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Abstract. The effect on ewe and lamb production by differential management of single- and twin-bearing Merino ewes
during pregnancy and lactation was examined. The hypothesis that the survival and productivity of single- and twin-born
progeny is not affected by differential management of single- and twin-bearing ewes was tested. To test this hypothesis, two
ewe flocks were monitored on a commercial property in the south-east of South Australia. The body condition score of one
flock of ewes was managed according to Lifetimewool recommendations for southern Australian (Lifetimewool flock;
n = 464). Lifetimewool recommendations are that body condition score should be 3.0 at mating and then allowed to decline
to an average of 2.7, which is maintained until lambing. Twin- and single-bearing ewes were managed as separate mobs
after pregnancy scanning to meet their energy requirements. The second flock was managed similarly to the commercial
ewe flock and was representative of ewe management practices in the region (normal-practice flock; n = 464). At lambing,
the condition score of the Lifetimewool flock was 0.7 condition scores units greater than the normal-practice flock. Ewe
clean fleece weight and fibre diameter were greater in the Lifetimewool flock and their lambs had higher survival rates to
weaning.Over three shearings, progeny fromLifetimewool eweflocks producedmore cleanwool (P< 0.0001) but therewas
no consistent effect onfibre diameter, staple length or staple strength. Twin-born lambs from ewesmanaged to Lifetimewool
guidelines had a similar liveweight and produced similar quantity and quality of wool to single-born lambs managed to
Lifetimewool guidelines, but still suffered higher rates of mortality to weaning. This suggests that it is possible to manage
ewes pregnant with twins to ensure that their surviving progeny perform at a level similar to single-born progeny managed
under similar targets.

Additional keywords: lifetime ewe management, Merino, wool.

Introduction

When Merino ewes are managed as a single mob, there might be
inadequate nutrition to meet the energy requirements of the twin-
bearing ewes during pregnancy and lactation. This can result in
production penalties of twin-born lambs compared with single-
born lambs. In general, Merino lambs born as twins tend to have
highermortality (LloydDavies 1964;Mullaney 1969; Holst et al.
2002; Kleemann and Walker 2005; Oldham et al. 2011), are
smaller and produce less wool of slightly greater fibre diameter
(Brown et al. 1966;Mortimer andAtkins 1989;Lewer et al. 1992;
Thompson et al. 2011).

Mortality of twin-born lambs is consistently higher than
single-born lambs (Hinch 2009). These differences in survival
between lambs from litters of different sizes are predominantly
due to differences in lamb birthweight (Hinch et al. 1985, 1996;
Kenyon et al. 2007). There is a curvilinear relationship between

lamb birthweight and survival in Merinos, with lamb mortality
being highest at both low and high birthweights (Mullaney
1969; Atkins 1980; Hatcher et al. 2009; Oldham et al. 2011).
Manipulating ewe nutrition during pregnancy to increase
birthweight could improve survival of twin lambs (Oldham
et al. 2011), but may increase the mortality of single-born
lambs due to an increase in dystocia (Hatcher et al. 2009). It is
therefore likely that managing twin- and single-bearing ewes
separately could increase survival of both twin- and single-born
lambs.

Persistent effects of twin births onwool production inMerinos
are well established, with single-born lambs producing more
wool that is finer than twin-born lambs (Brown et al. 1966;
Lax and Brown 1967; Safari et al. 2007; Thompson et al.
2011). This is due to the effect of in utero competition for
nutrients on follicle initiation, with fewer secondary follicles

CSIRO PUBLISHING

www.publish.csiro.au/journals/an Animal Production Science, 2011, 51, 813–820

� CSIRO 2011 10.1071/AN09158 1836-0939/11/090813



being produced in twin-born lambs (Schinckel 1953; Jackson
et al. 1975; Hocking Edwards et al. 1996), although there is
some evidence that these differences in the follicle population
donotpersist in allMerinos (Thompsonet al. 2007).Furthermore,
nutrition of ewes during pregnancy and lactation affects wool
production over the life of both single- and twin-born progeny.
Improving the nutrition of Merino ewes during pregnancy and
lactation increases the fleece weight and reduces the fibre
diameter of their progeny’s wool during their lifetime (Kelly
et al. 2006; Thompson et al. 2011).

Recently, guidelines and toolkits have been produced to
enable wool producers to optimise Merino ewe nutrition to
increase farm profit (Behrendt and Curnow 2008; Curnow
et al. 2011). Optimum condition score (CS) profiles that are
regionally based have been developed for sheep producers in
Australia (http://www.lifetimewool.com.au, verified 17 January
2011). For example, the optimum profile for a spring-lambing
flock in the high-rainfall zone of south-eastern Australia is (1) to
allow for moderate loss of condition from joining to the ‘break of
season’, provided the condition can be regained before lambing
on green feed and (2) to aim for CS 3 at joining. In addition, these
tools recommend that ewes should be pregnancy scanned for
single and twin fetuses to allow for separate management
throughout late pregnancy and lactation.

However, there have been no studies published that
demonstrate whether twin-bearing Merino ewes can be
managed to produce progeny that have similar productivity to
single-born progeny. The present study examined whether
providing nutrition to meet maintenance requirements to twin-
bearing ewes during pregnancy and lactation using tools
available to producers will enable their offspring to perform
similarly to single-born lambs. We tested the hypotheses that
the survival and productivity of single- and twin-born progeny is
not affected by differential management of single- and twin-
bearing ewes. To test this hypothesis, one flock of ewes was
managed according to regional ‘norms’ under direction from a
regional wool-producer group and a second ewe flock was
managed to Lifetimewool guidelines for the high-rainfall zone
of south-eastern Australia, using tools available to producers
(Curnow et al. 2011). In addition, twin-bearing ewes were
managed separately to single-bearing ewes.

Materials and methods

Location and environmental conditions
This experiment was conducted between January 2005 and
March 2008 on a commercial farm ‘Cherrita’ at Keilira
(36�340S, 140�60E) situated in the south-east of South
Australia, which has a typical Mediterranean environment of
hot, dry summers and cold, wet winters. During the experimental
period, the regionwas in droughtwith rainfall significantly below
average, resulting in extremely poor pasture growth and higher
levels of supplementary feeding than is considered normal.

Animal experimentation had approval from the PIRSA
Animal Ethics Committee (AEC Approval Number PIRSA 27/
03) and was conducted in accordance with the guidelines set
out by the National Health and Medical Research Council of
Australia, CSIRO and the Australian Agricultural Council
(National Health and Medical Research Council 2004).

Management and measurement of ewes

Multiparous Merino ewes (3–5 years of age; n = 928) with
an average CS of 3.1 were mated to Merino rams (n = 17) in
January 2005 for 35 days. The ewes were managed as a single
flock until it was predicted that the CS of the ewes would fall
below 2.7, using Lifetimewool feed-budget tables (http://www.
lifetimewool.com.au). At this time (72 days after the start of
mating), ewes were randomly split into two equal-sized flocks,
normal practice (NP) and Lifetimewool (LW). The ewes were
pregnancy scanned 86 days after the start of mating and
those that were not pregnant were removed from the
experiment. Based on scanning results, the LW flock was
further split into single-bearing (n = 377) and twin-bearing
(n = 51) ewes. The NP flock contained 366 single-bearing
and 61 twin-bearing ewes.

Management of the NP ewes during pregnancy was
undertaken in consultation with a local sheep-producer group
and the owners of ‘Cherrita’ to represent ‘normal’ ewe
management practise in the region. Ewe management and
supplementary feeding was determined by historical practices,
current feed conditions and grain prices and undertaken by the
commercial farmer and was identical to how the remaining
commercial ewes were managed on the Cherrita.
Supplementation levels of the NP ewes were ~70% of the
requirements during pregnancy (Table 1) and were increased
to 100% of the requirements of single-bearing ewes during
lactation. LW ewes were supplemented to meet 100% of their
energy requirements (Table1).Twin-bearingLWewesdidnot eat
the entire supplement offered from 149 days after ram
introduction.

Single-bearing LW ewes and all NP ewes were combined into
a single flock and then randomly allocated to one of three
paddocks for lambing at Day 145 of pregnancy. Twin-bearing
LW ewes were managed as a separate flock from pregnancy
scanning until weaning.

All ewes were weighed and condition scored (Jefferies 1961)
at mating and weaning. A random sample of ewes (n = 100) was
weighed and condition scored at the end of mating and when the
ewes were split into LW and NP flocks. After pregnancy
scanning, all twin-bearing ewes and 80–120 single-bearing
ewes from each flock were weighed and condition scored at
approximately monthly intervals until lambing and at marking.
Ewes were shorn in December 2005, with 10.5 months wool
growth. Midside samples of wool (~50 g) were collected before
shearing. Washing yield, mean fibre diameter (FD), staple length
and strength were measured in a commercial laboratory using
Australian Standard methods. Greasy fleece weight (GFW) was
measured at shearing.

Average CS of the flock and CS targets were used to estimate
feed requirements using feed-budgeting tools developed in the
Lifetimewool project (Curnow et al. 2011). Feed on offer (FOO)
was estimated by a single observer, using pasture cuts to
calibrate visual estimates (Thompson et al. 1994). Ewes were
supplemented with lupins alone until Day 110 and then with a
mix of lupin (Lupinous albus) and barley (Hordeum vulgare).
Nutritive value of the supplement and some of the pasture was
determined commercially (FeedTest, Hamilton, Vic., Australia).
When nutritive value of the pasture was not measured, it was
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estimated based on historical data, proportion of green matter in
the pasture, growth stage and quantity (Table 1).

Progeny management and measurements
Lambs were marked in August 2005, at an average age of
50 days, and weaned in September at an average age of
100 days onto balansa clover (Trifolium michelianum)-based
pastures. The progeny were managed as a single mob until
January 2006, when they were divided into two mobs based
on sex. The weaners were supplemented on dry pasture
during summer with a balansa-clover hay supplement
(128 g/sheep.day; metabolisable energy = 9.9 MJ/kg DM;
crude protein = 16.6%) from February until there was
sufficient green pasture to cease supplementary feeding in
April 2006. Progeny were weighed at marking, weaning and at
~4-monthly intervals thereafter.

All progeny were shorn at 8 and 19 months of age. The ewe
progeny were shorn at 30 months of age and the wethers were
shorn at 28 months of age. GFWs of all available progeny
were measured at shearing and midside wool samples were
collected from a subsample of sheep before shearing. Sheep
were weighed and condition scored at midside sampling.
Two hundred midside samples (~30 g/sample) per year were
measured for washing yield and FD, and 25 samples from each
group were tested for staple length and staple strength.

Statistical analyses
Linear mixed models were used to analyse ewe liveweight and
CS (SAS 2002–2003, SAS Institute Inc., Cary, NC, USA).
The fixed terms in the model included ewe flock (LW/NP),
number of fetuses (single/twin), days after ram introduction
(Day) and all interactions. Ewe was included as a random
effect. Day was not included as a repeated term as a random
subsample of ewes was measured at each weighing date. A linear
mixed model was used to analyse ewe fleece data, with ewe
flock, number of fetuses and their interaction included as fixed
effects.

For the progeny data, a linear mixed model was used to
analyse liveweight for each sex separately. The fixed terms in
the model included ewe flock (LW/NP), birth type (single/twin)
and sex and all interactions. Age was included as a repeated
term in the analysis of progeny liveweight. General linear
modelling (SAS 2002–2003) was used to analyse ewe and
lamb survival, with ewe flock and birth type included as fixed
effects.

Results

Ewe production

Over pregnancy and lactation, the LW ewes were 0.3 greater
than the NP ewes (P < 0.0001; Fig. 1). At lambing (Day 145), the
LW flock was, on average, 0.7 of a CS greater than the NP flock
(P < 0.001). The single-bearing LW ewes were 0.18 of a CS
greater than the LW twin-bearing LW ewes (P < 0.01), which
were 0.46 of a CS greater than the NP single-bearing NP ewes
(P < 0.0001). The single-bearing NP ewes were 0.26 of a CS
greater than the NP twin-bearing NP ewes (P < 0.0001). During
lactation, there were significant differences between all eweT
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flocks, with the exception that there was no difference in CS
between the single- and twin-bearing NP ewes.

Overall, the LW ewes were 3.0 kg heavier than the NP ewes
(P < 0.0001) and the single-bearing ewes were 2.8 kg lighter than
the twin-bearing ewes (P < 0.0001; Fig. 1). There was no
interaction between ewe flock and fetal number for liveweight,
although there was a significant (P < 0.0001) interaction over
time. At lambing, there was no difference in average liveweight
between the single- and twin-bearing LW flocks and both were
8 kg heavier than the single-bearing NP ewes (P < 0.0001) and
4 kg heavier than the twin-bearing NP flock (P < 0.0001).
During lactation the twin-bearing LW ewes were significantly
(P < 0.0001) heavier than all other ewes.

Ewes from the LW flock produced more wool (P < 0.001;
Table 2) that was broader (P < 0.01) than the NP ewes. There was
no effect of fetal number on clean fleece weight (CFW) or
FD. There was no effect of ewe flock or birth type on yield,
staple length or staple strength and no interaction between ewe
flock during pregnancy and fetal number on any of the wool
measurements.

Lamb and ewe survival

There was a significant effect of ewe flock (P < 0.001), birth
type (P < 0.001) and a significant interaction between flock
and birth type (P < 0.01) on lamb survival. Lamb survival
was significantly (P < 0.001) lower for the twin-born
lambs compared with single-born lambs in the LW flock

(Table 3), and the survival rate of twins in the LW flock
was significantly (P < 0.001) lower than that of singles in the
NP flock. Eleven percent more single-born lambs and 29%
more twin-born lambs survived to weaning in the LW flock
compared with the NP flock (Table 3). This resulted in 61
lambs weaned per 100 fetuses scanned in the NP ewes,
compared with 82 lambs weaned per 100 fetuses scanned in
the LW ewes.

There was a significant effect of ewe flock (P < 0.001), birth
type (P < 0.01) and a significant interaction between flock and
birth type (P < 0.01) on ewe survival. There was no difference in
survival of single- and twin-bearing ewes in the LW flock,
whereas twin-bearing NP ewes had a significantly lower
survival rate than the other groups of ewes (Table 3).

Progeny production

Over time, lambs born to ewes managed under Lifetimewool
recommendations were significantly (P < 0.005) heavier than
lambs born to ewes managed under normal commercial
conditions during pregnancy and lactation. There was no
overall effect of birth type or sex on progeny liveweight.
However, there was a significant (P < 0.05) ewe flock by birth
type interaction.

At marking at 2 months of age, there was a significant effect
of the ewe flock and birth type and a significant interaction
between the two factors (Table 4). At this age, the twin-born
lambs from LW ewes were significantly heavier than all other
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Fig. 1. Condition scores and liveweights of single-bearing (triangles) and twin-bearing (squares) ewes during pregnancy
and lactation. Ewes were managed to achieve different condition scores. LW, ewes managed under Lifetimewool
recommendations (closed symbols); NP, normal-practice ewes (open symbols). Values plotted are least square means with
standard error bars.

Table 2. Greasy fleece weight (GFW), clean fleece weight (CFW), fibre diameter (FD), staple length (SL) and staple
strength (SS) of single- and twin-bearing ewes managed under Lifetimewool (LW) or normal-management (NP)

protocols during pregnancy and lactation
The values are least square means and their standard errors (in parentheses). Means followed by different letters in each

column are significantly different from each other (P = 0.05)

Ewe attributes GFW (kg) CFW (kg) FD (um) SL (mm) SS (N/ktex)

LW single 3.23 (0.087)a 2.25 (0.065)a 20.2 (0.31)ab 79 (1.4)ab 22.7 (2.06)ab
LW twin 3.35 (0.090)a 2.24 (0.068)a 21.0 (0.32)a 82 (1.5)a 21.9 (2.13)ab
NP single 2.94 (0.090)b 2.03 (0.068)b 19.7 (0.32)b 80 (1.5)ab 25.3 (2.13)a
NP twin 2.88 (0.087)b 1.92 (0.065)b 19.8 (0.31)b 78 (1.4)b 19.1 (2.06)b
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progeny. From weaning at 3.5 months until the end of the
measurement period at 33 months of age, there was no
difference in liveweight between single- and twin-born
progeny from the LW ewes (Table 4). Twin-born progeny
from NP ewes were significantly lighter than both single- and
twin-born progeny from LW ewes for the entire experiment.
Furthermore, the twin-born progeny from the NP ewes weighed
significantly less than single-born lambs from the NP ewes at all
ages during this experiment, with the exception of the ewe
progeny at their first mating at 18 months of age (Table 4).

Progenyborn toLWewesproducedmorewool (P<0.05) over
the three shearings measured in this experiment compared with
progeny from NP ewes. In addition, single-born progeny had a
higher CFW than twin-born progeny (P < 0.01), and females
produced more wool than males (P < 0.001). There was also an
interaction between ewe flock and birth type (P < 0.05) on
progeny fleece weight.

At their first shearing, progeny from the LW ewes produced
150 g/head more CFW than progeny from the NP ewes
(P < 0.0001), single-born progeny produced 100 g/head wool
more than twin-born progeny (P < 0.01) and females produced
100 g/head more wool than males (P < 0.01). Similarly, at the
second shearing, progeny from NP ewes produced 160 g/head
more wool than progeny from NP ewes (P < 0.001), single-born
progeny produced 130 g/headmorewool than twin-born progeny
(P < 0.01) and females produced 280 g/head more wool than
males (P < 0.0001). At the third shearing, progeny from NP
ewes produced 140 g/head more wool than progeny from NP
ewes (P < 0.05), single-born progeny produced 170 g/head
more wool than twin-born progeny (P < 0.01) and females
produced 230 g/head more wool than males (P < 0.0001).

There was no difference in CFW between single- and twin-
born progeny from LW ewes and single-born progeny from
NP ewes (Table 5). Twin-born progeny from NP ewes
produced significantly less wool than all other progeny at their
first, second and third shearing. A similar pattern occurred for
GFW.

Over time, there was no effect of ewe flock on progeny FD,
staple length or staple strength. Wool FD from single-born
progeny was 0.22 mm finer than that from twin-born progeny
(P < 0.05) and wool FD from males was 0.51 mm finer than that
from females (P < 0.0001). Staples from female progeny were
10 mm longer and 5 N/ktex stronger than staples from male
progeny (P < 0.0001). There was no effect of birth type on staple
length or staple strength, nor were there any significant
interactions between any of the factors on FD, staple length or
staple strength. At the first shearing, there was no effect of ewe
flock, birth type or sex on FD.

At the second shearing of the progeny, there was no effect
of ewe flock on FD, staple length or staple strength
(Table 6). Twin-born progeny produced wool that was 0.37
mm broader than wool from single-born progeny (P < 0.01).
There was no effect of birth type on staple length or staple
strength. Males produced wool that was 1.03 mm finer than
females (P < 0.0001) and 8 mm shorter in staple length
(P < 0.0001). Wool from females was 1.5 N/ktex stronger than
wool from males (P < 0.05). Wool from single-born progeny
from the NP flock was significantly finer than that from other
progeny (Table 6). There was no significant difference in FD
among single-borne LW, twin-born LW and twin-born NP
progeny.

At the third shearing, the FD of the wool from twin-
born progeny was 0.33 mm broader than that from single-born
progeny (P < 0.05) and the FD of the wool from females was
0.51 mm broader than that from males (P < 0.001). There was no
effect of ewe flock on FD, staple length or staple strength
(Table 6) and no interactions between any of the factors.
Females produced longer wool than males (P < 0.0001) and
twin-born progeny produced longer wool than single-born
progeny (P < 0.05). Staple strength of females was 10 N/ktex
stronger than males (P < 0.0001).

Discussion

Managing ewes during pregnancy according to Lifetimewool
guidelines (i.e. LW ewes) increased liveweights, survival and
wool production of their progeny, compared with progeny from
ewes that were managed using normal farming practices (i.e. NP

Table 3. Lamb survival (%; no. of lambs at weaning/no. of fetuses
at scanning) and ewe survival (%; no. of ewes at weaning/no. of ewes
at scanning) from Lifetimewool (LW) and normal-practice (NP)

ewe flocks
The values are least square means and their standard errors (in parentheses).
Means followed by different upper-case letters are significantly different
form each other in lamb survival, and the means followed by different
lower-case letters are significantly different from each other in ewe

survival (P = 0.05)

Ewe Lamb survival (%) Ewe survival (%)
attribute Single Twin Single Twin

LW 95 (1.8)A 69 (3.5)B 99 (0.9)a 98 (2.6)ab
NP 84 (1.8)C 40 (3.4)D 95 (0.9)b 82 (2.4)c

Table 4. Liveweight (kg) of single- and twin-born lambs from ewes managed under Lifetimewool recommendations (LW) or normal practice
(NP) during pregnancy

The values are least square means and their standard errors (in parentheses). Means followed by different letters within sex in each column are significantly
different from each other (P = 0.05). Only females were weighed at 18 months

Ewe Age (months)
attributes 2 3.5 6 10 14 18 21 33

LW single 11.6 (0.12)a 18.9 (0.17)a 30.5 (0.61)a 29.4 (0.22)a 32.1 (0.23)a 39.4 (0.37)ab 37.4 (0.25)a 55.6 (0.44)ab
LW twin 12.4 (0.28)b 19.1 (0.38)a 31.3 (0.57)ab 29.4 (0.51)a 32.0 (0.53)ab 40.8 (1.26)a 38.1 (0.59)a 56.6 (0.95)a
NP single 10.7 (0.14)c 18.1 (0.18)b 29.4 (0.54)b 28.8 (0.24)a 31.1 (0.24)b 38.7 (0.40)ab 36.9 (0.26)a 56.0 (0.47)a
NP twin 8.7 (0.34)d 15.5 (0.45)c 27.2 (0.68)c 26.5 (0.60)b 29.8 (0.62)c 37.4 (0.97)b 35.5 (0.64)b 53.4 (1.12)b
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ewes). In addition, differences in liveweight andwool production
between twin- and single-born progeny were reduced by
differential management. Overall, the null hypothesis that the
survival and productivity of single- and twin-born progeny is not
affected by differential management of single- and twin-bearing
ewes was rejected; however, differential management did not
overcome issues of lower mortality of twin-born lambs.

Progeny production

More twin lambs survived from LW ewes than from NP ewes.
This indicates that lamb survival can be improved by increasing
liveweight and CS of the ewe during pregnancy and lactation.
However, survival of twin-born lambs fromLWwas significantly
lower than survival of single-born lambs from both the LW and
NP ewes. Therefore, differential management of twin-bearing
ewes during pregnancy did not completely overcome the effect
of being a twin on mortality, despite these ewes having
liveweights similar to those of single-bearing ewes. Twin-
bearing ewes managed under Lifetimewool guidelines had a
CS 0.18 units lower than did the single-bearing LW ewes and
this may have contributed to the higher lamb mortality. It has
been predicted that if single- and twin-bearing ewes are
managed to have a similar CS at lambing, the survival of twins
would still be 20–25% lower than that for singles (Oldham et al.
2011), reflecting the difference observed in the current
experiment.

Ewe liveweight and CS were unable to completely describe
lamb survival. Twin-born progeny from LW ewes had lower
survival than single-born progeny from NP ewes. This was
despite the twin-bearing LW ewes being 8 kg heavier and
having a CS 0.5 units higher than for the single-bearing
NP ewes. The twin-born lambs from the LW ewes were

significantly heavier than all other lambs at marking; however,
lambs were not weighed at birth and no autopsies were
performed so it is not possible to determine the cause of death
in the LW twin flock.

Feeding twin-bearingMerino ewes to meet their maintenance
requirements during late pregnancy eliminated the liveweight
disadvantage that occurs in twin-born lambs compared with
single-born lambs. When twin-bearing ewes were managed
separately to single-bearing ewes, there was no difference in
liveweight between single-born and twin-born lambs at any age.
In contrast, when twin-and single-bearing ewes were managed
together, twin-born progeny weighed significantly less than
their single-born counterparts until 33 months of age.
Likewise, when twin- and single-bearing ewes were managed
together during pregnancy and lactation, twin-reared progeny
remained lighter than single-reared progeny for at least 4 years
(Thompson et al. 2011).

When twin- and single-bearing ewes were managed
separately according to Lifetimewool guidelines, both twin-
born and single-born lambs produced a similar quantity of
wool at all shearings. This supports the producer guidelines
that Lifetimewool production of twins will be improved by
managing twin- and single-bearing ewes separately during
pregnancy. When the twin- and single-bearing ewes of the NP
flocks were managed together, twin-born progeny produced
down to 0.3–0.4 kg less wool per shearing than the single-
born progeny. This is of a similar magnitude of the effect of
birth type on wool production reported by others (Lewer et al.
1992; Safari et al. 2007; Thompson et al. 2011).

Twin-born progeny from LW ewes produced 0.3 kg more
wool than twin-born lambs from the NP flock, supporting
Lifetimewool recommendations for ewe CS targets during
pregnancy for twin-bearing ewes. However, single-born lambs

Table 5. Number of progeny measured (n), clean fleece weight and greasy fleece weight of single- and twin-born progeny from ewes managed under
Lifetimewool recommendations (LW) or normal practice (NP) during pregnancy and lactation

The values are least square means and their standard errors (in parentheses). Means followed by different letters in each column are significantly different
from each other (P = 0.05)

Ewe Clean fleece weight (kg) Greasy fleece weight (kg)
attributes n 1st shearing n 2nd shearing n 3rd shearing n 1st shearing n 2nd shearing n 3rd shearing

LW single 146 1.84 (0.024)a 145 2.43 (0.031)a 143 3.39 (0.036)a 331 2.58 (0.022)a 308 3.59 (0.026)a 292 5.06 (0.035)a
LW twin 62 1.83 (0.040)a 54 2.39 (0.056)a 52 3.32 (0.066)a 62 2.57 (0.054)ab 54 3.65 (0.066)ab 56 4.99 (0.084)a
NP single 146 1.78 (0.024)a 151 2.35 (0.031)a 157 3.36 (0.035)a 287 2.49 (0.024)b 277 3.51 (0.027)b 262 5.00 (0.037)a
NP twin 46 1.59 (0.044)b 46 2.13 (0.056)b 40 3.08 (0.069)b 47 2.27 (0.059)c 46 3.28 (0.065)c 43 4.63 (0.091)b

Table 6. Fibre diameter (FD), staple length (SL) and staple strength (SS) of single- and twin-born progeny from ewes managed under
Lifetimewool recommendations (LW) or normal practice (NP) during pregnancy and lactation

The values are least square means and their standard errors (in parentheses). Means followed by different letters in each column are significantly different
from each other (P = 0.05)

Ewe n Fibre diameter (mm) Staple length (mm) Staple strength (N/ktex)
attributes 1st shearing 2nd shearing 3rd shearing 2nd shearing 3rd shearing 2nd shearing 3rd shearing

LW single 146 17.7 (0.10) 17.2 (0.09)a 19.0 (0.10) 85 (1.8) 105 (1.8)ab 19 (0.8) 30 (1.6)
LW twin 62 17.9 (0.16) 17.5 (0.16)a 19.2 (0.19) 85 (1.8) 109 (1.9)a 19 (0.8) 29 (1.6)
NP single 146 17.7 (0.10) 16.9 (0.09)b 19.0 (0.10) 83 (1.8) 102 (1.8)b 19 (0.8) 29 (1.6)
NP twin 46 17.8 (0.17) 17.4 (0.16)a 19.4 (0.20) 82 (1.8) 106 (1.8)ab 19 (0.8) 27 (1.6)
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from LW ewes produced the same amount of wool as single-
born lambs from NP ewes that lost 0.7 CS units during
pregnancy. Furthermore, there were inconsistent effects of ewe
flock on FD, staple length and staple strength. This is in contrast
to significant differences in wool production between progeny
from ewes with different CS where the changes in CS between
the ewes were of similar magnitude to the present study
(Behrendt et al. 2011; Thompson et al. 2011). In the current
experiment, the single-bearing LW ewes and the NP ewes were
managed as a single flock from 145 days after ram introduction.
The single-bearing LW ewes lost more liveweight and body
condition between the start of lambing and marking at
200 days after ram introduction. As the ewes lambed over a
35-day period, it is possible that the liveweight loss that
occurred during lambing negatively impacted on wool follicle
initiation in the lambs that were born in the latter part of the
lambing period, resulting in a depression of Lifetimewool
production of the single-born progeny from the LW ewes.

Ewe production

Decision support tools developed for wool producers to optimise
ewe management (http://www.lifetimewool.com.au, verified 17
January 2011; Curnow et al. 2011) were successfully used to
achieve the target condition score during pregnancy of a
commercial flock of single-bearing ewes. However, the twin
ewes lost condition during late pregnancy and early lactation,
despite being supplemented at a rate expected to maintain their
condition score. In fact, the twin-bearing ewes failed to consume
all of the supplement offered from 150 days after ram
introduction. This demonstrates the difficulty in achieving
adequate nutrition in extensive commercial conditions during
late pregnancy and lactation for twin-bearing ewes. Others have
suggested that it is not necessary to feed twin-bearing ewes
separately from single-bearing ewes due to their ability to take
advantage of supplements by eating more supplement and eating
less pasture (Holst et al. 1996). Our results contradicted this
conclusion as it was not possible to maintain twin-bearing ewe
condition perinatally even with separate feeding. This is possibly
due to the inability for twin-bearing ewes to be able to consume
enough feed to meet their energy requirements in late pregnancy
and lactation.

There was a 0.25-kg difference in ewe CFW between LW
and NP ewe flocks, which was less than that reported for the
national paddock-scale analysis (0.67 kg difference for 1 CS;
Behrendt et al. 2011) and the plot-scale analysis (0.61 kg
difference for 10 kg; Ferguson et al. 2011). The LW ewes
produced wool that was 1 mm broader in fibre diameter than
the NP ewes, which is similar to that predicted by the national
paddock-scale analysis (0.9 mm for 1 CS difference; Behrendt
et al. 2011) and the plot-scale analysis (1mmdifference for 10kg).
The effect of ewe CS during pregnancy and lactation on FD
was greater than the average measured at the other paddock-
scale sites in the Lifetimewool project (Behrendt et al. 2011).
Conversely, therewas a smaller difference between eweflocks on
CFW of the ‘Cherrita’ ewes compared with the difference
reported at the other paddock-scale sites. Nevertheless, the
trends were in the same direction and thus support the key
message that ewes with a high CS during pregnancy and

lactation will produce more, broader wool than ewes with a
lower CS during pregnancy.

There was no overall effect of fetal number on ewe fibre
diameter. This was not unexpected as LW twin-bearing LWewes
were fed to maintenance during pregnancy and lactation.
This enabled them to produce a similar amount of wool with a
similar FD to the single-bearing LW ewes. However, it is
surprising that no difference in wool production or FD was
detected between the single- and twin-bearing ewes in the NP
ewe flock.

Conclusion

There aremeasurable production benefits to twin-born progeny if
their mothers are managed as a separate flock to maintain CS
during pregnancy. Twin lambs born to ewes managed as a
separate mob have liveweight and wool production similar to
their single-born counterparts. Wool production from the ewes
during pregnancy is also at a level similar to single-bearing ewes.
However, not all of the ‘twin’ penalties can be overcome by
differential ewe management during pregnancy; survival of
single-born lambs was still higher than twin-born lambs,
despite an increase in ewe condition at lambing. In addition,
survival of the single-born NP lambs was also higher than the
twin-bornLWlambs, despiteLWeweshaving ahigherCSduring
pregnancy and lactation than the NP ewes.

Acknowledgements

Lifetimewool was a national project, funded by woolgrowers through
Australian Wool Innovation Limited and the state government departments
of Victoria, Western Australia, New South Wales, South Australia and
Tasmania. Many thanks go to Doug and Lachie Stewart for the
opportunity to conduct the SA Lifetimewool trial on their property.

References

Atkins KD (1980) The comparative productivity of five ewe breeds. 1.
Lamb growth and survival. Australian Journal of Experimental
Agriculture and Animal Husbandry 20, 272–279. doi:10.1071/EA980
0272

Behrendt R, Curnow M (2008) ‘Ewe management handbook: optimising
merino ewe nutrition to increase farm profit.’ (Western Australian
Department of Agriculture and Food Lifetimewool: Albany, WA)

Behrendt R, van Burgel AJ, Bailey A, Barber P, Curnow M, Gordon DJ,
Hocking Edwards JE, Oldham CM, Thompson AN (2011) On-farm
paddock-scale comparisons across southern Australia confirm that
increasing the nutrition of Merino ewes improves their production and
the lifetime performance of their progeny.Animal Production Science 51,
805–812. doi:10.1071/AN10183

Brown GH, Turner HN, Young SSY, Dolling CHS (1966) Vital statistics for
an experimental flock of Merino sheep. III. Factors affecting wool and
body characteristics, including the effect of age of ewe and its possible
interaction with method of selection. Australian Journal of Agricultural
Research 17, 557–581. doi:10.1071/AR9660557

CurnowM,OldhamCM,BehrendtR,GordonDJ,HyderMW,Rose IJ,Whale
JW, Young JM, Thompson AN (2011) Successful adoption of new
guidelines for the nutritional management of ewes is dependent on the
development of appropriate tools and information. Animal Production
Science 51, 851–856. doi:10.1071/EA08305

Managing nutrition of twin-bearing ewes during pregnancy Animal Production Science 819

www.lifetimewool.com.au
dx.doi.org/10.1071/EA9800272
dx.doi.org/10.1071/EA9800272
dx.doi.org/10.1071/AN10183
dx.doi.org/10.1071/AR9660557
dx.doi.org/10.1071/EA08305


FergusonMB,ThompsonAN,GordonDJ,HyderMW,KearneyGA,Oldham
CM, Paganoni BL (2011) The wool production and reproduction of
Merino ewes can be predicted from changes in liveweight during
pregnancy and lactation. Animal Production Science 51, 763–775.
doi:10.1071/AN10158

Hatcher S, Atkins KD, Safari E (2009) Phenotypic aspects of lamb survival in
Australian Merino sheep. Journal of Animal Science 87, 2781–2790.
doi:10.2527/jas.2008-1547

Hinch GN (2009) Nutritional management of the pregnant ewe and lamb
survival. Recent Advances in Animal Nutrition 17, 153–159.

HinchGN,Crosbie SF,KellyRW,Owens JL,DavisGH (1985)The influence
of birthweight and litter size on lamb survival in high fecundity Booroola
Merino crossbred flocks. New Zealand Journal of Agricultural Research
28, 31–38.

Hinch GN, Lynch JJ, Nolan JV, Leng RA, Bindon BM, Piper LR (1996)
Supplementation of high fecundity Border Leicester ·Merino ewes with
a high protein feed: its effects on lamb survival. Australian Journal of
Experimental Agriculture 36, 129–136. doi:10.1071/EA9960129

HockingEdwards JE,MurphyPM,DavidsonRH,Milton JTB (1996)Feeding
additional protein and energy to ewes during late pregnancy and early
lactation increases secondary to primary follicle ratio in Merino lambs. In
‘21 biennial conference of the Australian Society of Animal Production’.
(EdsDPoppi,DFarrell,KLowe) pp. 378. (TheUniversity ofQueensland:
Brisbane)

Holst PJ, Hall DG, Nolan JV (1996) Estimations of pasture and grain intake
of prepartum single-and twin-bearing ewes. Australian Journal of
Experimental Agriculture 36, 529–532. doi:10.1071/EA9960529

Holst PJ, Fogarty NM, Stanley DF (2002) Birth weights, meningeal lesions,
and survival of diverse genotypes of lambs from Merino and crossbred
ewes. Australian Journal of Agricultural Research 53, 175–181.
doi:10.1071/AR01046

Jackson N, Nay T, Turner HN (1975) Response to selection in Australian
Merino sheep. VII. Phenotypic and genetic parameters for some wool
follicle characteristics and their correlation with wool and body traits.
Australian Journal of Agricultural Research 26, 937–957. doi:10.1071/
AR9750937

Jefferies B (1961) Body condition scoring and its use in management.
Tasmanian Journal of Agriculture 32, 19–21.

Kelly RW, Greeff JC,Macleod I (2006) Lifetime changes in wool production
of Merino sheep following differential feeding in fetal and early life.
Australian Journal of Agricultural Research 57, 867–876. doi:10.1071/
AR05312

Kenyon PR, Stafford KJ, Jenkinson CMC, Morris ST, West DM (2007) The
body composition and metabolic status of twin- and triplet-bearing ewes
and their fetuses in late pregnancy. Livestock Science 107, 103–112.
doi:10.1016/j.livsci.2006.09.006

Kleemann DO, Walker SK (2005) Fertility in South Australian commercial
Merino flocks: sources of reproductive wastage. Theriogenology 63,
2075–2088. doi:10.1016/j.theriogenology.2004.06.017

Lax J, Brown GH (1967) The effects of inbreeding, maternal handicap, and
range in age on 10 fleece and body characteristics in Merino rams and
ewes. Australian Journal of Agricultural Research 18, 689–706.
doi:10.1071/AR9670689

Lewer RP, Woolaston RR, Howe RR (1992) Studies on Western Australian
Merino sheep I. Stud strain and environmental effects on hogget
performance. Australian Journal of Agricultural Research 43,
1361–1397. doi:10.1071/AR9921381

Lloyd Davies H (1964) Lamb losses in south-western Australia. In
‘Proceedings of Australian Society of Animal Production’.
pp. 107–112. (Ramsay, Ware Publishing Pty Ltd: Sydney)

Mortimer SI, Atkins KD (1989) Genetic evaluation of production traits
between and within flocks of Merino sheep. I. Hogget fleece weights,
body weights and fleece quality. Australian Journal of Agricultural
Research 40, 433–443. doi:10.1071/AR9890433

Mullaney PD (1969) Birth weight and survival of Merino, Corriedale and
Polwarth lambs. Australian Journal of Experimental Agriculture and
Animal Husbandry 9, 157–163. doi:10.1071/EA9690157

National Health and Medical Research Council (2004) ‘Australian code of
practice for the care and use of animals for scientific purposes.’ (National
Health and Medical Research Council: Canberra)

Oldham CM, Thompson AN, Ferguson MB, Gordon DJ, Kearney GA,
Paganoni BL (2011) The birthweight and survival of Merino lambs
can be predicted from the profile of liveweight change of their mothers
during pregnancy.Animal Production Science 51, 776–783. doi:10.1071/
AN10155

SafariE,FogartyNM,GilmourAR,AtkinsKD,MortimerSI, SwanAA,Brien
FD, Greeff JC, van der Werf JHJ (2007) Across population genetic
parameters for wool, growth, and reproduction traits in Australian
Merino sheep. 1. Data structure and non-genetic effects. Australian
Journal of Agricultural Research 58, 169–175.

Schinckel PG (1953) Follicle development in the Australian Merino. Nature
171, 310–311. doi:10.1038/171310b0

Thompson AN, Doyle PT, GrimmM (1994) Effects of differential grazing of
annual pastures in spring on sheep and wool production. Australian
Journal of Agricultural Research 45, 367–389. doi:10.1071/AR9940367

Thompson ACT, Hebart ML, Penno NM, Hynd PI (2007) Perinatal wool
follicle attrition coincides with elevated perinatal circulating cortisol
concentration in Merino sheep. Australian Journal of Agricultural
Research 58, 748–752. doi:10.1071/AR06327

Thompson AN, Ferguson MB, Campbell AJD, Gordon DJ, Kearney GA,
Oldham CM, Paganoni BL (2011) Improving the nutrition of Merino
ewes during pregnancy and lactation increases weaning weight and
survival of progeny but does not affect their mature size. Animal
Production Science 51, 784–793. doi:10.1071/AN09139

Manuscript received 26 November 2009, accepted 2 September 2010

820 Animal Production Science J. E. Hocking Edwards et al.

http://www.publish.csiro.au/journals/an

dx.doi.org/10.1071/AN10158
dx.doi.org/10.2527/jas.2008-1547
dx.doi.org/10.1071/EA9960129
dx.doi.org/10.1071/EA9960529
dx.doi.org/10.1071/AR01046
dx.doi.org/10.1071/AR9750937
dx.doi.org/10.1071/AR9750937
dx.doi.org/10.1071/AR05312
dx.doi.org/10.1071/AR05312
dx.doi.org/10.1016/j.livsci.2006.09.006
dx.doi.org/10.1016/j.theriogenology.2004.06.017
dx.doi.org/10.1071/AR9670689
dx.doi.org/10.1071/AR9921381
dx.doi.org/10.1071/AR9890433
dx.doi.org/10.1071/EA9690157
dx.doi.org/10.1071/AN10155
dx.doi.org/10.1071/AN10155
dx.doi.org/10.1038/171310b0
dx.doi.org/10.1071/AR9940367
dx.doi.org/10.1071/AR06327
dx.doi.org/10.1071/AN09139

