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Abstract: Breeding hoggets (ewe lambs aged four to 16 months) at 8 to 9 months of age has a number
of potential benefits, including increased lamb production and profitability. However, the majority of
hoggets in New Zealand are not bred due to producer concerns regarding their variable reproductive
success and increased feed demand. Simulation modelling was used to quantify effects of hogget
breeding on sheep numbers, lamb production, sheep feed demand, and sheep enterprise cash
operating surplus (COS) compared with a flock not breeding hoggets. Hogget weaning rate (HWR)
was modelled at 0%, 60%, 80%, and 100% and combined with mature ewe flock weaning rates (FWR)
of 132% and 150%, while maintaining total annual sheep feed demand. For each FWR, increased HWR
reduced total sheep numbers, increased the proportion of sheep feed demand for lamb production,
increased total numbers of lambs weaned, and increased COS. Therefore, achieving even a relatively
low HWR of 60% can improve sheep enterprise profitability for a given FWR. However, COS was
lower with FWR = 132% and HWR = 100% than with FWR = 150% and HWR = 0%. The results
indicate farmers who do not currently breed their hoggets may wish to improve their FWR before
considering HWRs.

Keywords: flock dynamics; system dynamics; bio-economic; profit; sheep; New Zealand;
ewe lambs; profitability

1. Introduction

Hoggets (ewe lambs aged four to 16 months) have the potential to be successfully bred at 8
to 9 months of age and in New Zealand 32% of hoggets were presented for breeding in 2019 [1].
Stated production benefits from breeding hoggets include: (1) increased utilisation of pasture in spring,
(2) increased numbers of lambs weaned, (3) more lambs available for sale providing additional income,
(4) an additional selection tool for ewe replacements, (5) increased selection pressure for replacements
if replacements are selected from those born to hoggets, (6) reduced generation interval if replacements
are selected from those born to hoggets, and (7) reduced greenhouse gas emissions intensity on a
per kg of product basis [2-12]. However, as indicated by the majority of New Zealand sheep farmers
not breeding hoggets, there are producer concerns. These include: (1) variable hogget reproductive
success, (2) increased total farm feed demand unless changes are made to numbers of other stock
classes, (3) greater live weight targets at 8 to 9 months of age, (4) potential for negative consequences on
future live weight and productivity, (5) potential lighter live weights and poorer survival to weaning
of hogget progeny, (6) potential for increased expenses, and (7) the potential of increasing the mortality
rates of hoggets [3,7,8,10-14].
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Experimental data from New Zealand have indicated potential improvements to ewe lifetime
reproductive success by hoggets being bred at 8 to 9 months of age [11,12,15]. If a hogget is bred
successfully and rears her lamb(s) to weaning, modelling in Australia reported the potential to lift
overall farm profitability [16,17]. However, the potential economic impacts of breeding ewe lambs on
sheep and beef production systems under New Zealand conditions have not previously been analysed
and quantified, and earlier research may no longer be relevant due to changes in sheep production
levels. This knowledge would allow New Zealand farmers to make more informed decisions when
considering hogget breeding. Bio-economic modelling can include both the potential benefits of
hogget breeding, such as potential increases in income from additional weaned lambs, and potential
negative impacts, such as increased feed demand and expenses. The first objective of this study was
to use an established bio-economic system-dynamics model of a New Zealand sheep production
enterprise [18,19] to quantify the potential net economic benefit of breeding hoggets. It has previously
been established that improving the weaning rate of mature ewes can increase farm productivity and
profitability in Australia [16,17] and New Zealand [20]. The New Zealand national average industry
weaning rate was 132% in 2018 [21]. New Zealand farmers who do not breed their hoggets may wish
to consider if it would be more profitable to aim for a higher mature ewe weaning rate or to breed
hoggets. Furthermore, it is not known if the potential positive effects of hogget breeding are consistent
across differing mature ewe weaning rates. Therefore, the second objective of the current study was to
quantify the profitability of scenarios with combinations of varying hogget and mature weaning rates
with consistent total annual sheep feed demand between scenarios.

2. Materials and Methods

The farm system under consideration was a New Zealand East Coast North Island Hill Country
sheep and beef farm. Farm and ewe flock characteristics were based on average values from industry
survey data for East Coast North Island Hill Country farms in the 2017/18 production year [21].
This farm system had both sheep and beef production enterprises, where sheep accounted for 60% of
total feed consumed with the remainder mostly consumed by beef cattle [21]. The farm was 530 ha
with a self-replacing flock of 2066 mature Romney ewes lambing annually in spring and extensively
grazing pasture year-round. The sheep enterprise was the focus of this research, producing coarse wool
(fibre diameter > 30 um) and lambs for meat production, with the proportion of feed consumed by sheep
used to estimate operating expenses and farm area applicable to the sheep enterprise. Total annual feed
demand for sheep was maintained at 60% of total farm feed for all scenarios; therefore, it was assumed
the on-farm beef enterprise was not affected by the modelled changes in sheep breeding policies.

The bio-economic system dynamics model used in this study was constructed using STELLA
version 1.9.3 [22]. The model was the same as was previously used by [18,19] to quantify changes in the
production and profitability of New Zealand sheep farming enterprises with various system changes.
In the current research, component modules were flock dynamics for the self-replacing ewe flock
(including lamb production), wool production, fortnightly and annual sheep feed demand, and sheep
enterprise economics. More detail on the model’s workings and changes between differing scenarios is
given in the following subsections.

2.1. Flock Dynamics

A simplified diagram of the flock dynamics module is shown in Figure 1. Ewes in each age (;)
class (Y;) each year were the sum of ewes in the previous age class (Y;_1) less ewes leaving the flock
due to deaths (D;_1) and culling (C;_1) (Equation (1)). The ewe flock (F) was therefore the sum of ewes
in six age classes (Equation (2)). Flock replacement requirements (R) were the sum of all ewes leaving
the flock due to death and culling in order to maintain flock size (Equation (3)). Death rates of 5.2% for
Y5 1 4 ewes were assumed [21] which included missing ewes, with a flock replacement rate of 25%
assumed, which is typical of New Zealand sheep-breeding flocks [23]. All ewes in Y were culled after
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their lambs were weaned. A death rate of 2% was assumed for Y; ewes when not bred [21], which was
doubled to 4% for Y ewes that lambed [11].
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Figure 1. Simplified diagram of the flock dynamics module. Where numbers of Weaned lambs were a
product of the numbers of ewes in each age (;) class (Y;) of the flock, the relative reproductive success
(RR;) of ewes in each age class, and weaning rate (L;). Numbers of replacement ewe lambs entering
the self-replacing flock (R) were determined by numbers of ewes leaving the flock due to deaths and
culling (with no culling of Y; ewes assumed and all live Y; ewes entered the mature flock).

Numbers of lambs weaned (LW) were estimated from Equation (4) as a function of ewes of each
age class presented for breeding (Y;), L (weaning rate as lambs weaned per ewe presented for breeding),
and relative reproductive success for each ewe age class (RR;; RRp = 0.85, RR3 = 0.98, RR4 = 1.07,
RRs5 =1.12, and RRg4 = 1.09; as detailed in [18]). The flock weaning rate (FWR for Y, s ewes) was
modelled at two levels, firstly at 132% which was the average 2017/18 rate for the farm system under
study [21]. In order to investigate the value of breeding hoggets for farms with a more productive
flock, FWR was also modelled at 150%. This FWR of 150% was approximately the 90th percentile
of weaning rates achieved in 2017 by flocks on New Zealand North Island Hill Country farms [24].
Hogget weaning rate (HWR) was varied to RR; =0, 0.6, 0.8, or 1. Responses to a questionnaire sent to
New Zealand sheep farmers who bred Y; ewes in 2002 suggested an average HWR of 60%, with 21%
of the farmers achieving HWR of >80% and 6% achieving Y; weaning rates of >100% [25].
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6
LW = Z[Yi x L; X RR] (4)
i=1

2.2. Wool Production

The flock had an average mature ewe greasy fleece weight (W) of 5.2 kg [26]. All lambs on-farm in
January were assumed to be shorn along with the ewe flock, with total flock wool production estimated
according to mature fleece weight (W in kg), an adjustment parameter for fleece weight of lambs and
ewes in each age class (w;; wys = 0.50 (lambs), w; = 0.95, w, = 1.01, w3 = 1.08, wy = 1.05, ws = 1.01,
and wg = 0.97) [27-29], and numbers of sheep in each age class (Y;) in Equation (5).

WP

6
Y Yix (W xaw;)] 5)

i=0.5
2.3. Sheep Feed Demand

Total annual sheep feed demand was maintained at 60% of total farm feed supply for all scenarios
modelled, achieved through adjusting ewe flock size. Sheep feed demand was estimated in megajoules
of metabolisable energy (M] ME) and for daily maintenance energy (ME,;) was calculated from
Equation (6) [30].

0.75 5 p—0.03xi

ME,, = |0.28 x % x1.1 ©)
where LW = liveweight (kg), i = sheep age (years), and Q = pasture quality measured as M] ME/kg DM,
assumed to be 10 MJ ME/kg DM which is considered a medium quality of pasture on New Zealand
sheep and beef farms [31]. Mature ewe (Y3, ¢) average liveweight was 65 kg, losing 2 kg in spring
during lactation which was regained prior to autumn breeding. The liveweight of replacement
hoggets was assumed to average 80% of mature ewe liveweight when entering Y7 at twelve months
of age [32-35]. Liveweight values used to calculate maintenance demand for sheep younger than
Y, were averages for that class of animal. For example, single-born prime lambs from mature ewes
were weaned at 30 kg (Section 2.3 in manuscript) and sold for slaughter at a 44 kg liveweight; hence,
demand for maintenance between weaning and slaughter was based on an average liveweight of 37 kg.
Feed demand for liveweight gain was 55 M] ME required for each kg of liveweight gain, and 35 M] ME
were converted from each kg of liveweight loss [36].

Mature ewes began lambing September 1, the average date for East Coast flocks [37] and hoggets
began lambing a month later [8]. Feed demand for gestation (MEg) was estimated on a per foetus basis
for the entire gestation according to Equation (7) [36]. The average New Zealand lamb foetal loss rate
(from ultrasound pregnancy scanning to weaning) of 15% [38] was used for foetuses from mature ewes
alongside the FWR to estimate numbers of foetuses for gestation feed demand calculations. Therefore,
when FWR = 132%, estimated feed demand for gestation from Equation (7) was for 1.55 foetuses per
mature ewe. A lamb foetal loss rate of 25% was used in estimation of the gestation requirements of
lambs weaned from hoggets [32,34,35,39,40]. Therefore, when HWR = 100%, estimated feed demand
for gestation of foetuses from hoggets was for 1.33 foetuses per hogget. Feed demand for lactation
(ME}) was estimated per ewe for the entire lactation according to Equation (8) [36].

MEg =49xb+7 @)

and
ME; = Nx [51.4 X WW + 134.7 x o — 1808] (8)

where b is lamb birthweight (kg), N is the adjustment parameter for birth rank (N = 1 for single-born
lambs and N = 1.35 for multiples) [30], WW = lamb liveweight at weaning (kg), and o = lamb age
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at weaning in weeks. Lamb birth weights were 5.5 kg for single-born lambs from mature ewes and
4.5 kg for multiple-born lambs from mature ewes [15,32,33]. Lambs from hoggets weighed 4.5 kg and
3.9 kg for single— and multiple-born lambs at birth, respectively [32,34,39,40]. Lambs from mature
ewes were weaned at 12 weeks of age weighing 30 kg and 28 kg for single- and multiple-born lambs,
respectively [41,42]. Lambs from hoggets were weaned at 10 weeks of age weighing 23 kg and
17.4 kg for single- and multiple-born lambs, respectively [35,43,44]. Flock average greasy fleece weight
(5.2 kg) [26] was used to calculate flock daily wool growth (G) in g/sheep/day. Daily feed demand for
wool growth (ME,) was estimated using Equation (9) [30].

MEy, = 0.13x (G - 6) 9)

2.4. Lamb Sale Policies

Lambs from mature ewes were sold in three groups, with two groups sold prime (direct to
slaughter) and the third sold store (to another farmer to grow for slaughter). Prime lambs were
assumed to have an average carcass weight of 18 kg at sale [21] and carcass dressing rate of 41% [45].
The first group of prime lambs were sold in early February and the second group in mid-February
according to an estimated average post-weaning growth rate of 100 g/day [23,46,47]. Store lambs from
mature ewes were also sold mid-February with a liveweight of 30 kg, lighter than would typically
be sold prime [48]. Lambs from hoggets were assumed to all be sold store in mid-December, within
a fortnight of their weaning with an average liveweight of 24 kg, assumed to also have average
post-weaning growth rates of 100 g/day [23,46,47].

2.5. Economics

Annual sheep enterprise cash operating surplus (COS) was used as an indicator of changes
in profit and was estimated from gross sheep enterprise cash income (sheep and wool sales) and
sheep-related operating expenses. All economic values in this analysis were in New Zealand dollars
(NZD). Sheep enterprise COS was expressed on a per ha basis, with the COS therefore divided across
the sheep proportion of the 530 ha farm area [21]. As total annual sheep feed demand was maintained
at 60% of farm feed, the beef enterprise COS was assumed not to change between modelled scenarios.
Prices for cull ewes and all sold lambs were from 2017/18 values, shown in Table 1, which were
combined with numbers of sheep sold in the flock dynamics module to estimate total annual income
from sheep sales. Prices for store lambs and culled ewes were per head values from industry survey
data [21]. Prices for prime lambs were from weekly 2018 published schedule prices, a weighted average
price (per kg carcass weight) from lamb sales across the North Island [48]. A 2017/18 farmgate wool
price of NZD 2.15 per kg greasy wool [21] was combined with wool production in Equation (5) to
estimate income from wool sales.

Table 1. Prices for sold sheep in 2017/18, ewes of various age classes (Yi), and lambs sold either prime
(direct to slaughter) or store (to another farmer to grow for slaughter), with lambs from hoggets sold
store after their weaning.

Sheep Class Timing of Sale Value (NZD /Head) ! Price Data
Y3406 €EWeES 2 113.73
Y, ewes Early December 134.64 [21]
. Early February 107.44
Prime lambs Mid-February 107.10 [48]
Store lambs Mid-February 84.00
Lambs from hoggets Mid-December 67.00 [21,48]

! Prices per head for lamb sales were estimated from weekly schedule prices per kg of carcass weight and their
weight at sale. 2 The majority of ewes were culled in early December at weaning, with a small proportion culled in
June at pregnancy scanning.
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Animal health expenses were assumed to be NZD 6.00 per sheep stock unit and other operating
expenses were assumed to be NZD 47.80 per sheep stock unit [21]. Operating expenses were comprised
of variable costs and the enterprise share of fixed costs (including costs of repairs and maintenance,
vehicles, administration, ACC (Accident Compensation Corporation levy), and insurance) while
excluding drawings, tax, interest, depreciation, and rent [49]. Wintered sheep stock units included
ewes, rams, and replacement lambs. A stock unit is the equivalent of one 55 kg ewe weaning one 28 kg
lamb, equal to an annual feed consumption of 550 kg dry matter (DM) [50]. The stock unit value per
ewe and hogget varied according to their weaning rate and liveweight [51]. The ewe flock (Y7 9¢)
had shearing expenses per head of NZD 10.98 (consisting of expenses of NZD 4.89 for a full summer
shear, NZD 4.09 for a second winter shear, and NZD 2.00 for a full crutch of the belly and breech)
and lambs had shearing expenses of NZD 3.71 per head [52]. Breeding expenses for the mature flock
(Y2 4 6), including for ram purchases, were assumed to be included in the general operating expenses.
Expenses from purchases of rams for hogget breeding were calculated separately, with breeding
ratios of one pre-breeding teaser ram per 75 hoggets and one breeding ram per 50 hoggets [11,53,54].
Teaser rams are vasectomised rams exposed to hoggets prior to breeding to improve pregnancy
rates [11]. Rams were assumed to be purchased for NZD 800 per head, where the value of teaser rams
included their vasectomisation, and were assumed to each be used for three years so the expense per
ram was NZD 267 per year [52]. It was assumed purchases of additional rams and increased hogget
stock units (as hogget stock units increased with their weaning rates) were the only increased expenses
with hogget breeding.

3. Results and Discussion

The results are presented and discussed for modelled scenarios combining FWRs of either 132%
or 150%, with HWRs of 0%, 60%, 80%, or 100%. Total annual sheep feed demand was maintained at
60% of total farm feed for all scenarios.

3.1. Sheep Numbers

Feed demand on a per ewe basis was greater with FWR = 150% and HWR = 0% than
with FWR = 132% and HWR = 0%, due to additional feed demand for the gestation, lactation,
and post-weaning growth of additional lambs [36]. Therefore, to maintain the overall total annual
sheep feed demand with FWR increased to 150%, there were fewer ewes in the flock. For example,
with HWR = 0%, there were 2580 total Y7 4, 4 ewes with FWR = 132% and 2500 total Y7 4, 4 ewes with
FWR = 150% (Figure 2). Similarly, as the HWR increased there was increased per hogget feed demand
for the production of their lambs, so total ewe numbers were reduced by up to 115 ewes when HWR
increased from 0% to 100% (Figure 2).
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Figure 2. Numbers of ewes in the ewe flock that are mature ewes (aged two to six years) and hoggets,
with varying hogget weaning rates and with mature ewe weaning rates of (a) 132% and (b) 150%.

3.2. Lamb Production

Hogget breeding always increased total flock numbers of lambs weaned (Figure 3) despite
reductions in total ewe numbers (Figure 2). In the scenario with FWR = 132% and HWR = 100%,
524 more lambs were weaned than with FWR = 132% and HWR = 0% (Figure 3). With HWR of 100%
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the proportion of total weaned lambs that were weaned from hoggets was 21% and 19% with FWRs of
132% and 150%, respectively. In the scenario with FWR = 132% and HWR = 60% 2834 lambs were
weaned in total, only slightly higher than the 2780 total lambs weaned by the flock with FWR = 150%
and HWR = 0%.
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Figure 3. Numbers of lambs weaned from mature ewes (from ewes aged two to six years) and hoggets,
with varying hogget weaning rates and with mature ewe weaning rates of (a) 132% and (b) 150%.
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3.3. Sheep Feed Demand

Figure 4 shows total annual sheep feed demand, irrespective of scenario, was maintained to
approximately 19 million MJ ME. This was achieved through reductions in total ewe numbers as the
HWR increased from 0% to 100%. Therefore, the proportion of the total sheep feed demand accounted
for by mature (Y5 ¢, ) ewes (mostly for their maintenance) decreased from 49% to 46%. The proportion
of sheep feed demand accounted for by post-weaning growth of lambs destined for sale displayed only
small increases (up to approximately 70,000 M] ME), as lambs from hoggets were sold store soon after
weaning, rather than being grown to heavier sale weights. Feed demand for the gestation and lactation
of lambs from hoggets was relatively low compared to lambs from mature ewes due to differences in
birth and weaning weights and the weaning age of their lambs [36]. Therefore, with FWR = 132% and
HWR = 100%, the overall proportion of sheep feed demand for reproduction (gestation and lactation)
was 24% (approximately 4.87 million MJ ME), only 1% higher than with FWR = 132% and HWR = 0%
(25% and approximately 4.57 million MJ] ME). Ram feed demand doubled from approximately 90,000 M]
ME with HWR = 0% to approximately 180,000 MJ ME with hogget breeding, as ram numbers increased
from 19 to 41. With FWR = 150% and HWR = 0% there were fewer ewes, a lower proportion of
sheep feed demand for mature ewe maintenance (48%), and a higher proportion of feed demand for
reproduction (gestation and lactation; 25%). With FWR = 132%and HWR = 0%, the proportions of feed
demand for mature ewes and reproduction were 49% and 24%, respectively.
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Figure 4. Cont.



Agriculture 2020, 10, 566 10 of 15

b 20
E [ | e—] | — | —
eT0]
=
o 15
=
w
=
s 10
c
.0
£ s
©
c
©
€
20
3 0 60 80 100
L

Hogget weaning rate (%)

0O Mature ewes [OHoggets MRepro MSoldlambs B Rams

Figure 4. Total annual feed demand for mature ewes (aged two to six years), hoggets, reproduction
(gestation and lactation for lamb production), sold lambs, and rams, with varying hogget weaning
rates and with mature ewe weaning rates of (a) 132% and (b) 150%.

Scenarios with higher HWR weaned more total flock lambs while maintaining the same total sheep
feed demand (Figures 3 and 4). With FWR = 132% and HWR = 0%, 130 lambs were weaned per million
M]J ME of sheep feed demand, and with FWR = 132% and HWR = 100%, 158 lambs were weaned per
million M] ME of sheep feed demand. This indicated that hogget breeding improves the efficiency of
feed use for lamb production, supporting the findings of [9]. There was an increased proportion of
total feed demand for reproduction and growth of lambs destined for sale, rather than for maintenance
of the mature ewe flock. Similarly, with FWR = 132% and HWR = 0%, there were 130 lambs weaned
per million M] ME of sheep feed demand. However, with FWR = 150% and HWR = 0%, 145 lambs
were weaned per million M] ME of sheep feed demand (Figures 3 and 4). Greenhouse gas emissions
intensity (kg carbon dioxide equivalent emitted per unit of product) is reduced in animal production
systems when a higher proportion of feed is used for production rather than maintenance [9]. This has
been identified as occurring with changes in age at first lambing and higher weaning rates [9,55].
Therefore, hogget breeding is a potential option to improve the efficiency of, and reduce the greenhouse
gas emissions intensity of, lamb production.

Though not presented, in the current analysis, hogget breeding increased fortnightly sheep feed
demand during late gestation and lactation (in spring), and decreased sheep feed demand during late
summer, autumn, and winter. These changes in the sheep feed demand profile were relatively small.
Increasing the FWR from 132% to 150% also increased sheep feed demand in spring for reproduction.
The fortnightly feed demand results support previous findings that breeding hoggets and improving
flock weaning rates can improve the utilisation rates of spring pasture [11].

3.4. Economics

As HWR increased, income from wool sales decreased alongside decreasing ewe numbers, from a
base level of 13% of total sheep enterprise income to 11% (Figure 5). With FWR = 132% and HWR = 0%,
income from sheep sales was NZD 193,395, of which the majority was derived from lamb sales.
Sheep sale income increased by NZD 18,064 with FWR = 132% and HWR = 60% and by NZD 31,357
with FWR = 132% and HWR = 100% (Figure 5a). Sheep enterprise expenses increased with increasing
HWR due to purchases of additional rams, costing NZD 5867 annually, and increased hogget stock
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units. These increases, as a proportion of total expenses, were relatively small. For example, with
FWR = 132% and HWR = 0% sheep enterprise expenses were NZD 193,395, and sheep enterprise
expenses increased to NZD 204,952 with FWR = 132% and HWR = 100%, an increase of 6%.
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Figure 5. Sheep enterprise income from sheep and wool sales and sheep enterprise cash operating
surplus (COS) with varying hogget weaning rates and with mature ewe weaning rates of (a) 132% and

(b) 150%.



Agriculture 2020, 10, 566 12 of 15

Given the relatively larger increases in income compared with increases in expenses, it was
expected that COS would increase with increasing HWR. With FWR = 132% and HWR = 0% sheep
enterprise COS was NZD 314/ha (Figure 5a). With FWR = 132% and HWR = 60% COS increased
8% to NZD 338/ha, and with FWR = 132% and HWR = 100% = COS increased 17% to NZD 369/ha.
When a higher mature ewe flock reproductive performance was achieved a similar trend occurred.
For example, with FWR = 150% and HWR = 0% sheep enterprise COS was NZD 397/ha and this
COS increased with FWR = 150% and HWR = 100% to NZD 449/ha, an increase of 13% (Figure 5b).
Ref. [56] used bio-economic modelling to identify the economic benefit of hoggets in New Zealand
achieving puberty in their first year of life and their increased subsequent reproductive success.
The analysis did not include hogget breeding; however, increases in feed demand associated with
hoggets achieving puberty in their first year of life were modelled and mitigated some of the economic
benefit. Similarly, the current analysis included the effect of increased feed demand when breeding
hoggets on other stock classes, as ewe numbers decreased. Both studies found improving hogget
reproductive success (either achieving puberty or being bred) was economically beneficial despite
associated increases in their feed demand and is therefore a profitable option for farmers to consider.

With HWR = 0%, sheep enterprise COS was NZD 314/ha with FWR = 132% and increased to
NZD 397/ha with FWR = 150% (Figure 5). These results support previous research findings that
improved FWR increases sheep farm profitability in pastoral systems in New Zealand [20], Ireland [57],
and Australia [17]. The average New Zealand FWR was 102% in 1990 and increased to 133% in
2019 [26]. These improvements in FWR were achieved through selection and changes in management
practices such as pregnancy scanning, body condition assessment, preferential feeding of pregnant
ewes bearing multiple lambs, and whole flock health plans [41,58].

Although sheep enterprise COS always increased with additional income from breeding hoggets,
COS was lower with FWR = 132% and HWR = 100% compared with the scenario with FWR = 150% and
HWR = 0% (Figure 5). This was due to a relatively greater difference in expenses (NZD 13,425 greater for
the scenario with FWR = 132% and HWR = 100%) than income between the scenarios (NZD 5797 greater
for the scenario with FWR = 132% and HWR = 100%). Previous bio-economic modelling of Australian
sheep production systems suggested breeding replacement ewe lambs (hoggets) to lamb at one year of
age could potentially lift profit by up to AUD 100/ha (Australian dollars) with HWRs of >83% [16].
However, the same study identified breeding hoggets to be a ‘second-order’ critical control point, less
important than lamb sale policies and optimising pasture utilisation, and not economically beneficial
for all types of sheep production systems. In a later analysis using the same model, improving
hogget reproductive success was again suggested as a secondary priority for increasing Australian
sheep industry revenue, less important than improving the survival of twin-born lambs from mature
ewes [17]. The findings of [16,17] support those of the current analysis where improving FWR from
132% to 150%, with no hoggets bred, achieved greater increases in sheep enterprise COS than scenarios
breeding hoggets (Figure 5). This suggests that lifting FWR to 150% from the industry average of 132%
should receive relatively more attention from sheep producers and may be a more valuable use of
feed for farmers considering breeding their hoggets. Furthermore, improving FWR would likely be
easier than improving HWR due to the low and variable reproductive success reported for hoggets
and potential long-term negative consequences in New Zealand conditions [11,59].

Continued improvements in FWR have occurred in New Zealand flocks [26] alongside increased
hogget breeding. In 1990 only 16% of 8 to 9 months old hoggets were presented for breeding,
this increased to 30% in 2010 and to 32% by 2018, with HWR (of hoggets presented for breeding)
increasing from an average of 40% in 2010 to 60% in 2018 [1]. Industry production data from
New Zealand East Coast North Island Hill Country report that, on average, 7% of weaned lambs
were from hoggets in the 2017/18 production year [21]; however, those data include farms that do not
breed hoggets. In the current analysis with FWR = 132% and HWR = 60%, current average industry
weaning rates [21,25], 14% of total weaned lambs were weaned from hoggets (Figure 3). Therefore,
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the assumptions of HWRs and FWRs included in the current analysis were representative of those
currently achieved in New Zealand sheep production systems.

4. Conclusions

Hogget breeding in all scenarios increased expenses but there was a relatively greater increase in
income from sales of their lambs. Hogget breeding always increased sheep enterprise COS (sheep
enterprise cash operating surplus) with the modelled HWRs (hogget weaning rate) of 60% and higher
compared with a flock not breeding hoggets. Therefore, hogget breeding increased profit even with
a relatively low HWR for a given FWR. These increases in COS were achieved while maintaining a
constant total annual sheep feed demand. However, COS was higher with FWR (ewe flock weaning
rate) = 150% and HWR = 0% than with FWR = 132% and HWR = 100%. The results indicate farmers
who do not currently breed their hoggets may wish to improve their FWR before considering HWRs.

Author Contributions: L.J.F. altered the model, ran the modelled scenarios, and wrote the original draft. S.T.M.
and PR.K. conceived the study, were consulted on scenarios and results, and edited the drafts. PR.T. was consulted
on scenarios and results and edited the drafts. All authors have read and agreed to the submitted version of
the manuscript.

Funding: This research was funded by Massey University.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Infoshare. Available online: http://archive.stats.govt.nz/infoshare/ViewTable.aspx?pxID=34b8f66b-8801-
418e-8ef3-994664909ff0 (accessed on 22 September 2020).

2. Dyrmundsson, O.R. Puberty and early reproduction performance in sheep. I. Ewe lambs. Anim. Breed. Abstr.
1973, 41, 273-289.

3. Tyrrell, R.N. Some effects of pregnancy in eight-month old Merino ewes. Aust. J. Exp. Agric. Anim. Husb.
1976, 16, 458-461. [CrossRef]

4. Baker, RL.; Steine, FA.; Vabenoe, A.W.; Bekken, A.; Gjedrem, T. Effect of mating ewe lambs on lifetime
performance. Acta Agric. Scand. 1978, 28, 203-217. [CrossRef]

5. McCall, D.G,; Hight, G.K. Environmental influences on hogget lambing performance and the relationship
between hogget and two-tooth lambing performance. N. Z. |. Agric. Res. 1981, 24, 145-152. [CrossRef]

6. Hight, G.K. Improving the efficiency of breeding schemes. In Sheep Production, Volume 1—Breeding
and Reproduction; Wickham, G.A., McDonald, M.E, Eds.; Ray Richards: Auckland, New Zealand, 1982;
pp. 169-198.

7. Gavigan, R,; Rattray, P.V. 100 more—a Guide to Hogget Mating; Meat and Wool Innovation: Wellington,
New Zealand, 2002.

8.  Kenyon, P; Morris, S.; Perkins, N.; West, D. Hogget Mating in New Zealand-a Survey; New Zealand Society of
Animal Production: Hamilton, New Zealand, 2004; Volume 64, pp. 217-222.

9. Hegarty, R.S.; Alcock, D.; Robinson, D.L.; Goopy, J.P,; Vercoe, P.E. Nutritional and flock management options
to reduce methane output and methane per unit product from sheep enterprises. Anim. Prod. Sci. 2020, 50,
1026-1033. [CrossRef]

10. Kenyon, PR. Hogget Performance—Unlocking the Potential; Beef + Lamb New Zealand: Wellington,
New Zealand, 2012; pp. 1-50.

11.  Kenyon, P; Thompson, A.; Morris, S. Breeding ewe lambs successfully to improve lifetime performance.
Small Rumin. Res. 2014, 118, 2-15. [CrossRef]

12. Thomson, B.C.; Smith, N.B.; Muir, P.D. Effect of birth rank and age at first lambing on lifetime performance
and ewe efficiency. N. Z. ]. Agric. Res. 2020. [CrossRef]

13. McMillan, W.H.; McDonald, M.E. Reproduction in ewe lambs and its effects on two-year old performance.
N. Z.]. Agric. Res. 1983, 26, 437—-442. [CrossRef]

14. Johnston,].B.; Morris, S.T.; Purchas, R W.; McCutcheon, S.N.; Parker, W.J. A Comparison of Unbred and Once-bred
Lamb Production; New Zealand Society of Animal Production: Napier, New Zealand, 1996; Volume 56,
pp- 307-309.


http://archive.stats.govt.nz/infoshare/ViewTable.aspx?pxID=34b8f66b-8801-418e-8ef3-994664909ff0
http://archive.stats.govt.nz/infoshare/ViewTable.aspx?pxID=34b8f66b-8801-418e-8ef3-994664909ff0
http://dx.doi.org/10.1071/EA9760458
http://dx.doi.org/10.1080/00015127809435172
http://dx.doi.org/10.1080/00288233.1981.10420882
http://dx.doi.org/10.1071/AN10104
http://dx.doi.org/10.1016/j.smallrumres.2013.12.022
http://dx.doi.org/10.1080/00288233.2020.1745853
http://dx.doi.org/10.1080/00288233.1983.10427018

Agriculture 2020, 10, 566 14 of 15

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Kenyon, PR; van der Linden, D.S.; West, D.M.; Morris, S.T. The effect of breeding hoggets on lifetime
performance. N. Z. J. Agric. Res. 2011, 54, 321-330. [CrossRef]

Young, ].M.; Thompson, A.N.; Kennedy, A.J. Bioeconomic modelling to identify the relative importance of a
range of critical control points for prime lamb production systems in south-west Victoria. Anim. Prod. Sci.
2010, 50, 748-756. [CrossRef]

Young, J.; Trompf, J.; Thompson, A. The critical control points for increasing reproductive performance can
be used to inform research priorities. Anim. Prod. Sci. 2014, 54, 645-655. [CrossRef]

Farrell, L.]J.; Tozer, PR.; Kenyon, P.R.; Ramilan, T.; Cranston, L.M. The effect of ewe wastage in New Zealand
sheep and beef farms on flock productivity and farm profitability. Agric. Syst. 2019, 174, 125-132. [CrossRef]
Farrell, L.J.; Tozer, PR.; Kenyon, P.R.; Cranston, L.M.; Ramilan, T. Producing higher value wool through a
transition from Romney to Merino crossbred i: Flock dynamics, feed demand, and production of lambs and
wool. Small Rumin. Res. 2020, 192, 106212. [CrossRef]

Morel, P; Kenyon, P. Sensitivity Analysis of Weaner Lamb Production in New Zealand; New Zealand Society of
Animal Production: Napier, New Zealand, 2006; Volume 66, pp. 382-385.

Benchmark Your Farm. Available online: https://beeflambnz.com/data-tools/benchmark-your-farm (accessed
on 5 February 2020).

STELLA Architect. Available online: https://www.iseesystems.com/store/products/stella-architect.aspx
(accessed on 14 September 2020).

Cranston, L.; Ridler, A.; Greer, A.; Kenyon, P. Sheep Production. In Livestock Production in New Zealand;
Stafford, K., Ed.; Massey University Press: Auckland, New Zealand, 2017; pp. 84-122.

Lambing Calculator. Available online: https://beeflambnz.com/data-tools/lambing-calculator (accessed on
14 September 2020).

Kenyon, P; Pinchbeck, G.; Perkins, N.; Morris, S.; West, D. Identifying factors which maximise the lambing
performance of hoggets: A cross sectional study. N. Z. Vet. |. 2004, 52, 371-377. [CrossRef] [PubMed]
Farm Facts. Available online: http://www.beeflambnz.com/sites/default/files/data/files/nz-farm-facts-
compendium-2017.pdf (accessed on 5 February 2020).

Brown, G.; Turner, H.; Young, S.; Dolling, C. 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. Aust. J. Agric. Res. 1966, 17, 557-581. [CrossRef]

McLaughlin, J. Management of weaner sheep in western Victoria. 2. The effects of supplements of oat grain
or pasture hay or the periodic grazing of a green fodder crop upon current and subsequent production.
Aust. J. Exp. Agric. 1973, 13, 637-642. [CrossRef]

Rose, M. The effects of age, year and lambing performance on greasy wool production in Merino ewes in
North-West Queensland. Aust. Soc. Anim. Prod. 1975, 10, 367-371.

CSIRO. Nutrient Requirements of Domesticated Ruminants; CSIRO Publishing: Collingwood, Australia, 2007.
Waghorn, G.C.; Burke, ].L.; Kolver, E.S. Principles of Feeding Value. In Pasture and Supplements for Grazing
Animals; Rattray, P.V., Brookes, LM., Nicol, A.M., Eds.; New Zealand Society of Animal Production Occasional
Publication: Hamilton, New Zealand, 2007.

Corner, R.; Mulvaney, F.; Morris, S.; West, D.; Morel, P.; Kenyon, P. A comparison of the reproductive
performance of ewe lambs and mature ewes. Small Rumin. Res. 2013, 114, 126-133. [CrossRef]

Thomson, B.; Muir, P.; Smith, N. Litter Size, Lamb Survival, Birth and Twelve Week Weight in Lambs Born
to Cross-bred Ewes; New Zealand Grassland Association: Ashburton, New Zealand, 2004; Volume 66,
pp. 233-237.

Pettigrew, E.; Hickson, R.; Blair, H.; Griffiths, K.; Ridler, A.; Morris, S.; Kenyon, P. Differences in birth weight
and neonatal survival rate of lambs born to ewe hoggets or mature ewes. N. Z. . Anim. Sci. Prod. 2018, 78,
16-20.

Pettigrew, E.; Hickson, R.; Blair, H.; Griffiths, K.; Ridler, A.; Morris, S.; Kenyon, P. Differences in lamb
production between ewe lambs and mature ewes. N. Z. J. Agric. Res. 2020. [CrossRef]

Nicol, A.M.; Brookes, .M. The Metabolisable Energy Requirements of Grazing Livestock. In Pasture and
Supplements for Grazing Animals; Rattray, P.V., Brookes, .M., Nicol, A.M., Eds.; New Zealand Society of
Animal Production Occasional Publication: Hamilton, New Zealand, 2007; pp. 151-172.

Lamb Crop 2019. Available online: https://beeflambnz.com/sites/default/files/data/files/P19030%20Lamb%
20Crop%20Report%202019.pdf (accessed on 12 August 2020).


http://dx.doi.org/10.1080/00288233.2011.611148
http://dx.doi.org/10.1071/AN09103
http://dx.doi.org/10.1071/AN13269
http://dx.doi.org/10.1016/j.agsy.2019.04.013
http://dx.doi.org/10.1016/j.smallrumres.2020.106212
https://beeflambnz.com/data-tools/benchmark-your-farm
https://www.iseesystems.com/store/products/stella-architect.aspx
https://beeflambnz.com/data-tools/lambing-calculator
http://dx.doi.org/10.1080/00480169.2004.36454
http://www.ncbi.nlm.nih.gov/pubmed/15768138
http://www.beeflambnz.com/sites/default/files/data/files/nz-farm-facts-compendium-2017.pdf
http://www.beeflambnz.com/sites/default/files/data/files/nz-farm-facts-compendium-2017.pdf
http://dx.doi.org/10.1071/AR9660557
http://dx.doi.org/10.1071/EA9730637
http://dx.doi.org/10.1016/j.smallrumres.2013.05.018
http://dx.doi.org/10.1080/00288233.2020.1713177
https://beeflambnz.com/sites/default/files/data/files/P19030%20Lamb%20Crop%20Report%202019.pdf
https://beeflambnz.com/sites/default/files/data/files/P19030%20Lamb%20Crop%20Report%202019.pdf

Agriculture 2020, 10, 566 15 of 15

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

56.

57.

58.

59.

Kelly, R.W. Components of reproductive wastage in sheep. Soc. Sheep Beef Cattle Vet. N. Z. Vet. Assoc. 1980,
10, 78-93.

Mulvaney, E; Morris, S.; Kenyon, P.; West, D.; Morel, P. Effect of liveweight at the start of the breeding period
and liveweight gain during the breeding period and pregnancy on reproductive performance of hoggets and
the liveweight of their lambs. N. Z. . Agric. Res. 2010, 53, 355-364. [CrossRef]

Schreurs, N.; Kenyon, P.; Morris, S.; Morel, P. Effect of Birth Weight on Survival of Lambs Born to Ewe Lambs;
New Zealand Society of Animal Production: Palmerston North, New Zealand, 2010; Volume 70, pp. 101-103.
Morris, S.; Kenyon, P. Intensive sheep and beef production from pasture—A New Zealand perspective of
concerns, opportunities and challenges. Meat Sci. 2014, 98, 330-335. [CrossRef] [PubMed]

Thompson, B.R.; Stevens, D.R.; Scobie, D.R.; O’Connell, D. The Impact of Lamb Growth Rate Pre- and Post-weaning
on Farm Profitability in Three Geoclimatic Regions; New Zealand Society of Animal Production: Adelaide,
Australia, 2016; Volume 76, pp. 132-136.

Mulvaney, E; Morris, S.; Kenyon, P.; West, D.; Morel, P. The Effect of Weaning at 10 or 14 Weeks of Age on
Liveweight Changes in the Hogget and Her Lambs; New Zealand Society of Animal Production: Christchurch,
New Zealand, 2009; Volume 69, pp. 68-70.

Mulvaney, FJ. Investigating Methods to Improve the Reproductive Performance of Hoggets. Ph.D. Thesis,
Massey University, Palmerston North, New Zealand, 2011.

Litherland, A.; Dynes, R.; Moss, R. Factors Affecting Dressing-out Percentage of Lambs; New Zealand Society of
Animal Production: Invercargill, New Zealand, 2010; Volume 70, pp. 121-126.

Somasiri, 5.C.; Kenyon, PR.; Kemp, P.D.; Morel, P.C.; Morris, S.T. Herb and clover mixes increase average daily
gain (ADG) of finishing lambs in different seasons, Sydney, Australia, 15-19 September 2013; pp. 575-576.
Kemp, P.D.; Kenyon, PR.; Morris, S.T. The use of legume and herb forage species to create high performance
pastures for sheep and cattle grazing systems. Rev. Bras. Zootec. 2010, 39, 169-174. [CrossRef]

Inventas Media. AgBrief; Inventas Media: Wellington, New Zealand, 2018.

Shadbolt, N.; Martin, S. Farm Management in New Zealand; Oxford University Press: Melbourne, Australia, 2005.
Trafford, G.; Trafford, S. Farm Technical Manual; Lincoln University: Christchurch, New Zealand, 2011.
Parker, W.]J. Standardisation between Livestock Classes: The Use and Misuse of the Stock Unit System; New Zealand
Grassland Association: Nelson, New Zealand, 1998; pp. 243-248.

Askin, D.; Askin, V. Financial Budget Manual, 40th ed.; Lincoln University: Christchurch, New Zealand, 2018.
Kenyon, P; Morel, P.; Morris, S.; Burnham, D.; West, D. Effect of the ratio of teaser rams used prior to breeding
on the reproductive performance of ewe hoggets. N. Z. Vet. ]. 2007, 55, 342-345. [CrossRef]

Kenyon, P.,; Morris, S.; West, D. Proportion of rams and the condition of ewe lambs at joining influences their
breeding performance. Anim. Prod. Sci. 2010, 50, 454—459. [CrossRef]

Waghorn, G.C. Can Livestock Production Be Increased without Increasing Greenhouse Gas Emissions? New Zealand
Society of Animal Production: Invercargill, New Zealand, 2011; Volume 71, pp. 156-162.

Wall, A.; Juengel, J.; Edwards, S.; Rendel, J. The economic value of replacement breeding ewes attaining
puberty within their first year of life on New Zealand sheep farms. Agric. Syst. 2018, 164, 38—46. [CrossRef]
Bohan, A.; Shalloo, L.; Creighton, P.; Earle, E.; Boland, T.M.; McHugh, N. Investigating the role of stocking
rate and prolificacy potential on profitability of grass based sheep production systems. Livest. Sci. 2018, 210,
118-124. [CrossRef]

MacKay, A.; Rhodes, A.; Power, I.; Wedderburn, M. Has the Eco-efficiency of Sheep and Beef Farms Changed in the
last 20 Years; New Zealand Grassland Association: Gore, New Zealand, 2012; Volume 74, pp. 11-16.
Edwards, S.J.; Juengel, J.L. Limits on hogget lambing: The fertility of the young ewe. N. Z. ]. Agric. Res. 2017,
60, 1-22. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1080/00288233.2010.504527
http://dx.doi.org/10.1016/j.meatsci.2014.06.011
http://www.ncbi.nlm.nih.gov/pubmed/24998778
http://dx.doi.org/10.1590/S1516-35982010001300019
http://dx.doi.org/10.1080/00480169.2007.36791
http://dx.doi.org/10.1071/AN09178
http://dx.doi.org/10.1016/j.agsy.2018.03.007
http://dx.doi.org/10.1016/j.livsci.2018.02.009
http://dx.doi.org/10.1080/00288233.2016.1253592
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Flock Dynamics 
	Wool Production 
	Sheep Feed Demand 
	Lamb Sale Policies 
	Economics 

	Results and Discussion 
	Sheep Numbers 
	Lamb Production 
	Sheep Feed Demand 
	Economics 

	Conclusions 
	References

