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ABSTRACT ARTICLE HISTORY
The lifetime productivity and efficiency of singleton- and twin-born Received 5 December 2023
ewe lambs born to one-year-old ewes were compared with twin- Accepted 14 February 2024

born ewe lambs born to mixed-age ewes. Romney ewe lambs
either born as twins to mixed-age ewes (Heavier n=135 and F o2
X eed efficiency; ewe lamb
Control n=135), or to one-year-old ewes as singletons (L1; n= breeding; percentage of ewe
135) or twins (L2; n=88) were included. The Heavier ewes mature weight; lifetime
weighed 47.9 + 0.36 kg at ewe lamb breeding while Control ewes energy requirements;
weighed 44.9 + 0.38 kg. The lifetime number of lambs born and predicted pasture intake
weaned, and the lifetime weight of lambs weaned were used to
calculate both feed and ewe efficiency. Heavier ewes had greater
lamb production as one-year-old ewes than L1, L2 and Control
ewes, after which the yearly lamb production and efficiency did
not differ between treatments. Heavier ewes had a greater
lifetime number and weight of lambs weaned than L1 and L2
ewes but did not differ from Control ewes. The lower lifetime
production of L1 and L2 ewes was driven by their low production
as one-year-old ewes. Farmers, therefore, could select their
replacements from ewes born to one-year-old ewes and have
similar lamb production to ewes born to mixed-age ewes,
providing they reach recommended pre-breeding live weights.

KEYWORDS

Introduction

Breeding ewe lambs at seven to nine months of age can have multiple advantages to sheep
production systems. These include a greater number of lambs weaned per year and per
ewe in her lifetime thus increasing profitability and productivity (Farrell et al. 2021;
Young and Thompson 2021). It can also be used as a tool for early selection
of replacement females (Edwards and Juengel 2017; Kenyon and Corner-Thomas
2022) thus potentially increasing the rate of genetic gain through increasing the selection
pressure and a reduction in the generation interval (Edwards and Juengel 2017; Kenyon
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and Corner-Thomas 2022). In many farm systems, however, lambs born to ewe lambs are
usually born a month later and are smaller and lighter at birth and weaning than those
born to mature ewes (Corner et al. 2013). Combined, these can increase the difficulty in
achieving the minimum target breeding live weight to allow for ewe lamb breeding
(Kenyon and Corner-Thomas 2022) and may explain why farmers do not readily
select them as replacement females (Kenyon 2012). Further, there is limited information
on the lifetime performance of ewes born to one-year-old ewes.

Previous studies have shown that although both single- and twin-born ewe lambs,
born to one-year-old ewes themselves, were lighter throughout their lifetime, the
number of lambs they give birth to, wean, and their total litter weaning weight
(WWT) did not differ from ewe lambs born to mixed-age ewes (Pettigrew et al. 2019).
In their study, Pettigrew et al. (2019) had a relatively low number of animals in each treat-
ment, and ewe lambs born to one-year-old ewes were not bred until 18 months of age.
Similar results were shown in a larger cohort of animals, that were bred for the first
time as ewe lambs and followed over their first two years of production (Pettigrew
et al. 2021). They showed that it was possible for ewe lambs born to one-year-old ewes
to reach the minimum target breeding live weight of 39 kg at the start of breeding at
approximately seven months of age (Pettigrew et al. 2021). There is, therefore, a potential
gain in ewe efficiency through a greater weight of lamb weaned per unit of maternal
weight. There is, however, limited information investigating the efficiency over a ewe’s
lifetime.

A major driver of ewe lamb reproductive performance is ensuring they achieve
between 40 and 65% of their mature live weight in order to reach puberty and achieve
a minimum target live weight at their first breeding (Kenyon and Corner-Thomas
2022). The positive relationship between ewe lamb breeding live weight and reproductive
performance is well documented (Gaskins et al. 2005; Kenyon, Thompson, and Morris
2014; Thompson et al. 2021; Paganoni et al. 2022). In New Zealand, the current target
live weight at breeding recommended for Romney-type ewe lambs is 42 kg (Kenyon
and Corner-Thomas 2022) for ewes with an expected mature weight of 65-70 kg. An
increase in breeding live weight has been shown to improve ewe lamb performance,
although a concurrent increase in ewe mature weight has also been reported (Haslin
et al. 2021), which would increase lifetime feed consumption. Therefore, an optimal
breeding live weight for ewe lambs is one that is a balance between the potential negative
impact of heavier mature ewes, while still achieving a high level of reproductive perform-
ance as a ewe lamb.

To date, most studies have focused on the impacts of breeding ewe lambs on repro-
ductive performance and efficiency compared to ewes bred for the first time at 18
months of age (Kenyon et al. 2011; Gonzalez-Garcia and Hazard 2016; Keady and Han-
rahan 2022, 2021; Thomson et al. 2021, p. 2022). A series of recent studies reported the
effects of breeding two cohorts of ewe lambs differing in live weight on their performance
and efficiency over their first three breeding seasons (Haslin et al. 2019, 2021, 2022a,
2022b). The ‘Heavier group had a greater performance as ewe lambs than the
‘Control’ group (Haslin et al. 2019, p. 2022), however, at two and three years of age,
their performance no longer differed (Haslin et al. 2022a, 2022b). Although the
heavier group weaned a greater number of lambs overall, ewe efficiency and feed
efficiency did not differ between groups over three years (Haslin et al. 2021). The lifetime
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impacts over five production years of the two treatment groups in terms of performance,
efficiency and longevity have not been examined.

The three objectives of this study were to, firstly, compare the lifetime performance
and longevity of singleton- and twin-born ewe lambs born to one-year-old ewes to
that of twin-born ewe lambs born to mixed-age ewes. Secondly, to investigate the lifetime
effect of breeding heavier ewe lambs born to mixed-age ewes on performance, ewe
efficiency and feed efficiency. Thirdly, to determine the impact of the percentage of
mature live weight achieved at ewe lamb breeding on the lifetime performance of ewes
either born to one-year-old ewes or mixed-age ewes.

Material and methods

The study was conducted at Massey University’s Riverside farm (latitude: 4050’35 S,
longitude: 17537°55 E), 10 km north of Masterton between January 2018 and January
2019, and Keeble farm (latitude: 4124’03 S, longitude: 17535’51 E), 5 km south of Palmer-
ston North, New Zealand between January 2019, and December 2022. The study and all
animal handling procedures were approved by the Massey University Animal Ethics
Committee (MUAEC17/16).

Experimental design

The experimental design has been described in detail by Haslin et al. (2021, 2022b) and
Pettigrew et al. (2021). The chronology, dates, and average age of the ewes at each of the
main events of the study are presented in Figure 1 and Table 1. Briefly, 493 Romney ewe

I ool
1 Mixed-age ewes & ewe lambs

: bred together (2017)

____________________

_______________________________

_______________________________

Ewe lambs born as twins Ewe lambs born as twins Ewe lambs born as singletons Ewe lambs born as twins |
to mixed-age ewes to mixed-age ewes to one-year-old ewes ‘ to one-year-old ewes

(Heavier) n=135 (Control) n=135 (L1) n=135 l (L2) n=88

| | l |

Grown from weaning
(d82) to 48 kg by ewe Aim to achieve a minimum of 39 kg at ewe lamb breeding (d209)

lamb breeding (d209)

Figure 1. Treatment flow diagram to the breeding of ewe lambs at an average day 209 of age (based
on information in Pettigrew et al. 2021a and Haslin et al. 2022b).



4 (&) E.HASLINETAL

Table 1. Chronology of the main events of the five-year period (2018-2022) with average ewe age in
days and dates.

Pregnancy
Breeding diagnosis Pre-lambing Early lactation Weaning

Year 1 d209 (10/05/2018)  d293 (02/08/2018)  d347 (25/09/ d390(07/11/2018)  d461 (17/01/2018)
(2018) 2018)

Year 2 d563 (29/04/2019)  d656 (31/07/2019)  d697 (10/09/ d742(25/10/2019)  d796 (18/12/2019)
(2019) 2019)

Year 3 d902 (02/04/2020)  d990 (29/06/2020)  d1046 (24/08/ d1091 (08/10/ d1155 (11/12/
(2020) 2020) 2020) 2020)

Year 4 d1251 (17/03/ d1350 (24/06/ d1396 (09/08/ d1448 (30/09/ d1522 (13/12/
(2021) 2021) 2021) 2021) 2021) 2021)

Year 5 d1630 (31/03/ d1711 (20/06/ d1764 (12/08/ d1817 (04/10/ d1882 (08/12/
(2022) 2022) 2022) 2022) 2022) 2022)

lambs born in the spring of 2017 were allocated to four treatment groups at weaning
(approximately 82 days of age; January 2018; d82) based on the age of their dam, birth
rank and live weight. Ewe lambs were either born to mixed-age ewes (twins only; n =
270), or to one-year-old ewes (singletons (L1) n = 135 or twins (L2) n = 88) were included
in this study. Mixed-age dams (i.e. three years old and older) and one-year-old dams
(bred at approximately eight months of age) were bred with the same rams and
during the same period for 34 days to achieve lambs being born at a similar time (Petti-
grew et al. 2021).

The heaviest 135 singleton-born females among 184 lambs born to one-year-old ewes
(L1) and all twin-born ewe lambs born to one-year-old ewes (L2; n =88) present at
weaning were selected for the study (Pettigrew et al. 2021). Post-weaning, L1 and L2
were offered concentrate feed until breeding at seven months of age (May 2018; d209),
aiming to achieve a minimum live weight of 39 kg by breeding at d209 (Pettigrew
et al. 2021).

Of the ewe lambs born to mixed-age ewes, 270 were selected from the heaviest
female lambs present at weaning (d82) (Pettigrew et al. 2021b). At d82, these twin-
born ewe lambs born to mixed-age ewes were allocated to one of the two treatments:
Heavier (n=135) and Control (n=135) using a stratified random sampling procedure.
The Heavier group was preferentially fed with a greater amount of concentrate feed
than the Control group until ewe lamb breeding (d209) to ensure they were heavier,
achieving 47.9 +0.36 kg (Haslin et al. 2022b). The Control group weighed 44.9 +
0.38 kg at d209 (Haslin et al. 2022b).

At the start of ewe lamb breeding (d209), all ewe lambs (irrespective of treatment
group) heavier than 39 kg were bred as a single cohort. A subset of ewe lambs that
were lighter than 39 kg (L1 n =40 and L2 n =59) were not bred and grazed separately
for 17 days. After 17 days (d226), ewe lambs were weighed again; those that were
heavier than 39 kg (L1 n=12 and L2 n=7) were introduced to the rams until the
end of breeding (d243), whereas those lighter than 39 kg (L1 n =28 and L2 n=52)
were not bred and remained separated until d243. The latter were maintained in the
study and bred for the first time at 19 months of age. At d243, all ewe lambs were com-
bined into one cohort and managed together until the weaning of their fifth litter
(December 2022; d1882; Table 1). Ewes were bred at an average of seven (d209), 19
(d563; April 2019), 30 (d902; April 2020), 42 (d1251; March 2021) and 54 months of



NEW ZEALAND JOURNAL OF AGRICULTURAL RESEARCH e 5

age (d1630; March 2022) for 34 days (Table 1). At each pregnancy diagnosis (d293,
d656, d990, d1350 and d1711), the pregnancy status and the number of foetuses
were determined by trans-abdominal ultrasound. Each year, pregnant ewes were allo-
cated to lambing paddocks pre-lambing (d347, d697, d1046, d1396 and d1764),
paddock selection was based on the number of foetuses (0, 1, 2, 3) and the period of
conception (first or second 17-day period of the breeding period). Ewes from the
four treatment groups were present in all lambing paddocks. Each year, any non-preg-
nant ewes were grazed separately from pre-lambing to weaning and re-joined the flock
after weaning. During the lambing periods, ewes were checked twice daily to identify
new-born lambs. Lambs were ear marked and their tail was removed in early lactation,
at approximately 27 days of age (d390, d742, d1091, d1448 and d1817) and were
weaned at approximately 92 days of age (d461, d796, d1155, d1522 and d1882). Ewes
that were non-pregnant or whose entire litter died before weaning were not removed
from the study.

Nutritional management

The nutritional management during the period prior to ewe lamb breeding (d209) and
the first three years of production (2018, 2019 and 2020) was described in detail by Petti-
grew et al. (2021a) and Haslin et al. (2022a, 2022b). Briefly, the four treatment groups
grazed lucerne (Medicago sativa L.) for approximately 100 days post-weaning. There-
after, they were grazed on ryegrass (Lolium perenne L.) and white clover (Trifolium
repens L.) pastures under commercial New Zealand grazing conditions until the end of
the study (d1882).

To ensure the maximum number of ewe lambs from L1 and L2 groups achieved a
minimum of 39 kg at d209 and to achieve heavier ewe lamb breeding live weight in
the Heavier group, different amounts of concentrate feed were offered, in addition to
pasture, to the treatments until d209 (Pettigrew et al. 2021a; Haslin et al. 2022a,
2022b). Any ewe lambs in L1 and L2 groups that were lighter than 39 kg at d209 contin-
ued to receive concentrate feed until d223 (Pettigrew et al. 2021a). Individual intakes
were not measured.

Animal measurements

All animal measurements between d209 and d1155 were described by Pettigrew et al.
(2021a) and Haslin et al. (2022b). Unfasted live weights of ewes were recorded at each
event presented in Table 1. At pregnancy diagnosis (d293, d656, d990, d1350 and
d1711), ewes were identified as pregnant or non-pregnant and the number of foetuses
was recorded (0, 1, 2 or 3). Any removal of ewes from the study was recorded throughout
the five years.

During lambing periods, within 18 h of birth, lambs were identified to their dam, and
their sex, birth rank and date of birth were recorded. Each year, live weights of lambs
were recorded within 18 h of birth, in early lactation (d390, d742, d1091, d1448 and
d1817) and at weaning (d461, d796, d1155, d1522 and d1882). Each year, the number
of lambs born and weaned for each individual ewe was recorded.
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Data management

Number and live weights of lambs
The lifetime number of lambs born (NLB) and weaned (NLW) over the five-year period
was calculated for each individual ewe by summing the yearly number of lambs born and
weaned. The lifetime weight of lambs at birth and weaning (WWT) was calculated for
each ewe. Ewes that gave birth to multiple lambs of which one or more lambs died,
had the lifetime weight of lamb weaned calculated based on the weights at weaning of
the surviving lambs by assigning lambs that failed to survive a nominal 0 kg at weaning.
To determine the effects of the first year of production (i.e. as ewe lambs) on the life-
time performance of ewes, NLB, NLW, litter birthweight and litter WWT over the final
four years of production (year 2 to year 5; d563 to d1882) were also calculated for each
individual ewe.

Efficiency

Ewe efficiency was calculated for each ewe for each year over the five-year period using
the yearly lamb weaning weight (WWT) divided by ewe live weight at the breeding of
each year (d209, d563, d902, d1251 and d1630) as per Earle et al. (2017) and Pettigrew
et al. (2019).

The methodology and equations used to estimate the lifetime energy requirements of
all ewes were described in detail by Haslin et al. (2021). Briefly, daily live weights from
d82 to d1882 were predicted using the Expand procedure (SAS v9.4, SAS Institute
Inc., Carry, NC, USA) which fits a cubic spline curve. The predictions of the daily live
weight were stopped at the last recorded live weight for ewes that died or were
missing between the two live weight records. Daily ewe energy requirement was calcu-
lated using individual ewe performance and predicted daily live weights over the five-
year period, by summing the energy requirements for maintenance, liveweight change,
pregnancy, lactation, and lamb maintenance and growth met by pasture for each day
of life of the ewes (Freer et al. 2007; Nicol and Brookes 2017; Haslin et al. 2021). The esti-
mated lifetime energy requirement was calculated for each ewe by summing daily ewe
energy requirements from their weaning (d82) to either the day they died, were culled
for welfare reasons or went missing, or the end of the study (d1882) (Haslin et al.
2021). The total energy requirement for each year of the study was also calculated
between each weaning for each ewe alive at the start of each year (i.e. between d82
and d461 for year 1 (2018), d462 and d796 for year 2 (2019), d797 and d1155 for year
3 (2020), d1156 and d1522 for year 4 (2021) and d1523 and d1882 for year 5 (2022)).

The predicted pasture intakes were calculated based on the estimated energy require-
ments and an average annual energy content of ryegrass/white clover pastures in the
Central North Island of New Zealand (10.3 £ 0.51 MJME / kg DM; (Litherland et al.
2002)) as per Haslin et al. (2021). Feed efficiency values for each ewe for their lifetime
and each production year were calculated as follows:

Lifetime feed efficiency = lifetime WWT / lifetime predicted pasture intake
Yearly feed efficiency = yearly litter WWT / yearly predicted pasture intake

A combined feed efficiency value including production years 2-5 (WWT between year 2
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and 5 per predicted pasture intake for years 2-5) was also calculated to determine the
potential effect of the first year of production.

Percentage of mature live weight at ewe lamb breeding (d209)

The percentage of mature live weight achieved at ewe lamb breeding (d209) was calcu-
lated from live weight at their fourth breeding (d1251), at approximately 3.5 years of
age. This percentage was calculated for every ewe with recorded live weights at d209
and d1251 (Heavier n =116, Control n=115, L1 n=105, L2 n =62), irrespective of
whether they were bred as ewe lambs.

Ewe survival

All ewes present at the end of the study (d1882) were censored at that date for the study
survival analysis. In this study, ewes were only removed for welfare reasons, therefore, to
simulate commercial farming conditions on ewe retention in the flock, a hypothetical
culling policy on performance was retrospectively applied. In this culling policy, ewe
lambs that were either not bred, not pregnant or whose entire litter died before
weaning (d461) were retained in 2018. After this time, 2019-2022, any non-pregnant
ewes at pregnancy diagnosis (d656, d990, d1350 and d1711) and ewes who lost their
entire litter before weaning (d769, d1155, d1522 and d1882) were culled.

Statistical analyses

All statistical analyses were conducted using SAS v9.4 (SAS Institute Inc., Carry, NC,
USA). All possible models were examined with statistical significance of terms and inter-
actions thereof accepted at P < 0.05 and included all ewes until they died or were removed
from the study. Non-significant interactions (P> 0.05) were removed from the models.

Ewe live weights were analysed with a linear mixed model allowing for repeated
measures. The model included treatment (Heavier vs. Control vs. L1 vs. L2), time of
measurement (Table 1) and their two-way interaction as fixed effects.

The yearly number of lambs born (NLB) and weaned (NLW) per ewe were analysed
with Poisson generalised linear mixed models. The yearly litter weights at birth and
weaning, yearly ewe efficiency (yearly litter WWT/ewe breeding live weight) and
yearly feed efficiency (yearly litter WWT/yearly predicted pasture intake) were analysed
with linear mixed models. All models included treatment, year (1, 2, 3, 4 and 5) and their
two-way interaction as fixed effects, and ewe was fitted as a random effect.

The lifetime number of lambs born (NLB) and weaned (NLW) were analysed using
generalised linear models with Poisson distributions and log transformations. The life-
time weight of lamb weaned (WW'T) and feed efficiency (lifetime WWT / lifetime pre-
dicted pasture intake) over the five-year period were analysed with linear mixed
models. All models included treatment as a fixed effect. The percentage of mature live
weight at ewe lamb breeding was added to the NLW, WWT and lifetime feed
efficiency models as a covariate to determine its potential effect. Models were also re-
run with percentage of mature live weight as a covariate and excluding treatment.

The models constructed for yearly NLB and NLW, yearly litter weights of lambs at
birth and WWT, yearly ewe and feed efficiency, and lifetime NLB, NLW and feed
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efficiency were re-run, excluding the production year 1 (2018). All models included treat-
ment as a fixed effect.

Survival analysis of ewes was carried out using the age in days at which ewes were
removed prior to d1882 or died with the Lifetest procedure (SAS v9.4, SAS Institute Inc.,
Carry, NC, USA). A hypothetical culling policy on performance was also applied to ewes ret-
rospectively to determine the predicted retention rate of ewes in the flock. Survival analyses
of the study and the hypothetical culling policy were compared between treatments.

Results
Ewe live weight

Heavier ewes were heavier (P < 0.001) than the Control ewes from d209 to d347 after which
they did not differ to d1882 (P > 0.05; Figure 2). Heavier ewes were heavier (P < 0.05) than L1
ewes from d82 to d1882, except at d1155, d1251 and d1522 at which they did not differ (P >
0.05). Heavier ewes were heavier (P < 0.05) than L2 ewes throughout the study from d82 to
d1882. Control ewes were heavier (P < 0.05) than L2 ewes from d82 to d1817, except at d1882
when they did not differ (P > 0.05). Control ewes were heavier (P < 0.05) than L1 ewes from
d82 to d742, d902 to d1046, d1350 to d1396 and d1630 to d1817; but did not differ (P > 0.05)
from L1 at d796, d1091 to d1251, d1448, d1522 and d1882. L1 ewes were heavier (P < 0.05)
than L2 ewes from d82 to d390 after which they no longer differed to d1882 (P > 0.05).

At breeding, Heavier ewes were heavier than Control ewes, which were heavier (P <
0.01) than L1 ewes, which were in turn heavier than L2 ewes at d209, after which Heavier
and Control ewes were heavier (P < 0.05) than L1 and L2 ewes (d563, d902 and d1630;
Table 2). At d1251, Control and Heavier ewes were heavier than L2 ewes but not L1
(Table 2).

95

85
Weaning
Ys
75

65

55

Live weight (kg)

45

35
--4--Control
—e— Heavier
25
—
—0—L2

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Age (days)

Figure 2. Effect of treatment (Heavier vs. Control vs. L1 vs. L2) on least-square means (+ SEM) of live
weight (kg) ewes from weaning (d82) to the weaning of their fifth litter (d1882). Y1: Production year 1
(2018); Y2: Year 2 (2019); Y3: Year 3 (2020); Y4: Year 4 (2021) and Y5: Year 5 (2022). Heavier: ewes born
as twins to mature ewes and grown to 48 kg by ewe lamb breeding (d209); Control: ewes born as
twins to mature ewes and grown to 44 kg by d209; L1: ewes born to ewe lambs as singletons; L2:
ewes born to ewe lambs as twins.
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Table 2. Number of ewes present at breeding each year (n) and effect of treatment (Heavier vs.
Control vs. L1 vs. L2) on least square means (+ SEM) of live weight (kg) of ewes at breeding over
their first five years of production (2018-2022).

Breeding Y1 Breeding Y2 Breeding Y3 Breeding Y4 Breeding Y5
Treatment nY1 (d209) ny2 (d563) ny3 (d902) nY4 (d1251) nYs (d1630)

Heavier 135 480+038° 132 652+056° 125 653+066° 118 720+0.80° 102 70.0+0.83°

Control 135 448+038 130 65.1+056° 122 644+066° 116 722+0.80° 88 69.8+0.86°
L1 135 421+038° 126 602+057° 116 60.0+0.67° 108 67.4+0.82%° 85 64.5+0.87°
L2 88 377+047° 81 582+070° 73 580+0.84° 63 654+1.04 55 635+1.10°

abcdpmeans between rows with differing superscripts are different (P < 0.05); Y1: Production year 1 (2018); Y2: Year 2
(2019); Y3: Year 3 (2020); Y4: Year 4 (2021) and Y5: Year 5 (2022). Heavier: ewes born as twins to mature ewes and
grown to 48 kg by ewe lamb breeding (d209); Control: ewes born as twins to mature ewes and grown to 44 kg by
d209; L1: ewes born to ewe lambs as singletons; L2: ewes born to ewe lambs as twins.

Table 3. The effect of treatment' (Heavier vs. Control vs. L1 vs. L2) on least-square means (95%
confidence intervals) on the yearly number of lambs born (NLB/Ewe), yearly number of lambs
weaned (NLW/Ewe) per ewe, and least square means (+ SEM) of yearly litter weight at birth and
weaning per ewe over the five-year period, and yearly ewe efficiency (yearly litter weaning weight/
ewe live weight at breeding) and yearly feed efficiency’ (yearly litter weaning weight/yearly
predicted pasture intake) across five years of production.

Litter Weight ~ Yearly Ewe Yearly Feed
Yearly NLB/ Yearly NLW/  Litter Weight — at Weaning  Efficiency (kg/  Efficiency (kg/
Treatment n Ewe3 Ewe? at Birth (kg) (kg) kg) kg DM)

Heavier ~ 135 147 (138-157) 1.16 (1.07-1.25) 897+0.19° 355+1.01° 054+0017° 0.067 +0.002°
Control 135 1.30 (1.21-1.40) 1.07 (0.98-1.15) 835+0.19%° 342+1.03%® 052+0.017* 0.063 +0.002°°
L1 135 135 (1.25-1.45) 1.03 (0.95-1.12) 8.18+0.20*° 31.1+1.06*° 0470017  0.059 +0.002°
L2 88 135(1.23-149) 1.03 (0.93-1.15) 8.26+0.25® 31.9+138® 0.49+0.022*° 0.060 +0.002

P-value 0.082 0.173 0.015 0.015 < 0.001 0.007

abMeans between rows with differing superscripts are different (P < 0.05); "Heavier: ewes born as twins to mature ewes
and grown to 48 kg by ewe lamb breeding (d209); Control: ewes born as twins to mature ewes and grown to 44 kg by
d209; L1: ewes born to ewe lambs as singletons; L2: ewes born to ewe lambs as twins; 2Estimated for each individual
ewes present from weaning to weaning of each year; ’Included all ewes alive and present in a given year.

Yearly lamb production

Across the five years of production, the yearly NLB and NLW per ewe did not differ (P >
0.05) between treatments (Table 3). Heavier ewes had heavier (P < 0.05) yearly litter
weight at birth and weaning and greater (P < 0.05) ewe efficiency than L1 ewes (Table
3). Yearly litter weight at birth and weaning and ewe efficiency of Control and L2
ewes did not differ (P> 0.05) from Heavier and L1 ewes (Table 3). Heavier ewes had
greater (P <0.05) yearly feed efficiency than L1 and L2 ewes but did not differ (P>
0.05) from the Control ewes (Table 3).

When the lamb production and ewe and feed efficiency in the first year of production
(i.e. as ewe lambs) was excluded (i.e. data from d82 to d461) from the analysis, yearly
NLB, NLW, litter birthweight, ewe efficiency and yearly feed efficiency no longer
differed (P>0.05) between treatments (Appendix A). Control ewes tended to have
heavier litter weaning weight than L1 ewes (P < 0.10; Appendix A).

Lifetime performance

Heavier ewes had greater (P < 0.05) lifetime NLB than Control, L1 and L2 ewes (Table 4).
Lifetime NLB did not differ between Control, L1 and L2 ewes (P> 0.05). Heavier ewes
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Table 4. Effect of treatment' (Heavier vs. Control vs. L1 vs. L2) on least square means (95% confidence
intervals) on the lifetime number of lambs born (NLB) and weaned (NLW), and least square means (+
SEM) of lifetime weight of lamb weaned (kg; WWT) and estimated feed efficiency (lifetime weight of
lamb weaned/lifetime predicted pasture intake; kg/kg DM) over the five-year period (i.e. potentially
five lambing periods)?.

Treatment n Lifetime NLB Lifetime NLW Lifetime WWT Lifetime Feed Efficiency
Heavier 135 6.74 (6.32-7.19)° 5.33 (4.95-5.73)° 153.0 £6.01° 0.062 + 0.002°
Control 135 5.66 (5.27-6.08) 4.68 (4.33-5.06)* 138.0 £6.01°¢ 0.059 + 0.002*°

L1 135 543 (5.05-5.84) 420 (3.87-4.56)° 117.5 £ 6.03% 0.053 +0.002°

L2 88 4.88 (4.43-5.36) 3.77 (3.39-4.20) 110.0 + 7.447 0.054 + 0.002
P-value < 0.001 < 0.001 < 0.001 0.005

ab<\eans between rows with differing superscripts are different (P < 0.05); 'Heavier: ewes born as twins to mixed-age
ewes and grown to 48 kg by ewe lamb breeding (d209); Control: ewes born as twins to mixed-age ewes and grown to
44 kg by d209; L1: ewes born to ewe lambs as singletons; L2: ewes born to ewe lambs as twins; “performance from all
ewes were included regardless of whether they died or were removed from the study prior to d1882.

had a greater NLW, WWT and feed efficiency over their lifetime than L1 and L2 ewes (P
< 0.05) but did not differ from Control ewes (P > 0.05). Control ewes had a greater (P <
0.05) NLW and WWT over their lifetime than L2 but did not differ from L1 ewes (P >
0.05). For a given live weight at ewe lamb breeding (d209), Heavier ewes weaned more
lambs and had a greater WWT than L1 and L2 ewes over their lifetime (P <0.05;
Figures 3 and 4).

Lifetime number of lambs weaned

= ___— — —-  Heavier
= —— Control
= s &
31 —_— 2
T T T T
30 40 50 60

Live welght at ewe lamb breeding (kg)

Figure 3. The number of lambs weaned over the lifetime of ewes in Heavier (n =135), Control (n =
135), L1 (n=135) and L2 (n=88) treatments in relation to their live weight at ewe lamb breeding
(d209; log predictions and 95% confidence intervals shown). Heavier: ewes born as twins to mixed-
age ewes and grown to 48 kg by d209; Control: ewes born as twins to mixed-age ewes and grown
to 44 kg by d209; L1: ewes born to ewe lambs as singletons; L2: ewes born to ewe lambs as twins;
performance from all ewes were included regardless of whether they died or were removed from
the study prior to d1882.
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Figure 4. Lifetime weight of lambs weaned of ewes in Heavier (n = 135), Control (n=135), L1 (n=
135) and L2 (n=88) treatments in relation to their live weight at breeding as a ewe lamb (d209).
The predictions of L1 and L2 treatments are similar. Predictions and 95% confidence intervals
shown in grey. Heavier: ewes born as twins to mixed-age ewes and grown to 48 kg by d209;
Control: ewes born as twins to mixed-age ewes and grown to 44 kg by d209; L1: ewes born to
ewe lambs as singletons; L2: ewes born to ewe lambs as twins; performance from all ewes were
included regardless of whether they died or were removed from the study prior to d1882.

When the first year of production (i.e. ewe lambs) was excluded from the analysis,
Heavier ewes had a greater NLB than Control, L1 and L2 ewes (P < 0.01; Appendix A).
Heavier ewes had greater (P<0.01) NLW and WWT than L1 and L2, which did not
differ (P> 0.05) over the four-year period (2019-2022). Control ewes did not differ
from the other groups over the four-year period (P> 0.05; Appendix A). In addition,
feed efficiency over the four-year period (2019-2022) no longer differed between treat-
ments (P> 0.05; Appendix A).

Percentage of mature live weight at ewe lamb breeding (d209)

Treatment had no effect on ewe lifetime NLW (P> 0.05). There was a positive relation-
ship between the percentage of mature live weight at d209 and the lifetime NLW (P <
0.01; Figure 5). For a given percentage of mature live weight at d209, Heavier ewes
tended to have greater WWT than L1 ewes over their lifetime (P = 0.06; Figure 6). No
other differences between treatments were observed. For a given percentage of mature
live weight at d209, L2 ewes had greater (P=0.05) lifetime feed efliciency than L1
ewes (Figure 7). An additional 10% of mature live weight at d209 resulted in an increase
of 19.1 kg in lifetime WWT and 0.00084 kg/kg DM in lifetime feed efficiency, irrespective
of treatment group.
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Figure 5. Lifetime number of lambs weaned of ewes (n = 398) in relation to the percentage of mature
live weight achieved at ewe lamb breeding (d209). Predictions and 95% confidence intervals shown in
grey. Only ewes with recorded live weights at d209 that were bred at four years of age (d1251) were
included, irrespective of whether they were bred as ewe lambs.

Ewe longevity to the end of the fifth year of production (d1882)

Ewes in the Heavier treatment were more likely (P < 0.01) to be retained to d1882 than
L2 ewes and tended to more likely (P=0.07) to be retained than L1 ewes (Figure 8).
When a hypothetical culling policy on performance (i.e. culling non-pregnant ewes at
pregnancy diagnosis and ewes whose entire litter died at weaning between production
years 2 and 5) was applied, Heavier ewes were more likely (P <0.05) to be retained
than L1 ewes and tended to be more likely to be retained than L2 ewes (P <0.10;
Figure 9).

Discussion

Performance of ewes born to one-year-old ewes compared with ewes born to
mixed-age ewes

Singleton- and twin-born ewes born to one-year-old ewes (L1 and L2) did not differ in
live weight beyond their first pregnancy, although, they remained lighter than their
twin counterparts born to mixed-age ewes (Control and Heavier) throughout the
study. These results contrasted with previous studies which reported that ewes born as
singletons to one-year-old ewes were only lighter than ewes born to mixed-age ewes
up to one year of age, after which no difference was observed (Loureiro et al. 2012;
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Figure 6. Lifetime weight of lamb weaned of ewes in Heavier n =116, Control n =115, L1 n=105, L2
n =62 treatments in relation to the percentage of mature live weight at breeding as a ewe lamb
(d209). Predictions and 95% confidence intervals are shown in grey. Heavier: ewes born as twins to
mixed-age ewes and grown to 48 kg by d209; Control: ewes born as twins to mixed-age ewes and
grown to 44 kg by d209; L1: ewes born to ewe lambs as singletons; L2: ewes born to ewe lambs
as twins; only ewes with recorded live weights at d209 and breeding at four years of age (d1251)
were included, irrespective of whether they were bred as ewe lambs.

Pain et al. 2015). Ewes born as singletons to one-year-old ewes were heavier than those
born as twins to one-year-old ewes, from 18 months to eight years of age (Loureiro et al.
2016; Pettigrew et al. 2019). Collectively, these studies suggest that ewes born to one-year-
old ewes will likely suffer some liveweight handicap, relative to those born to mixed-age
ewes, throughout their productive life, especially those born as twins.

Yearly, the number of lambs born and weaned and litter weights at birth and weaning
of the L1, L2 and Control ewes did not differ, however, L1 ewes had lower yearly litter
weights at birth and weaning than Heavier ewes. The lifetime number and weight of
lambs weaned by L1 and L2 ewes were lower than those of the Heavier ewes and L2
ewes were lower than Control ewes. When the first year of production was removed,
only the differences in production with Heavier ewes remained. This indicated that
ewes born to one-year-old ewes produced less lambs and had a lower weight of lambs
weaned over their lifetime than heavier ewe lambs born to mixed-age ewes. Previous
studies have shown that the yearly weight of lambs weaned of ewes born as twins to
one-year-old ewes tended to be lower than ewes born to mixed-age ewes over their life-
time (Pettigrew et al. 2019). Further, dam age and birth rank had no effect on yearly or
combined reproductive performance up to eight years of age (Loureiro et al. 2012, 2016;
Pain et al. 2015; Pettigrew et al. 2019), which contrasted with the present study. In these
latter studies, however, ewes were bred for the first time at 18 months of age. The lower
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Figure 7. Lifetime feed efficiency (i.e. lifetime weight of lambs weaned/lifetime predicted pasture
intake) of ewes in Heavier n =116, Control n=115, L1 n=105, L2 n =62 treatments in relation to
the percentage of mature live weight at breeding as a ewe lamb (d209). Predictions and 95% confi-
dence intervals are shown in grey. Heavier: ewes born as twins to mixed-age ewes and grown to 48 kg
by d209; Control: ewes born as twins to mixed-age ewes and grown to 44 kg by d209; L1: ewes born to
ewe lambs as singletons; L2: ewes born to ewe lambs as twins; only ewes with recorded live weights at
d209 and breeding at four years of age (d1251) were included, irrespective of whether they were bred
as ewe lambs.

lifetime performance of ewes born to one-year-old ewes was driven by their poor per-
formance at one year of age, which in turn was driven by lighter live weights at seven
months of age, limiting their ability to be bred and emphasising the achievement of suit-
able breeding live weights in ewe lambs.

Ewe efliciency is related to her ability to wean many heavy lambs relative to her live
weight (Coop and Hayman 1962; Baker et al. 1973). Feed efficiency is the ability of a
ewe to convert feed into the weaning weight of lambs (Sise et al. 2009). Both ewe
efficiency (yearly litter weaning weight/ewe breeding live weight) and feed efficiency
(yearly and lifetime) did not differ between L1, L2 and Control ewes. These results
support previous studies that reported no effect of dam age (Pain et al. 2015; Pettigrew
et al. 2019) or birth rank (Pettigrew et al. 2019) on ewe or feed efficiency. While in
this study, Heavier ewes (born to mixed-age ewes) had greater ewe efficiency than L1
ewes, no other differences between treatment groups were observed. Heavier ewes also
had greater yearly and lifetime feed efficiency than L1 and L2 ewes. When the first
year of production was excluded, the differences in ewe and feed efficiency were no
longer present. This indicated that ewe and feed efficiency in their first year of production
were significant drivers of these differences. Further, the absence of a difference in ewe
efficiency indicated that ewes produced the same weight of lambs weaned per kilogram
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Figure 8. Retention curves and 95% confidence intervals (grey area) of the ewes based on treatments
(Heavier vs. Control vs. L1 vs. L2) until weaning of their fifth litter (d1882). Heavier: ewes born as twins
to mixed-age ewes and grown to 48 kg by ewe lamb breeding (d209); Control: ewes born as twins to
mixed-age ewes and grown to 44 kg by d209; L1: ewes born to ewe lambs as singletons; L2: ewes born
to ewe lambs as twins. Ewes were only culled for welfare reasons.

of ewe live weight at breeding between production years 2 and 5. Therefore, overall,
Heavier ewes weaned heavier lambs than ewes born to one-year-old ewe (L1 and L2).
Similarly, no differences in feed efficiency between production years 2 and 5 suggest
that the weight of kilograms of lamb weaned produced per kilograms of DM consumed
was similar. Heavier ewes had a greater lifetime lamb weaning weight than L1 and L2
ewes, and therefore, consumed more feed DM than L1 and L2 ewes over their lifetime,
which was estimated to be an additional 386 kg DM and 519 kg DM, respectively.

The longevity of L1 and L2 ewes born to one-year-old ewes did not differ, but both had
reduced longevity compared to Heavier ewes. In the present study, when a hypothetical
culling policy was applied (i.e. ewe lambs were not culled in production year 1, and then
culled if ewes were not pregnant or their entire litter died before weaning between pro-
duction year 2 and 5), the difference between L1 and L2 and Heavier ewes remained. Pet-
tigrew et al. (2019) reported that ewes born as twins to one-year-old ewes had lower
longevity than those born as singletons to one-year-old ewes and those born to mixed-
age ewes under a no-culling policy. However, the difference was no longer present
when a culling policy was applied. This contrasts with the results of this study.

Combined, these results showed that ewes born to one-year-old ewes had lower life-
time lamb production and longevity compared to heavier ewes born to mixed-age ewes
due to their lower live weight and performance as ewe lamb. Ewe and feed efficiency of
ewes born to one-year-old ewes, however, did not differ from ewes born to mixed-age
ewes beyond 18 months of age. Farmers, therefore, could select their replacements
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Figure 9. Predicted retention curves and 95% confidence intervals (grey area) of the ewes based on
treatments (Heavier vs. Control vs. L1 vs. L2) until weaning of the fifth litter (d1882) with a hypothetical
culling policy: ewe lambs that were not pregnant at pregnancy diagnosis (d293) or whose entire litter
died were not culled in 2018, and then culled if between production year 2 (2019) and 5 (2022), they
were non-pregnant ewes at pregnancy diagnosis (d656, d990, d1350 and d1711) or their entire litter
died before weaning (d769, d1155, d1522 and d1882). Heavier: ewes born as twins to mixed-age ewes
and grown to 48 kg by ewe lamb breeding (d209); Control: ewes born as twins to mixed-age ewes and
grown to 44 kg by d209; L1: ewes born to ewe lambs as singletons; L2: ewes born to ewe lambs as
twins.

from ewes born to one-year-old ewes and have similar lamb production to ewes born to
mixed-age ewes, providing they ensure that these ewe lambs reach the minimum target
breeding live weights.

Impact of heavier breeding live weights of ewes born to mixed-age ewes

Positive relationships between ewe breeding live weight and ewe reproductive perform-
ance were previously reported in mature ewes (Brown et al. 2005; 2015). In this study,
Heavier ewes were heavier than the Control group during their first pregnancy as ewe
lambs as reported by Haslin et al. (2022b), but live weights no longer differed beyond
that point. As ewe lambs, Heavier ewes had greater reproductive performance (i.e.
number of ewes pregnant and lambs weaned) than Control ewes (Haslin et al. 2022b).
In the present study, however, subsequent yearly and lifetime reproductive performance
and longevity did not differ between the Heavier and Control groups. These results are
consistent with previous studies which reported that breeding heavier ewe lambs
improved their performance as ewe lambs (see review: Kenyon and Corner-Thomas
2022), however, later performance was not influenced (Thomas and Berger 2009;
Haslin et al. 2021, 2022a). Further, it has been reported that ewe lamb performance
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(i.e. in the first year of life) is a significant driver for ewe performance over multiple years
or their lifetime (Kenyon et al. 2011; Haslin et al. 2021; Thomson et al. 2021; Kenyon and
Corner-Thomas 2022), which is consistent with results of the present study. Hence, the
similar live weights between Heavier and Control ewes between production years two
and five could explain the similar yearly and lifetime production. Farmers should, there-
fore, aim for a heavier average live weight of 50 kg rather than 42 kg to maximise their
ewe lamb performance, although the cost of the extra feed must be accounted for.

Ewe efliciency did not differ between Heavier and Control ewes, which is consistent
with the results of the first three production years of this study reported by Haslin
et al. (2021). The Control ewes were lighter at ewe lamb breeding and weaned fewer
lambs than Heavier ewes as ewe lambs, but thereafter had similar live weight and per-
formance. Yearly or lifetime feed efficiency did not differ between Heavier and
Control ewes, suggesting that both groups weaned the same kilograms of lambs per kilo-
gram of feed consumed. Heavier ewes produced an additional 15 kg lamb at weaning
over their lifetime and, therefore, consumed more feed than Control ewes, which was
estimated at approximately 170 kg DM. This might result in fewer ewes being maintained
on a per hectare basis when the feed supply is fixed. More research is required to examine
the financial consequences of growing ewe lambs to the recommended live weight and to
assess the profitability and the potential benefits of this practice.

Effect of the percentage of mature weight at ewe lamb breeding on lifetime
performance

There were positive relationships between the percentage of mature weight at ewe lamb
breeding and lifetime number and weight of lambs weaned and feed efficiency, irrespec-
tive of treatment. Previous research has shown that the percentage of mature weight at
ewe lamb breeding influenced ewe lamb fertility and fecundity (Kenyon et al. 2014).
In this study, an additional 1% of percentage of mature live weight at ewe lamb breeding
resulted in an increase of 1.91 kg of lamb weaned over their lifetime, irrespective of treat-
ment. This emphasised ewe lamb management to achieve heavier breeding live weights in
order to achieve a greater percentage of mature weight and improve lifetime lamb
production.

In the present study, for a given percentage of mature weight at ewe lamb breeding,
Heavier ewes tended to wean a greater lifetime weight of lambs than L1 ewes. Given
that no other differences between treatments were observed, this reflected the results
of lifetime lamb production. For a given percentage of mature weight at ewe lamb breed-
ing, L2 ewes had greater lifetime efficiency than L1 ewes, with no other differences
between treatments observed. This result suggests that L2 ewes were more efficient at
converting feed into weaning weight of lambs over their lifetime than L1 ewes when
they reached a similar percentage of mature ewes.

Conclusions

Although, neither the lifetime lamb production of Heavier nor L1 nor L2 ewes differed
from the Control ewes, heavier twin-born ewe lambs born to mixed-age ewes had greater
lifetime lamb production than ewe lambs born either as singletons or twins to one-year-
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old ewes. The lower lifetime production of ewes born to one-year-old ewes was driven by
their poor production at one year of age, which in turn was driven by their lighter live
weights at ewe lamb breeding thus limiting their ability to be bred. Feed and ewe
efficiency of ewes born to one-year-old ewes, however, did not differ from ewes born
to mixed-age ewes. Farmers, therefore, could select their replacements from ewes born
to one-year-old ewes and have similar lamb production to ewes born to mixed-age
ewes, providing they ensure that these ewe lambs reach the minimum target breeding
live weights. An average live weight of 50 kg should be achieved at ewe lamb breeding,
rather than 42 kg, to increase ewe productivity over her lifetime. More research is,
however, required to examine the economic consequences of growing ewe lambs to
the recommended live weight and to assess the profitability of this practice. Similarly,
modelling the impact of applying the above recommendations on environmental foot-
print and greenhouse gas emissions would be of interest.
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Appendix

Effect of treatment on ewe yearly and total performance from the second (2019)

to fifth year of production (2022)

Table A1. The effect of treatment' (Heavier vs. Control vs. L1 vs. L2) on least-square means (95%
confidence intervals) of yearly number of lambs born (NLB/Ewe), the yearly number of lambs
weaned (NLW/Ewe) per ewe, and least square means (+ SEM) of yearly litter weight at birth and
weaning per ewe over the five-year period, and the yearly ewe efficiency (yearly litter weight at
weaning/ewe live weight at breeding) and yearly feed efficiency” (yearly litter weight at weaning/
predicted feed intake) between the production year 2 (2019) and 5 (2022).

Litter Litter Weight ~ Yearly Ewe Yearly Feed
Weight at at Weaning Efficiency Efficiency (kg/
Treatment n Yearly NLB/Ewe  Yearly NLW/Ewe Birth (kg) (kg) (kg/kg) kg DM)

Heavier 131 1.68(1.57-1.80) 1.34(1.24-145) 101022 39.2%1.19 0.58+0.02  0.075+0.002

Control 130 159 (1.47-1.71) 129 (1.19-1.41)  9.83+022 40.0+1.22" 0.58+0.02  0.073+0.002
L1 126 162 (1.50-1.75) 124 (1.14-136) 9.55+0.23 359+ 1.25° 0.53+0.02 0.069+0.002
L2 81 1.59(1.44-1.75) 1.23(1.10-1.37) 947+0.29 36.5%1.57 0.57+0.02 0.073+0.003
P-value 0.671 0514 0.204 0.064 0.346 0.301

ABMeans between rows with differing superscripts tended to be different (P < 0.10); "Heavier: ewes born as twins to
mixed-age ewes and grown to 48 kg by ewe lamb breeding; Control: ewes born as twins to mixed-age ewes and
grown to 44 kg by ewe lamb breeding; L1: ewes born to ewe lambs as singletons; L2: ewes born to ewe lambs as
twins; “Estimated for each individual ewes present from weaning to weaning of each year.

Table A2. Effect of treatment' (Heavier vs. Control vs. L1 vs. L2) on least square means (95%
confidence intervals) of the total number of lambs born (NLB) and weaned (NLW), and least square
means (+ SEM) of total weight of lambs weaned (WWT) and total feed efficiency (total weight of
lambs weaned / predicted pasture intake) between the production year 2 (2019) and 5 (2022)%

Treatment n Total NLB Total NLW Total WWT (kg) Total Feed Efficiency (kg/kg DM)
Heavier 135 578 (539-620)°  4.61 (4.27-4.99)° 133.8£5.84° 0.071 + 0.002
Control 135 513 (477-553) 424 (3.90-4.60)®  125.8 +5.84%° 0.071 + 0.002
L1 135 491 (455-530)*  3.83 (3.51-4.17) 107.9 +5.87% 0.068 + 0.002
) )

L2 88  4.58 (4.15-5.05) 3.56 (3.18-3.97)° 104.7 £7.24° 0.068 +0.003
P-value 0.0006 0.0004 0.002 0.567

2bMeans between rows with differing superscripts are different (P < 0.05); "Heavier: ewes born as twins to mixed-age
ewes and grown to 48 kg by ewe lamb breeding (d209); Control: ewes born as twins to mixed-age ewes and grown to
44 kg by ewe lamb breeding (d209); L1: ewes born to ewe lambs as singletons; L2: ewes born to ewe lambs as twins;
2performance from all ewes were included regardless of whether they died or were removed from the study prior to
d1882.
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