an ultra high frequency (UHF) transceiver
that transmits a unique code. They also receive and log signals from other contact loggers
within a predetermined distance. This distance cannot be determined exactly as the radio
waves can be reflected, refracted and/or absorbed by a number of naturally occurring objects
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(Mullen et al. 2004). Swain et al. (2007) estimated contact distance for cattle in the field,
while both Drewe et al. (2012) and Goodman (2007) have conducted laboratory tests for
cattle and badgers but such information is not available for sheep.

An experiment was conducted to determine the distance at which contacts were recorded by
contact loggers. Data from other experiments were also analysed to evaluate the reliability of
the loggers in quantifying contacts between various classes of sheep.

Materials and Methods
All experiments used to collect this data were conducted with the approval of the Charles
Sturt University Animal Ethics Committee (CSU ACEC 08-046, 08-098, 09-011, 09-026 and
10/005).

Remote sensing collars
Global positioning system (GPS) (AgTraX L18 GPS, BlueSky Telemetry, Aberfeldy,
Scotland; weight 990 grams) collars and contact logger collars (Sirtrack Limited, Havelock
North, New Zealand; weight 425 grams) were available for attaching to ewes with additional
contact logger collars available for attaching to newborn lambs.

The output from the GPS collars includes latitude, longitude and the time of recording. The
output from the contact loggers provided a record of the date, time and identification of first
contact with any other collar, and the length of that contact.
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Contact distance
The GPS collars and contact loggers were attached to three Merino ewes each weighing
approximately 50 kg. These ewes were placed in a small paddock with no other animals in
this paddock. The GPS collars were configured to log at four second intervals, the shortest
logging interval available for the units used. The contact loggers were configured for a
separation time of one second. The UHF signal range selected (31) was midway between the
minimum and maximum setting (0 – 62) and was the same as used in all previous and
subsequent deployments of the collars. The collars were attached to the ewes between 2:00
and 3:00 pm on March 18, 2009 and removed between 10:00 and 11:00 am on March 19,
2009.

Reciprocal data
Contact loggers were attached to sheep to record contact levels on four occasions over a two
year period. A separation time of 10 seconds was used in all cases. In 2008 loggers were
attached to 36 ewes, 18 bearing single lambs and 18 bearing twins at an experimental site
near Ladysmith, NSW, Australia (147o31’E, 35o12’S) (Paper B) (Broster et al. 2010) while in
2009 at the same site they were attached to 20 ewes (14 bearing singles, 6 bearing twins). At
another trial site near Ladysmith, NSW, Australia (147o37’E, 35o13’S) collars were attached
to 15 ewes (all carrying twin lambs) in 2008. The fourth experiment was conducted at
Charles Sturt University, Wagga Wagga, NSW, Australia (147o20’E, 35o03’S) when the
loggers were attached to 36 ewes, all bearing single lambs in 2010 (Paper C). In all four
experiments contact loggers were attached to lambs on the afternoon of the day that their
birth was recorded.
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Data Analysis
Data from both the GPS and contact logger collars were downloaded after removal from the
animals in all experiments. The data was then checked to remove any duplicate or incorrect
records. Data collected during the time when animals were being moved to or from handling
facilities were removed.

Contact distance
As all units, both GPS collars and contact loggers, began to log data points at different times,
a time before logging commenced was selected. All times were then converted to the number
of seconds after this time, resulting in 64066 seconds of data available. When no GPS
position was available for the time the previously logged position was used. Locations were
converted from latitude and longitude format to Universal Transverse Mercator (UTM) for
ease of calculating the distance between the units. The distances that each collar was from
the other two collars were then calculated for each second. The start and finish of every
contact logged between animals was also assigned a time in seconds after the initial start
point. From these data the distance between the animals could then be calculated for the start
and end of all contacts.

Reciprocal data
The reciprocal data from all three experiments at the Ladysmith trial sites were combined and
the data for were plotted each of the three classes of animals (ewe-ewe, ewe-offspring and
siblings) for all collar pairs that were both transmitting and receiving a signal. Both total
number of contacts and total duration of contacts were plotted. For the ewe-ewe pairs the
first six full days of logging after collar attachment was used, while for the ewe-offspring and
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sibling pairs it was the first six days after birth. All collar pairs in which one of the collars
transmitted for less than three days were excluded from the analysis. When either one or
both collars in a pair transmitted a minimum of three days but less than six days, data from
the only those days when both collars were transmitting were included in the analysis. This
provided 170 ewe-ewe, 75 ewe-offspring and 24 sibling pairs for analysis.

For the experiment conducted at Charles Sturt University, reciprocal data were collected only
for ewe-ewe contacts as the majority of ewe collars had reached data capacity at lambing and
all lambs were singles. For the ewe-ewe pairs the first four full days of logging after collar
attachment was used for analysis providing 51 collar pairs for analysis, as one collar did not
transmit or receive data during this experiment. These were then added to the ewe-ewe data
from the Ladysmith trial sites before analysis.

Statistical analysis
All statistical analyses were carried out using Genstat version 15.2 (VSN International 2012).
Contact distances were log transformed due to large differences in the variance and analysed
using an unbalanced ANOVA. For the reciprocal data analysis the data from all experiments
were combined into the appropriate animal class and the collar pairs were compared using
linear regression on the log-transformed data. The residual values were then compared by
unbalanced ANOVA to determine if there was significant variation between the three contact
classes in the number and duration of contacts.
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Results
Contact distance
While the collars were attached to the ewes a mean of 16578 GPS positions were logged per
animal (range 15991 to 17338) with the mean number of contacts between animals 3048
(range 2491 to 3549) (Figure 1). Contact between reciprocal pairs was similar with the
differences ranging from 0.14% to 8.05% (Figure 1).
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Number of contacts
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B-C
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A-C

C-A

Collar pairs

Figure 1: Number of contacts between collar pairs. Letters denote individual animals of a
pair.

The mean distance between collars for the start and end of each contact was similar (4.29
metres cf. 4.3 metres). The overall mean contact distance was 4.295 metres (SEM: 0.018
metres) and median was 3.327 metres. There was however a large range in the start or end
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contact distances, the minimum being 0 metres and the maximum 29.63 metres. However,
91.9% of contacts occurred below 10 metres and 99.08% below 15 metres (Figure 2).
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Figure 2: Frequency of the distances at which contact started or ended

The mean distance for the different collar pairs when contact was made or lost ranged from
3.58 metres to 4.84 metres (Table 1) with a median distance from 2.74 metres to 3.52 metres
(Table 1). Significant differences (P<0.001) in both start (l.s.d. = 0.01663) and end (l.s.d. =
0.01663) distances were found between all three pairs of collars with pair B-C recording
contacts at the shortest distance, then A-C and pair A-B recording the greatest distance at
which contacts started and ended. There were no differences between start and end distance
for any of the collar pairs (P>0.05).
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Start
A-B
4.770
3.522
0.559
0.547

0.006
0.330
0.109
-0.818
0.008
0.0126

Mean distance (m)
Median distance (m)
Mean distance (log)
Median distance (log)

Standard Error
Standard Deviation
Variance
Kurtosis
Skewness
Confidence Level (95.0%)

0.007
0.334
0.112
-0.900
-0.036
0.0131

Start
B-A
4.836
3.522
0.564
0.547
0.005
0.308
0.095
-0.723
0.195
0.0101

Start
B-C
3.617
2.871
0.452
0.458
0.005
0.309
0.096
-0.752
0.203
0.0102

Start
C-B
3.578
2.736
0.447
0.437

Table 2: Statistics (log transformed) for each collar reciprocal pair

0.006
0.345
0.119
-1.031
0.014
0.0121

Start
A-C
4.589
3.450
0.533
0.538
0.006
0.349
0.122
-1.068
-0.052
0.0127

Start
C-A
4.754
3.522
0.549
0.547
0.006
0.330
0.109
-0.832
0.015
0.0126

End
A-B
4.781
3.522
0.560
0.547
0.007
0.334
0.111
-0.891
-0.038
0.0131

End
B-A
4.844
3.522
0.565
0.547
0.005
0.309
0.095
-0.713
0.197
0.0102

End
B-C
3.624
2.871
0.452
0.458
0.005
0.308
0.095
-0.754
0.197
0.0102

End
C-B
3.585
2.736
0.448
0.437
0.006
0.345
0.119
-1.028
0.002
0.0121

End
A-C
4.590
3.450
0.534
0.538

0.006
0.349
0.122
-1.060
-0.074
0.0127

End
C-A
4.777
3.523
0.551
0.547

Reciprocal data
Combined over the four experiments all three animal classes (ewe-ewe, ewe-offspring or
sibling) a large range of readings were recorded for both duration (ewe-ewe 708 – 186,159
seconds; ewe-offspring 885 – 469,085 seconds or sibling 1562 – 711,603 seconds) and
number (ewe-ewe 74 – 4,259; ewe-offspring 71 – 7,262 or sibling 71 – 5,839) of contacts.

Overall the data demonstrated that there was a strong correlation between the pairs of collars
(r2=0.9878) in the total duration of contact. The correlation for the total number of contacts
was similar (r2=0.9457). For contact duration the correlation for ewe-ewe was significantly
lower than for both ewe-offspring and siblings (P<0.001) while for number of contacts the
correlation was significantly lower for both ewe-ewe and ewe-offspring than for siblings
(P<0.001) (Figure 3). Over all collar pairs the correlation was lower for number of contacts
than for duration of contacts (P<0.001), as it also was for ewe-ewe (P<0.05) and eweoffspring (P<0.001), however there was no difference between duration and number of
contacts for siblings (P>0.05) (Figure 3).
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Figure 3: Correlations of duration of contacts for all (a), ewe-ewe (c), ewe-offspring (e) and
sibling (g) collar pairs, and number of contacts for all (b), ewe-ewe (d), ewe-offspring (f) and
sibling (h) collar pairs. Line indicates where all points would lie if collar A and B recorded
the same data.
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Discussion
The results of this experiment show that for ewes weighing approximately 50 kg, contacts
were recorded when the ewes were approximately four metres apart on the settings selected.
There was some variation between the units tested, with both contact pairs involving unit A
logging contact at a significantly further distance than the pair of unit B and C. This may
simply be the result of the sheep having different body masses or shapes, radio frequency
issues or the location of the antennas relative to the animals. While the distance at which
contacts are established and terminated can be determined in a laboratory without using
animals (Goodman 2007; Drewe et al. 2012; Wildridge 2013) using animals with GPS collars
attached provided a much larger number of observations for each collar pair (approximately
3000). Drewe et al. (2012) used more collars (32 cattle and 76 badger) but only recorded
contact start and finish distances once for each collar, as did Goodman (2007) who used only
four randomly selected collar pairs. Wildridge (2013) used the same number of collar pairs
as this study (three) with fifteen replications from various angles to determine contact
distances.

In this experiment similar distances for the start and end of contacts were observed, in
contrast to studies conducted in the laboratory or the field where the contact end distance was
greater than the start distance (Goodman 2007; Böhm et al. 2009; Drewe et al. 2012;
Wildridge 2013). That this experiment did not find any difference between contact start and
end distances is most likely the result of the settings used for both the contact loggers and the
GPS collars. Most contacts were one second in length and with a GPS logging interval of
four seconds (the minimum for the GPS units used) most contacts started and ended within a
GPS logging interval and therefore recorded the same distance.
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A large range of contact distances was observed over the experiment. Minor differences in
distance will occur depending upon the alignment of the animals. As the animals mass
affects contact logger signal reception, if two animals are facing each other the contact
distance would be greater than if facing away from each other (Sirtrack Limited 2008).
Using GPS collars to determine contact distance also introduces positional data error, the
units used had a mean accuracy of 1.3m – 1.5m (Latitude) and 2.1m – 2.4m (Longitude)
(Blue Sky Telemetry 2014). Poor satellite geometry, limited satellite numbers, effects of the
atmosphere on satellite signals and signal reflection by local obstacles all reduce the accuracy
of the position provided by a GPS (Dussault et al. 2001; Schlecht et al. 2004). Many of these
errors apply equally to all receivers in near proximity to each other and the differences
between receivers should be minimal, this is the basis of the differential GPS correction
procedure (Turner et al. 2000).

As the distance at which contacts are started or ended is affected by both antenna height and
UHF signal range (Goodman 2007; Drewe et al. 2012), the contact distance found in this
experiment applies only for contacts between ewes for a UHF signal range of 31. Contact
between ewes and lambs or lambs and lambs will be different as in lambs the antenna will be
closer to the ground which reduces the reception distance for the collars and also the ability
for the antenna to be situated above any low level interferences (Sirtrack Limited 2008).
Compared with the 4.3 metre start and end distance recorded on sheep (at an approximate
height of 50cm) in this experiment, Wildridge (2013) recorded higher start and end distances
of 9.3 and 9.9 metres respectively in cattle, using the same UHF signal range (31) as this
paper, but with loggers placed one metre above ground level.
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Similar to the results of Swain and Bishop-Hurley (2007), this experiment recorded
correlations between pairs of collars for contact duration greater than 0.95.

Drewe et al.

(2012) reported correlations of up to 0.92 but they had three different UHF setting
combinations among 14 collar pairs compared to Swain and Bishop-Hurley (2007) who used
the same UHF setting for all 34 collar pairs.

For both ewe-ewe and ewe-offspring

correlations were lower for number of contacts than for duration (Figure 3) compared to
Swain and Bishop-Hurley (2007) who reported similar correlations between cows and calves
for both numbers of contacts and contact duration. In three of the four experiments used in
this analysis only a proportion of the flock were collared compared to all animals in their
experiment. Additionally, they had a maximum of ten cow and calf pairs in the herd for each
collar deployment while there were up to 51 ewes with lambs in a paddock for this analysis.
With more animals present the potential for interference in the signal between loggers is
greater (Plate 1) and due to their lower number this would have a greater influence on contact
number than contact duration. That there was no difference between contact number and
duration for siblings strengthens this hypothesis as twin lambs tend to spend a lot of their
time in extremely close proximity resulting in minimal potential for interference from other
animals (Plate 2). In laboratory tests Drewe et al. (2012) also found correlations to be lower
for contact numbers than contact duration.
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Plate 1: Ewes in flock wearing contact logger and GPS collars showing potential for signal
interference from other animals

Plate 2: Twin lambs wearing contact logger collars
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In conclusion, this study agrees with studies using other animal species (Swain and BishopHurley 2007; Drewe et al. 2012) in finding high correlations between reciprocal collar pairs,
justifying the use of data from pairs of collars when only one is working. Additionally for the
collar settings used, contact between ewes was initiated and terminated at a distance of
approximately four metres.
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Ewe movement and ewe-lamb contact levels in shelter
are greater at higher stocking rates
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Abstract. This experiment used contact loggers and GPS collars to evaluate the effect of stocking rate during lambing on
ewe movement and contact levels between animals. Twin-bearing Merino ewes were placed in 0.5-ha paddocks sheltered
with rows of hessian at stocking rates of 16 and 30 ewes/ha for the low and high stocking rates, respectively. The ewes
did not spend more time in more sheltered areas of the paddock, and use of shelter was not inﬂuenced by stocking rate.
Ewes at the high stocking rate travelled 11% farther per day but crossed through the hessian rows 37% less than ewes at the
low stocking rate. Stocking rate did not change the level of contact between ewes, but higher levels of contact were shown
between ewes and their lambs at the high stocking rate. The results suggest that the interaction between ewes and their lambs
is modiﬁed by stocking rate and/or ﬂock size for small groups lambing in shelter rows.
Received 31 October 2011, accepted 19 March 2011, published online 29 May 2012
Introduction
The establishment of a strong and exclusive bond between the
ewe and her offspring has been shown to be important in the
survival of newborn lambs and is enhanced by management
practices that increase time spent at the birth site (Lindsay
et al. 1990; Nowak 1996). This is especially important in the
survival of twin lambs where the desertion of one lamb by the
mother is a major contributor to the high mortality level of twins
(Stevens et al. 1982).
Interactions between ewes also inﬂuence the formation of an
exclusive bond between a ewe and her lambs. While an adult ewe
is a social animal that becomes distressed when separated from
ﬂock mates, in the period shortly before lambing many ewes
isolate themselves from the ﬂock (Alexander et al. 1979; Lindsay
et al. 1990; Nowak et al. 2000). Prior to lambing, ewes may
display interest in the lambs of other ewes (Alexander 1960;
Arnold and Morgan 1975) with this being a major cause of
permanent separation of ewes from their lambs (Cloete et al.
1998). Watson et al. (1968) found a signiﬁcant proportion (52%)
of the deserted lambs later died, the majority of which were twins.
Due to these interactions between ewes, the stocking rate of
ewes at lambing has the potential to inﬂuence the level of contact
between ewes and lambs, and therefore survival. However, there
is limited data describing these relationships. Alexander et al.
(1983) showed that the incidence of separation and fostering
increased with the number of ewes lambing per day and suggested
a stocking rate of 18 ewes/ha was optimal to minimise these
factors, but lamb survival was not recorded. Winﬁeld (1970)
found an increased rate of separation of lambs from their mothers
at a higher stocking rate (143 cf. 14.3 ewes/ha) with no difference
in lamb survival levels. However, Robertson et al. (2012) showed
a higher mortality in lambs born at high stocking rates.
Journal compilation  CSIRO 2012

Given there is limited consistent information on the effect of
stocking rate on ewe and lamb movement and contact, this study
used remote sensing collars on ewes and lambs to investigate the
effect of increasing stocking rate on ewe movement, shelter
use and contact levels between ewes, offspring and non-related
animals.
Materials and methods
This experiment was conducted with the approval of the Charles
Sturt University Animal Ethics Committee. The experiment was
conducted on a property south-east of Wagga Wagga, New South
Wales (35130 S, 147o370 E) between January and August 2010.
Experimental design
The experiment evaluated ewe and lamb movement at two
stocking intensities, 16 and 30 ewes/ha in a randomised block
design with three replicates. All paddocks were sheltered using
rows of hessian, 20 m apart, and perpendicular to the direction of
the prevailing wind. The hessian was strung on boundary fences
and, within paddocks, on plain wires 1 m high held by fence posts.
The internal hessian rows had 2–3-m gaps placed every 25–30 m
with a 6-m gap at the eastern end of each row to facilitate sheep
movement.
Animal management and measurements
Oestrous cycles were synchronised in a ﬂock of 200 mediumto large-framed 3–5-year-old Merino ewes of dual-purpose
bloodline. Poll Dorset and Composite (Poll Dorset · White
Suffolk-based) rams were introduced to the ewes on 26
February wearing marking harnesses to enable date of service
to be determined. The ewes were shorn on 28 April.
www.publish.csiro.au/journals/an
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Inﬂuence of stocking rate on ewe-lamb contact

A commercial operator used trans-abdominal ultrasound to
determine fetal number and age at 45 days after ram removal.
Twin-bearing ewes were selected based on a combination of fetal
age and date of mating determined by crayon marks. They were
randomly allocated to treatment groups (n = 69) according to body
condition using a scale of 0 (emaciated) to 5 (obese) (Jefferies
1961) and liveweight. Fifteen or eight ewes per paddock were
allocated to the high and low treatments, respectively, with a
paddock size of 0.5 ha. The ewes in both treatments were fed 0.4
kg lupin grain daily from 22 July until 26 August to minimise the
chance of nutritional differences between stocking rates.
During lambing, the ewes were inspected daily. The lambs
were identiﬁed to ewes at birth, tagged, and birthweight recorded.
Dead lambs were removed from the paddocks.
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identiﬁcation number, and the duration of each contact. Data
from the collars were downloaded into a spreadsheet to allow the
calculation of contact levels for given time periods. The location
data from the GPS collars were converted from latitude and
longitude to UTM coordinates using Trimble Pathﬁnder Ofﬁce
2.90 software, while the mean error for the GPS units throughout
the experiment was 5.5 m.
The proportion of data points recorded within 2.5 and 5.0 m
from Hessian shelter was calculated daily for each ewe. As the
proportion of the total paddock area, these areas varied between
treatments and replicates due to paddock shape. To determine if
the ewes actively sought to spend time in these areas, a preference
index (PI) was calculated as proposed by Heady (1964);
PI ¼

Remote sensing collars
Contact loggers (SirTrack Ltd, Havelock North, New Zealand,
weight 425 g) were placed on 35 ewes and their lambs over two
deployments. The ﬁrst deployment collars were placed on
18 ewes, three per treatment in each of the three replicates on
23 July 2010 in sheep yards immediately before the ewes were
introduced to the trial paddocks. Of these 18 ewes, eight ewes
(two per treatment in two replicates) also had GPS collars
(AgTraX L18 GPS, BlueSky Telemetry; Aberfeldy, Scotland,
weight 850 g) attached. The collars were removed on 6 August
2010 in small temporary yards in the lambing paddocks. The
second deployment of contact loggers was attached on 12 August
2010 to 17 ewes that had not yet lambed, using the temporary
yards. Three contact loggers were attached per treatment in each
of the three replicates; except for one replicate in the low stocking
density treatment where only two ewes were able to be collared
at this time, the remainder having already lambed. Eight ewes
(two per treatment in two replicates) also had GPS collars
attached. These collars were removed on 30 August 2010,
using the temporary yards. Over the two deployments contact
loggers were attached to 35 ewes (17 low–18 high) and 59 lambs
(eight lambs died before collar attachment), with 16 of these ewes
also having a GPS collar attached. One ewe (with GPS and contact
logger) did not lamb and one GPS collar and two lamb contact
loggers failed while attached resulting in available data from 14
GPS collars (seven per treatment) and 57 lamb contact loggers.
The GPS collars were conﬁgured to record latitude, longitude
and time at 30-s intervals and the contact loggers were conﬁgured
to record contacts at a distance of ~4.3 m, with a separation time
of 10 s and could record 16 384 contacts. Ewes were selected
for collar (contact and/or GPS) attachment according to fetal age
to ensure they lambed in as short a time span as possible for
maximum data collection. Lambs born to the collared ewes had
smaller contact loggers (total weight – 270 g) attached in the
afternoon of the day their birth was recorded. At this time lambs
were between 4 and 28 h old. After the contact logger collars were
attached lambs were observed for up to 5 min to conﬁrm their
movement was not impaired.
Calculations
The output from each contact logger provided a record of the date
and time of the commencement of every contact with any of the
other contact loggers, each of which has its own individual
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proportion of time spent in area of interest
:
proportion of area relative to entire area available

A PI of greater than 1 indicates more time spent in that area
relative to the remainder of the paddock while a PI of less than 1
indicates less time. This concept has been used when calculating
preference indices for diet (Hobbs and Bowden 1982; Ganskopp
and Bohnert 2009) or landscape (Handcock et al. 2009). The
distance travelled by each ewe each day and the number of times
ewes crossed through or around the hessian barriers were also
calculated as these indicate potential situations for ewe and lamb
separation.
Statistical analyses
Data were analysed using GENSTAT 11th edition (GENSTAT 2008).
Data were analysed for up to 11 days per ewe. The ﬁrst full day (A)
after collar attachment and the last full day before (D) collar
removal were the same day for all ewes within each deployment.
The other 9 days ran consecutively from 3 days before the ewe
lambed to 5 days after (–3 to +5). Data were also analysed
combining all pre-lambing and all post-lambing data, the
results were no different so these data are not presented. Data
were not available for all animals on all days as some ewes lambed
less than 3 days after collar attachment, less than 5 days before
collar removal, or their collars stopped logging data during this
period. This resulted in complete 11-day datasets for only nine
ewes with contact loggers and three with GPS collars.
The contact logger data were placed into ﬁve contact classes,
ewe-ewe, ewe-offspring, sibling-sibling and unrelated pairs of
ewe-lamb and lamb-lamb. Any contact involving ewes and lambs
used the lamb collar only as these provided the more complete
datasets. All other contacts used data from both animals’ collars.
Data involving the 14 lambs that died before collar removal were
deleted leaving 43 lamb collars (27 low – 16 high) for analyses.
Although the memory on some contact loggers was full before
detachment, these collars still proved useful as they were still
able to transmit their unique identiﬁcation number, which was
recorded by any other collars within range and therefore was
included in their dataset. This therefore enabled the reciprocal
data to be used in analysis (Swain and Bishop-Hurley 2007;
Broster et al. 2012).
Due to signiﬁcant differences in the parameters measured
between animals in the two deployments, the data were blocked
by deployment before analysis. Within each replicate the mean for
all animals or combination of animals was calculated and this
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became the value for that replicate. Movement, shelter crossing
and contact data were analysed by ANOVA. Data for shelter use
in the two stocking rates were compared using two sample t-tests
for the different treatments. Data for shelter use relative to shelter
area (PI) were analysed using one sample t-tests for the different
treatments.

higher (P < 0.001) between siblings (Table 4) in the high stocking
rate than in the low stocking rate treatment. As the lambs became
older (Day 1 to Day D), contact with their mother decreased by
37% (P < 0.001) and contact with their sibling increased by up to
26% (P < 0.001).

Results

Contact levels between non-related animals (both ewe-lamb and
lamb-lamb) increased (P < 0.001) with the age of the lamb. In both
categories contact increased by ~10 fold (ewe-lamb 2.03 min/day
cf. 18.68; lamb-lamb 4.15 min/day cf. 48.27 from Day 1 to day D).
For non-related lambs daily contact was 41% higher (P < 0.05) in
the low stocking rate treatment (Table 5), however, there was no
difference (P > 0.05) between the two stocking rate treatments
in the level of contact between non-related ewes and lambs.

Non-related pairs contact

Distance moved per day
Ewes in the low stocking rate treatment moved 7094 (s.e.m.: 157)
m/day, signiﬁcantly less (P < 0.05, l.s.d. = 715.3) than the 7873
(s.e.m.: 304) m/day travelled in the high stocking rate. There was
no difference (P > 0.05) between days in the distance moved.
Shelter use by ewes
There was no selection or avoidance (P > 0.05) of the more
sheltered areas, within 2.5 or 5.0 m of the hessian shelter, by ewes
in either treatment and there was no difference (P > 0.05) between
the treatments in their use of this more sheltered area.
Despite travelling less distance per day, the ewes in the low
stocking rate treatment crossed through or around the hessian
shelter 58% more (P < 0.01) than the ewes in the high stocking
rate (Table 1). There were no signiﬁcant differences (P > 0.05)
between the days in the number of shelter crossings (Table 1).

Lamb survival
The survival percentage of lambs born to twin-bearing ewes in
the low stocking rate was 83% compared with 63% in the high
stocking rate (see Robertson et al. 2012). The survival of lambs
born to the ewes with collars was 84 and 59% in the low and high
stocking rates, respectively.
Discussion
Distance travelled, contact duration between ewe and offspring,
and contact duration between siblings were all greater at the high
stocking rate. In contrast, non-related lambs had greater contact
duration and ewes crossed shelter more frequently at the low
stocking rate. The greater contact between ewes and offspring
at the high stocking rate is somewhat counter-intuitive, given
lamb survival was lower at the high stocking rate (Robertson et al.
2012). The nature of contact, rather than simply the duration of
contact, may therefore be important in enhancing lamb survival.
The greater distance travelled yet less frequent shelter crossings
by ewes in the high stocking rate suggests that the type of
movement differed from that of ewes in the low stocking rate.
Given the lower contact between ewes and lambs in the low
stocking rate and shorter distance travelled, we suggest ewes in

Ewe-ewe contact
There was no difference (P > 0.05) between the treatments in the
amount of contact between ewes. Contact levels were highest on
Day A, decreased as lambing approached and then increased as
lambs became older (P < 0.05) (Table 2).
Related pairs contact
Contact between related pairs, both ewe with offspring and
sibling with sibling, was much higher than between ewes.
Overall, lambs averaged 10.94 h contact per day with their
mother and 15.76 h with a sibling. Contact was 11% higher
(P < 0.05) between lambs and their mothers (Table 3) and 10%

Table 1. Hessian crossings (number/day) by ewes before and after lambing
Values within columns followed by different letters are signiﬁcantly different at P = 0.01 (l.s.d. = 4.70)
Ewe stocking
rate
Low
High
Mean

Day
A

–3

–2

–1

0

1

2

3

4

5

D

Mean

23.1
17.5
20.3

24.5
13.6
15.6

11.4
10.4
9.8

30.0
16.9
19.2

10.4
10.1
10.2

14.9
7.8
11.3

21.4
11.0
16.2

19.0
14.5
15.5

16.0
12.0
14.9

20.9
15.3
19.0

28.5
19.0
19.9

19.1b
12.1a
–

Table 2. Mean contact duration (minutes) between ewes at two stocking rates before and after lambing
Values within rows followed by different letters are signiﬁcantly different at P = 0.05 (l.s.d. = 14.93)
Ewe stocking
rate
Low
High
Mean

A

–3

–2

–1

0

43.9
18.7
31.3d

29.6
19.1
24.4bcd

21.9
20.7
21.3abcd

17.5
13.0
15.3abc

15.9
4.4
10.1ab

Day
1
13.9
7.1
10.5ab

2

3

4

5

D

Mean

6.3
18.1
12.2ab

8.0
16.7
12.3ab

9.0
9.2
9.1a

8.4
19.4
13.9abc

20.0
36.3
28.2cd

16.6
17.7
–
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Table 3. Mean contact duration (hours) between ewes and their
offspring
Values within rows followed by different letters are signiﬁcantly different at
P = 0.001 (l.s.d. = 1.92). Values within columns followed by different letters
are signiﬁcantly different at P = 0.05 (l.s.d. = 1.11)
Ewe stocking
rate
Low
High
Mean

1

2

3

11.9
13.8
12.8c

10.8
13.4
12.1bc

10.7
11.9
11.3bc

Day
4
10.7
11.1
10.9b

5

D

Mean

10.5
10.2
10.3b

7.6
8.6
8.1a

10.4x
11.5y
–

Table 4. Mean contact duration (hours) between siblings
Values within rows followed by different letters are signiﬁcantly different at
P = 0.001 (l.s.d. = 1.33). Values within columns followed by different letters
are signiﬁcantly different at P = 0.001 (l.s.d. = 0.77)
Ewe stocking
rate
Low
High
Mean

1

2

3

Day
4

5

D

Mean

12.3
14.8
13.6a

14.1
16.4
15.3b

15.4
16.9
16.1bc

15.7
17.0
16.4bc

16.1
18.0
17.1c

16.3
16.1
16.2b

15.0x
16.5y
–

Table 5. Mean contact duration (minutes) between non-related lambs
Values within rows followed by different letters are signiﬁcantly different at
P = 0.001 (l.s.d. = 11.73). Values within columns followed by different letters
are signiﬁcantly different at P = 0.05 (l.s.d. = 6.77)
Ewe stocking
rate
Low
High
Mean

1

2

3

Day
4

5

D

Mean

6.2
2.1
4.2a

14.5
8.1
11.3ab

21.5
17.0
19.2b

22.7
14.8
18.7b

24.7
15.5
20.1b

53.2
43.3
48.3c

23.8y
16.8x
–

this treatment may have been more aware of their lamb’s location.
In contrast, ewes in the high stocking rate, having more nonrelated lambs in their lambing environment, may have spent
more time searching for their lambs, resulting in a greater
difference travelled. The hessian shelter may have exacerbated
the situation, with ewes in the high stocking rate searching
between shelter rows, thereby crossing shelter less frequently.
Detailed observations would be required to establish if this was
the case, but it does imply that the number of animals in sheltered
environments, rather than stocking rate per se, may be important
in establishing a lambing environment that reduces the time
required by ewes to ﬁnd their lambs. Given Kleemann et al.
(2006), suggested ﬂock size rather than stocking rate or paddock
size inﬂuences lamb survival, clearly more work is warranted
to explore the relationships between stocking rate/ﬂock size
and ewe-lamb behaviour in both sheltered and unsheltered
environments.
The difference in stocking rate in this experiment was
achieved by altering ewe numbers rather than paddock size.
The use of low animal numbers in this experiment may have
also inﬂuenced the expression of behaviour. Differences in
grazing behaviour have been shown to occur when there are
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low numbers of animals in a paddock (Penning et al. 1993)
and other behaviours such as spatial distribution (Arnold and
Maller 1985) and maternal behaviour may also be inﬂuenced.
Furthermore, the potential for sheep behaviour in this experiment
to be inﬂuenced by adjoining mobs should be acknowledged,
with (Arnold and Maller 1985) observing that sheep in adjoining
paddocks often acted as a single ﬂock. While increasing the
paddock size of the low stocking rate treatment would have
enabled the stocking rates to be compared with identical ﬂock
sizes, differences in paddock size may have then inﬂuenced the
animals’ behaviour. The results of this study must be interpreted
within the context of these constraints.
The provision of shelter has been shown to result in increases
in lamb survival (Bird et al. 1984; Robertson et al. 2011) but can
be expensive to provide (McEachern and Sackett 2008). To limit
the amount of shelter required (and therefore costs associated
with shelter provision), higher stocking rates are required over
lambing. However, if the increased stocking rate in shelter results
in decreased lamb survival, gains resulting from shelter provision
may be eroded. Clearly more work is required to understand
the inﬂuence of stocking rate/ﬂock size on lamb survival in
sheltered environments, and on shelter design to not only
provide protection from the elements but an environment
conducive to maintaining the ewe-lamb bond.
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Abstract. The death of newborn lambs is a major factor inﬂuencing the reproductive efﬁciency of sheep enterprises.
Adverse weather conditions (wind, precipitation and low temperature), either alone or in combination (chill index), can
increase the level of newborn lamb mortality to over 50% of births for short periods through increased heat loss. The provision
of shelter to reduce wind speed and therefore chill index (heat loss) has been shown to reduce lamb mortality; however, the
reduction in mortality has been variable. This study used the decision support tool GrassGro to determine the likelihood of
adverse weather conditions occurring at six locations across south-eastern Australia which varied widely in climate. Data
were extracted for 24 consecutive weekly periods between May and October over 39 years (1968–2006) to evaluate daily
precipitation, temperature, radiation, wind speed and chill index. The minimum, maximum and median values were
calculated for all climatic factors for every week and year combination. The effectiveness of reducing wind speed to reduce
the occurrence of a high chill index was also evaluated. The severity of these weather events varied between locations with the
median weekly chill index rarely exceeding 1000 kJ/m2.h at Temora, but at both Hamilton and Orange this occurred in over
two-thirds of the weeks examined. Reducing wind speed by 50% reduced the number of weeks with a median chill index
exceeding 1000 kJ/m2.h in twice as many weeks at Hamilton and Yass compared with Orange. These results show that the
potential for shelter to reduce chill index will vary according to the location and time of year. In locations where another
climatic factor, such as low temperature or rainfall, has a greater inﬂuence on the chill index, shelter which only reduces wind
speed, will be less effective than at locations where wind speed is the driver of chill index.
Received 5 September 2011, accepted 5 April 2012, published online 16 July 2012

Introduction
The major cause of reproductive inefﬁciency is perinatal lamb
mortality, with Australian studies showing pre-weaning mortality
of lambs to range from 11 to 39% of births (Fogarty 1972; Knight
et al. 1975; Donnelly 1984; Owens et al. 1985; Hatcher et al.
2009). The ﬁrst 72 h after birth are the critical time period for
lamb survival to weaning (Haughey 1981; Miller 1991) with
Scales et al. (1986) stating that 94% of lamb deaths were within
this period.
Animal factors such as breed (Atkins 1980), ewe age, weight
and condition (Alexander et al. 1993; Hatcher et al. 2009;
Behrendt et al. 2011) and lamb birthweight or sex (Hight and
Jury 1970; Hatcher et al. 2009) inﬂuence the level of perinatal
mortality, as do various management factors such as stocking
rate (Watson et al. 1968; Ferguson 1982; Robertson et al. 2011).
Climatic factors can also be of major importance (Donnelly
1984). Poor weather (high winds and rain) during lambing can
cause a marked increase in lamb deaths, in some cases exceeding
90% (Obst and Day 1968; Egan et al. 1972).
Climatic factors (temperature, wind speed, rainfall and solar
radiation) affect lamb mortality by inﬂuencing the amount of heat
Journal compilation  CSIRO 2012

loss from animals (Mount and Brown 1983). Warm blooded
animals have an ambient temperature range within which they can
maintain their body temperature. When exposed to temperatures
lower than this range (‘lower critical temperature’) the animal’s
heat production needs to increase to maintain their body
temperature. This temperature can be as low as 20C for
adult sheep in full wool or, as high as 37C for a young lamb,
depending upon its weight and age (Alexander 1974; Slee 1979).
The lower critical temperature for lambs is higher as they are born
wet, have low energy reserves and large surface to volume ratio
(Alexander 1974; Bird et al. 1984; Freer et al. 2007). Below this
temperature lambs can maintain their body temperature by
increasing heat production by up to 500% of the base level.
This maximum heat production or summit metabolism is ~1100
kJ/m2.h but can only be maintained for a few hours (Alexander
1962).
In Australia sheep generally graze on pastures throughout
the year, including during lambing time (Brien et al. 2010). Under
these extensive grazing conditions, any shelter present will
provide protection from wind only and not rain. Shelter may
be in the form of rows of trees (Egan et al. 1972), shrubs
www.publish.csiro.au/journals/an

145

922

Animal Production Science

(Robertson et al. 2011) or various grass species (Egan et al.
1976; Alexander et al. 1980; McCaskill 2007).
The reduction in wind speed provided by shelter varies
between different shelter types and locations. This depends
upon several factors which include shelter height, porosity and
the angle of the wind (Cleugh 2003). Wind speed reductions at a
leeward distance equivalent to the height of the shelter ranged
from 0 to 82% in various types of tree rows (Bird et al. 2007) and
up to 90% for tall wheat grass (McCaskill 2007). The level of
windspeed reduction decreases as the distance from the shelter
increases (Bird 1998). When winds are not perpendicular to the
shelter then the reduction in wind speed for a speciﬁc distance is
reduced compared with when the wind is perpendicular to the
shelter (Cleugh 2003).
The provision of shelter to reduce wind speed, thereby
reducing the chill index, has been shown to reduce the level of
mortality compared with unprotected single and twin lambs by
between 3 and 13% (singles) and 14 and 37% (twins) of lambs
born (McLaughlin et al. 1970; Egan et al. 1972, 1976; Lynch
and Alexander 1977; Alexander et al. 1980; Bird et al. 1984). The
establishment and maintenance of shelter however, can be
expensive, with McEachern and Sackett (2008) estimating that
it would cost $14 100 to protect a 20-ha paddock with trees.
Furthermore, the potential for shelter to reduce the chill index and
increase lamb survival will depend on both the effectiveness of the
shelter, and the risk of adverse weather conditions, which is
further dependent on the locality and time of year when lambing
occurs.
This study aimed to assess the risk of poor weather occurring
during lambing by deﬁning the probabilities of adverse weather
events occurring during 24 consecutive weekly periods at several
locations (Armidale, Hamilton, Orange, Tarcutta, Temora and
Yass) in south-east Australia. The potential for a reduction in
wind speed to reduce the chill index at these locations was also
evaluated.
Materials and methods
Historical weather conditions were modelled using GrassGro
(version 3.0.5) (Donnelly et al. 1997), a decision support tool
developed by CSIRO. Wind chill or chill index can be calculated
using several methods (Mount and Brown 1983; Osczevski 1995)
with GrassGro using the formula developed by Nixon-Smith
(1972) for sheep graziers alerts issued by the Australian Bureau
of Meteorology and modiﬁed by Donnelly (1984). This formula
calculates the potential heat loss (C) in kJ/m2.h using mean daily
wind velocity (v; m/sec), the mean daily temperature (T; C) and
daily rainfall (x; mm) as shown below:
C ¼ ð11:7 þ 3:1v0:5 Þð40  TÞ þ 481 þ ½418ð1  e0:04x Þ
Six locations across south-eastern Australia were selected to
encompass a range of different climates: Armidale (30310 S,
151400 E, 980 m elevation), Orange (33230 S, 149070 E, 948
m) Tarcutta (35170 S, 147440 E, 232 m), Temora (34240 S,
147320 E, 270 m) and Yass (34500 S, 148550 E, 520 m) in
New South Wales and Hamilton (37500 S, 142040 E, 200 m)
in Victoria. Tarcutta was chosen as experimental work
investigating the effects of shelter on lamb survival has
recently been reported (Robertson et al. 2011), while the
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effects of shelter on survival have been extensively studied at
Armidale (Alexander et al. 1980; Lynch et al. 1980) and Hamilton
(McLaughlin et al. 1970; Egan et al. 1976). Orange and Yass
were chosen as locations which often experience high chill
indices (weekly maximum >1100 kJ/m2.h), while Temora was
chosen as a location which rarely experiences such chill indices.
Data for the 39-year period from 1968 to 2006 were used, 1968
being the earliest date at which weather data were available
for all of the selected locations. While it is acknowledged
anemometers are subjected to short-term biases (for example
due to bearings sticking before lubrication), using records
over 39 years reduces the impact of any such biases on the
interpretation of the results. The potential effect of unprotected
or sheltered lambing conditions was simulated by reducing
recorded wind speeds by a range between 5 and 100%. While
it is acknowledged that shelter may provide other beneﬁts leading
to improvements in lamb survival (e.g. ewe nesting or lamb
behaviour), the current analysis does not account for these
potential effects and focuses on chill index. Similarly, we
assume shelter provides no measurable effect on components
of chill index other than wind speed, namely temperature and
precipitation.
For each location, weather data was extracted for 7-day
intervals between 1 May and 15 October, providing 24 weekly
periods per location. This timeframe was selected as this covers
the time when lambing commonly occurs (Croker et al. 2009),
and when climatic conditions with higher chill indices are most
likely to occur. For each 7-day period data were compiled for
the daily precipitation, minimum and maximum temperature,
solar radiation, wind speed and chill index. From this data
the weekly minimum, maximum and median values were
calculated for each parameter. The percentage of years these
values exceeded speciﬁc thresholds were then calculated. The
thresholds selected were a wind speed of 8 km h1 (Obst and Day
1968), a minimum temperature of below 0C, a maximum
temperature of below 10C (Alexander 1962) or a chill index
of greater than 1000 and 1100 kJ/m2.h (Alexander 1962;
Kleemann and Walker 2005). Maximum values showed the
thresholds were exceeded on 1 or more days of the week and
minimum values showed they were exceeded on every day
while the median value showed they were exceeded on 4 of
the 7 days, providing a high likelihood (but not certainty) that
this occurred on 2 or more consecutive days.
Obst and Evans (1970) suggested that reducing wind speed to
below 8 km/h for the 6 h after birth would reduce lamb deaths by
8–15% annually over a 10-year period on Kangaroo Island.
Alexander (1962) stated that at temperatures below 10C many
wet lambs were unable to maintain their body temperature, with
heat production lowest in lambs from ewes with lower pre-natal
nutritional regimes.
Summit metabolism for a 5-kg lamb is ~1100 kJ/m2.h and this
can be maintained for only a few hours (Alexander 1962),
therefore any chill index above that level can be detrimental to
lamb survival. Kleemann and Walker (2005) found that, in
conjunction with bodyweight, twin lamb survival was also
correlated with the number of days the chill index exceeded
1000 kJ/m2.h. A median weekly chill index greater than 1000 kJ/
m2.h indicates that at least 4 of the 7 days exceed this level. In
this situation many lambs could be exposed to 2 or 3 days of
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critical chill index levels in the critical period for lamb survival,
the ﬁrst 72 h after birth (Haughey 1981). Reducing the
median weekly chill index to below 1000 kJ/m2.h reduces the
likelihood of lambs experiencing conditions of high chill index
in this time period. The reduction of the maximum weekly chill
index below 1100 kJ/m2.h or the median weekly chill index below
1000 kJ/m2.h are therefore important thresholds for lamb
survival.
To examine the inﬂuence that reductions in wind speed had
on chill index, for different levels of wind speed reduction,
the number of years that the maximum chill index exceeded
1100 kJ/m2.h as a percentage of the number of years this occurred
with no wind speed reduction was calculated for each of the
24 weeks at each location. The 24 weeks were then considered
replicates and the data were analysed by two-way ANOVA using
GENSTAT 11.1 (GENSTAT 2008).
Results
Likelihood of extreme weather events
The mean chill index for the period simulated (1 May to 15
October) was greater than 1100 kJ/m2.h at Hamilton, Orange, and
Yass, while for the other locations it was below this threshold.
While the mean maximum wind speed was higher at Tarcutta it
was only at Hamilton and Yass that the mean wind speed was
greater than 4 km/h. Armidale, Orange and Yass all had mean
minimum temperatures below 0C and the lowest minimum
temperatures while Orange was the only location where the
mean maximum temperature was less than 10C and the
lowest maximum was below 0C (Table 1). Radiation was
closely related to the latitude of the location, the further north
the higher the radiation readings (data not shown).
Climatic factors exceeding critical levels at each location
At Armidale and Temora median wind speed exceeded 8 km/h in
less than 25% of years across all weeks (MayOctober), while at
Tarcutta median wind speed exceeded 8 km/h in 25% of years for
1 week (August 21) only. At Hamilton, however, median wind
speed was greater than 8 km/h in more than 60% of years for
all weeks, and for some weeks this occurred every year. At Yass
and Orange median wind speeds exceeded 8 km/h in over 25%
of the years for more than half of the weeks examined (Fig. 1).
Median minimum temperatures rarely fell below 0C for
any week at Hamilton, but at all other locations this occurred
in more than 20% of years for some weeks (Fig. 1). At Orange the
median maximum temperature did not reach 10C for 15 of the
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24 weeks analysed in at least 10% of years; Yass was the only
other location where this occurred in more than 1 week (Fig. 1).
Median radiation levels below 8 MJ/m2 were never observed at
Armidale and only at Hamilton did this occur in more than 40%
of years for any week (data not shown).
At Tarcutta, Armidale and Temora the median chill index
rarely exceeded 1100 kJ/m2.h for each week analysed and never
for more than 3% of years analysed. At Orange it exceeded this
level in more than 20% of years for one-third of the weeks
analysed while at Hamilton this only occurred in 2 weeks. The
median chill index exceeded 1100 kJ/m2.h in 10% of years for
14 weeks at Orange, 10 weeks at Hamilton and 3 weeks at Yass
(Fig. 2). The median chill index exceeded 1000 kJ/m2.h in over
50% of years for more than half of the analysed weeks at Hamilton
(20 weeks), Orange (17 weeks) and Yass (13 weeks) while it
exceeded this threshold in 50% of years for one time period at
Armidale and no weeks at Tarcutta or Temora (Fig. 2).
Only on three occasions was the minimum weekly chill index
(all 7 days) greater than 1100 kJ/m2.h, once at Hamilton and twice
at Orange. At Temora the minimum weekly chill index was less
than 1000 kJ/m2.h for all weeks analysed, while at Armidale and
Tarcutta minimum chill index exceeded 1000 kJ/m2.h in less than
half the weeks analysed and at both locations was an uncommon
occurrence (less than 20% of years for these weeks). At Yass,
Hamilton and Orange minimum chill indices exceeding 1000 kJ/
m2.h were recorded in more than 75% of weeks and for many of
these weeks this occurred in at least 10% of years (Fig. 2).
Hamilton, Orange and Yass were the locations at which
the weekly median chill index most commonly exceeded both
1000 and 1100 kJ/m2.h. Orange was the location with the greatest
overall incidence of the weekly median chill index exceeding
1100 kJ/m2.h (12% of instances) followed by Hamilton (8%),
while it occurred least at Temora and Tarcutta (<1%). A weekly
median chill index of greater than 1000 kJ/m2.h occurred most at
Hamilton (72%) and Orange (67%) and least at Temora (6%).
Rainfall
At all locations there were years when rain was recorded on all
7 days in a week. Hamilton and Orange were the only locations
where this occurred in more than 10% of the years for more than
1 week. At these two sites for the 24 weeks simulated this level
was exceeded for 19 and 11 of the weeks, respectively. Rain was
recorded on a minimum of 4 of the 7 days at Hamilton in at least
50% of years for all weeks, at Orange at least 30%, Temora 15%
and Yass 10%, while at both Tarcutta and Armidale it occurred in
at least 10% of years for all but 1 week.

Table 1. Mean, minimum and maximum readings for maximum daily chill index (kJ/m2.h), maximum daily wind speed (km/h) and lowest daily
minimum and maximum temperature (8C) for 24 weekly periods at six locations over 39 years (1968–2006)
Site
Mean
Armidale
Hamilton
Orange
Tarcutta
Temora
Yass

1054.0
1128.9
1150.7
1075.5
1031.0
1109.3

Chill index
Min.
Max.
830.9
941.5
905.7
870.0
825.2
889.0

1397.1
1433.7
1448.3
1434.4
1338.9
1385.9

Mean
2.69
4.52
3.49
3.12
2.09
4.17

Wind speed
Min.
Max.
0.02
1.61
0.86
0.59
0.36
0.66

11.32
14.80
14.09
20.95
11.49
10.87

Min. temperature
Mean
Min.
Max.

Max. temperature
Mean
Min.
Max.

–1.16
1.59
–0.99
0.55
0.41
–0.90

12.23
11.38
8.45
12.89
13.09
11.30

–9.30
–5.40
–7.10
–6.28
–6.60
–8.80

10.00
10.00
8.50
10.50
12.40
8.80

3.00
5.80
–0.20
5.00
4.40
1.80
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21.40
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25.40
23.60
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Fig. 1. Likelihood of median weekly wind speed exceeding 8 km/h (–*–),
minimum temperature below 0C (*) or maximum temperature below
10C (–!–) during 24 weekly periods from May to October at (a) Armidale,
(b) Hamilton, (c) Orange, (d) Tarcutta, (e) Temora and (f) Yass.

Fig. 2. Likelihood of median chill index exceeding 1000 (–*–) and 1100
(*) kJ/m2.h and minimum chill index exceeding 1000 (–!–) kJ/m2.h
for 24 weekly periods from May to October at (a) Armidale, (b) Hamilton,
(c) Orange, (d) Tarcutta, (e) Temora and (f) Yass.

Inﬂuence of reducing wind speed

locations, occurring earliest in Hamilton (mid June to mid
August) and latest in Orange (late JulySeptember) with Yass
between these two locations (Julyearly August) (Fig. 3).
A 50% reduction in wind speed reduced the likelihood of
the median weekly chill index exceeding 1000 kJ/m2.h by greater
than 50% in more than three-quarters of the weeks in which it
occurred at all sites except for Orange. At Orange the reduction
exceeded 50% in only 9 of the 24 weeks (Fig. 4).
A 10% reduction in wind speed provided a signiﬁcant
reduction in the probability of the maximum chill index
exceeding 1100 kJ/m2.h at all sites except Orange and Yass.
At these sites, a 15% reduction in wind speed was needed to
signiﬁcantly reduce the probability of maximum chill index
exceeding 1100 kJ/m2.h (Fig. 5).

The effect of reducing wind speed was more important at some
locations than others in terms of reducing the percentage of years
with median chill index exceeding 1100 kJ/m2.h. At Armidale,
Tarcutta and Temora the percentage of years in which the
median weekly chill index exceeded 1100 kJ/m2.h without
reducing wind speed was low in all weeks analysed (Fig. 2).
As such, reducing wind speed had minimal ability to inﬂuence the
percentage of years with a median weekly chill index greater than
1100 kJ/m2.h (Fig. 3). At the other locations this occurred in
more weeks and on more occasions per week, with Hamilton
recording a median weekly chill index for the week of more than
1100 kJ/m2.h in a percentage of years for 21 of the 24 weekly
periods, Orange in 18 and Yass in 16 weeks. At these locations, for
those weeks, a 50% reduction of wind speed resulted in a 50% or
greater reduction of the probability of the median chill index
exceeding 1100 kJ/m2.h in all weeks at Hamilton and all but
2 weeks at Orange and 1 at Yass (Fig. 3). The time when wind
speed reductions were most effective varied between these

Discussion
The results from this study show that the risk of adverse weather
and the potential for shelter to reduce chill index and therefore
newborn lamb mortality varies according to the location. Where
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shelter can achieve a 100% reduction in wind speed the
percentage of years where median weekly chill index exceeds
1000 kJ/m2.h during key lambing months is reduced to
insigniﬁcant levels across all locations. Even at locations with
a lower incidence of adverse chill index and wind speeds (e.g.
Armidale and Tarcutta), minor reductions (10%) in wind speed
resulted in a signiﬁcant reduction in the risk of high chill index
occurring (Fig. 5). For some locations (Hamilton, Orange and
Yass), however, even a 50% reduction in wind speed could not
remove a signiﬁcant risk of high chill index between June and
September (Fig. 4).
In environments that have a low risk of a chill index greater
than 1000 kJ/m2.h (similar to Temora), the cost of providing
shelter may outweigh any ﬁnancial beneﬁt gained from improved
lamb survival. In this type of environment, changing lambing time
to June or September would reduce most of the risk of high chill
indices. In contrast, all other locations investigated in this study
have limited potential to mitigate the risk of high chill indices

Oct.

Fig. 4. Likelihood of median weekly chill index exceeding 1000 kJ/m2.h for
24 weekly periods from May to October with 0 (–*–), 25 (*), 50 (–!–),
75 (~) and 100 (–&–) % wind speed reduction at (a) Armidale,
(b) Hamilton, (c) Orange, (d) Tarcutta, (e) Temora and (f) Yass.
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Fig. 3. Likelihood of median weekly chill index exceeding 1100 kJ/m2.h for
24 weekly periods from May to October with 0 (–*–), 25 (*), 50 (–!–),
75 (~) and 100 (–&–) % wind speed reduction at (a) Armidale,
(b) Hamilton, (c) Orange, (d) Tarcutta, (e) Temora and (f) Yass.
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Fig. 5. Percentage of years that the maximum chill index for a week
exceeded 1100 kJ/m2.h over all 24 periods with reductions in wind speed
compared with full wind speed (P < 0.001, l.s.d. = 6.469).
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through changing lambing time, unless lambing was to occur in
May or October. Changing lambing time is likely to have
signiﬁcant implications on the productivity and supplementary
feeding requirements of sheep enterprises, due to a less optimal
alignment of pasture availability and ﬂock feed requirements.
These effects, plus potential reductions in ewe fertility (due to
joining during seasonal anoestrous) and fecundity (ovulation
rate peaks mid breeding season) (Lindsay 1988) should be
considered against any beneﬁts gained from increased lamb
survival.
Shelter appears most effective in reducing lamb mortality
during late winterearly spring. The probability of precipitation
on a minimum of 4 days during these weeks was not markedly
different compared with mid winter. At four sites (Tarcutta,
Hamilton, Yass and Orange) the likelihood of median weekly
wind speed exceeding 8 km/h increased from late August.
Furthermore, major decreases in the probability of the
median weekly chill index exceeding 1100 kJ/m2.h did not
occur until late September at all locations (Fig. 2). If, as
suggested by Obst and Evans (1970), mortality is signiﬁcantly
lower when wind speeds are below 8 km/h then shelter may be
of greater beneﬁt for late winter or early spring lambing, which
coincides with the peak time of lambing for many locations
including Hamilton, Yass and Orange (Croker et al. 2009).
Much of the Australian research conducted on the ability of
shelter to reduce newborn lamb mortality has been conducted
at Armidale (Alexander and Lynch 1976; Lynch and Alexander
1976; Alexander et al. 1980; Lynch et al. 1980). While these
studies showed signiﬁcant increases in lamb survival with shelter,
other effects of shelter, such as increased pasture production (Bird
et al. 1992) or greater privacy for lambing ewes (Alexander et al.
1983), rather than the reduction in windspeed per se may have
contributed to the observed increases in survival. Given the
present study shows the likelihood of extreme chill indices
was lower at Armidale than other locations (Hamilton, Orange
and Yass) (Table 1, Fig. 2), this suggests the earlier studies may
have underestimated the value of shelter directly on lamb survival
at locations where extreme wind-dependent chill indices are more
likely to occur.
At Hamilton, Yass and Orange reductions in wind speed were
equally effective in decreasing the likelihood of a median weekly
chill index above 1100 kJ/m2.h (Fig. 4), but at Orange reductions
in wind speed were less effective in decreasing the likelihood of
the median weekly chill index exceeding 1000 kJ/m2.h (Fig. 5).
This indicates that while wind speed may have a major inﬂuence
in raising the chill index above 1100 kJ/m2.h at Orange it has a
lesser role in causing a chill index between 1000 and 1100 kJ/m2.h
(Fig. 5), where it is the increased likelihood of low minimum and
maximum daily temperatures, combined with precipitation that
drives the chill index.
While the levels of solar radiation appeared to be related
mainly to latitude, its role in chill index should be
acknowledged, in both its effect on warming and the reduction
in warming caused by wind (Brown and Mount 1987). Lower
daily maximum temperatures are associated with cloudy days as
downward solar radiation is reduced through clouds reﬂecting
sunlight (Dai et al. 1999). At a location such as Orange where
there was a high likelihood of a median daily maximum below
10C (most likely associated with cloudy days), the use of shelter
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to reduce wind speed to maximise the inﬂuence of low solar
radiation levels, would be of importance in the survival of some
newborn lambs.
Conversely minimum temperatures below 0C are normally
associated with clear nights, low winds and radiation frosts
(Bureau of Meteorology 2009). The reduction or elimination
of wind, even at low speed, optimises the efﬁciency of solar
radiation in warming a newborn lamb to above the lower critical
temperature.
The consistency of wind direction can also inﬂuence the
effectiveness of shelter. Shelter is less effective when not
orientated perpendicular to the wind but can give good shelter
at up to 30 of the perpendicular (Cleugh 2003). Unless shelter
belts entirely surround the area of concern, the possibility exists
that adverse winds may prevail from an unprotected area resulting
in GrassGro overestimating the reduction in chill index levels
due to shelter.
This paper has not investigated any other beneﬁts of shelter to
the producer. Animal and pasture production may be increased
(Alexander and Lynch 1976; Bird 1998) and there is the potential
for the shelter to be used to reduce sheep deaths after shearing
(Bird et al. 1984) or at other times of the year. Additionally, the
planting of trees for shelter may have positive environmental
impacts such as reducing dryland salinity (Schoﬁeld 1992).
This study has shown that location, the consequent climatic
conditions and time of lambing are major factors that determine
the effectiveness of shelter for the survival of newborn lambs. The
probability of poor weather occurring during lambing and the
potential for a reduction in wind speed to reduce the chill index at
a particular location and lambing time should be considered
before investment in shelter.
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Abstract
Shelter has been shown to reduce lamb mortality in many situations, but the cost
effectiveness of providing this shelter has seldom been investigated. A net present
value approach was used to evaluate the level of increased lamb survival required to
provide a positive return on the investment to establish the shelter. A flock of 1000
Merino ewes with a single shelter design was used for all analyses. Factors such as
percentage of twin-bearing ewes, stocking rate at lambing, sale weight and price, wool
weight and price, shelter life and the discount rate were analysed to determine their
influence on the cost effectiveness of providing shelter. At a discount rate of 5%, a
flock with 20% twin–bearing ewes stocked at 18 ewes/ha with a 25 year shelter life
required an average annual increase in lamb survival of 12.4% to achieve a positive
return, based on a shelter cost of $39,487. Changes in the cost of establishing the
shelter had the greatest influence on economic return, followed by changes in stocking
rate, sheep sale price, the discount rate, shelter life and flock twinning percentage.
Regardless of the initial survival rate, a specific change in lamb survival provided the
same change in the net present value. This shows that the prevention of a reduction in
lamb survival due to adverse weather events is the same as an equivalent overall
increase in lamb survival, and while under normal conditions the shelter may have
limited influence on lamb survival, it could be considered as a form of insurance to
prevent major losses, both livestock and financial, when adverse weather conditions
occur.

Keywords: economics, lamb survival, shelter
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Introduction
A major cause of new born lamb mortality is the starvation-mismothering-exposure
(SME) complex (Ferguson 1982; Plant 2004), so creating a more benign environment
for the new born lamb can reduce mortality. Providing shelter from the wind for
lambing ewes has been shown to reduce lamb mortality by up to 50% in Australia, but
the impact is variable with studies during mild weather conditions showing minimal
or no improvement in some situations (McLaughlin et al. 1970; Egan et al. 1972;
Egan et al. 1976; Lynch and Alexander 1977; Alexander 1980).

The cost of

providing shelter needs to be less than the benefits accrued from its use for it to be
profitable. Using a whole-farm bio-economic model to analyse the financial benefits
of using grass hedges to reduce mortality Young et al. (2014) concluded the provision
of low cost shelter for twin-bearing ewes could improve the profitability of many
sheep enterprises in south eastern Australia.

However the cost-effectiveness of

providing more expensive shelter (shrubs or trees) for lamb survival has not been fully
investigated.

While a detailed financial analysis of shelter use in crop production systems has been
completed in Western Australia (Jones and Sudmeyer 2002) and the United States
(Brandle et al. 1984), few analyses have been undertaken for pasture and livestock
production. Analysis of the financial benefits of shelter on animal production is
complex. Changes in pasture production (Lynch and Donnelly 1980; Cleugh 1998;
Bird et al. 2002a; Bird et al. 2002b), animal production (Black and Bottomley 1980;
Charles 1991) and livestock health, including post shearing (Hutchinson 1968; Bird
and Cayley 1991) and lamb mortality (Obst and Ellis 1977; Alexander et al. 1980;
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Pollard 2006), may all interact with each other to provide the final economic value
from the investment in shelter.

The frequency and severity of adverse weather events will have a major influence on
the cost effectiveness of shelter belt establishment. Sudmeyer et al. (2002) found that
the greatest benefits of windbreaks on crop yields were realised in years with extreme
wind events. Similarly, the potential for shelter to reduce lamb mortality is greatest
when adverse weather occurs, rather than in mild conditions (Watson et al. 1968;
Egan et al. 1972; Egan et al. 1976; Lynch and Alexander 1976; Alexander et al.
1980). The frequency of adverse weather events and the potential for shelter to
reduce their occurrence varies depending upon location (Paper H) (Broster et al.
2012).

This paper investigates the benefits to lamb survival and production from a specific
shelter design, shrub belts at 50 metre intervals. It evaluates the impact that variations
in both the cost of establishing the shelter and the income received from the additional
surviving lambs. It does not consider any influence that shelter may have on pasture
production or any environmental benefits such as salinity or erosion prevention.

Materials and Methods
A net present value (NPV) approach was used to assess the increase in income
generated by the use of shelter to create lambing paddocks for twin bearing ewes over
the life of the shelter. This methodology is similar to that used by Brandle et al.
(1992) to evaluate the economics of windbreaks in cropping systems in the United
States.

Using the net present value method discounts future income from the
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investment to present values from which the investment costs are then subtracted. A
positive NPV indicates the investment is economically viable at the given discount
rate while for a negative NPV it is not.

Shelter establishment
The shelter design was the same three shrub row design as used by Broster et al.
(2010) (Papers A & B). The shrub belts were fenced to prevent animal access and
were 10 m wide, with three rows of shrubs with an average height of 2.5 m. Shelter
was placed on the northern, western and southern boundaries of the paddock with a
single internal shrub row located 50 m from the southern and northern rows. To allow
sheep to pass through the centre shelter belt a 10 m wide gap was located at its
midpoint.

An existing boundary fence was assumed to be used for all external

boundaries of the paddock. At Tarcutta (NSW) this shelter design resulted in an
increase in twin lamb survival of 7% (77% cf. 70%) compared to ewes sheltered by
hessian at a stocking rate of 18 ewes/ha (Paper J) (Robertson et al. 2011).

Most of the costs of establishing the shelter occur in the first year. The tree lines were
ripped prior to planting and two knockdown and one residual herbicide were applied
in year 1. Labour was valued at $30 per hour for tree planting and watering and $50
per hour for herbicide application. The cost of preparation for planting (ripping and
herbicide application) and planting (trees and guards) was $2.28 per tree including
labour. The cost of establishing the shelter assumes a 20% replacement of trees in
year 2 and 5% in year 3, one herbicide application in years 2 and 3 and a watering in
year 2, resulting in additional annual costs of $1278 in year 2 and $230 in year 3.
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These were the actual costs to establish the shelter belts at the research site on which
the shelter design for this study is based (Paper J) (Robertson et al. 2011).

Fencing costs were assumed to be $6,600 per kilometre (including labour)
(McEachern and Sackett 2008), which at the base level of the variables analysed
resulted in the total establishment costs (including replacement trees) of $39,487 or
$3554.19/grazeable ha for 11.11ha. This lost grazing area is not included in the costs
as it is difficult to quantify and the area may be able to be used for opportunistic
grazing at certain times of the year after the shrubs are established. Additionally an
arbitrary annual cost of $1000 for the shelter belts was assumed for ongoing
miscellaneous maintenance costs (weed control, fence repairs etc.) for the life of the
trees. The effect of the cost of maintaining the shelter on the NPV was evaluated by
comparing different cost levels.

The full effect of the shelter was assumed not to be realised until year 4, even though
lambing takes place in the shelter each year. Preparation and planting of the shelter
takes place early in year 1 with lambing at the end of year 1. Robertson et al. (2011)
(Paper J) found shrub height to be approximately 30%, 60% and 75% of the year 4
height for years 1, 2 and 3 respectively. For this study the effect of the shelter on
survival was assumed to be 0% in year 1, 33% in year 2 and 66% in year 3, relative to
the year 4 effect.

The creation of sheltered areas for lambing ewes reduces pasture availability in the
sheltered area. This is due to both the area used for the shelter and any competition
effects adversely affecting plant growth near the shelter belts (Kellas et al. 1995;
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Sudmeyer et al. 2002), although plant production can also be increased outside the
competition zone but within the sheltered area (Sudmeyer and Scott 2002). The value
of this lost production will vary according to both stocking rate and level of pasture
production. The effect of placing a cost on any lost production on the NPV was
evaluated by comparing different values between $0 and $1000/ha/year.

Sheep production
A flock size of 1000 Merino (20 micron) ewes in lamb (mated to Merino rams) was
used for the analysis, with only twin-bearing ewes being placed in the sheltered area
at a stocking rate of 18 ewes/ha, meaning a greater sheltered area is required for
higher twinning percentages. It was assumed ewes were scanned to determine single
and twin bearing ewes for management purposes and this was not an additional cost.
The values for both sheep and wool sales and the costs of production (marking,
animal health, shearing) and sale expenses (cartage, commission and wool tax) were
obtained using the New South Wales Department of Primary Industries gross margin
budgets (New South Wales Department of Primary Industries 2013).

Additional lambs (as a result of an increase in survival) were sold at two times, wether
lambs at 10 months old (22 kg carcase weight) and ewe lambs as 18 month old
hoggets. It was assumed that lamb births were equally divided between male and
female and that there was no difference between the sexes in their survival rates. All
lambs were shorn when four months old with the ewe hoggets also shorn before sale.
The lambs produced 1.18 kg/head of wool valued at $3.11/kg greasy while the ewe
hoggets averaged 5.64 kg/head which was valued at $6.97/kg greasy (New South
Wales Department of Primary Industries 2013).
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Data analysis
Several production variables were varied to determine their impact on profit, and the
base values used for these are listed in Table 1. Differing benefits of shelter to lamb
survival was altered by increasing twin lamb survival from one to 25% above the base
value of 60% (Lloyd Davies 1968; Donnelly 1984; Kleemann and Walker 2005b;
Behrendt et al. 2006). For all analyses only one variable was changed, the remaining
variables remained as listed in Table 1 unless stated otherwise.

Under the above conditions a flock with 20% twin-bearing ewes stocked at 18
ewes/ha during lambing required 11.11 ha grazing area, 2.66 ha of shelter, 2217 trees
and approximately 5km of fence. With 40% twin-bearing ewes this increased to
22.22 ha grazing area, 5.0 ha of shelter, 4161 trees and 9.5 km of fence while for 60%
twin-bearing ewes 33.33 ha grazing area, 7.33 ha of shelter, 6106 trees and 14 km of
fence were required.

The effect of different cost shelter designs was evaluated

through both changes in the cost per tree and changes in the overall cost of the shelter.

Table 1: Base levels used for the variables
Variable
Current twin survival rate
Twinning %
Establishment cost (for 13.77 ha)
Establishment cost (per grazeable ha)
Discount rate
Shelter life (years)
Annual maintenance cost
Lost production (per ha/year)
Ewe stocking rate @ lambing (ewes/ha)
Wether lamb sale price
Ewe hogget sale price
Lamb wool value ($/kg greasy)
Hogget wool value ($/kg greasy)

Value
60%
20%
$39,487
$3554
5%
25
$1000
$0
18
$79.78
$97.00
$3.67
$39.31
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This paper only investigates the cost of providing shelter for twin-bearing ewes and
the income gained from the additional surviving twin lambs, not the economics of the
entire sheep system. It does not place a value on either increased pasture consumption
or any additional supplementary feeding due to the additional surviving lambs and
also assumes that the sheltered area was managed to provide sufficient biomass at
lambing such that supplementary feeding was not required over lambing and lamb
survival was not compromised. Additionally it places no value on any benefits a
higher stocking rate of twins in the sheltered area may have on the remainder of the
flock through increased area and possibly nutrition and the effects these may have on
the overall flock performance.

Results
Establishment cost
The cost of establishing shelter was the most important factor in the financial viability
of that shelter and different shelter designs or different fence construction alters the
overall cost of the shelter. For a flock with 20% twin-bearing ewes the cost of
establishment was $39,487 or $3,554/grazeable ha, for 40% and 60% twin-bearing
ewes it was $74,584 ($3,323/grazeable ha) and $109,681 ($3,290/ grazeable ha)
respectively, the cost/grazeable ha declining because as the total area required
increases, the proportion of shelter area to grazing area decreases from 23.9% with
20% twin-bearing ewes to 22.0% with 60% twin-bearing ewes, thereby reducing the
length of fence required proportional to the area to be sheltered. Regardless of
twinning percentage, for every $250/ha increase or decrease in the cost of the shelter,
a corresponding change in lamb survival of 0.8% was required to return a positive
NPV (Figure 1).
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Figure 1. Percentage increase in lamb survival required to obtain a positive NPV from
shelter for different shelter establishment costs for three percentages of twin-bearing
ewes in a flock of 1000 ewes.

Increase in twin lamb survival percentage
An increase in lamb survival by one percent (eg. from 60% to 61%) for twin lambs
returned an increase in the NPV of $4094.98 regardless of the original survival
percentage of the flock. However, flocks with a lower initial survival percentage had
a greater potential increase in lamb survival compared to flocks with higher initial
survival percentages.

Twin lamb percentage
Flocks with more twin lambs gained the greatest economic benefit from shelter and
the level of benefit increased with greater increases in lamb survival. For a flock with
20% twin-bearing ewes an increase in lamb survival of 12.4% (eg. 60% to 72.4%)
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was required to achieve a positive return from providing shelter. For flocks with 40%
twins an increase in survival of 10.3% was required, while for flocks with 60% twins
a increase in lamb survival of 9.6% was required to achieve a positive return from
shelter investment (Figure 2).
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Figure 2: Effect of percentage of twin-bearing ewes (20, 40 and 60%) on the net
present value of providing shelter

Discount rate
Increases in the discount rate markedly elevated the level of increase in lamb survival
required to attain a positive return on investment. For a flock with 20% twin-bearing
ewes at a 5% discount rate, an increase of 12.4% in lamb survival was required, while
for 10, 15 and 20% discount rates the required increases in lamb survival to achieve a
positive return were 17.9, 24.5, and 31.9% respectively (Figure 3).
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For 40% twin-bearing ewes the increase in lamb survival to return a positive NPV
was 10.3, 15.4, 21.6 and 28.5% for discount rates of 5, 10, 15 and 20% respectively.
When the flock contained 60% twin-bearing ewes the required level of increase was
reduced to 9.6, 14.6, 20.6 and 27.4% for the four discount rates.
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Figure 3: Effect of discount rate on the net present value of providing shelter for twin
bearing ewes in a flock of 1000 ewes of which 20% are twin-bearing

Shelter life
With increased shelter life the profitability of providing the shelter was higher.
Based on a shelter life of 15 years in a flock with 20% twin-bearing ewes, an increase
in lamb survival of greater than 16.5% was required to achieve a positive NPV, while
for a 50 year shelter life the required increase in lamb survival was 10% (Figure 4).

As the proportion of ewes bearing twins in a flock increased the required increase in
lamb survival for all shelter life spans decreased. When the shelter life was 15 years
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increases in lamb survival of 14.1% and 13.3% were required for 40% and 60% twinbearing ewes respectively, while for a planned shelter of 50 years the required
increase in lamb survival was 8.1% and 7.4%.

As the expected increase in lamb survival became greater the shelter life span to
return a positive NPV was reduced. With 20% twin-bearing ewes an increase in lamb
survival of 15% required a shelter life of 18 years to return a positive NPV (40%
twinning - 14 years; 60% twinning - 13 years), for a 20% increase 12 years was
needed (40 and 60% twinning - 10 years) and for a 25% increase a shelter life of only
nine years was needed (40 and 60% twinning - eight years).
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Figure 4: Effect of changing the tree life span from 25 years to 15, 40 or 50 years on
the net present value of providing shelter for twin bearing ewes in a flock of 1000
ewes of which 20% are twin-bearing
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Maintenance of shelter belts
In a shelter design for a flock with 20% twin-bearing ewes, a $500 increase in the
annual shelter maintenance cost over the life of the shelter required an additional
increase in lamb survival of 1.6% to return a positive NPV, irrespective of projected
shelter life. To return a positive NPV with 40% twin-bearing ewes the required
additional increase in lamb survival was 0.8%, while 60% twin-bearing ewes it was
0.5%.

Cost of lost pasture production
Placing a value on any lost pasture production requires additional increases in lamb
survival from the shelter to return a positive NPV. For every $100/ha/year in the
value placed on lost pasture production, lamb survival needed to increase by
approximately 0.9% for all percentages of twin lambs born (Figure 5).
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Figure 5: Percentage increase in lamb survival required to obtain a positive NPV from
shelter for different values of annual lost pasture production at three twin lambing
percentages

Stocking rate
The effect of stocking rate within the lambing area on the NPV was consistent for all
levels of increased survival percentage (Figure 6). With 20% twin-bearing ewes an
increase from 18 to 19 ewes/ha increased the NPV at any given increase in survival
percentage by $1756 whereas an increase from 24 to 25 ewes/ha provided an increase
of $1001. A change in the proportion of twin-bearing ewes from 20% to 40% resulted
in a doubling of the increase in NPV for each stocking rate increase (eg. 18-19
ewes/ha: $3512 increase in NPV) and for 60% twin-bearing ewes the increase was
triple that with 20% twin-bearing ewes (Figure 6).
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Figure 6: Effect of changing the ewe stocking rate in the lambing paddocks from 18
ewes/ha to 12, 24 or 36 ewes/ha on the net present value of providing shelter for twin
bearing ewes in a flock of 1000 ewes of which 20% are twin-bearing

Sale price of additional animals
A 20% reduction in the sale price for either wether lambs or ewe hoggets resulted in
the required increase in twin lamb survival being 13.6% and 13.9% respectively to
yield a positive return, compared to 12.4% at the assumed base sale price of $79.78
for wether lambs (Figure 7) or $97.00 for ewe hoggets (Figure 8). As the level of
additional lamb survival increased the sale price had a greater influence on the NPV.
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Figure 7: Effect of 20% change in sale price of wether lambs on the net present value
of providing shelter for twin bearing ewes in a flock of 1000 ewes of which 20% are
twin-bearing
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Figure 8: Effect of 20% change in sale price of ewe hoggets on the net present value
of providing shelter for twin bearing ewes in a flock of 1000 ewes of which 20% are
twin-bearing

Changes in wool price
Changes in the value of either the value of the lamb or hogget wool had little
influence on the NPV. In a flock with 20% twins a change in price for the lambs’
wool of $1.00 per kg provided a change in the overall NPV of $56.65 for every
percent in increased lamb survival (eg. $283 with a 5% increase), the influence of a
$1.00 per kg change hogget wool was greater, a $1.00 per kg change in price resulted
in a change in the NPV of $135.39 for every percent increase in lamb survival.
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Sensitivity analysis
At all levels of twinning percentage the most important factor in determining the
profitability of providing shelter was the cost of establishing the shelter. A 10%
increase in the cost of establishing the shelter required an additional increase in lamb
survival of 1.01% (12.38% to 13.39%) to counter the increased cost of providing
shelter for a flock of 1000 ewes of which 20% were twin-bearing. While the required
increase was reduced for flocks with 40% and 60% twins, it was still the most
important factor (Table 2). Stocking rate was the next most important factor, with a
10% decrease in stocking rate in the sheltered area an additional 0.74% increase in
lamb survival was required to return a positive NPV, regardless of the twinning
percentage. Changes in the value of the wool from the additional surviving lambs and
the cost of maintaining the shelter were the least important factors in determining the
profitability of shelter (Table 2).

Table 2: Additional increase in lamb survival required to obtain a positive NPV when
the variables are increased by 10% (base levels for each variable listed in second
column except twinning % and establishment costs; 20% twins - $2894/ha, 40% twins
– $2740/ha, 60% twins - $2698/ha)

Base level
Twinning %
Establishment cost
Discount rate
Shelter life
Maintenance cost
Stocking rate
Wether lamb price
Ewe hogget price
Lamb wool income
Hogget wool income

5%
25 years
$1,000
18/ha
$ 79.78
$ 97.00
$
3.67
$ 39.31

Increase in survival to achieve a
positive NPV (%)
20% twins 40% twins 60% twins
12.38%
10.26%
9.56%
-0.39
-0.19
-0.13
1.01
0.87
0.85
0.49
0.46
0.45
-0.4
-0.37
-0.37
0.32
0.17
0.11
-0.74
-0.74
-0.74
-0.54
-0.44
-0.41
-0.65
-0.53
-0.5
-0.05
-0.04
-0.04
-0.28
-0.23
-0.22
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Annual cost per ewe
At the base level used for all variables (Table 1) with the shelter design chosen, if
existing fences were able to be used for the paddock boundaries the total cost of
establishing the shelter belts was $39,487 or $7.90/ewe.year excluding on-going
maintenance costs, if all new fences are constructed this increased to $49,168 or
$9.83/ewe.year.

An increase in the expected life of the trees reduced the expected annual cost per ewe
of establishing the shelter. Increasing the expected tree life from 15 to 20 years
decreased the annual cost per ewe by 25% (existing fences $3.29; new fences $4.10)
but an increase in tree life from 45 to 50 only decreased the annual cost per ewe by
10% (existing $0.44; new $0.55) (Figure 9).
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Figure 9: Effect of tree life span on the cost per ewe per year of providing shelter for
twin bearing ewes in a flock of 1000 ewes of which 20% are twin-bearing
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A similar result was found with increases in both the number of ewes with twins and
the stocking rate of those ewes. Increasing the percentage of twin-bearing ewes from
15 to 20% reduced the annual cost per ewe of the shelter by 3.6% ($0.29/ewe.year)
when existing fences could be used and 5.9% ($0.61/ewe.year) if all new fences were
required.

An increase in the proportion of twin-bearing ewes from 45 to 50%

decreased annual costs per ewe by 0.5% ($0.04/ewe.year) with existing fences or
0.9% ($0.08/ewe.year) with all new fences.

An increase in the stocking rate of three ewes/ha reduced the cost of providing shelter
per ewe/year by 15.1% ($1.40/ewe.year) or 14% when all new fences are required
($1.60/ewe.year) when the original stocking rate was 15 ewes/ha, but when stocking
rate increased from 33 to 36 ewes/ha this decreased to a 6.8% increase
($0.32/ewe.year), or 5.9% ($0.36/ewe.year) with all new fences (Figure 10).
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Figure 10: Effect of stocking rate at lambing on the cost per ewe per year of providing
shelter for twin bearing ewes in a flock of 1000 ewes of which 20% are twin-bearing
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Increases in the value of lost pasture production also gave a constant increase in the
cost per ewe per year for the shelter. For a 25 year tree life every $100/ha in value
placed on lost pasture production increased the cost of providing that shelter by
$1.63/ewe.year.

The above annual costs are for the establishment of the shelter only and increase when
the cost of maintaining the shelter is added.

For every $200 spent on annual

maintenance, $1.00/ewe.year was added to the annual cost of the shelter for a flock of
1000 ewes with 20% twins.

Annual cost per lamb
As the percentage of twin-bearing ewes increased so did the overall cost of providing
that shelter, however, for a given expected increase in lamb survival there was very
little difference in the cost per lamb per year between the different twinning
percentages as the extra cost of the shelter was mainly countered by the increased
number of additional surviving lambs (Table 3).

Table 3: Cost per additional surviving lamb per year for three rates of twins with a 25
year shelter life using existing fences and excluding annual maintenance costs (all
other variables as per Table 1)

% twins
20
40
60

5
78.97
74.58
73.12

10
39.49
37.29
36.56

Increase in survival %
15
20
25
30
26.32
19.74
15.79
13.16
24.86
18.65
14.92
12.43
24.37
18.28
14.62
12.19

35
11.28
10.65
10.45

40
9.87
9.32
9.14
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Discussion
Using the assumptions in this analysis an increase in lamb survival of 12.4% per
annum was required to obtain a positive NPV for a flock with 20% twin-bearing ewes.
Any increases in lamb survival returned the same NPV regardless of the original
survival percentage.

This result is for only the shelter belt design analysed, as

different shelter belt designs can provide different results due to differences in
establishment costs, area of shrubs required or shrub growth rate, as shown by
Brandle et al. (1992) when comparing three shelter design for crop protection.

At the higher twinning percentage (40% and 60%) the level of increased lamb
survival required to return a positive NPV was lower when compared to the base level
of 20% (Figure 2). However, the increased cost of providing the greater area of
shelter required with increases in twinning percentage means that if these increases in
survival are not achieved the financial loss may be greater. Using the criteria in this
paper any increase in lamb survival less than 8.15% resulted in a greater loss at the
higher twinning percentages, although increases in survival percentage above the
break-even point also results in greater benefits with higher twinning percentages.

The likelihood of adverse weather conditions over lambing then determines the likely
profitability of providing shelter.

Kleemann and Walker (2005a) found that, in

conjunction with body weight, twin lamb survival was correlated to the number of
days the chill index exceeded 1000 kJ/m2.hr. The probability of a chill index of
greater than 1000 kJ/m2.hr for seven continuous days varies according to location
(Paper H) (Broster et al. 2012). At Hamilton this occurred for every week during
winter in more than 10% of the years between 1968 and 2006 and in up to 50% of the
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years. Compared to this, at Tarcutta it was a rare occurrence, never occurring in more
than 8% of the years for any given week and only exceeding 5% in four weeks while
at Temora it never occurred (Paper H) (Broster et al. 2012). At Tarcutta shelter belts
of shrubs provided an increase in the survival of twin lambs of 7% (70% to 77%)
compared to twin lambs born in hessian shelter in 2008-2009, however at the same
location in 2010 there was no difference between the survival of twin lambs born in
paddocks sheltered by shrubs and those born in unsheltered paddocks (Paper J)
(Robertson et al. 2011). Therefore the provision of shelter to increase lamb survival
and provide a positive return on investment is dependent upon climatic conditions at
lambing but it is more likely that this will occur at Hamilton than at Tarcutta or
Temora.

While shelter may have limited influence under normal conditions, when adverse
weather (rain plus wind and/or decreased temperature) events occur it can be of great
importance. Sudmeyer et al. (2002) found this to also be the case for crop yields in
shelter. The greatest benefits were seen in years with extreme wind events and
therefore they were considered a form of insurance. Even in locations where there is
little or no increase in lamb survival in most years the prevention of major losses
during periods with unfavourable conditions can be economically equivalent to
increases in lamb survival.

Using the criteria from this analysis for a farmer with 1000 ewes lambing over a six
week period and with 40% of the ewes bearing twins, on average 24 ewes will lamb
per day with about ten having twin lambs (ie approximately 20 twin lambs born
daily). If during lambing the chill index is above 1000 kJ/m2.hr for a seven day
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period then 200 twin lambs less than three days old (the critical age) will be a high
risk of dying (Hight and Jury 1970; Dalton et al. 1980; Donnelly 1984). Obst and
Day (1968) reported that over 90% of Merino lambs born during periods of adverse
weather died. This scenario would equate to 180 lambs dying or slightly less than
13% of all lambs born in that year. Assuming that half of these are male and half
female and using the income values from Table 1 the ewe lambs would be valued at
$139.98 per head ($97.00 sale price, $39.31 hogget wool and $3.67 lamb wool) and
the wethers valued at $83.45 per head ($79.78 sale price and $3.67 lamb wool) less
the associated production and sale costs ($2,972) of the additional animals this equals
$17,137 in potential profit lost. At Hamilton between 1968 and 2006 for the 13 weeks
over winter these conditions (minimum weekly chill index >1000 kJ/m2.hr) occurred
in between 10% and 50% of years (Paper H) (Broster et al. 2012). With a shelter life
of 25 years this represents a potential saving of between $42,842 (10% of years) and
$214,212 (50% of years) over that time with the added bonus of reducing fluctuations
in cash flow and increasing the financial resilience of the enterprise.

The insurance value of the shelter is also able to be utilised at times other than
lambing such as after shearing. In Victoria in the early 1980’s on two occasions more
than 30 000 freshly shorn sheep died under adverse weather conditions. In one case
sheltered sheep shorn 8-11 days prior suffered no deaths but the losses of unsheltered
sheep averaged 11% (Bird et al. 1984).

This analysis showed that for the shelter design used the greatest influence on the
level of increased lamb survival required to obtain a positive NPV was the cost of
providing the shelter. A 10% reduction in the establishment cost per hectare resulted
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in the level of increased lamb survival decreasing by 1.01% (12.38% to 11.37%) for a
flock with 20% twin-bearing ewes (Table 2).

Compared to the base level of $2867/ha used for 20% twin-bearing ewes in this
analysis McEachern and Sackett (2008) priced the cost of establishing the shelter at
$1830/ha (shrubs and fencing). Using their cost per hectare in this analysis the
increase in twin lamb survival needed to obtain a positive return on the shelter
investment was reduced from 12.4% to 9.4%. However, they did not specify the
percentage of twin bearing ewes or stocking rate, both of which this analysis has
shown have a major influence on the cost of establishing the shelter.

Using an establishment cost of $310/ha for hedgerows of tall wheatgrass Young et al.
(2014) reported a 50% increase in meat price doubled the increase in profit from the
shelter. Unlike this analysis in which shelter cost and stocking rate were the most
important factors in the profitability of shelter Young et al. (2014) reported these two
factors had little effect which they stated was due to the low cost of establishing the
shelter. The income gained from the additional surviving stock remains the same no
matter what the cost of the shelter, therefore the lower establishment costs used by
Young et al. (2014) meant that changes in the sale prices of both animals and wool
were of greater importance in their study.

Reducing the establishment cost of the shelter also reduces the time needed to break
even on the investment in shelter. Young et al. (2014) reported that with an increase
in lamb survival of 12.5% (50% to 62.5%) three or four years were required compared
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to this analysis where, for a similar increase in lamb survival (12.4%), 25 years was
required to return a positive NPV.

While a higher twinning percentage results in a higher overall cost to establish the
shelter it decreases both the cost per hectare and annual cost per ewe, increasing the
stocking rate in the sheltered area also decreases the annual cost per ewe. In a real
world situation these both vary annually. The sheltered area would be designed for an
average proportion of twin-bearing ewes, but in some years a higher or lower
percentage of the ewes will be twin-bearing resulting in a higher stocking rate.

As the stocking rate of the lambing area increases less area is required for the same
number of twin bearing ewes, reducing both the overall cost and the annual cost per
ewe. However, increased stocking rates at lambing have been shown to lead to higher
levels of separation of ewes from their lambs as a result of interference from other
parturient ewes (Winfield 1970; Cloete et al. 1998) which can lead to decreased lamb
survival as shown by Robertson et al. (2012) (Paper K). Alexander et al. (1983b)
calculated that 18 ewes/ha, with 4.3 ewes lambing per day, was the optimum level to
minimise the incidence of separation and therefore reduce mortality while Cloete
(1992) using the same method stated that 11 ewes/ha was the optimum stocking rate.
However, Kleemann et al. (2006) using data from commercial flocks suggested that
stocking rate did not influence survival but flock size did. It may be the combination
of these three factors, stocking rate, flock size and ewes lambing per day that
influence the level of separation and by association, lamb mortality.
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Increases in stocking rate in the shelter can also result in increased death of ewes and
lambs through nutritional impacts before and after lambing with twin-bearing ewes
having a higher feed requirement than single-bearing ewes during late pregnancy and
lactation (Donnelly 1984; Behrendt and Curnow 2008). With increased stocking
rates at lambing feed could become limited resulting in less time spent at the birth site
(Everett-Hincks et al. 2005) which has been linked to increased levels of separation
between ewes and twin lambs and increased mortality (Alexander et al. 1983a;
Alexander et al. 1984).

Using shrubs for shelter, as in this analysis, results in the shelter belt area being
unavailable for grazing.

This analysis showed for every $100 per hectare of

opportunity cost an additional 0.9% survival was required per year. Although this
area could be grazed to reduce the opportunity cost of the shelter to gain the
maximum benefit from shelter the canopy needs to extend to ground level. Where
gaps are present under shelter belts localised increases in wind speed can occur
negating the effect of the shelter (Sturrock 1969; Gregory 1995; Pollard 2006; Bird et
al. 2007).

These analyses have only looked at the effect of shelter on increasing lamb survival
Merino ewes mated to Merino rams. Lighter lambs are more prone to death from
SME (Purser and Young 1964; Dalton et al. 1980) and as lambs from both crossbred
ewes and Merino ewes mated to terminal sires are heavier than pure bred Merino
lambs (Fogarty et al. 2000) crossbred lambs are less likely to die from SME than pure
bred Merinos of the same litter size (Donnelly 1984). Crossbred ewes will have a
higher percentage of twin lambs (Donnelly 1984; Fogarty et al. 2000) decreasing the
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cost per ewe of the shelter. Additionally, crossbred ewes tend to have a higher
percentage of triplet lambs than Merinos (Holst et al. 2002) and with triplet lambs
weighing less than twin lambs (Fogarty et al. 2000), in crossbred flocks with high
percentages of triplet lambs the potential for increased survival from shelter may be
greater than for pure bred Merinos with low levels of multiple births.

In addition, environmental factors may also need to be considered in evaluating the
financial benefits of shelter and the value of these are not confined to an individual
property but may spread across catchments or regions. Tisdell (1985) stated that
when biodiversity and aesthetics are considered the community’s benefit from tree
planting may be greater than that of the individual farmer.

For example, the

prevention of recharge into the water table may not impact on the property itself but in
the reduction of salinity in the lower or discharge areas of the catchment (Farrington
and Salama 1996).

This makes the financial impact of any reductions in land

degradation (eg. salinity or erosion) hard to quantify for the property on which the
shelter is planted.

There may also be longer term financial benefits from the planting of shelter belts. A
survey of farmers across north-east Victoria found that the majority were concerned
that land degradation would reduce farm income, as well as their long term viability
and property values (Curtis and de Lacy 1998). The strategic location of shelter belts
would also allow them to also have a role in the prevention or reduction in land
degradation. Additionally, the provision of shelter may have an influence on the
public perception of the farming operation potentially providing a positive influence
in the market place.
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The analysis conducted looks only at the income obtained from the additional animals
available for sale. It does not consider the potential for an increase in the genetic
improvement of the entire flock. An increase in ewe lambs available for selection to
replace existing animals increases the selection differential able to be applied as well
as potentially enabling a reduction in generation interval. Both of these factors
combine to allow a more rapid increase in genetic improvement than flocks with
decreased survival percentages (Willis 1991). The extra animals available may also
enable a more rapid return to usual flock structures after droughts and other major
adverse events.

The analyses performed show that many factors can influence whether the provision
of shelter for lambing ewes is economically viable however the factors that
determined the cost of establishing the shelter were the most important. Adding to the
complexity of the decision for the manager is that many of the benefits are either hard
to quantify or occur off-farm. Additionally, some of the factors involved in the
decision of whether or not to create shelter belts, such as biodiversity and aesthetics
are personal preferences, cannot be quantified economically.

When considering only the direct financial costs and benefits for the flock of
providing the shelter described in this paper, an increase in twin lamb survival of
12.4% was required to gain a positive return on the investment required. Shelter
achieves increases in lamb survival through a reduction in SME deaths, these occur
mainly in adverse weather conditions; therefore the ability of shelter to increase lamb
survival is related to the likelihood of these conditions. With a previous paper (Paper
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H) (Broster et al. 2012) showing differences between locations in, both, the
prevalence of adverse weather and the ability of shelter to ameliorate these conditions,
this level of increased lamb survival may only be possible at some locations, at others
a cheaper form of shelter will be required for shelter to be profitable.
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Abstract. Perinatal lamb mortality is a major source of reproductive loss, particularly for twins. A study was conducted
to determine whether provision of shelter in the form of shrub belts (a ‘maternity ward’) could increase survival of twin
lambs compared with hedgerows, and whether hedgerows improve survival of single lambs compared with unsheltered
paddocks. Measurements were recorded for Merino · Poll Dorset cross twin lambs born in hedgerows (phalaris or hessian)
or shrub belts and single lambs born in hedgerows or unsheltered paddocks over the years 2007–2009. Records for
382 single and 726 twin lambs were used. The survival of single lambs was not increased (P = 0.06) by hedgerow shelter.
The survival of twin lambs in shrubs was 10% higher (P < 0.05) than that in hessian hedgerow shelter in 2008–2009
(0.77 cf. 0.70), associated with a reduction in deaths from starvation and/or mismothering and/or exposure. The hessian
shelter was associated with an increased (P < 0.05) growth rate to weaning of single lambs, but the growth rates of twin
lambs were lower (P < 0.05) in shrub than in hessian shelter. In 2010, a second study of 178 twin Merino · Poll Dorset
cross lambs found that survival of lambs born alive was not improved by shrubs compared with unsheltered paddocks
(0.80 versus 0.77; P > 0.05). It is concluded that shrub belts which forced twin-bearing ewes to lamb in a sheltered
environment reduced perinatal mortality in one of three datasets, but was not repeated. The shrubs take time to establish, and
the beneﬁt will be small if weather is mild during lambing.
Additional keywords: lamb survival, reproduction.

Introduction
Perinatal lamb mortality is a major source of reproductive
wastage, with an average of 20% of lambs born dying under
Australian conditions (Plant et al. 1976; Haughey 1981). This
represents a large economic loss and may be perceived as a
signiﬁcant animal welfare issue. It also reduces selection pressure
and the rate of genetic improvement. Given that the mortality of
twin-born lambs can be 1.5–3 times that of single-born lambs
(Kelly 1992), the economic incentive to increase reproductive
rates by increasing the number of twins born is likely to
also increase the rate of lamb mortality unless intervening
management is effective. There is, therefore, a need for
improved management systems for lambing ewes.
Most deaths occur within 3 days of birth (Dennis 1974), and
the starvation and/or mismothering and/or exposure (SME)
complex and dystocia (difﬁcult parturition) are usually the
main causes of lamb deaths (Haughey 1981). These main
causes can be associated because lambs that survive a difﬁcult
birth are at increased risk of dying from SME. The evidence
suggests that lambs experiencing difﬁcult births will be more
susceptible to exposure (Alexander et al. 1980; Haughey 1980)
and this can be attributed, at least partially, to their slower
progress to stand and suck (Dwyer 2008). While single-born
lambs are at increased risk of dystocia due to their larger size,
 CSIRO 2011

multiple-born lambs are more likely to die from SME, due to
lower birthweights and an increased complexity of behavioural
interactions between siblings and the ewe (Hight and Jury 1970;
Stevens et al. 1982). With twin-born lambs, the difference in
weight between siblings has a larger effect on survival to
weaning than has each individual’s birthweight (Schreurs et al.
2010). Providing a more favourable environment is therefore a
means of improving survival, particularly of multiple-born lambs.
Lambs are at risk from hypothermia and death when heat loss
exceeds metabolic heat production. Heat loss is increased by low
temperatures when the skin is wet – either through rainfall or with
amniotic ﬂuids following birth, and by wind (Alexander 1974).
Maximum heat production can be maintained only for several
hours, and is ~1100 kJ/m2.h (Alexander 1962). By reducing wind
speed, shelter has the capacity to reduce the wind chill, the
temperature equivalent in still air, and therefore heat loss from
lambs. Lambs are most susceptible to adverse weather during
the ﬁrst 24 h after birth, and reducing wind speed to 8 km/h or
less in the ﬁrst 6 h after birth has been shown to reduce the
mortality rate of lambs up to 72 h after birth from 33.9% to
5.4% in Merino and 29.7% to 13.3% in Corriedale lambs (Obst
and Ellis 1977).
In adverse weather conditions, the mortality rate can be as
high as 90% of lambs born (Obst and Day 1968). Merinos are
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more susceptible than other breeds (Sykes et al. 1976) and newborn lambs are most susceptible (Alexander 1964). Provision of
shelter has reduced mortality rates by up to 50% (McLaughlin
et al. 1970; Egan et al. 1972, 1976; Lynch and Alexander 1976;
Alexander et al. 1980). It is more effective in twins than singles
and in windy than in cold or wet weather (Pollard 2006).
However, in more severe weather, the beneﬁt to twins may be
reduced (Watson et al. 1968; Alexander et al. 1980; Nowak
1996).
Shearing during pregnancy has the potential to increase lamb
survival by increasing lamb birthweight. However, Kenyon et al.
(2003) concluded that a beneﬁt is likely to result only if lamb
birthweights without shearing are suboptimal, and the ewe has the
body condition or adequate feed to respond. Shearing during late
pregnancy may also affect the behaviour of ewes during lambing,
potentially inﬂuencing lamb survival. Ewes do not necessarily
seek shelter at the time of parturition (Alexander et al. 1979;
Stevens et al. 1981) and while shearing within 4 weeks of lambing
may increase the use of shelter by ewes (Lynch and Alexander
1980), it may increase the mortality of lambs if cold and wet
weather occurs (Alexander et al. 1980), by causing ewes to desert
lambs to seek shelter (Obst and Ellis 1977). Shearing close to
lambing also increases the risk of metabolic disease such as
pregnancy toxaemia (Miller 1991) and is unlikely to suit the
management schedules of many producers. Whether ewes are
shorn pre-lambing or not, to be most effective, shelter needs to be
designed so that ewes have no choice but to lamb in a sheltered
position.
Cypress hedges (Egan et al. 1972), trees (Obst and Day 1968;
Obst and Ellis 1977), grass hedgerows (Egan et al. 1976; Lynch
and Alexander 1976; Alexander et al. 1979, 1980) and a range of
artiﬁcial shelters have been tested (Pollard 2006). A survey in
Western Australia (Elliott et al. 2011) showed that producers are
aware that shelter in the form of existing bushland or standing
crop can potentially increase lamb survival, and are receptive to
new strategies providing they have relevance to commercial
conditions. To be relevant for extensive systems, the design
needs to minimise labour requirements and disturbance to
lambing ewes. The lambing paddock should also have ample
pasture and proximity to water to maximise the time spent by the
ewe at the birth-site and to facilitate ewe-lamb bonding (Nowak
1996).
The optimal design for shelter in extensive lambing systems
has not been established. In particular, to our knowledge, shrubs
have not been used in a design to shelter the whole paddock where
the ewes range freely – a ‘maternity ward’. The aim of the present
experiment was to evaluate whether the use of shrubs would
provide superior protection to hedgerows of phalaris and increase
survival of twin lambs, and whether hedgerow shelter would
increase survival of single lambs, compared with an unsheltered
paddock. A second experiment evaluated whether survival of
twins was increased by shrubs compared with an unsheltered
paddock.
Materials and methods
Two experiments were conducted with the approval of the
Charles Sturt University Animal Ethics committee (project
approvals 05/085; 07/150, 09/011 and 10/063). Experiment 1
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was conducted on a property near Tarcutta, south-east of Wagga
Wagga, NSW (35120 S, 147310 E), between 2007 and 2009, and
Experiment 2 was conducted in 2010.
Experiment 1
The experiment was a randomised factorial experiment, with
three replicates of the following four treatments: single-bearing
ewes in an unsheltered paddock; single-bearing ewes with
phalaris (2007) or hessian (2008–2009) shelter; twin-bearing
ewes with phalaris (2007) or hessian (2008–2009) shelter; and
twin-bearing ewes with Acacia spp. shrub belts. The phalaris was
replaced with hessian because drought conditions meant that the
phalaris did not regenerate and would not have provided adequate
shelter. The grazing area, excluding the shelter itself, was adjusted
for a 30% higher energy requirement at term in pregnant ewes
with twin than with single fetuses (SCA 1990) so that paddock
sizes for ewes bearing single or twin lambs were 1 and 1.3 ha,
respectively. The same number of single- or twin-bearing ewes
was placed on each plot: 19 or 20 in 2007, and 23 and 20 in 2008
and 2009, respectively. The number of ewes differed among plots
in 2007 due to uneven numbers being available; all plots had 20
ewes except Replicates 1 and 3 of twins in shrubs and Replicate 1
of twins in hedgerows.
A ﬂock of 400 medium to large-framed (55 kg ﬂeece-free
liveweight) 3–9-year-old Merino ewes of Centre Plus bloodline
was used. In 2009, ewes with constitutional faults were culled
and replaced with 242 3–5-year-old ewes of Bundilla bloodline,
such that the ﬂock then comprised 435 ewes. The ewes were
mated in February 2007 and 2008 and March 2009. In 2007,
oestrous cycles were synchronised using an intravaginal
controlled internal release device (EAZI-BREED CIDR; 0.3 g
progesterone, Pharmacia and UpJohn Pty Ltd, Rydalmere,
NSW, Australia) inserted for 12 days; in 2008, one injection
of 1 mL prostaglandin (Estrumate, 250 mg/mL cloprostenol,
Schering-Plough Animal Health, Baulkham Hills, NSW,
Australia) was used because the ewes had recently been
synchronised in a separate experiment; in 2009, oestrous
cycles were synchronised using two injections of
prostaglandin. At the time of CIDR removal or prostaglandin
injections, ewes were also injected with 500 IU (in 2007) or
400 IU (in 2008) pregnant mare serum gonadotrophin [Pregnecol,
Bioniche Animal Health (A/Asia) Pty Ltd, Armidale, NSW,
Australia], except in 2009 when ewes were fed 500 g/day
lupin grain for 7 days prior. Composite (based on Poll Dorset
· White Suffolk) rams were introduced on the day of CIDR
removal or prostaglandin injection, and remained with ewes for
30 days. The number of rams joined was 23 (5.8%), 17 (4.1%) and
20 (4.6%) in 2007–2009, respectively. A commercial operator
used ultrasound to determine fetal number and age at ~45 days
after ram removal.
The ewes were shorn 5–9 weeks before lambing commenced
in each year. Prior to lambing, single- and twin-bearing ewes were
randomly allocated to treatment groups according to bloodline,
body condition, liveweight and fetal age. The ewes were sidebranded with their unique number, weighed, condition-scored
and placed in plots (2 July, 20 June, 31 July in 2007–2009,
respectively) within 1 week before lambing. They remained in
the paddocks for 41–46 days after the ﬁrst birth, after which
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they were weighed and grazed as one ﬂock. The ewes were
weighed and condition scored, without fasting, at
approximately monthly intervals using a scale of 0 (emaciated)
to 5 (obese) (Jefferies 1961). They were supplementary-fed
when necessary to target a body condition score of 3 at joining
and lambing. When necessary, ewes in low condition were
separated after weaning and fed a higher rate to regain
condition. In 2008, the ewes were supplementary-fed oat grain
at a rate of 1 kg/ewe per day in the last 2 weeks before lamb
marking, due to the low quantity of pasture. The condition of
ewes when placed on plots differed (P < 0.05) among years,
but was moderate in all years at 2.9, 2.8 and 2.7 in 2007–2009,
respectively, although twin-bearing ewes were 0.1 condition
score leaner (P < 0.05) than single-bearing ewes. The mean
liveweight of ewes differed among years (P < 0.05) and was
68, 65 and 72 kg in 2007–2009, respectively, with twin-bearing
ewes 3–4 kg heavier (P < 0.05) than single-bearing ewes.
During lambing, the ewes were inspected daily. Ewes were
assisted to deliver lambs only when obviously in difﬁculty. In
all years, lambs were identiﬁed to ewes at birth to conﬁrm single
or twin birth type, tagged, and birthweight was recorded.
Dead lambs were recorded and underwent a post-mortem
examination (McFarlane 1965) to attribute cause of death,
with lambs that had not breathed fully being classiﬁed as ‘born
dead’. Lambs were again weighed at marking, approximately
4 weeks after the start of lambing, and at weaning 14–16 weeks
after the start of lambing.
Experiment 2
An experiment was conducted at the same site in 2010. The
experiment was of a randomised block design, with three
replicates of the following two treatments: twin-bearing ewes
in unsheltered paddocks, and twin-bearing ewes in shrub belts.
A ﬂock of 200 ewes was naturally mated to six Composite
(based on Poll Dorset · White Suffolk) rams for 28 days from
29 January 2010. Ultrasound was used to determine fetal number
and age at 56 days after ram removal. Prior to lambing, 103 twinbearing and eight triplet-bearing ewes were randomly allocated
to treatment groups according to body condition, liveweight and
fetal age. The ewes were side-branded, weighed and placed in
plots on 23 June, within 1 week of lambing. Measurements during
lambing were similar to those in 2007–2009 in Experiment 1. The
ewes remained in the paddocks until the end of lambing, then were
weighed at lamb marking on 4 August and grazed as one ﬂock
until weaning on 24 September, 13 weeks after the start of
lambing. The lambs were weighed at marking and weaning.
Due to the low quantities of pasture, ewes were fed lupin
grain every second day at 0.5 kg/ewe per day from 26 June,
and 1.0 kg/ewe per day from 8 July, until removed from the
lambing paddocks.
Shelter design
All shelters were placed perpendicular to the expected prevailing
winds (SW), as well as along the northern, western and southern
sides of all sheltered paddocks. Shrubs were planted in an
E-shaped design in relevant paddocks, with shrub belts 10 m
wide and located 50 m apart and fenced to prevent grazing, with a
single 3-m-wide access walkway through the central shrub belt
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(Fig. 1). The distance between shelter rows was based on 20 times
the height of the shelter, using a predicted shrub height at maturity
of 2.5 m. The shrubs were planted in 2005, with some replanting
in 2006 and 2007 to replace dead plants. In each belt, three rows of
shrubs were planted, with the central row being taller-growing
species (A. ideophila, A. salacina, A.saligna) and the two outer
rows being shorter species (A. bucksifolia, A. cultiformis,
A. decora, A. ideophila).
Phalaris hedgerows were 1 m wide and 20 m apart (Fig. 1)
and were achieved by allowing rank growth of an established
pasture and then slashing to leave rows in 2006, which carried
through to 2007. Drought conditions meant that the phalaris
plants did not produce seed-heads in spring 2007, and, if
retained, would not have provided shelter in 2008. Hessian
rows were erected for 2008 and 2009 instead, strung on plain
wires 1 m high held by fence posts. The internal hessian rows had
2–3-m gaps placed every 25–30 m, with a 6-m gap at the eastern
end of each row to facilitate sheep movement. Both phalaris
hedgerows and hessian rows are referred to as hedgerows in the
present paper for brevity.
Pasture and shrub measurements
Pasture composition was estimated using the Botanal method
(Mannetje and Haydock 1963) and biomass was visually
estimated (Campbell and Arnold 1973) in 60 quadrats per plot
when ewes entered and were removed from lambing paddocks.
Calibration quadrats were cut at ground level with an electric
handpiece. The quantity of dead pasture was not estimated in
2007 and 2009 when the quantity of live pasture was large,
because it was matted beneath the live material and could not
be accurately assessed. Samples for herbage quality were taken
using the ‘toe-cut’ method (Cayley and Bird 1996) when
ewes entered plots in 2007 and 2008, and when ewes were
removed from plots in 2008 only. Quality samples were sent
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for testing, using near-infrared spectroscopy (NIR) (FEEDTEST,
Department of Primary Industries, Hamilton, Victoria) for
crude protein (CP), neutral detergent ﬁbre (NDF), dry matter
digestibility (DMD) and digestibility of organic matter (DOMD).
Metabolisable energy (ME) was calculated.
For the phalaris hedgerows in 2007, 30 quadrats (1 m2) per
paddock were randomly selected and the average height per
quadrat of both the seed head and vegetative growth was
measured. The height of the heads in phalaris hedgerows was
73 cm. The height to the top of clumps, the top of the vegetative
leaf, was 29 cm.
The height of the shrubs was measured in ﬁve quadrats of
shrubs per paddock, each 10 m2, in each year around the time of
lambing. The height of shrubs was 60, 127, 151 and 208 cm in
2007–2010, respectively.
Weather
Due to technical failure of a weather station located on the
experimental site, data was used from a weather station
(Vantage Pro2, Davis Instruments, Hayward, CA, USA)
located 4 km east of the trial area, 1.5 m above ground level,
which recorded temperature, wind speed and direction, rainfall
and wind chill. During the lambing period, the station logged
readings hourly. In addition, in 2007, 2008 and 2010, wind speed
and temperature loggers (Tiny Tags, Hastings Data Loggers, Port
Macquarie, NSW, Australia) were placed 30 cm above the ground
level in each of the paddocks for the lambing period, recording
measurements every 10 min. In the shelter treatments, they were
placed an equal distance from two shelter rows, or in the centre of
unsheltered paddocks. In 2009, the loggers were placed only in
Replicate 1 because they were being used in a separate study. In
addition to the hourly wind chill, which was calculated by the
weather station using the formula of Osczevski (1995), which
shows the temperature equivalent without wind (C), a daily chill
index showing heat loss (kj/m2.h) was calculated for both the
weather station and the plot logger readings using the formula of
Donnelly et al. (1997). Data from the day the ﬁrst lamb was born
until lamb marking were used in the analyses.
Relatively mild weather conditions were experienced during
lambing in all years (Fig. 2), in comparison to long-term weather
data for Tarcutta (1943–2006) (from GrassGro, Donnelly et al.
1997), the nearest meteorological station (Table 1). From
measurements 1.5 m above the ground level, the chill index
was above 1000 kj/m2.h on 10–15 days (22–37% of days) during
the lambing period in 2007–2010, well below the long-term
average for these periods. Only 2 or 3 days of rainfall of 5 mm
or more occurred in 2007–2009, but 7 days (21% of days) of
rainfall occurred in 2010. The number of days with minimum
temperatures below 0C was higher in 2007 than in later years, but
mean maximum daily temperatures were similar to the long-term
average. Maximum daily wind speeds were above 8 km/h on
24–30 days (59–68% of days) in all years except 2010, when it
occurred only on 14 days (40% of days). The wind came from the
south-west to north-west quadrat 40% of the time. The other
dominant wind direction was from the north-east to east (26%,
range 20– 29%). However, the direction of highest daily wind
speed was highly variable, most commonly (10–15% of days)
coming from the west, west-south-west, or the north.
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Statistical analyses
Experiment 1
Data were analysed using GENSTAT, 12th edition (Payne et al.
2009). For 2007–2009, records from 743 ewes and 1108 lambs
were used. Data from ewes and lambs with the incorrect birth class
(scanning error) were excluded. Lambs tagged at birth but not
present at marking were assumed to have died, and were
categorised in the ‘unknown’ cause of death class. The effect
of shelter on survival and cause of death data were analysed with
binomial generalised linear mixed modelling using contrasts,
with year and contrasts and their interaction as the ﬁxed effect
and replicate as the random effect. Lamb tag was used as the
random effect to analyse cause of death in 2008 and 2009.
Interactions were removed from the model when not
signiﬁcant. The contrast between single- and twin-born lambs
in hessian shelter was analysed separately, as the degrees of
freedom allowed only three contrasts to be ﬁtted in the model.
Survival data were analysed for both time periods 2007–2009
and 2008–2009 separately, because after 2007, hessian replaced
the phalaris hedgerows and the shrubs had reached an established
height. The effect of weather on lamb survival was analysed using
weather condition by treatment as the ﬁxed and replicate as the
random effect, by using weather data from the unsheltered plot.
Ewe liveweight and body condition, lamb weights and growth
rates were analysed using residual maximum likelihood (REML).
Weather data within plots at 30-cm height for 2007 and 2008
were analysed using REML, with treatment · year as the ﬁxed
effect and year, replicate and day of lambing as the random effect.
For REML analyses, differences among the means were
compared using twice the standard error of differences. Pasture
quantity, composition and quality data were analysed by
ANOVA. The quantity of pasture was transformed by square
root when appropriate before analysis.
Experiment 2
Data from 114 ewes and 178 twin-born lambs were used.
Methods similar to those in Experiment 1 were used, except
contrasts were not used to examine survival data. Treatment was
used as the ﬁxed effect and replicate as the random effect.
Results
Experiment 1
Lamb survival
The survival of twin lambs was lower (P < 0.05) than that
of singles for lambs born alive in the same shelter type
(hedgerows) in both 2007–2009 and 2008–2009. The survival
of twin lambs born alive was higher (P < 0.05) in shrubs (80%)
than with hedgerows (75%) in 2008–2009, if the contrasts
single unsheltered versus twin shrub and single unsheltered
versus single hedgerow were already ﬁtted in the model
(Table 2). The survival of single lambs was not improved
(P = 0.06) by shelter in either set of years, although there
tended to be a trend for the survival of lambs born alive to be
increased in 2008–2009 (Table 2).
Of total births, the survival of twins was similar (P > 0.05) to
that of single lambs when born in the same shelter type for
2007–2009, but was lower (P < 0.05) for 2008–2009. Of total
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Fig. 2. Mean daily chill index (kj/m2.h) (circles), maximum and minimum temperature (C) (vertical bars) and rainfall
(mm) (columns) recorded at 1.5 m above ground level during the lambing periods in 2007–2010.

births, the survival of twins born in shrubs (77%) was higher
(P < 0.05) than that of twins born in hedgerows (70%) for
2008–2009, but for other comparisons survival was higher
only if contrasts single unsheltered versus twin shrub and
single unsheltered versus single hedgerow were already ﬁtted

in the model. The survival of single lambs was not increased
(P > 0.05) by shelter.
For 2007–2009, the proportion of lambs born alive that
survived was reduced (P < 0.05) by 7% when winds of 8 km/h
or more occurred within the ﬁrst 3 days of birth (Table 3). There
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Table 1. Percentage of days with adverse weather in 2007–2010,
compared with the long-term average (in parentheses) for Tarcutta
(1943–2006)
Parameter

2007

2008

2009

2010

Month of lambing
July
July
August
July
35 (48)
25 (48)
28 (39)
23 (48)
Days chill index
>1000 kj/m2.h (%)
Days rainfall
5 (15)
6 (15)
6 (15)
23 (15)
>5 mm (%)
40 (29)
8 (29)
13 (16)
32 (29)
Days minimum
temperature
<0C (%)
12.7 (12.9) 12.7 (12.9) 14.5 (14.8) 12.6 (12.9)
Mean maximum
temperature (C)

was no (P > 0.05) interaction between the degree of wind and
the treatment group. Rain of 5 mm or more or a chill index of
1000 kj/m2.h or more within 3 days of birth did not reduce
(P > 0.05) survival of lambs compared with drier days or days
with a lower chill index (Table 3), and there was no interaction
(P > 0.05) with treatment.
The main causes of lamb death were SME and dystocia,
comprising 43% and 35% of dead lambs, respectively. The
proportion of SME deaths of lambs born alive for twins was
twice (2007–2009) or three times (2008–2009) (P < 0.05) that for
single lambs born in the same shelter type (hedgerows). For
live births, shrubs reduced (P < 0.05) the SME deaths of twinborn lambs compared with hedgerow shelter in 2007–2009
from 16% to 14% (Table 2) only if the contrasts single
unsheltered versus twin shrub and single unsheltered versus
single hedgerow were already ﬁtted in the model. For live
births, the provision of shrubs did not reduce (P < 0.05) SME
deaths of twins to levels similar to those of non-sheltered
singles. Hessian shelter reduced (P < 0.05) SME deaths of
single lambs born alive compared with unsheltered paddocks

in 2008–2009 from 8% to 6% of deaths. The proportion of lamb
deaths that were attributed to SME was similar among years
(P > 0.05).
Deaths from dystocia, as a proportion of total births, were
higher (P < 0.05) in 2007 than in 2008 or 2009. They were higher
(P < 0.05) in singles than in twins such that under the same type of
shelter, deaths in singles were 21%, 12%, and 8% and for twins
8%, 6% and 8% of lambs born in 2007–2009, respectively.
Shelter did not inﬂuence (P > 0.05) the level of dystocia
(Table 2). As a proportion of dead lambs, the level of dystocia
was similar (P > 0.05) among years but was higher (P < 0.05) in
singles (55%) than in twins (25%). The proportion of deaths
attributed to dystocia was reduced (P < 0.05) in the 2007–2009
dataset for sheltered compared with unsheltered single lambs due
to differences (P < 0.05) in the proportion dying from SME. Shrub
shelter reduced (P < 0.05) the proportion of deaths from dystocia
in twins in both sets of years, but only when other contrasts were
ﬁtted in the model ﬁrst.
Age of lamb at death
Most lambs that died (83%) did so within 3 days of birth.
The majority (95%) of the dystocia deaths occurred on the day of
birth, while most (89%) deaths from SME occurred during
the ﬁrst 4 days. All deaths from primary predation (3% of all
deaths) also occurred during the ﬁrst 5 days after birth. Of the
deaths from other causes, 41% occurred after 5 days of age and
up to marking with the majority (80%) of these later deaths due
to infection (4% of all deaths).
Lamb weights
The mean birthweight of lambs differed (P < 0.05)
among years and was 6.0  0.06, 5.3  0.06 and 5.9  0.06
kg in 2007, 2008 and 2009, respectively. Single lambs
at 6.4  0.06 kg were heavier (P < 0.05) than twins (5.1 
0.05 kg), and shelter type did not inﬂuence birthweight. Single
lambs that died from SME were 0.7 kg lighter (P < 0.05) than

Table 2. Mean proportion of single (S) and twin (T) lambs surviving and lambs dying from starvation/mismothering/exposure (SME) and dystocia in
2007–2009 and 2008–2009 in different shelters, and the signiﬁcance of the difference between the treatments
*P < 0.05. s.e.m. = 0.01–0.04, except for the proportion dystocia of deaths, where s.e.m. = 0.04–0.1
Parameter
S no shelter

Proportion
S hedgerow T hedgerow

T shrub

Survival of total births
Survival of live births
SME of total births
SME of live births
Dystocia of total births
Dystocia of deaths

0.76
0.88
0.07
0.08
0.14
0.59

0.76
0.87
0.06
0.07
0.13
0.57

0.70
0.76
0.15
0.16
0.07
0.26

2007–2009
0.74
0.78
0.13
0.14
0.07
0.24

Survival of total births
Survival of live births
SME of total births
SME of live births
Dystocia of total births
Dystocia of deaths

0.75
0.86
0.07
0.08
0.13
0.53

0.80
0.88
0.05
0.06
0.10
0.50

0.70
0.75
0.16
0.18
0.04
0.20

2008–2009
0.77
0.80
0.12
0.12
0.07
0.23

Signﬁcance of the difference between treatments
T shrub versus S no shelter versus S no shelter versus
T hedgerow
T shrub
S hedgerow

*
*
*
*
*
*
*
*
*
*

*
*
*
*
*

*
*
*
*
*

*

*
*
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Table 3. The effect of maximum daily wind (km/h), rain (mm) and maximum daily chill index (kj/m2.h) within
3 days of birth on survival of lambs born alive in 2007–2009
Means followed by the same letter within a row (a, b) or within a column (x, y) are not signiﬁcantly different (P = 0.05).
s.e.m. = 0.03–0.04
Variable
Singles no
shelter
Wind speed <8 km/h
Wind speed 8 km/h
Rain <5 mm
Rain 5 mm
Chill index <1000 kj/m2.h
Chill index 1000 kj/m2.h

0.90b
0.86b
0.87b
0.89b
0.87b
0.88b

those that survived (5.7  0.23 cv. 6.4  0.05 kg); there was
no difference between twins. Single lambs that died from
dystocia were 0.6 kg heavier (P < 0.05) than those that
survived (7.0  0.17 cv. 6.4  0.05 kg), while the difference
(P < 0.05) for twins was 0.3 kg (5.4  0.16 cf. 5.1  0.04 kg).
The marking and weaning weights of lambs varied
with year and treatment and their interaction was signiﬁcant
(P < 0.05). The marking (Fig. 3) and weaning weight of twinborn lambs was always lighter (P < 0.05) than that of singles.
Shelter type did not inﬂuence weights in twins, but in both
2008 and 2009, single lambs in hessian shelter were ~2 
0.5 kg heavier (P < 0.05) than unsheltered lambs at marking
and up to 4  0.7 kg heavier (P < 0.05) at weaning. Weaning
weights are not presented.
Similar trends were evident in lamb growth rates. Growth
to marking was up to 48 g/day higher (P < 0.05) in single
lambs with hessian shelter in 2008–2009, and up to 31 g/day
higher (P < 0.05) to weaning. The growth to marking for twins
was 34 g/day less (P < 0.05) and growth to weaning 17 g/day less
(P < 0.05) for twins in shrub than for those in hessian shelter in
2009.

0.91b
0.86b
0.86b
0.91b
0.86ab
0.90b

0.79a
0.74a
0.77a
0.74a
0.78a
0.73a

Twins
shrubs

Total

0.85ab
0.75ab
0.79ab
0.77a
0.78a
0.79a

0.87y
0.81x
0.82
0.84
0.82
0.84

Differences in the number of twin-born lambs surviving to be
raised as singles affected mean lamb weights. When only twinborn lambs raised as twins were included in the analysis, marking
and weaning weights and growth rates to weaning were similar
(P > 0.05) between twins in the different shelter types. However,
there was an interaction (P < 0.05) between year and treatment
for growth rate to marking. In 2007 and 2008, the shrubs were
not associated with lower lamb growth rates than were
hedgerows, but in 2009 twins in hessian hedgerows grew more
quickly (P < 0.05) (303 cf. 274 g/day).
Ewe liveweight and condition score
The post-lambing condition of ewes differed (P < 0.05)
among years, being 2.8  0.03, 2.5  0.02 and 2.6  0.03 in
2007–2009, respectively, and while the condition of twinbearing ewes was 0.2  0.03 score lower (P < 0.05) than that
of singles in 2007 and 2009, in 2008 singles with no shelter
were similar (P > 0.05) in condition to twin-bearing ewes (Fig. 4).
In 2008, the condition of ewes declined by 0.3  0.02
score during the 49 days between pre- and post-lambing

Twin - hedgerow
Twin - shrub

Single - no shelter
Single - hedgerow

25

Survival proportion
Singles
Twins
hedgerow
hedgerow

Single - no shelter
Single - hedgerow

3.20

Twin - hedgerow
Twin - shrub

c
20
b

a

c
a

a

a

b
a

a

10

Condition score

Live weight (kg)

b
15

3.00

b

b

b
b

a

2.80

b

a
b
2.60

a

a
a

a

a

2.40

5
2.20

0

2.00
2007

2008

2009

Fig. 3. Mean weight (kg) of lambs at marking in 2007–2009. The same
letter within a year indicates that the means are not signiﬁcantly different
(at P = 0.05).

2007

2008

2009

Fig. 4. Mean condition score of ewes post-lambing in 2007–2009. The
same letter within a year indicates that the means are not signiﬁcantly
different (at P = 0.05).
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measurements, but this decline was similar (P > 0.05) in all
treatments. The post-lambing liveweight of ewes differed
(P < 0.05) among years, being 66  0.62, 52  0.50 and 59 
0.48 kg, but was similar (P > 0.05) among the treatments.
Pastures
There was an interaction (P < 0.001) between year and
treatment for the quantity of live pasture available at the start
and end of the lambing period (Table 4). Unprotected single
ewes had more pasture available pre-lambing than did ewes in the
other treatments, except in 2008, when there was less pasture
than in the sheltered single treatment. However, post-lambing
there was not consistently more live pasture available in the
unsheltered single treatment. The quantity of live pasture was low
in 2008. All treatments had 0.6 t DM/ha dead pasture available
pre-lambing in 2008, the only year in which dead pasture was
estimated.
Pasture composition
The subclover (Trifolium subterraneum), annual grass,
phalaris (Phalaris aquatica) and broadleaf composition of
pastures varied among years pre-lambing, with a higher
percentage of clover in 2007 than in 2009, more annual
grasses in 2009, and the least phalaris in 2009 (P < 0.05). The
annual grasses were largely barley grass (Hordeum leporinum)
and annual ryegrass (Lolium rigidum). The interaction
between year and treatment was signiﬁcant (P < 0.05) only for
percentage phalaris. Pre-lambing unsheltered singles grazed
pastures containing a higher (P < 0.05) percentage of clover
and annual grasses but less phalaris than the other treatments
(Fig. 5).
Post-lambing, the percentage of clover and annual grasses
was similar (P > 0.05) among years, while the percentage of
phalaris was lower (P < 0.05) in 2009 than in previous years.
The interaction between year and treatment was signiﬁcant
(P < 0.05) only for percentage phalaris. Post-lambing,
unsheltered singles had access to pastures with a higher
(P < 0.05) clover content than did twins in shrub shelter, had
more (P < 0.05) grass than those in treatments with hedgerows,
and had less (P < 0.05) phalaris than those in all other treatments.
The pastures in the twin shrub treatment contained a similar
(P > 0.05) clover content as did the treatments with twins in
hedgerows, but more (P < 0.05) annual grasses than did both the
single and twin hedgerow treatments.
Nutritive value of pastures
In 2007 and 2008, when ewes entered plots, there were no
differences (P > 0.05) among the treatments in the ME content

of live (11.3 MJ ME/kg DM) or dead (4.3 MJ ME/kg DM) pasture
or the protein content of dead pasture (9.5%). The protein
content was higher in live pasture but was different among the
treatments, with the unsheltered singles higher (P < 0.05) than
other treatments (25.9 cf. 23.2%).
The CP composition (28%) of live pastures at the end of
lambing in 2008 was similar (P > 0.05) among treatments, but
the ME content of these was lower (P < 0.05) in twin paddocks
than those for singles (8.9 cv. 10.2 MJ ME/kg DM).
Climatic factors
Using data from within-plot loggers in the unsheltered
paddock at 30-cm height, lower wind speeds were recorded
than at 1.5-m height. Maximum daily wind speeds of 8 km/h
or more occurred only on 11, 18 and 9 days during the lambing
periods of 2007–2009, respectively, equating to 26%, 41% and
20% of days. Maximum wind speeds above 15 km/h occurred
on only 1 day each in 2008 and 2009. A chill index of 1000 kj/m2.h
or greater occurred on only 3, 5 and 2 days during the lambing
period from 2007 to 2009, respectively, equating to 7%, 11% and
4% of days.
The mean daily wind speed was similar (P > 0.05) in 2007
and 2008. In 2007, it was not inﬂuenced by shelter type, while in
2008, hessian in singles paddocks reduced (P < 0.05) mean wind
speed compared with the unsheltered paddocks, but shrub shelter
did not (Table 5). In 2007, the maximum daily wind speed during
lambing was lower (P < 0.05) in the shrub treatment than in
the unsheltered paddocks, but was similar in 2008. In 2007, the
maximum daily wind speed in the phalaris hedges was similar
(P > 0.05) to that in both the shrubs and the unsheltered paddocks.
In 2008, hessian hedges in singles paddocks produced a lower
(P < 0.05) wind speed than did all other treatments, while for the
hessian twin paddocks, wind speed was less (P < 0.05) than that in
unsheltered paddocks but similar (P > 0.05) to that in shrubsheltered paddocks.
There were no differences (P > 0.05) among years or
treatments for mean or maximum daily wind chill (temperature
equivalent without wind). Minimum wind chill was similar
(P > 0.05) among years. In 2007, the minimum wind chill was
higher (P < 0.05) in the shrub treatment than in all others, but the
effect of shelter type was inconsistent among years. The mean
daily chill index (930 kj/m2.h) (heat loss) was similar (P > 0.05)
in 2007 and 2008, with no differences among the treatments.
Experiment 2
Sheep
Shrubs did not improve (P > 0.05) the survival of lambs or
reduce deaths from SME (Table 6). The birthweight of lambs was

Table 4. Mean quantity of live pasture available at the start of the lambing period in 2007–2009
Means within a row within time periods followed by the same letter are not signiﬁcantly different (P = 0.05). s.e.m. = 0.02–0.29
Lambing
period
2007
2008
2009

Singles no
shelter
3.03c
0.44a
2.41d

Pre-lambing live pasture (t DM/ha)
Singles
Twins
hedgerow
hedgerow
2.52ab
0.61b
1.80b

2.44a
0.51a
1.62a

Twins
shrubs

Singles no
shelter

2.68b
0.50a
2.11c

1.95b
0.49a
3.83c

Post-lambing live pasture (t DM/ha)
Singles
Twins
hedgerow
hedgerow
1.64a
0.56ab
2.97a

1.94b
0.65bc
3.54b

Twins
shrubs
2.10b
0.69c
3.73bc
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Weather
In 2010, shrubs did not inﬂuence temperatures or wind chill.
However, shrubs reduced (P < 0.05) mean daily wind speed at
30-cm height (by 20%, 1.4 versus 1.8 km/h), mean daily
maximum wind speed (5.6 versus 6.5 km/h) and the mean
chill index (948 versus 959 kj/m2.h). Mean maximum daily
wind speed in unsheltered paddocks exceeded 8 km/h on 32%
of days, and exceeded 15 km/h on 5% of days while the chill index
exceeded 1000 (kj/m2.h) on 20% of days. In sheltered paddocks,
mean maximum wind speed exceeded 8 km/h on 24% of days and
exceeded 15 km/h on 3% of days and the daily chill index
exceeded 1000 (kj/m2.h) on 18% of days.

Post-lambing
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Fig. 5. Mean botanical composition of pastures (%) pre- and post-lambing in
2007–2009.

similar (P > 0.05) between shelter types, but marking weights
and growth rates were higher (P < 0.05) in lambs born in
the unsheltered paddock than in the shrub shelter. The lower
(P < 0.05) growth rates were still evident when lambs raised as
singles were excluded from the analysis.
The liveweight and condition score of ewes was similar
(P > 0.05) pre-lambing (unsheltered 73  0.8 kg; condition
2.7  0.03; shrubs 73  0.9 kg, condition 2.6  0.02).
However, ewes in shrub shelter lost condition, such that ewes
post-lambing were lighter (P < 0.05) (49  0.8 versus 55 
0.9 kg) and in poorer (P < 0.05) condition (2.4  0.04 versus 2.7 
0.05) than those in the unsheltered paddock.
Pastures
The quantity of live pasture was higher (P < 0.05) in the
shrub (0.9  0.02 t DM/ha) than in the unsheltered paddock
(0.7  0.05 t DM/ha) pre-lambing, but both pastures were
similar (P > 0.05) post-lambing (0.7 t DM/ha). The quantity of
dead pasture (0.6 t DM/ha) did not differ (P > 0.05) between the
treatments at either time. The composition of pastures was
similar (P < 0.05) between the treatments pre- and postlambing, and was dominated by grasses (93%) with a small
clover and broadleaf content.

The results showed that a ‘maternity ward’ environment using
shrubs, where ewes were forced to lamb in shelter without
management intervention, led to a higher survival of twin
lambs than when twins were born in hessian hedgerow shelter.
The 10% higher survival and 23% lower mortality rate of total
twins born in shrubs in 2008–2009 indicates that shrubs were
more effective than hessian. The difference in survival of twins
was clearly associated with a reduction in deaths from SME. The
difference in mortality is less than the 30–50% reduction in
mortality achieved by using phalaris hedgerows compared
with unsheltered paddocks previously reported (Egan et al.
1976; Lynch and Alexander 1977; Alexander et al. 1980) or
the 68% (6 versus 19% mortality in singles) reduction in singles
achieved by penning ewes against cypress hedges (Egan et al.
1972). However, the weather conditions during those studies
were colder and wetter than the ones experienced during our
study. This probably explains why the provision of phalaris or
hessian hedgerows did not improve the survival of single-born
lambs in our study.
The lack of improvement in survival in 2010 for twins
highlights the relatively small and inconsistent beneﬁt of
shelter in mild weather conditions. Although any beneﬁt of
shelter to survival could have been masked by suspected
differential lupin intake, as discussed later, the weather
conditions were such that a response to shelter could be
considered unlikely. In a study with Corriedale lambs by Obst
and Day (1968), the mortality rate was reported to be increased
only with winds >16 km/h in the absence of rain, although rain of
5 mm or more per day in the absence of wind increased mortality.
Other studies have also found no beneﬁt of shelter to lamb
survival where the mean wind speed was low (Egan et al.

Table 5. Mean daily wind speed (km/h), wind chill (8C) and chill index (kj/m2.h) during the lambing periods in 2007 and 2008
Means within a row and within a year followed by the same letter are not signiﬁcantly different (P = 0.05). s.e.m. = 0.1–0.3 for wind speed and wind chill;
4.5–4.9 for chill index
Parameter
Singles no
shelter
Wind speed (km/h)
Maximum wind speed (km/h)
Minimum wind chill (C)
Chill index (kj/m2.h)

1.1
5.4b
–0.6a
928

2007
Singles
Twins
hedgerow
hedgerow
1.0
4.7ab
0.1b
919

1.0
4.8ab
–0.5a
923

Twins
shrubs

Singles no
shelter

0.9
4.3a
2.3c
915

2.3bc
8.5c
1.7ab
946

2008
Singles
Twins
hedgerow
hedgerow
1.6a
6.4a
2.1b
928

1.9ab
7.7b
1.4a
938
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Twins
shrubs
2.2bc
7.9bc
2.0ab
942
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Table 6. Lamb weights, growth rates and proportion surviving or dying
from starvation/mismothering/exposure (SME) in 2010
Means (s.e.m.) within rows followed by the same letter are not signiﬁcantly
different (P = 0.05)
Parameter
Birthweight (kg)
Marking weight (kg)
Weaning weight (kg)
Growth to marking (g/day)
Survival of total births
Survival of live births
SME of total births
SME of live births

No shelter

Shrubs

5.0 (0.11)
11.4 (0.30)b
23.5 (0.40)b
243 (7.3)b
0.69 (0.06)
0.77 (0.05)
0.13 (0.04)
0.15 (0.04)

4.9 (0.11)
9.6 (0.24)a
20.5 (0.38)a
169 (7.0)a
0.72 (0.06)
0.80 (0.04)
0.14 (0.04)
0.15 (0.04)

1976) or weather conditions were mild (Pollard and Littlejohn
1999; Pollard 2006). Egan et al. (1972) found that the beneﬁt of
shelter in their study was solely due to a reduction in deaths during
a 5-day period of poor weather.
During our study, there were very few days of rainfall above 5
mm recorded during lambing, and the occurrence of rain is known
to dramatically increase mortality rates in a cool environment
(Arnold and Morgan 1975; Egan et al. 1976). Obst and Day
(1968) found that increased wind speed in the absence of rain did
not increase Corriedale lamb mortality. In our study, the
maximum daily wind speeds at 30-cm height were only above
8 km/h on 20–40% of days during lambing, and at least in 2007
and 2009, the height of the pasture would have provided some
shelter to lambs in all plots, further limiting any relative beneﬁt of
the shrubs or hessian. This may explain why overall lamb survival
was reduced by 7% with winds >8 km/h, but there was no beneﬁt
of shelter when compared with less windy conditions. Rainy days
did not reduce survival in our study, probably reﬂecting low
numbers of lambs being born on wet days (64 lambs; 6% of lambs
born alive). During the years of the study, the weather conditions
were milder than the long-term average for this location. Larger
responses in survival than those recorded may therefore be likely
in closer-to-average years.
Our study used crossbred lambs that are less susceptible to
poor weather conditions than Merino lambs (Obst and Day 1968;
Donnelly 1984). The size of both the ewes and their lambs could
also have reduced the inﬂuence of shelter on lamb survival.
Smaller lambs are more prone to SME deaths due to their
larger surface area relative to body mass because this increases
heat loss (Alexander 1974). The mean annual birthweight of
lambs in the present study ranged from 5.3 to 6.0 kg, which is
much higher than the 3–4.3 kg reported in many previous shelter
experiments (Obst and Day 1968; Egan et al. 1972, 1976). The
optimum range of birthweight for lamb survival differs among
breeds (Smith 1977; Holst et al. 2002; Everett-Hincks and
Dodds 2008). However, lambs larger than the average for the
genotype are more likely to experience a difﬁcult birth (Smith
1977) and it is likely that high birthweights explain the high
mortality rates of single-born lambs (25% of total births) in our
study. The survival of lambs that survive the birth process may
still also be affected by a difﬁcult birth because these lambs can
be slower to stand and suck (Dwyer 2008), which makes them
more susceptible to adverse weather, and are at greater risk of

being abandoned by the ewe (Alexander 1960; Hancock et al.
1996; Nowak et al. 2000).
It is also possible that the lower proportion of SME deaths in
twin lambs in shrubs than in hedgerows was associated with a
difference in the behaviour of ewes and lambs in the different
shelter types. In a separate study within this experiment, where
use of contact loggers recorded sheep coming within ~4 m of
another sheep, ewes in the hessian shelter had 17% less contact
with their twin lambs than ewes in the shrubs (Broster et al. 2010).
However, it is not clear whether this lower level of contact
contributed to reduced survival.
Shelter did not consistently reduce wind speed, wind chill or
chill index, even when shrubs had attained a reasonable height
(127 cm) in 2008. The low wind speeds observed reduced the
potential for shelter to reduce wind speed. Although the shelters
were designed to protect lambs against the prevailing winds, the
wind also commonly blew from the north-east – in which case
the shelter would have provided a minimal barrier. However,
because the loggers were placed in the centre of paddocks
where they would be least affected by shelter, it is likely that
their measurements underestimate any effect of shelter on wind
speed. The largest reductions in wind speed occur close to the
shelter (Lynch and Alexander 1977; Bird et al. 2007), and
because ewes and lambs utilise the whole paddock (1 or
1.3 ha), they were likely to obtain a greater beneﬁt than that
indicated by the wind measurements. Measurements in 2009
indicated that the maximum wind speed 2.5 m from the shrub
belts was 83% of the wind speed in the centre of the shrub
paddocks, reducing wind chill by 10% (J. Broster, pers. comm.).
The reduction in wind speed is the expected mechanism that
caused the reduction in SME deaths and increase in survival of
twins we recorded, with our data showing that survival of lambs
born alive was reduced with wind 8 km/h (Table 3), although
we could not show that shelter increased survival in windy
conditions.
Differences in the quantity and quality of pasture are unlikely
to have inﬂuenced differences in lamb survival among the
treatments within years for 2007–2009. In 2007 and 2009, the
quantity of pasture was sufﬁcient to cause little or no restriction
on pasture intake by ewes, and would not be expected to limit the
survival of twin lambs (Morris et al. 2003; Everett-Hincks et al.
2005). In 2008, pasture intake was restricted, evident by the loss
in condition of ewes over the lambing period. However, the
quantity of pasture was similar between the twin and unsheltered
single groups and the differences in the quantity of pasture were
small and resulted in similar loss in condition score across all
treatment groups. The slightly higher protein content of live
pasture in the unsheltered single pastures, although signiﬁcant, is
unlikely to have inﬂuenced lamb survival via effects on milk
production because protein levels in all pastures were high. The
lower energy content of live pasture post-lambing in twin
paddocks in 2007 and 2008 did not appear to be associated
with higher rates of weight loss in these ewes, so is also unlikely
to have inﬂuenced survival.
The survival of twins has been increased from 82% to 90%
during mild weather conditions through lambing ewes in a forage
oat crop, compared with an annual pasture (Oldham et al. 2008).
However, the sowing of forage crops may be neither possible nor
cost-effective in all situations, hence the need to evaluate
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alternatives. In addition, lambing ewes on cereal crops can lead to
metabolic disorders and elevated levels of dystocia and reduce
the survival of single-born lambs, with a three-fold increase in the
mortality rate of single-born lambs reported (Oldham et al. 2008).
Insufﬁcient time since sowing for the forage crop to attain a
height that provides much shelter may also limit the use of crops
as shelter. The lower height of the oats in some studies (Glover
et al. 2008; Paganoni et al. 2008), in addition to mild weather,
may explain their lack of effect on lamb survival, in contrast to
that of Oldham et al. (2008).
In previous studies, shelter has both increased (Alexander and
Lynch 1976), had no effect or decreased (Miller 1968) lamb
growth rates. The reductions were due to an increase in intestinal
parasites. In our study, the growth advantage for single lambs
born in hessian shelter compared with unsheltered paddocks in
2008 was probably due to a combination of modiﬁed weather and
a slightly larger quantity of pasture. GrazFeed simulations
(version 4.1.13) (Freer et al. 1997) suggested that 20% of the
difference in growth could be explained by the modiﬁed weather,
with the other 80% due to the quantity of pasture. The growth
difference in 2009 did not appear to be associated with a different
composition, quantity or quality of pasture, and this was
supported by GrazFeed simulations. Shelter could be expected
to reduce heat loss, leading to more energy reserves being
available for growth, and this may explain the growth
advantage for single lambs.
It is unlikely that the high body condition of sheltered singlebearing ewes in 2008 contributed to the higher growth rate of
their lambs than that of lambs of unsheltered ewes. Body
condition of the ewe has little effect on milk production when
pasture supply is not limiting (Kenyon et al. 2004), but lamb
growth rates can still be higher from fatter ewes (Gibb and
Treacher 1980). Where ewes are losing condition during
lactation, as in our study in 2008, it could be expected that
fatter ewes could produce more milk. However, the difference in
condition score of 0.1 is unlikely to be sufﬁcient to cause this
effect. The growth rate of sheltered single lambs was higher in
2009 when the condition of sheltered and unsheltered ewes was
similar, suggesting that the difference in lamb growth was not
associated with ewe condition. The 0.1 score higher body
condition of sheltered single ewes in 2008 is more likely to
be due to a higher quantity of live pasture available at the start of
the lambing period, due to pre-experimental grazing, rather than
any effect of the shelter treatment.
It is not clear why the response differed in twins where shrubs
reduced twin-lamb growth rates in both 2009 in Experiment 1
and in 2010 in Experiment 2. The slower growth of the twins in
shrubs in 2009 may have been partially due to the lower clover
content in their pasture. Although not measured in 2009, it is
also possible that the nutritive quality of the pastures in shrub
paddocks may have been lower than that of the pasture in
hessian paddocks. Shrub paddocks contained a higher content
of annual grasses which may have been more mature and of
lower quality than the clover and phalaris pasture elsewhere. In
2009, the ewes lambed in August, rather than July as in
previous years when pastures would be at a purely vegetative
stage.
The lower growth rate of sheltered twins in 2010 was
associated with loss of weight and condition in the ewes. This
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suggests a nutritional deﬁcit in the shrub paddocks, which was not
apparent in the quantity or composition of the pastures. It is
possible that differences in pasture growth contributed; however,
this was not measured. Alternatively, predictions of ewe intake
and growth obtained using GrazFeed suggest that in order to
achieve the weight loss recorded, the ewes in shrub shelter would
have been consuming no more than half of the lupin grain offered.
When the quantity of pasture was higher at the start of lambing
they would have been consuming very little. Although refusals
were not measured, this is consistent with our observations that
refusals were higher in the shrub paddocks, particularly in the ﬁrst
half of the lambing period. The lower lupin intake was probably
associated with the initially higher quantity of live pasture in
shrub than in unsheltered paddocks, because a higher substitution
rate of supplement for pasture occurs with declining levels of
pasture (SCA 1990). Small differences in digestibility between
the shrub and open paddocks may also have contributed, because
an increase in digestibility of live pasture from 70% to 80%
reduced the ewe weight loss predicted by GrazFeed (Freer et al.
1997) by 100 g/day.
Mobilisation of fat reserves may have elevated the milk
production of ewes in shrubs in 2010. However, given the
differences in the growth rate of lambs, it appears that any
increase in milk production was relatively smaller than that in
milk production from unsheltered ewes consuming more
lupins. If the faster growth of the unsheltered lambs in 2010
was the result of a higher intake of lupins by their mothers, which
then increased milk production, it is also possible that a higher
intake of lupins may have given their lambs an advantage in
survival. Feeding lupins appears to increase colostrum production
even when ewes are grazing ‘lush’ pasture and are well fed
throughout pregnancy (Murphy et al. 1996), and increased
colostrum is associated with an increase in lamb survival
(Banchero et al. 2009). However, ewes in low body condition
can produce similar levels of colostrum as ewes in high body
condition (Banchero 2003), and lupin grain has not consistently
increased colostrum production (Banchero et al. 2004). The
degree and duration to which lupin intake differed between the
shrub and unsheltered groups is unknown, so could not be
accounted for in the analysis. However, the differences in
lamb weights suggest that differential lupin intake occurred. If
so, lamb survival in the unsheltered twins may have been
elevated, masking any beneﬁt of the shrub treatment to
survival in comparison.
The paddocks used in the present study were small relative to
extensive commercial sheep production norms. The concept of a
‘maternity ward’ could be used in larger paddocks with
commercial ﬂock sizes, but shelter would need to be placed in
rows at appropriate distances apart, such that the whole paddock
was sheltered. The effect of this design on ewe and lamb
behaviour and survival may differ from that recorded in our
study. The area of shelter required on a property could be
minimised if pregnancy scanning were used and only twinbearing ewes were placed in shelter during lambing. A
difﬁculty with minimising the lambing area is that either the
quantity of pasture required in the lambing paddock would need to
be increased, which might be difﬁcult to achieve when lambing in
winter, or there would be an increased risk of needing to
supplementary-feed during lambing.
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The value of shrub-based maternity wards also needs to be
considered against existing land use. Purpose-built shelter may
not be economic in mild environments, or if lambing occurs at a
time when poor weather is unlikely, because there may be no or
only a small increase in lamb survival. However, if shrub rows are
already to be planted for other reasons such as reducing
groundwater recharge, it is logical, where possible, to plant
them in a design which will also beneﬁt lamb survival.
Consideration should also be given to using existing forms of
shelter which may provide a similar beneﬁt. Although a larger
increase in survival of Merino than crossbred lambs could be
expected, the higher value of crossbred lambs may mean that
shelter is more cost-effective for these enterprises. It can be
considered only probable that in more adverse weather
conditions, the beneﬁt of shelter to lamb survival would be
greater than indicated by our study.
Conclusion
Once established to form a ‘maternity ward’, shrub belts resulted
in fewer deaths of twin lambs from SME and a higher survival of
lambs born alive than did hedgerow shelter, but not in all years.
There were apparently growth beneﬁts for single-born lambs, but
these also did not occur in all years. The absence of any beneﬁt to
survival in single-born lambs warrants preferential use of shelter
by twin-bearing rather than single-bearing ewes, because of a
potentially greater economic beneﬁt. Although the differences in
survival were small and were not achieved in all years due to the
mild weather experienced, greater differences could be expected
in conditions of more wind and rain, particularly if a period of
poor weather occurred during peak lambing. It is also likely that a
larger beneﬁt would be achieved with breeds such as the Merino
that are more susceptible to adverse weather conditions than the
crossbreds used in the present study. There is a need to evaluate
weather conditions and the potential for shelter to improve lamb
survival at speciﬁc locations before investment in purpose-built
shelter.
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Abstract. This experiment evaluated the effect of stocking intensity at lambing on lamb survival. A randomised
block design with three replicates compared stocking rates of 16 and 30 ewes/ha. Twin-bearing Merino ewes (n = 69)
that had been mated with Poll Dorset · White Suffolk rams were placed in paddocks sheltered with rows of hessian, with 8
or 15 ewes per 0.5-ha plot for the low and high stocking rates, respectively. The survival of lambs born alive at the
high stocking rate (63%) was 24% less (P = 0.002) than for those at the low stocking rate (83%), and was associated with a
higher (P < 0.05) proportion of lambs dying from starvation, mismothering or exposure. There were no differences
(P > 0.05) in lamb birthweight, marking weight, ewe liveweight or condition, suggesting nutritional conditions between
the stocking rates were similar. The results suggest caution in using lambing strategies which require high stocking rates.
Additional keywords: management, nutrition, reproduction, sheep.
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Introduction
Lambs born as multiples are more susceptible to exposure than
lambs born as singles, resulting in 50% higher mortality rates
(Donnelly 1984). Management strategies need to be developed
to reduce this wastage to improve reproductive efﬁciency.
Provision of shelter will improve survival of twins in cold,
windy conditions (Alexander et al. 1980; Pollard 2006), but is
less effective in milder weather conditions (Paganoni et al. 2008;
Robertson et al. 2011). Since ewes do not always seek shelter
during lambing (Lynch and Alexander 1977), a management
strategy to improve lamb survival is to force ewes to lamb in
shelter. The term ‘maternity ward’ is used to describe an area of
concentrated shelter, where ewes are held during lambing, and
the ewes have no choice but to lamb in a sheltered environment.
However, areas of land that can be cost effectively dedicated
to maternity wards tend to be small. This leads to an increased
density of ewes lambing within a maternity ward. An increased
density of ewes during lambing is also likely to occur in cellgrazing systems, high stocking rate systems, and in drought
conditions where ewes are fed in containment areas.
Desertion and separation of lambs from their mothers,
particularly twins, contributes to high mortality rates. Merino
ewes are more likely to become separated from their lambs than
ewes of other breeds studied (Alexander et al. 1983a), and ewes
with prior experience raising twins are less likely to become
separated from them than inexperienced ewes (Alexander et al.
1984). The incidence of separation is less for ewes which remain
Journal compilation  CSIRO 2012

on the birth site for 6 hours or more (Alexander et al. 1984), and
this is facilitated by high levels of pasture which negate the need
for ewes to travel distances to ﬁnd food and water (Everett-Hincks
et al. 2005).
Interference from other parturient ewes is a major cause of
permanent separation of ewes from their lambs (Cloete et al.
1998), therefore it is likely that the stocking density during
lambing could inﬂuence lamb survival. Since ewes do not
necessarily seek isolation at parturition (Alexander et al.
1979), and mob together irrespective of paddock size, it is not
clear whether stocking density will impact on lamb survival.
Winﬁeld (1970) found a higher rate of separation in ewes stocked
at 143 compared with 14.3 ewes/ha due to interference from
other ewes. However, the overall survival rate was similar
between stocking rates, possibly due to fostering of deserted
lambs. Alexander et al. (1983b) showed that the incidence of
separation, fostering of lambs by other ewes, and therefore
error in pedigree recording, increased with the number of ewes
lambing per day, but resultant lamb survival was not recorded.
They calculated a stocking rate of 18 ewes/ha as the level at
which 4.3 ewes would lamb per day, leading to minimal pedigree
recording errors, and by association, low mortality. Kleemann
et al. (2006), using data from commercially managed ﬂocks,
suggested that stocking density at lambing, ranging between 2.9
and 23.9 ewes/ha, did not inﬂuence the survival of either single or
twin lambs, but the size of ﬂock did, with an optimum of 414 and
386 ewes for single and twin survival, respectively.
www.publish.csiro.au/journals/an
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Other studies comparing stocking rates tend to confound
nutritional level with stocking density at lambing (Donnelly
1984; Lloyd Davies and Southey 2001), and as such lamb
survival would be inﬂuenced by different ewe behaviours.
Information on the effect of stocking rate on lamb survival is
therefore both sparse and conﬂicting. The aim of this study was
to investigate the effect of stocking density at lambing on
lamb survival in a sheltered maternity ward environment. It
was hypothesised that if pasture availability is adequate, then
survival of lambs born in a ‘maternity ward’ will be similar at high
and low stocking densities.
Materials and methods
This experiment was conducted with the approval of the Charles
Sturt University Animal Ethics Committee. The experiment was
conducted on a property south-east of Wagga Wagga, New South
Wales (35130 S, 147370 E) between January and August 2010.
Experimental design
The experiment evaluated two stocking intensities, 16 and
30 ewes/ha in a randomised block design with three replicates.
All paddocks were sheltered using rows of hessian, 20 m apart,
and perpendicular to the direction of the prevailing wind. The
hessian was strung on boundary fences and, within paddocks, on
plain wires 1 m high held by fence posts. The internal hessian
rows had 23-m gaps placed every 2530 m with a 6-m gap at
the eastern end of each row to facilitate sheep movement.
Animal management and measurements
Oestrous cycles were synchronised in a ﬂock of 200 mediumto large-framed 35-year-old Merino ewes of dual-purpose
bloodline with two injections of 1 mL prostaglandin
(Estrumate, Schering-Plough Animal Health, Baulkham Hills,
NSW, Australia) on 16 and 25 February 2010. Gonadotrophin
(Pregnecol, Bioniche Animal Health, Armidale, NSW, Australia)
was also injected at 400 IU on 25 February. On 26 February 10
Poll Dorset and Composite (Poll Dorset · White Suffolk-based)
rams wearing harnesses with green crayons were introduced to
the ewes. On 12 March three rams were removed to be used
elsewhere. The crayon colour was changed to red on 12 March to
enable returns to service to be detected. Raddle marks were
recorded on 5, 12, 15 and 22 March. The ewes were shorn on
28 April.
A commercial operator used trans-abdominal ultrasound to
determine fetal number and age at 45 days after ram removal.
Twin-bearing ewes were selected based on a combination of fetal
age and date of mating determined by crayon marks. They were
randomly allocated to treatment groups (n = 69) according to
body condition using a scale of 0 (emaciated) to 5 (obese)
(Jefferies 1961) and liveweight. Fifteen or eight ewes per
paddock were allocated to the high and low treatments,
respectively, with a paddock size of 0.5 ha.
The ewes were weighed on mornings, unfasted, when they
entered paddocks (23 July) and at lamb marking (30 August),
38 days after the ewes entered paddocks. The ewes were sidebranded with their unique eartag number using scourable
branding ﬂuid. During lambing, the ewes were inspected daily.
Ewes were assisted to deliver lambs only when obviously in
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difﬁculty. The lambs were identiﬁed to ewes at birth, tagged, and
birthweight recorded. Dead lambs were removed from paddocks
and underwent a post-mortem examination (McFarlane 1965) to
attribute cause of death, with lambs which had not breathed fully
being classiﬁed as ‘born dead’. The lambs were weighed at lamb
marking and lambs which had been tagged at birth but were not
present were assumed to have died.
Supplementary feeding was required to minimise the chance
of nutritional differences between stocking rates. The ewes in
both treatments were fed 0.4 kg lupin grain daily from 22 July
until 26 August. Refusals were not measured, although they were
observed for the duration of the feeding period.
Pasture measurements
Live pasture biomass was visually estimated on six occasions
at weekly intervals from when ewes entered treatment plots until
lamb marking, using the method of Haydock and Shaw (1975).
Sixty estimates were recorded on all occasions, and calibration
quadrats were cut at ground level using electric clippers.
Botanical composition was estimated on the same 60 quadrats
assessed for biomass using the Botanal method (Mannetje and
Haydock 1963).
Weather data
Weather data was recorded from the ﬁrst day of lambing until the
third day following the last birth. The weather station (Vantage
Pro2, Davis Instruments, Hayward, CA, USA) was located 4 km
east of the trial area, 1.5 m above ground level, and recorded
temperature, wind speed and rainfall.
Statistical analyses
Data was analysed using GENSTAT 12th edition (Payne et al.
2009). Data from ewes which gave birth to single or triplet lambs
was excluded. Data from twin-bearing ewes only was analysed,
leaving records for 64 and 40 lambs at the high and low stocking
rates, respectively. The proportional lamb survival and cause
of death data were analysed with binomial generalised linear
mixed modelling with treatment as the ﬁxed effect and replicate/
ewe as the random effect. Ewe liveweight and body condition,
lamb weights and growth rates were analysed using residual
maximum likelihood (REML), using treatment as the ﬁxed
effect and replicate or tag as the random effect. Pasture
biomass data was analysed using REML with treatment by
sampling date as the ﬁxed effect and replicate as the random
effect. Botanical composition was analysed pre- and postlambing separately, using REML.
Results
Weather
The weather conditions during the experiment were mild with
an average maximum daily temperature of 12.7C, average
minimum temperature of 3.5C, and 7 (of 32) days when
minimum temperature was below 0C. Rainfall greater than
5 mm per day occurred on 7 days. Average daily wind speed
was 5.7 km/h with 8 days when wind speed was above 8 km/h.
The survival of twin lambs born alive was reduced (P < 0.05)
by 24% at the higher stocking rate (63 cf. 83%) (Table 1). The
proportion of lambs born alive which died from starvation,
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Low

37 ± 7b
25 ± 6b

17 ± 6a
10 ± 5a

5.2 ± 0.1
10.6 ± 0.5
214 ± 12

5.5 ± 0.1
10.6 ± 0.6
204 ± 14

mismothering or exposure was 2.5 times larger (P < 0.05) in the
high compared with the low stocking rate. The proportion of
deaths from other causes for lambs born alive was similar
(P > 0.05) between groups. Most (73%, 11/15 lambs) of the
lambs born alive which subsequently died were found with the
mother present in the high stocking rate group. The numbers
of dead were too small to give a meaningful comparison in
the low group. Stocking rate did not (P > 0.05) inﬂuence the
birthweight (P = 0.09), marking weight, or growth of lambs from
birth to marking (Table 1).
The lambing distribution resulted in 56% of lambs being born
and 49% of deaths occurring during the ﬁrst 3 weeks of the
lambing period. Of lambs born alive which died, 80 and 89% in
the low and high stocking rate groups, respectively, were recorded
as dead on or before the fourth day after birth. The prevalence of
infection was low with only one lamb death attributed to this cause.
Liveweight and condition score
The condition score of ewes when allocated to plots was
2.7  0.06 and 2.6  0.07 (P > 0.05) for the high and low
stocking rate, respectively. The condition score of both treatments
declined to the same (P > 0.05) extent such that the condition score
of ewes at lamb marking was 2.5  0.07 in both groups (P > 0.05).
The liveweight of ewes was similar (P > 0.05) between treatments
when allocated to paddocks, 67  1.1 and 68  1.5 kg, and at lamb
marking 55  1.6 and 57  1.3 kg, for high and low stocking rates,
respectively.

High

Live pasture on offer (t DM/ha)

Lamb deaths/100 lambs born live (%)
Starvation, mismothering or exposure
of live births (%)
Birthweight (kg)
Marking weight (kg)
Growth from birth to marking (g/day)

High

3.00
Low

2.50
2.00
1.50
1.00
0.50
0.00
23 July

30 July

6 Aug.

12 Aug.

20 Aug.

27 Aug.

Fig. 1. Mean quantity of live pasture on offer at weekly intervals during
the lambing period.

Broadleaf
Grasses

Clover
Phalaris

100
90

Botanical composition (%)

Table 1. Lamb production (mean þ s.e.) from ewes at high and low
stocking rates
Different letters within rows indicate means differ at P = 0.05

499

80
70
60
50
40
30
20
10
0
High

Low

Pre-lambing

High

Low

Post-lambing

Fig. 2. Botanical composition of pastures at high and low stocking rates preand post-lambing.

Pastures
The quantity of live pasture on offer varied (P < 0.05) between
sampling dates, declining during the ﬁrst 2 weeks of lambing
and then increasing during the ﬁnal 3 weeks (Fig. 1). A similar
(P > 0.05) quantity of live pasture was available at both stocking
rates for the ﬁrst 2 weeks of lambing (ﬁrst three pasture sampling
occasions), but thereafter a larger (P < 0.05) quantity of pasture
was available in the lower stocked treatment.
The pastures at both stocking rates were dominated by annual
grasses (Fig. 2). Pre-lambing, the annual grass content was higher
(P < 0.05) for the low compared with the high stocking rate, but
the clover content was similar (P = 0.17) (17  9 cf. 7  4.3%,
respectively). However, post-lambing, the composition of
pastures was similar (P > 0.05) at both stocking rates.
Discussion
This study indicates that higher stocking rates can reduce the
survival of twin-born lambs from Merino ewes. These results are

surprising given the low numbers of ewes in each paddock, and
the small paddock size, which could be expected to limit any
opportunity for mismothering. The small numbers of lambs in
this study suggest some caution in interpreting the differences in
survival recorded.
Starvation, mismothering or exposure was higher in lambs
born at high stocking densities. Although the data suggests that
the majority of lambs born alive which died were not permanently
mismothered because the ewe was present when the dead lamb
was found, we would expect that mismothering would have
contributed to the differences in survival. It is well established
that interference from other ewes causes separation of ewes from
their lambs (Cloete et al. 1998). Interference increases as the
number of ewes lambing at a similar time increases (Alexander
et al. 1983b), so should increase at a higher lambing density.
It is possible that interference from other ewes at parturition
and in the days after birth may have delayed suckling and the
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strength of the motherlamb bond, resulting in lower milk intake
and increased susceptibility to exposure, even though the lamb
was not abandoned. Arnold and Morgan (1975) showed that a
delay in grooming of 10 min increased the time taken for a lamb
to ﬁrst suck. Suckling is important in developing a preferential
ewelamb bond (Nowak et al. 1997). If interference delays
suckling or the strength of the ewelamb bond, affected lambs
are likely to be more susceptible to exposure. Observations during
lambing would be required to determine whether interference
from other ewes contributes to starvation/exposure in lambs
which are not permanently mismothered, since behavioural
data from our study (Broster et al. 2012) suggests that ewes
spent more time with their lambs at the high compared with the
low stocking rate.
The higher level of pasture available in the low stocking rate
paddocks during the last 2 weeks of the trial are unlikely to
have inﬂuenced the differences in lamb survival. Similar lamb
birthweights, marking weights and growth rates and similar
change in ewe condition score suggest that there were no
nutritional differences between the groups. In addition,
GrazFeed (Freer et al. 1997) predictions suggest that the ewes
would be consuming 95% of their potential intake when available
live pasture was 1.5 t DM/ha, such that increasing available
pasture makes little difference to production. Also, half of the
lamb births and deaths had occurred before differences in
available pasture becoming apparent.
It is unclear whether the type of shelter used, rows of hessian,
could have inﬂuenced lamb survival. It is possible that as stocking
rate increases, there is a greater potential for mismothering if a
shelter type is used which obstructs visual contact between ewes
and lambs. Previous studies (Stevens et al. 1984) have shown a
non-signiﬁcant trend for paddocks sheltered by grass hedges to
result in greater separation of twins from their mothers than open
paddocks. Hessian shelter the same as used in our study caused
ewes to have 17% less contact (ewes or lambs within 4 m of
another) with their twin lambs than ewes lambing in more open
space sheltered by shrub belts (Broster et al. 2010). However, it is
not clear whether lower contact levels reduce survival.
Conclusion
High stocking rates at lambing of ewes bearing twin lambs can
have a substantial adverse effect on lamb survival. It is not clear
whether this also occurs in open paddocks or with different
designs of shelter.
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DISCUSSION
Due to the extensive nature of much of the Australian sheep industry animals generally graze
outdoors throughout the year, including during lambing time (Brien et al. 2010). Under these
conditions, shelter will most likely provide protection from wind rather than rain. Lambing
in Australia most commonly occurs between April and September with producers attempting
to match the feed requirements of the late-pregnant or lambing ewes with the feed availability
of the pastures (Croker et al. 2009). Unfortunately this is also the time when climatic
conditions of greatest risk for higher chill indices are likely to occur. Wind speed increases
heat loss (Alexander 1974; Obst and Ellis 1977; Mount and Brown 1983), therefore any
reduction in wind speed is important in reducing the impact of cold temperatures on the
survival of new born lambs. In Australia the provision of shelter has been shown to reduce
lamb mortality in most situations but the results across single and twin lambs, and under
‘good’ or ‘bad’ weather conditions, have been variable (Watson et al. 1968; Egan et al. 1972;
Egan et al. 1976; Lynch and Alexander 1976; Alexander et al. 1980).

The provision of shelter involves a significant capital expense and therefore needs to be
economically viable if the decision is made to provide it. An annual increase in lamb
survival of 12.4% (eg. 60% to 72.4%) was necessary to obtain a positive return on the
investment outlaid on the shrub shelter utilised in this thesis (Paper I).

Many factors

influenced the level of increased lamb survival needed to gain this positive return, with the
major factor being the cost of establishing the shelter; a 10% decrease in the cost of the
shelter reduced the required increase in lamb survival to 11.37%. However, as the cost of
establishing the shelter decreases, the importance of establishment cost declines, with Young
et al. (2014) reporting that in a low cost shelter situation the establishment cost had little
impact on profitability, with meat and wool prices being more important.
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In cropping situations it has been found that the greatest benefits of shelter were in years with
extreme wind events (Sudmeyer et al. 2002), this may also be the situation for lamb survival.
The economic analysis in this research showed that the initial level of twin lamb survival did
not influence the return on investment, with the prevention of losses being equivalent to an
increase in survival percentage (Paper I). Therefore the likelihood of adverse weather events,
or high chill index, during the lambing period is important in determining the economic
viability of shelter (Paper H). The location of the field experiments, Tarcutta, was shown to
have a lower risk of high chill index than the other investigated locations (except Temora),
with this reflected in the variable results for lamb survival due to shelter (Robertson et al.
2011). The ability of reducing wind speed to reduce chill index is also important, with
Kleemann and Walker (2005a) reporting that the number of days in which a new born twin
lamb was exposed to a chill index above 1000 kJ/m2.hr was correlated to its survival.
Evaluation of weather conditions at six locations across south-eastern Australia found the
median weekly chill index exceeded this level at both Hamilton and Orange in over two
thirds of the examined weeks, but this rarely occurred at Temora (Paper H). Reducing wind
speed by 50% reduced the number of weeks when the median weekly chill index exceeded
1000 kJ/m2.hr at Hamilton and Yass by twice as many weeks as it did at Orange (Paper H),
demonstrating that even if chill index is high at a given location, if wind speed is not the
greatest influence on chill index the provision of shelter will be less effective.

The second most important factor in determining the economic viability of the shelter was the
stocking rate of the lambing ewes within the shelter, a higher stocking rate requires less area
(grazing and shelter) for the same number of ewes, resulting in a lower cost to erect the
shelter. While a higher stocking rate will reduce the overall cost of the shelter, it has also
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been shown to result in higher levels of separation and ewes stealing lambs from other ewes
(Alexander et al. 1983b) and also increased lamb mortality (Donnelly 1984).

A 24%

reduction in twin lamb survival accompanied by a 150% increase in SME deaths was found
when stocking rates were increased from 16 ewes per hectare to 30 (Robertson et al. 2012).
The level of contact between ewes, both before and after lambing, did not differ between the
two stocking rates (Paper G), however ewes in the high stocking rate had 11% more contact
with their lambs than ewes in the lower stocking rate. At the higher stocking rate ewes also
travelled 11% further per day but crossed through the hessian shelter belts 37% less often
(Paper G). Interference from other ewes has also been shown to be a cause of separation of
ewes and lambs (Alexander et al. 1983a), the increased distance travelled by the ewes in this
experiment may be a result of ewes trying to escape this interference, resulting in the
increased incidence of SME deaths recorded (Robertson et al. 2012). It may be that it is the
nature of the contact and movement, rather than the actual duration of contact and distance
moved, that is important in improving lamb survival. Alternatively, with sheep being a
“follower” species (Lent 1974), the greater travel and higher contact means that the lamb(s)
may also have travelled further, utilising more of the vital brown adipose tissue needed for
heat generation (Alexander and Bell 1975) making them more prone to cold exposure and
subsequent death from SME.

Even when the shelter is planned to provide a ‘maternity ward’ situation where the entire
lambing paddock is sheltered (Paper J), the area close to the shelter row should be more
protected compared with midway between shelter rows (Paper A; Tables 1 & 2). Twin
bearing ewes lambing in both shrub and hessian shelter avoided the areas close to the shelter,
and single bearing ewes showed no preference for or against hessian shelter (Paper A).
Despite this, a higher proportion of lambs than expected were born close to the shelter (Paper
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A), a similar finding to previous studies (Lynch and Alexander 1976; Alexander et al. 1979).
Alexander et al. (1979) also reported an increase in the proportion of ewes lambing near
boundary (unsheltered) fences, but this was not observed in this experiment (Paper A; Figure
3). It may be that the shelter and fences act as a barrier to restless ewes before lambing, as
suggested by Stephens et al. (1981), and they remain near the shelter due to the improved
shelter and privacy which the fences do not provide. However, to determine the actual reason
for the difference between the two barriers (fences and shelters) observations of ewes at
lambing would be necessary.

With shelter height determining the spacing between shelter rows, to ensure full protection of
the sheltered area, more rows are required in a paddock with lower shelter. A major concern
is that, in addition to acting as a wind break, shelter rows may impact on the level of contact
between ewes and their offspring, thereby adversely affecting the maternal bond resulting in
an increased level of separations between ewes and lambs, potentially increasing deaths from
SME. This was the case in the shorter shelter (hessian) in which ewes with twin lambs spent
18% less time with their lambs compared with those in the taller shrub shelter (Paper B).
Additionally, ewes in the hessian shelter travelled 40% further than those in the shrubs in the
period immediately after lambing (Paper A), placing further pressure on the ability of the ewe
and her offspring to remain in close contact.

This difference in both the amount of contact and the distance travelled could have been the
result of the different shelter types (shrub vs. hessian) and not the distance between them.
Shelter rows identical in all respects except the distance between them were therefore
compared (Paper C). Ewes in paddocks with no internal shelter rows had 19% more contact
with their offspring than ewes in paddocks with one internal row (30m spacing) while contact
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levels in paddocks with three internal rows (15m spacing) were intermediate to, and no
different from, the two other treatments (Paper C). While the reasons for the differences are
unknown, it may be that there is an optimum distance for maximising ewe:offspring contact;
shelter rows closer together or further apart than this may result in contact levels being
inhibited. The height and/or type of the shelter are also likely to influence the optimum
distance between shelter rows to maximise contact.

LIMITATIONS
The majority of the results from the field experiments were obtained using remote sensing
collars placed on the animals. While these collars allow the collection of large amounts of
data with minimal disturbance of the animals they do have their limitations.

The cost of both the GPS collars and contact loggers meant that only a limited number were
available. Given their relatively high cost, only twelve GPS collars and 45 contact loggers
were available, and on no occasion were all twelve GPS units operational. This placed
limitations on the experimental design when these units were used. Additional contact
loggers were borrowed from CSIRO for two of the experiments (Paper B & C) to allow for
complete data sets. This resulted in ewes and lambs from only one replicate having collars
attached in the experiment comparing shrub and hessian shelter. Given the data from the
contact loggers showed differences in contact between the collared ewes before and after
lambing (Paper B), the use of animals as replicates was justified for this comparison. It is
also considered that any treatment differences in shelter use, distance travelled (Paper A) or
contact (Paper B) were likely real, although replication of plots is required to confirm this.
This limitation was partially addressed with the use of additional contact loggers (loaned by
CSIRO) in a subsequent experiment (Paper C).
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For all experiments using either the contact loggers (Papers B, C & G) or the GPS collars
(Papers A & G) large differences were recorded between individual animals. For the contact
loggers using three (Paper G) or four (Paper C) ewes per replicate for three replicates resulted
in treatment differences of 10% or less being statistically significant. When 12 individual
ewes were considered as replicates (Paper B) differences in contact levels needed to be
between 15% and 40% before the differences between treatments were statistically
significant. The required differences were greater in those animal classes with lower contact
levels (eg. non related ewes and lambs). With the GPS collars, for both factors measured
(distance travelled and shelter crossings), there was minimal difference between using eight
individual animals (four each at two deployments) as replicates (Paper A) or the mean of two
of animals per replicate for two deployments (Paper G) in the required level of difference
between treatments for them to be considered statistically significant. Therefore any future
research should ensure sufficient remote sensing collars are available to enable their
attachment to at least three or four animals in all replicates to ensure the data collected and
the findings reported are robust.

Contact loggers
As with most remote sensing equipment contact loggers have a limited amount of available
data storage. This may result in the memory of some units filling before they are due to be
removed; however they still transmit their identification number. The timing of attaching
collars is a compromise between minimising the level of interaction with the animals at the
time of interest while ensuring the memory capacity of the loggers is not exhausted. Many
factors influence the rate at which the memory of the loggers is filled; these include the
number of loggers used in the flock, paddock size, type of contacts (siblings higher than
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unrelated animals), logger settings (separation time and range co-efficient) and capacity of
memory.

Attaching the collars a minimum of four days before the first lamb was expected allowed
sufficient time for the ewes to become accustomed to both the collars and the lambing
paddock so the interactions between ewes prior to lambing could be recorded. Attaching
collars to six animals in one hectare paddocks (Paper B) resulted in an average of 15 days
logging before their memory capacity was exhausted. With the oestrus cycle of the ewes in
this experiment synchronised there was a maximum of eight days difference between the first
and last collared ewe to lamb (18 ewes; 6 ewes in 3 treatments) in each of the two
deployments allowing for at least the first three days after birth being recorded for each ewe
without the need to interfere with the ewes during this period to download data.

Paddock size however, had a major influence on the length of logging. In another experiment
with similar collar numbers (5 or 10) using three hectare paddocks the logging period was
extended to 24 days (unpublished data), whilst in 0.24 hectare paddocks with three collared
ewes (Paper C) memory capacity was reached after an average of eight days logging.
Changing the UHF range co-efficient (contact distance) or separation time could be used to
extend the length of logging in smaller paddocks (Sirtrack Limited 2008).

At the time of monitoring the ewes and their offspring in the experiments in this thesis
(Papers B, C & G) their relationships were being established and they could be influenced by
outside interference. In a flock where the relationships between animals are well established
(eg. adult ewes) and less likely to be impacted by human interaction additional ewes could
have collars attached to gather more information on interactions, this will however result in
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the memory capacity of the collars being reached more rapidly requiring removal and data
download during the observational period.

An advantage of the contact loggers compared with other remote sensing loggers is that when
one unit of the contact pair is still recording data that information is still representative of the
pair as shown by the reciprocal data reported both in this project (Paper E & F) and in other
research (Swain and Bishop-Hurley 2007; Drewe et al. 2012). For this reason in this thesis
when examining contacts between similar animal classes (ewe-ewe and lamb-lamb), the
mean of the two collars was used whenever possible, but for ewe-lamb contact only the
readings from the lamb collars were used as in many cases the memory of the ewe collar was
full before the end of the data collection period.

The distance at which contacts were recorded for ewes (4 metres) with the settings used in
these experiments may have been less than what the animals considered to be ‘good’ contact.
However, for these experiments it was assumed that the greater the time ewes and their
offspring spent out of contact logger range the greater the potential for permanent separation.
Observations of the interactions between ewes and offspring at various distances would assist
in determining the contact logger settings required to differentiate between ‘good’ contact
and ‘problematic’ or no contact.

Contact loggers only record the amount of contact not the underlying reason for the contact,
for this observational data is required. While observations may have provided information
with regards to the reasons for the differences in contact levels observed between the
different shelter types and distances (Paper B & C) and stocking rates (Paper G), the presence
of observers could have influenced the behaviour of the animals. As the aim of the overall
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experiment was to determine the effectiveness of shelter in reducing new born lamb mortality
(Paper J) (Robertson et al. 2011), the aim of all data collection was to reduce the level of
disturbance to the animals.

GPS collars
As with most remote sensing units, the use of GPS collars is constrained by both battery life
and available data memory, often resulting in logging intervals chosen to maximise the period
of data recording. The greater the logging interval the greater the potential for error in both
distance moved and resource use (Swain et al. 2008). The GPS collars in this project (Papers
A & G) used 30 second logging intervals which allowed for up to 22 days recording with the
available batteries, this was well matched to the available memory which at the logging
interval used filled after 22 days and 18 hours. While this was not the shortest logging
interval available for the units used, it ensured that the majority of GPS collars were still
recording data several days after the ewes lambs were born, providing the most complete data
set possible.

As with the contact loggers the timing of attaching these collars is a compromise between
minimising the level of interaction with the animals at the time of interest.

However

compared with the contact loggers the advantage of many GPS loggers is that they can be
programmed to begin recording locations many days after attachment. As with the contact
loggers commencing logging a minimum of four days prior to lambing allows analysis of
behaviours before lambing. In the two experiments which used the GPS collars (Papers A
and G) there was between seven and nine days between the first and last lamb born in each
deployment. At the logging interval selected the units could be programmed to commence
logging up to six days before the first lamb was due and still be recording six to seven days
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after the last lamb was born allowing the analysis of behaviours before, during and after
lambing without interference with the animals during this time. Changes to the logging
interval and/or the required precision for each location will influence the battery life as the
major drain on the battery is when the GPS unit is searching for satellites and determining its
position.

This may result in either the memory filling before the batteries run flat or

insufficient battery life to fully utilise the logger’s memory.

The signal received by the GPS units was not differentially corrected, therefore there is the
potential for a greater error in the positional data recorded. This, when combined with the
logging interval chosen may have resulted in differences between the recorded and actual
distance travelled by the ewes. However, with all GPS collars being the same make and
model, this error should be similar for all units meaning any differences between treatments
reported should be representative of actual differences. The use of differential correction of
the positions obtained and reductions in the logging interval should reduce any errors for both
location and travel in future experiments. Shorter logging intervals will however increase the
potential for incomplete data sets due to full memory or flat batteries.

Weather data recording
Twelve data loggers measuring wind speed and temperature were used during lambing in this
experiment, with wind direction only recorded at the site weather station (all years) near the
north east corner of the experimental area and, in 2009, an additional wind direction monitor
near the northwest corner. In 2009 the wind direction often varied between these two
locations, most likely due to the topography of the site, meaning the exact wind direction for
each wind speed logger could not be accurately determined. If the wind direction for each
data logger was known then greater information on the level of wind speed reduction
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provided by the two shelter types would have been obtained, when upwind or downwind of
the shelter or with the wind perpendicular, angular or parallel to shelter.

Economic modelling
The economic study used net present values to determine the profitability of establishing
shelter and evaluated the importance of a number of factors by altering one factor at a time.
However, many of these can be related so an analysis which changes several of the factors at
the same time may have been able to draw out some less obvious results. The analysis also
assumed that the increase in lamb survival was consistent across all years. Annual variations
in lamb survival would influence the results depending upon what stage of the shelter life
they occurred in relation to whole enterprise cash flow, particularly if financing was required
to construct the shelter.

Only six locations were used in the GrassGro® modelling, the limited sites and years of
weather data used may have resulted in some less apparent findings being missed that could
have been observed with a larger data set. With the climatic data divided into discrete
weekly blocks for analysis, median values were used to determine the likelihood of two
consecutive days exceeding a chosen threshold. This may have underestimated these events
as two or more consecutive days adverse weather may have occurred across two of the
weekly blocks.

The modelling conducted examined the risk of high chill index at the different locations and
any reductions as a result of shelter reducing wind speed. It assumed that there was a direct
correlation between chill index and lamb survival. As well as weather conditions, many
factors (eg. pasture availability and growth, ram and ewe genotype and stocking rate)
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influence mortality levels, therefore for a more accurate assessment of the risk of high
mortality, lamb survival rather than chill index would need to be modelled.

The aim of providing shelter is to reduce SME deaths through a reduction in the exposure
component of this syndrome. Incorporating pasture availability in the modelling would
address the influence of the starvation component of SME deaths and better model lamb
mortality as a result of adverse weather conditions. In addition to being the two factors
which directly impact on SME deaths, in combination they also have a large impact on the
mis-mothering component of this syndrome. Modelling these two factors in combination
would demonstrate the ability of managerial decisions such as the provision of shelter or
supplementary feeding to reduce lamb mortality.

FUTURE RESEARCH
Behavioural observations
Differences were recorded in the movement of ewes with lambs, both in the distance
travelled and number of shelter crossings, in different shelter types (Paper A) and/or at
different stocking rates (Paper G).

Similarly, differences were recorded in the level of

contact of ewes and their offspring between different treatments in all three experiments
using contact loggers (Paper B, C & G). While the remote sensing equipment used allowed
the collection of large amounts of data with minimal disturbance of the animals, the reasons
for any differences recorded were not determined. It was suggested in Paper G that the type
of movement varied between the high and low stocking rates and this may have been related
to ewes searching for their lambs. However this question cannot be answered through the use
of remote sensing collars alone.

To address this shortcoming, whenever possible,
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observations of the animals should be conducted in conjunction with any data collection
using remote sensing collars.

The purpose of using remote sensing collars (contact loggers and GPS) in any research is to
remove or reduce the level of interference from humans on the animals’ behaviour.
Therefore, whatever observational method is used should be designed so that it complements
the data from the collars without impinging upon their major advantage, the removal or
reduction of human interference at the time of interest. This could involve the use of video
cameras, both colour and infra-red, observations from either a distance using binoculars etc.
or from a hidden location.

Paddock or flock size
The finding that there was no consistent positive or negative relationship between contact
levels with changes in the distance between shelter rows requires further investigation (Paper
C). Both the paddock area (60m x 40m) and flock size (4 ewes) in this experiment were
small due to the need to minimise variability between paddocks and the number of collars
available. This may have influenced the findings, as previous research has shown flock size
affects grazing time (Penning et al. 1993), therefore it is possible that it also affects other
behaviour. Likewise, paddock size can also influence the behaviour (Arnold and Maller
1985). The size of both the paddocks and flocks used were small when compared with a
commercial enterprise, and this could have influenced the results for all the field experiments,
especially that reported in Paper C, and further investigations on a larger scale could be
valuable in confirming the findings of this research.
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Conducting these experiments on a larger scale while using the same stocking rate would
increase the number of animals involved and therefore the power of the study to determine
any response to lamb survival. However, when investigating the effect of stocking rate on
lamb survival and/or ewe and lamb behaviour (Papers G & K) differences in stocking rate
can be achieved by either increasing the number of ewes in the paddock or decreasing the
paddock size. Even if both methods are used in an experiment it could be difficult to
determine if any differences observed were the result of changes in stocking rate, ewe
numbers or paddock size or a combination of these factors.

Shelter type and/or distance
This research only investigated two shelter types, one of which, hessian, is unlikely to be
used commercially, and did not investigate the effects of differences in shelter layout.
Differences in both ewe movement and contact levels were recorded between the different
shelter types, however it is not known if this is due to the shelter type or the distance between
the rows. With the high cost of providing shelter using shrub rows, further investigations into
other forms of shelter cheaper to establish are warranted. This could involve other options
for creating shelter rows (eg. phalaris or tall wheat grass) or even annual species, such as
grazing wheat or chicory, which may provide shelter for a new born lamb while providing
ample nutrition for the grazing ewes. Investigations into shelter layout for both shrubs and
other less expensive options would also be required to determine a design which optimised
contact levels between ewes and lambs, improving the mother offspring bond and increasing
survival, while minimising establishment costs.

With the shelter distance experiment (Paper C) showing no consistent change with increasing
distance between shelter rows it may have been that the increments between the treatments
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(15-30 and 30-60 metres) were too great to gain a consistent result. Comparing more shelter
distances, with less difference between treatments may determine that there is an optimum
distance up to which contact levels increase and after which they decrease. This may need to
be conducted with larger paddock and flock sizes, as mentioned in the previous chapter, to
better represent commercial conditions.

Intergenerational studies
Marked variability in contact levels and movement was recorded within treatments between
animals. The level of contact between ewes and their offspring in the first few days after
lambing has been shown to be important in the development of the bond between the animals
(Nowak 1990; Murphy et al. 1994). Measuring the contact levels between ewes, who in one
year recorded high or low contact levels with their lambs, over several years could identify if
contact levels were repeatable. Additionally, if upon maturity, ewe lambs that had high or
low contact levels with their mothers had similar contact levels with their own offspring
recorded, it could enable the selection of ewes with higher ewe:offspring contact levels
possibly leading to improvements in lamb survival through reductions in separations between
ewes and their lambs. This would need to be conducted in conjunction with behavioural
observations and collection of survival data to determine reasons for the contact, along with
the nature of the contact, and whether this relates to increases in survival.

Economic modelling
As stated in the limitations chapter the economic analysis assumed an average annual
increase in lamb survival and did not investigate the effect that any annual variations would
have. The use of historical climatic data would enable this variability to be calculated for a
number of locations.

A more in-depth economic analysis could then be conducted
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investigating the impact of the level and timing of this variability on the profitability of
providing shelter both at an enterprise and also a whole farm level for several locations.

CONCLUSION
This research shows that the provision of shelter can increase new born lamb survival;
however, the extent of this increase is influenced both by the frequency of periods of high
chill index and the underlying causes of these adverse weather conditions. Therefore, shelter
may not be economically viable at some locations as the increase in survival may be
insufficient to offset the cost of the shelter. While shelter may not be economically viable at
all locations, due to the inherent variability in the likelihood of adverse weather conditions at
lambing time for any location, it may be of major importance in those years when climatic
conditions would otherwise have resulted in major losses of new born lambs; under such
conditions it could then be considered as a form of insurance. The ability to use the shelter at
other times of the year, such as shearing, was not investigated in this research and could also
enhance the financial benefits from shelter.

However, other factors such as shelter height, the distance between shelter rows, shelter type
and stocking rate can all interact with each other to affect ewe and lamb movement and
interactions. The establishment of the bond between the ewe and her offspring has been
shown to be important in increasing lamb survival, especially in twins (Haughey 1991;
Nowak 1996).

This thesis has recorded differences in ewe and lamb contact, and ewe

movement with different shelters, showing that shelter type or design can influence these
traits, and as such, the characteristics of the shelter itself may be important in either
improving or inhibiting any potential increase in survival obtained due to the reduction in
chill index.
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