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Abstract

New Zealand coarse-woolled sheep farmers today barely recover the costs of shearing. One option is to introduce a self-shedding
breed such as the Wiltshire. A strategy to transition to a Wiltshire flock is to cross a ewe flock with Wiltshire rams and in subsequent
years backcross with Wiltshire rams. The first year of a long-term study found the performance of first cross Wiltshire progeny
were not different to the base Romney flock in terms of birth weight and growth to weaning. The ewe lambs from this first breeding
were then bred as ewe lambs to Wiltshire rams in late April 2021 to generate 3% Wiltshire lambs. There were no differences
(P>0.05) in fertility or fecundity between the %2 Wiltshire cross or Romney ewe lambs. There were no differences in birth, docking
or weaning weight with the exception that single-born % Wiltshire cross lambs had higher growth (P<0.05) from birth to weaning
than their Romney counterparts. This effect was not (P>0.05) observed in twin lambs. Combined these results indicate to date that
there are no negative impacts of introducing Wiltshire rams to a mixed-age Romney ewe flock in relation to ewe performance to
15 months of age and the performance of their % progeny to weaning.
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Introduction

The New Zealand sheep industry is dominated by
dual purpose breeds producing both meat and wool and
it is estimated 55% of farms had Romney-based breeds
producing fleeces with a fibre diameter of between 33 and
37 um (Beef + Lamb NZ 2021a). At present over 90% of
the wool produced in New Zealand is considered coarse
or >30 pm (Beef + Lamb wool spreadsheet Beef + Lamb
New Zealand 2021b). In the 2019 — 2020 season wool
contributed to only 5% of farm income of New Zealand
sheep and beef farms (Beef + Lamb NZ 2021a). The
price paid to farmers for clean coarse wool has decreased
from $6.14/kg in 2016 to $1.88/kg in January 2021 (JDJL
Limited 2021). The industry has a long way to go before
net returns from coarse wool covers shearing expenditure,
which has increased from $4.22 per head in 2016-17 to
$5.71 per head in 2021-2022 (Beef + Lamb NZ 2021c¢).

In recent seasons it has been increasingly difficult to
find shearing contractors with labour shortages, Covid-19
border restrictions and lockdowns requiring smaller crews
and changes to health and safety. In response, some farmers
have changed shearing policies to be less frequent, changed
sheep breeds or ratio of cattle to sheep on the farm (Beef
+ Lamb NZ 2021c). One option for farmers to reduce the
impact of low wool prices is to introduce of a self-shedding
sheep breed such as the Wiltshire into the flock, to eliminate
the need for shearing (Slee 1959). The heritability of fleece
shedding in the New Zealand Wiltshire sheep has been
reported to be high at 0.52 (Johnson et al. 2007) while
the review of Johnson et al. (2021) reported heritability
estimates for shedding ranged from 0.26 to 0.80. Grading
up or backcrossing involves repeated use for a number of
generations Wiltshire rams across an existing ewe flock
and the selection of replacement ewe lambs for greater
shedding (Farrell et al. 2020). It has been predicted that
this transition to a shedding flock would take three to four

generations (Slee 1959). Farrell et al. (2020) predicted via
modelling that grading up from a Romney-based flock to a
fully shedding Wiltshire flock, across all age groups, could
be achieved within 15 years. In addition, they predicted
shearing expenses would be eliminated after seven years,
once the flock had reached the desired final cross of 7/8
Wiltshire and that the profitability of the new sheep
enterprise would be greater than the base Romney flock. The
model, however, had limitations as data on shedding rates
in Wiltshire sheep in New Zealand were scarce, and this
might have reduced the accuracy of the model predictions.
This experiment was designed, therefore, to determine the
reproductive performance of progeny born in first year of
the study (Corner-Thomas et al. 2021), i.e. /2 Wiltshire "2
Romney and Romney ewe lambs bred to Wiltshire and
Romney rams respectively, and the growth and fleece
shedding of the % Wiltshire and Romney lambs born in the
flock in the second year of a grading-up transition.

Materials and methods

The experiment was conducted at Riverside Farm,
Massey University (40°50'31"S 175°37'04"E), 11 km north
of Masterton, New Zealand. All animal procedures were
carried out with the approval of the Massey University
Animal Ethics Committee. On 30" of April 2021 (denoted
pregnancy day 1; P1), /2 Wiltshire /2 Romney ewe lambs
(n = 237) were bred to 5 Wiltshire rams and Romney
ewe lambs (n = 197) to 4 Romney rams. The rams were
purchased from commercial ram breeders whom all
achieved a lambing rate of 150% and the Wiltshire rams
had shed their fleeces the previous spring and summer
period. Only ewe lambs above 40 kg were bred and to make
sufficient numbers an extra 90 Romney lambs of a similar
liveweight were sourced from the commercial Riverside
flock while the remainder came from the previous year’s
cohort (Comer-Thomas et al. 2021). The ram to ewe ratio
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used was in excess of the industry recommendation for ewe
lamb breeding of 1:50 (Kenyon et al. 2011). All rams were
fitted with a mating harness and crayon to identify ewes that
had been bred during the first or second oestrous cycles.
Rams remained with the ewes for two oestrous cycles (a
total of 34 days) until the 4 June (P35). The ewe lambs
had been previously joined with the vasectomised rams, as
one cohort, for 51 days (three reproductive cycles) prior to
P0. The ram-harness crayon colour was changed at P18 and
the presence of colour marks on the rump of the ewes was
recorded at P35. After rams were removed, all ewe lambs
were managed as a single mob throughout pregnancy and
until lambing. Pregnancy diagnosis was conducted 97 days
after the start of breeding (P97).

Pregnancy status (pregnant/non-pregnant) and
the number of fetuses (0, 1 or 2) was determined using
transabdominal ultrasound conducted by a commercial
operator. Ewe lambs were weighed prior to breeding (P1),
at ram removal (P35), pregnancy diagnosis (P97), in mid-
lactation (Day 48 of lactation; L48) and at weaning (L86).
Ewe lamb body condition was scored on a scale from 1
to 5 as described by Jefferies (1961) at weighing events
conducted on P1, P97, L48 and L86.

One week prior to the expected start of lambing, ewes
were randomly allocated to one of 8 lambing paddocks
at a density of 10 to 11 ewes per hectare. Each lambing
paddock had a mix of Romney and ' Wiltshire /2 Romney
ewe lambs, but the pregnancy ranks (single or twin) were
in separate paddocks. The lambing period began on the 22
September (L1) with the final lamb born on L34. Within 24
hours of birth, lambs were ear tagged and had their weight,
birth rank and sex recorded. At L48, all lambs were tail
docked and ram lambs were made short-scrotum using an
elastrator and a rubber ring (Elastrator ring, Heiniger, New
Zealand). Ewe and lamb live weights were recorded mid-
lactation (L48) and at weaning (L86).

At weaning on L86 (17 December) short-scrotum
ram lambs were weighed and removed from the study. On
the 26 January 2022, of the ewe lamb progeny present at
weaning that were retained as replacement animals, fleece
shedding scores were conducted for % Wiltshire cross ewe
lambs (n=104) and a random sample of Romney ewe lambs
(n=20). The fleece shedding score (0 to 5: no shedding to
full shedding) was recorded as per the method of Johnson
et al. (2007) and O’Connell et al. (2012).

Statistical analysis

All analyses were conducted using SAS version
9.4 (SAS Institute, Cary, USA). Analyses of ewe lamb
(hereafter referred as dams) reproductive performance
(cycle marked (first, second, both cycles or not marked),
fertility (pregnant / non pregnant), fecundity (number of
fetuses), lambing (lambed / not lambed), body condition
score (BCS), and progeny survival to weaning (lived / died)
were analysed using generalised models which included
the fixed effect of dam breed. Models of variables with
two outcomes (fertility, lambing rate and progeny survival)
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used a binomial distribution and logit transformation
whereas models with ordinal outcomes (cycle, fecundity)
used a Poisson distribution.

Dam BCS was analysed using a generalised model
that allowed for repeated measures which included the
fixed effects of day (P1, P97, L48 and L86) and dam
breed (Romney or 2 Wiltshire cross) and their two-way
interaction. Means were back-transformed using a logit
transformation and presented as the back-transformed
mean with the 95% confidence interval in parentheses.

Analyses of dam live weights were conducted using
the mixed procedure allowing for repeated measures. The
model for dam live weight included the fixed effects of day
and dam breed and their two-way interaction. The model
for the progeny live weight included the fixed effect of
day of lactation (L0, L48 or L86), dam breed, birth rank (1,
2) and sex of the progeny (ewe or short scrotum) and the
three-way interaction of day by dam breed by birth rank.
Progeny growth rates from birth to weaning were analysed
using a mixed model that included the fixed effect of dam
breed and included progeny birth weight as a covariate.
Results are presented as the mean and standard error of the
mean.

The frequency of progeny fleece shedding scores
could not be statistically analysed since all ewe lambs
in the subsample sired by Romney rams had a score of
0. A summary of the frequency of shedding scores have
therefore been reported.

Results
Lamb live weight and body condition score

Live weights of 2 Wiltshire cross ewe lambs were
heavier at breeding (P1), mid-lactation (L48) and weaning
(L86) (P < 0.05) than Romney ewe lambs. There were
no differences (P > 0.05) in live weight between the two
dam breeds at ram removal (P35) or pregnancy diagnosis
(P97) (Table 1). There was no difference in BCS (P > 0.05)
between the ewe lamb groups at breeding (P > 0.05), ram
removal (P > 0.05), or mid-lactation (P > 0.05) while at
pregnancy diagnosis, Romney ewe lambs had a greater
BCS (P < 0.05) than the 2 Wiltshire cross ewe lambs, even
though there was no difference (P > 0.05) in liveweight at
that time.

Ewe lamb reproductive performance

The percentage of ewe lambs that were marked by the
ram in both cycles (returned to service) or that were not
marked by the ram did not differ (P > 0.05) between the
two dam breeds (Table 2). There were no differences in
the percentage of ewe lambs diagnosed as dry, single- or
twin-bearing among the two dam breeds, and, therefore, no
differences (P>0.05) in fertility or fecundity rates.

Lamb live weight, growth and survival

There were no differences (P > 0.05) in birth, docking
or weaning weight with the exception that single-born %
Wiltshire cross male lambs were heavier (P<0.05) at mid-
lactation (L48) and weaning (L86) than all other lambs
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Table 1 Ewe live weight (kg; mean + SEM) and body condition score (BCS, mean with 95% confidence interval in
parentheses) of Romney and 2 Wiltshire /2 Romney ewe lambs at pre-breeding (pregnancy day 1; P1), ram removal (P35),
pregnancy diagnosis (PD; P97), mid-lactation (lactation day 48; L.48) and weaning (L86)

Dam breed
Weighing event n Romney n > Wiltshire /2 Romney
Live weight (kg)
Pre-breeding (P1) 197 443 £0.4* 237 46.4 £ 0.4°
Ram out (P35) 197 45.0£0.4° 237 45.7+0.4°
PD (P97) 197 48.3 £0.4¢ 237 49.2 +£0.4¢
Mid-lactation (L48) 196 57.1£0.4¢ 233 59.2+£0.4°
Weaning (L86) 195 61.1+0.4f 231 65.7 +£0.4¢
BCS
Mating (P1) 197 3.2(3.1-3.2) 237 333.1-33)"
Ram out (P35) 197 3.1 (3.1-3.2)% 237 2.9 (2.9 - 3.0)%f
PD (P97) 197 3.0 (2.9 —3.0 bece 237 2.8(2.8-2.9)
Mid-lactation (L48) 196 2.9 (2.8 -3.0)™ 233 2.9 (2.8 -3.0)"

abedyyithin each variable (live weight and BCS), time points and dam breeds means with different superscripts are significantly
different P<0.05

Table 2 Reproductive performance (percentage with 95% confidence interval in parentheses) of Romney and 2 Wiltshire 2
Romney ewe lambs including cycle marked by the ram (first, second, returned to service or not marked), diagnosed as dry,
single or twin fetuses, fertility rate (ewes pregnant per ewe lamb presented for breeding), fecundity rate (fetuses per 100
ewes presented for breeding), lambing rate (lambs born per ewe lamb presented for breeding) and percentage of ewe lambs

lambed (had lambing record).

Dam breed

n Romney n Y, Wiltshire 2 Romney
Cycle marked by ram
First (%) 155 85.2(79.2 - 89.6) 194 86.2 (81.1-90.1)
Second (%) 6 33(1.5-7.1) 10 4424-8.1)
Returned to service (%) 15 82(5.0-13.2) 14 6.2(3.7-10.2)
Not marked (%) 6 33(1.5-7.1) 7 3.1(1.5-6.4)
Reproductive performance
Single (%) 120 65.9 (58.8-72.5) 142 62.8 (56.4 - 68.9)
Twin (%) 44 24.2 (18.5-30.9) 64 28.4(22.9 - 34.7)
Dry (%) 18 9.9(0.8-5.3) 19 8.4(54-12.8)
Fertility rate (%) 182 90.1 (84.9-93.7) 225 91.6 (87.1- 135.2)
Fecundity rate (%) 182 114.3(99.8 - 130.9) 225 120.8 (106.5 - 135.2)
Lambing rate (%) 182 85.2 (79.2 - 89.6) 225 88.9 (84.1-92.4)
Ewes lambed (%) 182 109.03 (95.2 - 125.6) 225 116.0 (102.8 - 131.0)

(P<0.05: Table 3). There was a significant (P< 0.05)
effect of sex and an interaction of breed by birth rank on
live weight gain. Single-born % Wiltshire cross lambs
had higher (P< 0.05) growth rates from birth to weaning
than their Romney single born counterparts. This effect
was not (P>0.05) observed in twins (Table 4). There was
a difference (P< 0.05) in lamb survival to weaning with
74.3% (67.6 — 78.0) of the Romney lambs and 87.7 % (83.1
— 91.2) of the % Wiltshire lambs surviving to weaning.
The survival of twin born lambs 74.7.5% (68.2-80.3%)
was lower (P<0.05) than that of single born lambs (87.5%
(82.7-91.1%) but did not differ between ewe lamb breeds
P>0.05).

Lamb shedding scores

The number and percentage of single and twin born %
Wiltshire cross ewe lambs in each fleece shedding score is
shown in Table 5. The age range of all the progeny born in

the study at fleece shedding ranged from 92 to 126 days.
All the subsample of Romney ewe lambs were scored 0.

Discussion

The reproductive performance of 2 Wiltshire cross
ewe lambs showed few differences to Romney ewe lambs.
The breeding pattern indicated that the ewe lambs of each
breed had reached puberty at a similar date. There was no
difference in fertility or fecundity rates and hence lambing
rates were similar between the two dam breeds. Likewise,
there was no difference in live weight or condition score
at breeding between the Romney or Wiltshire cross ewe
lambs. The fertility and fecundity rates were within the
range for the ewe lamb live weights and condition scores
at breeding reported by other researchers in New Zealand
using Romney or Romney crossbred ewe lambs (Kenyon et
al. 2011; Mulvaney et al. 2013; Corner-Thomas et al. 2015).
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Table 3 Live weight (kg; mean = SEM) of single and twin, male and female Romney or % Wiltshire %4 Romney lambs at

birth (L0), mid-lactation (L48) and weaning (L86).

Live weight (kg)

Dam breed Birth rank Sex n LO n L48 n L86
Romney Single Female 66 4.9.+0.3% 53 15.6 £0.3f 51 24.5+0.3
Male 45 5.1£0.4¢ 41 16.3 £0.4f 41 25.9 +£0.4¢

Twin Female 52 3.4+0.3° 33 11.7+0.4¢ 32 20.3+0.4"

Male 36 3.7+0.4° 25 13.6 £ 0.5° 25 23.0+£0.4
Wiltshire Single Female 68 4.8 +0.3% 64 15.8 £0.3F 64 25.4+ 0.3k
Male 71 5.1+0.3¢ 54 17.3+0.38 63 28.6 £0.3'

Twin Female 56 3.6+0.3° 44 11.8+0.4¢ 44 20.7 +0.4"

Male 53 4.0+0.2® 56 12.7 £0.3% 56 22.5+0.3

abedel means with different superscripts are significantly different P<0.05 within Dam breed, birth rank, sex of lamb and across

time.

Table 4 Live weight gain (g/day; mean + SEM) of male and female and single and twin % Wiltshire % Romney or Romney

lambs at birth (L0), to weaning (L86).

Live weight gain (g/day)

Variable Sex n LO-L148
Sex Female 194 267 £ 42
Male 186 285+ 4
Breed * BR Rom single 93 312+ 5%
Rom twin 58 238+ 77
Wilt single 128 330 £4°
Wilt twin 100 225+ 52

n L48- L86 n L0 - L86
191 236 + 4° 191 250 + 42
185 264 + 4° 185 274 + 4

91 241 + 5 91 275 + 4

57 238+7 57 238 + 50
127 276+ 50 127 301 + 3¢
100 245+ 5 100 235 + 42

abedefmeans with different superscripts are significantly different P<0.05 within breed, sex and birth rank and across time.

Table 5 The number and percentage (in brackets) of single and twin % Wiltshire %4 Romney ewe lambs in each fleece
shedding score at day 126 with mean and 95% confidence interval.

Fleece shedding score

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 40  Mean
8 28 9 3 5 3 3 2 1

Single (129)  (452) (145  (4.8) (8.1) (4.8) (4.8) (3.2) (1.6) 0.8 (0.6- 1.0)
2 19 8 1 5 2 2 2 0

Twin (48)  (463)  (19.5)  (24)  (122)  (4.9) (4.9) @) (0)  1.1(0.8-1.4)

The live weights of lambs born to ewe lambs in the
current study did not differ except that % Wiltshire cross
single male lambs were heavier at mid-lactation and at
weaning compared to all other lambs. This difference in live
weight may be due to hybrid vigour in the Wiltshire cross
lambs. Few data have been published on the live weight of
Wiltshire-sired progeny born to ewe lambs. Sumner et al.
(2012) reported that Wiltshire lambs born to mixed-aged
ewes had a mean birth weight of 4.3 kg and at weaning
weight of 25.1 kg, which was within the same range for
Wiltshire cross progeny born to ewe lambs in the current
study. The live weights at weaning and live weight gains
from birth to weaning were similar to those obtained on the
same farm from lambs born to Romney ewe lamb dams in
a study reported by Pettigrew et al. (2021).

Lamb survival to weaning in the current study was
greater in the % Wiltshire lambs than the Romney lambs.
For 2 Wiltshire and Romney lambs born to mixed-aged
ewes in an earlier study there were no differences in the
survival rates to weaning (Corner-Thomas et al. 2021).
Lamb survival rates were greater than those reported by

Sumner et al. (2012) but were within the range reported
for studies involving Romney ewe lambs at Riverside farm
(Kenyon et al. 2011; Pettigrew et al. 2021). The survival
rates in the current study are also within the range of
several studies reported by Kenyon et al. 2014. Given this
is a relatively small data set care needs to be taken when
interpreting the apparent survival difference.

The ewe lamb fleece shedding score was recorded
when the lambs were on average 126 days of age. This
timing was aligned with the conclusions of O’Connell
et al. (2012) that fleece shedding was best observed in
Wiltshire lambs during January. Twin born lambs had
higher fleece shedding scores, although not significantly,
which was perhaps a reflection of too few twin lambs
being born to ewe lambs. This result is contradictory to
O’Connell et al. (2012) who observed that among Wiltshire
lambs, shedding scores were greater for singles than for
twin born lambs. Johnson et al. (2007) also showed that
heavier lambs had a higher shedding score, which is in
agreement with O’Connell et al. (2012) given singles are
often heavier than twins. Further observations are required
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once more ¥ Wiltshire lambs are born from this cohort as
the 2 Wiltshire ewes age. Only 40% of the first cross 2
Wiltshire ewe lambs showed any signs of shedding by late
January whilst in the present trial 90% of the % Wiltshire
ewe lambs exhibited some level of fleece shedding. This
supports the notion that as the proportion of Wiltshire genes
increases so too does the level of fleece shedding. These
results indicate there is considerable variation in shedding
ability in Wiltshire cross ewe lambs with some not able to
fully express their genetic potential to shed, although lamb
fleece shedding is heritable and is a prediction of adult
fleece shedding (O’Connell et al. 2012: Jurado et al. 2020).

Conclusion

The results of this study suggest that for the flock
investigated, there were no negative effects of introducing
Wiltshire rams to a mixed aged Romney ewe flock in
relation to first cross ewe performance to 15 months of
age and the performance of their % Wiltshire progeny to
weaning. Further studies will be conducted to determine
the variability as the grading up continues to a Wiltshire
fleece shedding flock.
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