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Abstract
Like all farming systems, sheep operations face increasing economic, environmental, cultural, and social challenges, including 
climate change and consumer expectations about their food.  Genetic improvement has the potential to help with these challenges. 
This review explores the importance of genetic improvement on welfare and disease traits in meeting these challenges. For all 
wool breeds, there is a need for traits such as being polled, having a short tail and having a bare breech and a bare belly to ensure 
an ethical outcome. Sheep that either seasonally lose their fleece, or do not grow wool, represent an opportunity. Predicted climate 
change poses significant animal-health challenges, including the internal parasite Haemonchus contortus, facial eczema, flystrike 
and pneumonia, that are likely to encroach on a wider geographic range. Given consumer expectations around reduced chemical 
inputs and improved animal welfare, genetic improvement will play a critical role in developing sheep that are more tolerant to 
such health challenges. While several key physical characteristics required for the future exist in minor breeds currently in New 
Zealand, their performance under a range of New Zealand commercial farming conditions has not been evaluated. Some overseas 
breeds, such as Katahdin and Barbados Blackbelly, may offer opportunities. Consideration needs to be given to the use of novel 
gene pools both within and outside the New Zealand sheep industry for it to be able to meet future challenges. To achieve this end, 
more information is needed about the overall merit of these novel breeds, to be able to identify the best strategy to take towards 
breeding sheep that address the future needs of the New Zealand sheep industry.
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Introduction
Sheep farming is a significant contributor to New 

Zealand's economy, via employment throughout the value 
chain, and national and international revenue from product 
sales. However, like all farming systems, sheep operations 
face an increasing number of economic, environmental, 
cultural and social challenges. These include competition 
from alternative land uses (Journeaux et al. 2017), the 
impact of climate change on production systems (McRae 
et al. 2018b), consumer expectations about their food and 
food-production systems (Montossi et al. 2013), increasing 
concerns about the environmental impact of farming 
(Nielsen Company 2019), and competition from synthetic 
products (Antedote Group 2018). 

Sheep are a domesticated, small ruminant (Ovis 
aries) that originated in the Middle East and Asia. With 
domestication, man has created a range of phenotypes 
associated with their requirements in a wide range of 
environments. This has resulted in the development of 
a range of breeds with variations in their genotype and 
associated phenotypic expression for a wide range of 
traits. While these different genotypes can interbreed, 
the phenotypic ranges within many genotypes do not 
overlap, thereby creating a wide variation in phenotypic 
characteristics within the O. aries species (Cottle 2010).   

Production, health, and welfare of animals are 
influenced by a combination of genotype, environment 
and management. Ensuring that appropriate genotypes are 
utilised forms the basis of the sheep industry’s ability to 
remain profitable whilst fulfilling consumer expectations. 

The appropriate genotypes may not necessarily be those 
that predominate today. This paper provides a historical 
perspective on New Zealand sheep genotypes, then 
discusses what changes the industry needs to make for the 
future. 

Current Situation
Genetic diversity of the New Zealand sheep flock

As with all New Zealand’s farmed livestock species, 
sheep are the result of the importation of exotic breeds. 
The foundations of the New Zealand sheep flock were 
imported from Australia and the United Kingdom in the 
early to mid-1800s. Initially, the Merino was the favoured 
breed because of its fine wool. When the ability to export 
meat was established in 1882, dual-purpose sheep, 
capable of producing both a saleable carcass and wool 
suitable for manufacturing, became increasingly popular. 
Through the early to mid-1900s new breeds were imported, 
predominantly from the United Kingdom. New breeds 
were also developed within New Zealand, with aspects of 
different introduced breeds integrated to produce animals 
better suited to the environment while growing products 
suited for export. The three examples that continue to be 
farmed today are the Corriedale (Lincoln or Leicester x 
Merino), Perendale (Cheviot x Romney) and Coopworth 
(Border Leicester x Romney). 

Attempts to import genetically diverse breeds from 
Europe included the introduction of the Texel, Finnish 
Landrace, Gotland Pelt, Oxford Down and White-headed 
Marsh in the late 1980s. In the early 1990s Awassi, Karakul 
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and East Friesian were also imported. Since 2016, despite 
revised biosecurity measures, an increasing number of 
genetically diverse animals have been imported, some for 
milk production (for example the Lacaune), others for their 
shedding attributes (for example the UltraWhite, EasyCare, 
Exlana) and others for their meat attributes (for example 
Australian White, Lambpro).

Within New Zealand, there has been the use of 
imported breeds alongside traditional Romney, Perendale 
and Coopworth breeds in composite maternal breeding 
programmes, particularly following the introduction of the 
Texel and Finnish Landrace. This ranges from introgression, 
with the Texel muscling gene now present in many other 
breeds in which the mutation was not historically found, 
through to the establishment of stabilised composites, 
such as the TEFRom (comprises Romney, Texel and East 
Friesian genotypes), Highlander (comprises Romney, 
Finn and Texel genotypes) and Kelso Maternal (contains 
Romney, Coopworth, Finn, Texel and East Friesian 
genotypes). There has also been a rise in the number of 
terminal (meat- production) composites.

The New Zealand sheep population peaked at 70 
million sheep wintered in 1982, but has progressively 
declined to 26.2 million sheep wintered in 2020. Romney, 
or Romney-type sheep, as defined by the person completing 
the census document, remains the predominant breed, 
accounting for approximately 50% of the New Zealand 
breeding ewe population, but with “composite” being 
the second most populous ewe breed now, ahead of the 
Perendale and Coopworth (Beef + Lamb New Zealand 
Economic Service 2020).

Products derived from sheep
When the New Zealand sheep industry was established, 

the major product was wool, which could be shipped to 
the United Kingdom, plus meat for local consumption. As 
relative product values and new markets have emerged an 
increased range of products has been produced. 

Meat. New Zealand currently has diverse international 
markets for sheep-meat products, with key markets in 
North Asia, the European Union and North America. The 
amount of sheep-meat, consisting of lamb (young sheep 
aged under one year of age) and mutton (sheep aged over 
one year of age) produced by New Zealand farmers, has 
remained relatively stable over the last twenty years despite 
the size of the national ewe flock halving during that time 
(Beef + Lamb New Zealand Economic Service 2020).

Pelts. Sheep skin or ‘pelts’ have been harvested as a 
by-product since the carcass industry began.  Sheep skin 
can be used for two major products when they are tanned 
with the wool remaining on them or the wool removed 
and tanned as a leather (Scobie 2010). Pelts can quickly 
deteriorate unless they are cooled and processed soon 
after removal from the animal. However, once they are 
part processed or “pickled” they can be stored for some 
time.  Stockpiling of pickled pelts can affect demand and 
supply relationships, but demand has been depressed by 

“faux furs” and synthetic alternatives which are cheaper 
and more uniform in much the same way as alternatives 
for yarns.  Currently pelts are considered a by-product and 
farmers do not receive a nominated return reflecting their 
quality.

Wool. The New Zealand wool clip is broadly divided 
into three classes, coarse (>32.5 µm), medium (24.6-
32.5 µm) and fine wool (<24.5 µm). Products that can 
be manufactured from each of these wool types vary, and 
so does the price the raw wool can attract (Petrie 1995). 
Fine wool suitable to make garments worn against the 
skin is more valuable than coarse wool made into interior 
furnishings. The price differential between fine and coarse 
wool has increased over the last two decades. As of 2019, 
fine wool has been worth over six times more than coarse 
wool, and two to three times more than medium wool (Beef 
+ Lamb New Zealand Economic Service 2020).

In 1970 approximately 2% of the wool offered for sale 
by auction was finer than 24.5 µm (Merino) and 75% was 
coarser than 32.5 µm, whereas by 2020 approximately 8% 
of the wool offered for sale by auction was finer than 24.5 
µm (Merino) and 65% was coarser than 32.5 µm (Beef + 
Lamb New Zealand Economic Service 2020).

While the costs of wool harvesting have increased 
over this period, the price rise is independent of the wool 
type. In contrast, the low price of coarse wool has meant 
that most sheep farmers now receive a negative net return 
from the production of coarse wool.  

Milk. Compared to meat, skins and wool, the New 
Zealand dairy-sheep industry is in its infancy. Establishment 
of the industry was contingent on market development, and 
a suitable gene pool being available. Most traditionally 
farmed breeds in New Zealand do not produce adequate 
levels of milk on which to develop a financially viable 
industry (Peterson & Prichard 2016). Recently, three large-
scale enterprises, milking thousands of ewes, has expanded 
the industry from small-scale family operations milking 
50-200 ewes producing specialty cheeses and milk for local 
markets, to high-value infant formula, nutritional powders 
and luxury high-value sheep-milk foods for international 
markets. 

Where sheep are farmed
The absolute area and class of land utilised for farming 

sheep in New Zealand has changed significantly over time. 

Attributes of the land
The farmed areas of New Zealand are made up of a 

variety of land types, ranging from flat land to rugged steep 
hill country, which are generally categorised into land-
use capability classification classes ranging from Class 1 
(few limitations for cultivation) to Class 8 (unsuitable for 
grazing or production forestry and is best managed for 
catchment protection and/or conservation or biodiversity) 
(Beef + Lamb New Zealand Economic Service 2020).

New Zealand is situated between 35.6° and 47° 
latitude south of the equator. Historically, the climate 
has been described as temperate, however, there is great 
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climatic variation through the country. 
The combination of land class and climate influences 

pasture growth, both in terms of seasonality and quantity.  
This variation influenced the choice of breeds of sheep that 
were imported. The Merino, which is more suited to arid 
and extreme climates, became the common breed in the 
South Island high country, whilst for the rest of the country, 
breeds from the temperate United Kingdom predominated. 

Drivers of land-use change
Initial land use was directed by product prices in 

association with climate and land class, and the requirements 
for settlement. As product prices have changed, pressure 
on land use for different enterprises has changed, in 
association with an increased population and the need for 
increased urbanisation.

A significant change between the 1990s and the 
early 2010s, was the conversion of large areas of better-
quality land, where production could be increased through 
the application of fertiliser and/or irrigation, from sheep 
and beef units to dairy farms. This change resulted in a 
significant decline in both the national sheep population 
and the number of sheep farms.

While historically ‘flood’ irrigation has been used 
in some areas, centre-pivot irrigation has seen dramatic 
increases in recent decades. This has resulted in dry areas 
such as the Mackenzie Basin, which were extensive sheep 
and beef farms, being converted to dairy farms. The 
environmental sustainability of such decisions has been 
questioned, however, in the medium-term it is unlikely that 
such properties will revert to sheep. 

Sheep are considered to be more environmentally 
friendly than dairy and beef cattle, with less direct 
damage to soil structure, a more-even spread of lower 
volumes of urine and lower water requirements. Hence, 
on the permeable volcanic soils surrounding Lake Taupo, 
sheep have displaced dairy cattle as a direct result of 
environmental considerations where restrictions have been 
placed on the number of dairy cattle that can be grazed to 
reduce the amount of nitrogen draining from the farmed 
land back into the lake.

Forestry. The Emissions Trading Scheme (ETS) was 
introduced in 2008, with tradeable carbon credits earned 
through the sequestration of carbon, largely in the form 
of fast-growing trees. Whilst in the first decade there was 
some planting of harvestable species, there has been a 
significant increase in forestry conversions since 2017, as 
a direct result of government initiatives to increase carbon 
sequestration. Previously, smaller areas within farms would 
be converted to pine plantations, however, there are now 
examples where entire farms are purchased and planted. 
Most farms considered for such purposes were sheep 
and beef farms close to ports, with adequate rainfall and 
suitable elevation. 

Current New Zealand sheep industry. As a 
consequence of the factors described above, there has been 
a significant shift in land use during recent decades with a 

decline in sheep production in some areas. In addition to 
the reduction in area farmed, the number of sheep farms has 
reduced due to the amalgamation of neighbouring farms. 
Despite the decrease in numbers of sheep this has been 
offset by increased per-head productivity (Beef + Lamb 
New Zealand Economic Service 2020).  

Future of the New Zealand sheep industry
In the future, the New Zealand sheep industry must 

become increasingly dynamic and responsive to a variety 
of factors that influence its social license and profitability 
relative to other production systems.  Whilst there have 
always been expectations placed on farming systems 
about the ethical production of meat, the advent of social 
media has resulted in both negative and positive aspects 
of production systems being highlighted and rapidly 
propagated globally. There is also a growing expectation 
of transparency throughout the food chain, with the desire 
of many consumers to know where their food comes from. 
With the rise in popularity of alternative protein sources, 
consideration of consumer expectations must become a 
critical part of decision making by breeders and farmers. 
Furthermore, if a proportion of the industry can achieve 
the standards and expectations of the consumer through a 
mixture of breeding and management then all farmers will 
be required to achieve similar outcomes.

While many farming practices are common across 
all production species, some are unique to farming 
sheep. Additionally, the role that production animals 
have in contributing to climate change is of importance 
to consumers. Several profitability drivers stem from the 
ability of animals to remain productive in a changing 
climate, with the additional health challenges that this 
presents, as well as the relative value of different products 
and the relative emphasis placed on them in various 
production systems.  

The following sections capture welfare expectations, 
attributes of the animal that need to be considered to 
address health outcomes in a changing climate, and what 
the suite of products from sheep could look like.  

Meeting welfare expectations
Animal welfare has always been a paramount concern 

of consumers, however, some surgical practices that used to 
occur on-farm, remained ‘under the radar’ for many years 
before being phased out. There has also been a change in 
perception and previous notions of practices that involve 
short-term pain for a long-term beneficial advantage 
to the animal concerned are now being challenged as 
unacceptable.

Tail length. The docking of tails is almost ubiquitously 
used on New Zealand sheep farms to reduce dags and 
flystrike and to decrease the cost of crutching animals. 
Tail docking has been challenged by animal welfare and 
animal rights activists and is prohibited in some countries. 
A genetic solution is an attractive option as it would be 
permanent and cumulative. 
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Many breeds worldwide have short tails, and there 
are reports of short-tailed animals occurring in long-tailed 
breeds. In most breeds, the trait is thought to be polygenic, 
occurring as a result of multiple genes. When short-tail 
phenotypes occur in long-tailed breeds, it is thought to be a 
result of a mutation in one or two genes of major effect, but 
the phenotype has almost invariably been associated with 
other deleterious effects (James et al. 1990). James (2006) 
reviewed heritability estimates for tail length from all over 
the world with estimates ranging from 0.37 to 0.84. 

In New Zealand, all the major commercial breeds have 
naturally long, thin tails but sources of short-tail genes are 
represented in some minor breeds; Finnish Landrace and 
Gotland Pelt have very short tails, and the Texel and Dorper 
both have “stubby” tails (Scobie et al. 2007).

Horns. While most domesticated sheep breeds are 
polled, hornedness is a traditional breed ‘standard’ for some 
breeds, such as the Merino, Dorset Horn and Wiltshire 
Horn. Horns pose both a welfare risk, with injury to other 
animals and humans, and a product quality risk, with pelt 
damage and bruising of the carcass before slaughter. Horns 
are exclusively under genetic control. Mutations that result 
in polled animals are known and can be selected for. If there 
is no genetic variation in a horned population of interest, 
the polled mutation can be introduced through repeated 
back-crossing as was done to create the Poll Dorset and 
Polled Wiltshire. 

Non-body wool. There are areas of skin around the 
edges of the main fleece-growing area that produce little 
or no wool of commercial value, but the presence of wool 
growing on these areas can have welfare considerations. 
For example, the absence of breech wool can reduce the 
incidence of dags, and the bareness of wool on the breech 
or belly simplifies shearing and removes the requirement 
for crutching prior to main shearing, reducing costs and 
animal handling requirements. 

Breech bareness is a heritable trait (0.33±0.06; Scobie 
et al. 2007) that is most extensive in East Friesian, Texel 
and Finnish Landrace sheep. Belly bareness is also a 
heritable trait (0.31±0.06; Scobie et al. 2011). It occurs 
sporadically in a variety of breeds including the Cheviot, 
Border Leicester, Texel and Finnish Landrace. In 1997 
Scobie et al. (1997) proposed breeding a sheep with a 
genetically short tail and no wool on the head, legs, belly 
or breech. There has been a limited uptake of this approach 
by farmers.

Whether physically docked or genetically shortened, 
the tail will still have wool that can become soiled and 
flystruck.  Sheep have been identified that naturally moult 
their tail wool but not their fleece. Scobie et al. (2016) 
reported this response is most likely due to genes unrelated 
to moulting of the fleece. Sheep that moulted wool from the 
tail exhibited fewer dags at weaning and again at hogget 
shearing. 

‘Wool blindness’ was a major problem in Romney, 
Corriedale and Merino sheep in the 1950s and 1960s. 
Cockrem et al. (1956) showed woolly heads to be 

associated with reduced fecundity. Within-breed selection 
of bare-headed rams, as well as the use of Perendale and 
Coopworth rams in coarse-wool flocks, overcame the 
antagonist relationship.

Mulesing. Merino sheep historically had skin 
wrinkles across their body, particularly in the perianal 
area, predisposing the sheep to flystrike. Mulesing is a 
procedure in which a large area of skin is removed from 
the perianal area, historically using shearing blades without 
anaesthetic. Healing results in the skin around the tail 
becoming tight and growing little wool, thereby reducing 
the susceptibility of sheep to flystrike. New Zealand began 
phasing out mulesing in 2007 and an official ban came into 
effect in 2018.  Genetic variability in body wrinkle and 
breech cover has been demonstrated in Merinos and their 
genetic correlation with other production traits to allow for 
selection against body wrinkle and breech cover (Hatcher 
& Preston 2018). 

Farming healthy animals
Healthy animals are the most productive animals, while 

poor animal health has welfare implications. Management 
of animal health currently relies on the use of chemicals 
such as antibiotics, anthelmintics and zinc, which is against 
market trends that seek low chemical inputs in farming. One 
of the key concerns associated with the use of chemicals in 
animal production systems is their potential contribution to 
antibiotic resistance in human diseases (Magnusson 2020). 
Additionally, the effect of treated animals entering the 
human food chain is questioned. Although these chemicals 
have withholding periods during which the animal cannot 
be milked or enter the food chain, there are premiums 
offered for antibiotic-free products. 

Whilst there are many health challenges confronting 
sheep, the challenges are often geographically influenced 
due to climate variability across the country.  Projected 
future climate change of an increase in CO2 concentrations 
to ≈ 540 ppm with a 0.8°C increase in temperature by 2040 
will potentially affect sheep health in a variety of ways. 
Winter and spring rainfall and westerly winds are very 
likely to increase in the west of the North and South Islands, 
while conditions are very likely to be drier in the east and 
north. Summer will be wetter in the east of both islands, 
while the frequency of extreme rainfall and drought will 
increase in most areas of New Zealand (Ministry for the 
Environment 2018; Tait et al. 2016).  Modelling has been 
carried out to consider changes in livestock classes given 
different climate change scenarios (McRae et al. 2018b). 
Using current populations of sheep, it is predicted that very 
few, if any, sheep will be farmed in the upper North Island, 
with a decreasing proportion being farmed in the lower 
North Island and upper South Island as a result of animal 
health challenges.

Health challenges that affect New Zealand sheep, with 
specific emphasis on the potential that genotypes can play 
in ensuring animals can remain productive, and withstand 
disease challenges with reduced need for chemical inputs 
are discussed below.  
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Facial eczema (FE). FE is a disease of major concern. 
The disease results from ingestion of the mycotoxin 
sporidesmin, found in spores from the fungus Pithomyces 
chartarum (Smith 2000). Climate-change projections 
indicate an increase in the geographical spread of the 
causative fungus, resulting in outbreaks of FE in currently 
unaffected regions (Dennis et al. 2014). 

Current strategies for preventing severe FE include 
protecting animals through ingestion of zinc compounds 
(Smith et al. 1977), spraying pasture with fungicide (Parle 
& di Menna 1972), pasture management or alternative feeds 
(Towers 1986), and breeding animals for tolerance (Morris 
et al. 1989). There are both between- and within-breed 
differences in facial-eczema tolerance (Morris et al. 1990; 
Morris et al. 1994; Morris et al. 1995). With a moderate 
to high heritability (0.42-0.45), and no significant negative 
genetic correlations with any production traits (Campbell et 
al. 1981; McRae et al. 2016b; Morris et al. 1995), including 
FE tolerance in a genetic selection program will generally 
be beneficial to sheep production.

Ryegrass staggers. Ryegrass staggers is a disease of 
the nervous system that occurs in sheep grazing ryegrass-
dominant pastures. It results from the ingestion of 
neurotoxins produced by a lolium endophyte (Acremonium 
loliae) growing in the leaf sheath (West et al. 2009). 
It is unlikely that an animal will die from staggers, 
however, production consequences arising from a loss 
of neuromuscular coordination in affected animals can 
be significant. Large investments have been made in the 
production and breeding of non-toxic endophyte strains 
and grass cultivar associations. An alternative approach 
is to breed sheep resistant to ryegrass staggers (Morris et 
al. 2007), though this has not achieved the same industry 
uptake as has selection for FE resistance. 

Gastrointestinal parasites. Gastrointestinal nematode 
parasites are one of the most serious causes of disease in 
domestic ruminants in New Zealand (Perry & Randolph 
1999). The most common species of parasite harboured 
by sheep are Haemonchus, Ostertagia, Trichostrongylus, 
Nematodirus and Cooperia. Economic losses arise from 
decreased production, and the cost of treatment. Climate 
has a direct impact on the geographic incidence of specific 
parasite species. The most economically-damaging species 
of parasites tend to be found nationwide, although there are 
regional differences. Haemonchus contortus (Barbers Pole 
worm) is the least tolerant of cold, and as a result, occurs 
with greater frequency and intensity in the North Island 
(Hervé et al. 2003; Lawrence et al. 2007; McKenna et al. 
1973). Warming of regions further south due to climate 
change may bring this challenge to the South Island and 
reduce productivity in flocks that are unaccustomed to it.

Differences in resistance to parasites within and 
between breeds are well documented (Bishop & Morris 
2007). The most common approach to estimating host 
resistance is utilising faecal egg count (FEC), which is 
moderately heritable (0.2-0.3), with a wide variability 
among individuals (Bishop & Morris 2007; Safari et 

al. 2005). Using FEC, rapid genetic progress has been 
demonstrated in both experimental and commercial flocks 
in New Zealand and Australia (McEwan et al. 1995; 
Woolaston et al. 1991). 

Flystrike and dags. The prevalence of flystrike in 
New Zealand has been estimated at 3–5% of the national 
flock (Heath & Bishop 1995, 2006). Studies over the last 
few decades in research and commercial flocks, have 
estimated that incidence rates over the summer months 
range from 0.4-33% (Brandsma & Blair 1997; Litherland 
et al. 1992; Pickering et al. 2015a; Scobie & O’Connell 
2002, 2010). It has been estimated that flystrike costs the 
sheep industry $40 to $50 million annually (Beef + Lamb 
New Zealand 1999), primarily through decreased wool and 
body growth, and the cost of control strategies, including 
insecticides and shearing of wool from the breech area 
(crutching). While insecticides have been a relatively 
effective control measure, increasing consumer concern 
about insecticide use (Sneddon & Rollin 2010) has led to 
greater interest in utilising host genetic resistance to control 
flystrike. Differences among breeds have been observed, 
with the New Zealand Wiltshire having a lower incidence 
of flystrike compared to Merinos and Romneys (Litherland 
et al. 1992), and among other composites and crosses 
(Scobie & O’Connell, 2002, 2010). 

The accumulation of faecal material around the breech 
area of sheep (dags), is a major attractant for blowflies 
(Calliphora stygia, Lucilia cuprina and L. sericata) to lay 
their eggs to initiate flystrike.  This is of interest to the New 
Zealand sheep industry for a variety of reasons, including 
financial penalties for presenting animals with dags at 
slaughter (due to contamination of carcasses), reduced 
wool value, and the labour cost associated with crutching 
all ages and classes of sheep on a farm. Both juvenile and 
adult dag score are moderately heritable (0.40-0.44; McRae 
et al. 2016c; Pickering et al. 2012; Scobie et al. 2008). Dag 
score is also a useful indirect predictor of flystrike (genetic 
correlation 0.71), especially for breech strike (Pickering et 
al. 2012). Dag score is a trait that is available within the 
Sheep Improvement Ltd. (SIL) genetic evaluation service 
to facilitate selection against dags in flocks recording this 
trait. It is currently not included within the national selection 
indices but can be added when breeders are interested in 
selecting to reduce dags. 

Footrot. Footrot is caused by infection of the hoof 
with Dichelobacter nodosus, after the proliferation of 
the more common Fusiformis necrophorum in the hoof 
tissues. It can cause debilitating lameness and dramatic 
loss of productivity in sheep flocks, including lower 
weight gain and fecundity. Environmental conditions that 
allow transmission and development of the disease include 
moisture and warm temperatures which may prevail with 
predicted climate change. 

The development of genetic resistance to footrot 
has been demonstrated in Romney (Skerman et al. 1988) 
and Corriedale sheep (Skerman & Moorhouse 1987). A 
recognised problem in selecting Merino sheep against 
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footrot is that they are frequently run in environments that 
rarely experience outbreaks (Skerman 1986) and breeders 
tend to concentrate on control rather than genetic progress 
when outbreaks occur. Despite this, a breeding value for 
footrot has been available for New Zealand Merinos since 
2020 through MERINOSELECT in association with the 
New Zealand Merino Company (MNZ) (Walkom et al. 
2018).

Pneumonia. Respiratory disease in sheep is 
etiologically complex, resulting from an interaction of 
bacterial, mycobacterial and viral infectious agents, the 
defence mechanisms of the host, and environmental factors 
(Alley 2002). Enzootic pneumonia is common, particularly 
in hoggets. The economic cost of pneumonia is high due to 
direct losses of stock on-farm; lower weight gains and lower 
wool production associated with sub-clinical infections 
(Alley 1987; Goodwin et al. 2004; Goodwin-Ray 2006; 
McRae et al. 2016a); and condemnation and downgrading 
of carcasses at slaughter (West et al. 2009). 

Temperature, humidity and inclement weather have all 
been implicated as risk factors for pneumonia (West et al. 
2009). Studies investigating the susceptibility or resistance 
to pneumonia of different breeds of sheep are lacking, 
although anecdotal evidence suggests that Merinos may be 
less susceptible. Given that temperature is a risk factor for 
pneumonia (Knowles et al. 1995), this may be due to the 
greater heat tolerance of Merinos (Carles 1983). Within-
breed variation in susceptibility to chronic, non-progressive 
pneumonia in New Zealand lambs has been examined, 
with heritability estimates for pneumonic lesions ranging 
between 0.07 and 0.16 (McRae et al. 2016a; McRae et al. 
2018a). This suggests that genetic selection to lower the 
prevalence of pneumonia is feasible. 

Heat stress. Extreme heat or cold are not experienced 
in New Zealand to the degree that they are in other 
countries where sheep are run. Nevertheless, there is a 
growing interest in the ability of New Zealand livestock to 
adapt to climate change and to tolerate heat stress. Ausseil 
et al. (2019) mapped the change in the number of days with 
mild, moderate and severe heat stress for dairy cows in 
New Zealand. For all the climate-change scenarios, there 
was an increase in the risk of moderate heat stress, with 
up to two more weeks per year of moderate heat stress, 
spread across the country. For severe heat stress, the risk 
also increases, with a more pronounced risk towards the 
end of this century.

Although the majority of reports to date on heat stress 
have related to cattle, they may have applicability to sheep, 
particularly hair sheep. Genetic variation in the response to 
heat stress has been identified in cattle, both between-breeds 
(Paula-Lopes et al. 2003; Romero et al. 2013) and within a 
breed (Mackinnon et al. 1991; Ravagnolo & Misztal 2000). 
The value of genomic selection as a tool for breeding for 
heat tolerance has been reported in dairy cattle (Garner et 
al. 2016). Additionally, in conjunction with existing genetic 
and genomic tools, new tools such as methylation assays can 
estimate the level of stress an individual has been exposed 

to during its lifetime (Murgatroyd et al. 2009). These tools 
can be used to predict longevity and to identify individuals 
that are genetically better adapted to their environment (Joy 
et al. 2020).

Minimising environmental impact
Climate change is of increasing concern for 

consumers, again magnified by the reach of social media. 
The role that agriculture, industry and population growth 
has in climate change is a hotly debated topic. Ruminants 
are a significant source of methane emissions globally 
(Schaefer et al. 2016), and one of the main contributors 
to New Zealand’s greenhouse gas (GHG) inventory (MfE 
2017).  Agricultural production systems need to establish a 
path towards reduced greenhouse gas emissions. 

Over the last 30 years, the amount of sheep meat 
produced has been relatively stable, despite a 50% reduction 
in ewe numbers, meaning absolute emissions for the sheep 
sector have been steadily declining, and are currently 
31% below 1990 levels (Beef + Lamb New Zealand 
Economic Service 2020). Methane emissions are, in part, 
under genetic control in sheep, with heritability estimates 
ranging between 0.2 and 0.3 (Jonker et al. 2018). Given 
it is a difficult trait to measure, there are limited data to 
address whether specific breeds of sheep have significantly 
different methane emissions, but genetic variation exists 
within all populations investigated to date (Jonker et al. 
2018). Currently, there is no direct relative economic value 
associated with breeding to reduce methane emissions, 
however, it is an important trait that should be factored into 
future breeding objectives. 

Nitrous oxide (N2O) is New Zealand’s second most 
important agricultural greenhouse gas, representing 22% 
of agricultural emissions, or 11% of total GHG emissions. 
N2O emissions are primarily derived from dung and urine 
excreted by animals. While dung emission factors, which 
represents direct N2O emissions from excreta deposited 
during grazing, are the same for sheep and cattle, N2O 
emissions from sheep urine are 50% or less than those of 
cattle, depending on the hill slope (van der Weerden et al. 
2020). It is unclear why sheep have a lower emission factor 
than cattle, but it has been proposed that it may relate to the 
volume of urine deposited onto the soil and/or the effect of 
diet on subsequent urine characteristics. Genetic variability 
in milk-urea nitrogen in dairy cattle has been demonstrated 
and is being selected against (Beatson et al. 2019). No 
research has been undertaken on genetic variability in 
urinary nitrogen concentration or N2O emissions in sheep.

Products
Meat. As the size of the national flock has decreased, 

the amount of meat produced has been maintained, in part 
through increased fecundity. When compared to cattle 
and deer, most New Zealand sheep breeds have longer 
anoestrus, thereby limiting their range of potential mating 
and lambing dates to best match pasture growth curves. If 
climate changes make seasons less extreme, there may be 
renewed farmer interest in year-round lambing  to maintain 
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or further increase production (Lewis et al. 1998; Morel et 
al. 2004).

One of the requirements of a year-round lambing 
system, is that ewes need to be successfully bred outside of 
their normal breeding season. This has proven challenging 
for most New Zealand breeds, however, some are reported 
to have extended breeding seasons that are under genetic 
control, such as the Merino, Poll Dorset (McQueen & Reid 
1988) and Dorset Horn (Kelly et al. 1976). 

Meat, and in particular fat, continues to be of concern 
to consumers. The evidence is conflicting, but generally, 
it is perceived that the consumption of excess red meat, 
and in particular meat high in fat, is associated with 
negative health outcomes. This is, in part, driving the rise 
in alternative protein sources which are perceived to be 
healthier. To maintain the role of sheep meat in consumer 
choices for protein intake, consideration needs to be given 
to making sheep meat meet consumer expectations as a 
healthy product.

New Zealand sheep meat offers a point of difference 
in many overseas markets in that the sheep are raised 
and finished on pasture prior to slaughter, resulting in 
an improved fatty acid composition compared to grain-
feed meat, with reduced levels of saturated fats (Howes 
et al. 2015).  Niche products have been developed by 
groups of entrepreneurs using specialised pasture-based 
finishing systems such as Te Mana Lamb (Alliance Group), 
Provenance Lamb (Crutchley family) and Coastal Lamb 
(Redmayne and 16 other families).

Some attributes of meat can be influenced by 
processing methods, such as electrical stimulation and 
specific carcass cooling and chilled-storage protocols to 
increase tenderness. However, several attributes of meat 
are fixed at the time the lamb leaves the farm on which 
it was finished. These include the lean-to-fat ratio and 
the composition of the fat. Traditionally, there has been 
a drive to reduced carcass fat due to perceived negative 
human-health outcomes associated with its consumption. 
However, there is an increasing recognition of the need 
for more intramuscular fat for improved taste and flavour 
(Realini et al. 2021). 

To ensure the eating quality of New Zealand lamb, a 
minimum of 3% intramuscular fat is required, but many 
carcasses do not reach that threshold (Realini et al. 2021). 
Intramuscular fat is a highly heritable trait (0.83±0.11; 
Johnson et al. 2018) and progress can be made through 
genetic selection, as demonstrated by Te Mana Lamb and 
FarmIQ Systems Ltd. To date, collection of large-scale data 
sets across the industry to identify outliers has been limited 
due to the cost and complexity of generating intramuscular 
fat estimates. Automated approaches are being investigated 
(Hitchman et al. 2021). 

The composition of fatty acids, whether in 
subcutaneous or intramuscular depots, is influenced by 
genotype and management, with two impacts on meat 
quality. First, certain fatty acids are negatively associated 
with human-health outcomes, particularly some saturated 

fatty acids (Astrup et al. 2019), whilst others such as the 
long-chain omega type may be positively associated with 
human-health outcomes (New Zealand Ministry of Health 
2016). Second, the eating experience of lamb can be 
changed depending on the fatty acid composition (Enser 
& Wood 1993). Significant genetic variation exists for 
fatty acid composition in New Zealand sheep (PL Johnson, 
Unpublished data). There are anecdotal reports of large 
differences in the melting point of fat in some fat-tailed/
fat-rumped breeds from Kazakhstan and surrounding 
countries. There is also evidence of different fatty acid 
profiles in fat-tailed Damara rams, which have been shown 
to have very high proportions of non-terminal branched-
chain fatty acids in the tail adipose tissue (Alves et al. 
2013), particularly those with lower melting points. 

Pelts. Pelts are considered a by-product in all sheep 
breeds worldwide, aside from the Karakul and Gotland 
breeds (Näsholm & Eythórsdóttir 2011). The physical 
properties of sheep pelts are important in determining their 
end-use. Hair sheep are reported to have better quality pelts 
than are wool sheep (Carneiro et al. 2010; Cloete et al. 2000; 
Jacinto et al. 2004; Oliveira et al. 2007), although results 
were variable. Faults of genetic, parasitic or management 
origin in pelts, and their impact on processing and end-
product use have been reviewed by Scobie (2010). Pelts 
are currently of very low commercial value in New Zealand 
with farmers not receiving a nominated return reflecting 
their quality.

Wool. As outlined earlier in this review, fine wool and 
coarse wool have two distinctly different end-uses resulting 
in vastly different net wool returns to fine- and coarse-wool 
growers. While there are ongoing attempts to revive ‘old’ 
markets and create ‘new’ uses for coarse wool in the hope 
of lifting prices, there has been little change in the coarse 
wool price.

There is a physiological difference between sheep 
growing fine and coarse wool. Sheep growing fine wool 
produce slower-growing lambs less suited for meat 
production whereas sheep growing coarse wool tend to 
be dual purpose producing both wool, albeit of low value, 
and lambs well-suited for meat production and/or milk 
for sheep-milk production. It is, therefore, likely that a 
proportion of the sheep population producing fine and 
medium wool will be retained for wool production, with 
a proportion of coarse-wool growers attempting to remove 
the fleece through selection and breeding. Even though 
the future for coarse wool is uncertain, some breeders are 
likely to continue to farm dual-purpose breeds.

There is genetic variation in wool characteristics, such 
as fleece weight, fibre diameter, fibre crimping and wool 
colour, that affect wool returns (Wuliji et al. 2001; Sumner 
et al. 2007; Scobie et al. 2012). These affect manufacturing 
performance and, hence, wool returns reflected in the 
relative economic value of each characteristic (Sumner 
et al. 2008). Although there have been recent efforts to 
encourage the production of finer wool, uptake has been 
limited. A transition to a finer-wool breed or a breed 
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without wool would take time and incur costs that are not 
well understood (Farrell et al. 2020). 

There is also a need to consider the management costs 
associated with dagging, crutching and shearing, relative 
to fleece weight and wool price, and whether fleece weight 
and/or the area on the body growing wool, should be 
genetically reduced. Irrespective of whether the main fleece 
is retained, there is merit in the removal of low-value wool 
from the head, belly and breech areas, and in investigating 
genetic variants that moult their tail wool (Scobie et al. 
2007; Scobie et al. 2012).

An option is to consider hair or shedding sheep.  
Most wool breeds have been selected for continuous wool 
growth, but certain breeds and composites have retained 
the ability to shed their wool, with considerable variation 
in the speed and extent of shedding. The ability to shed 
wool is under significant genetic control, with evidence 
of a single putative dominant gene (Pollott 2011; Matika 
et al. 2013). Reported heritability estimates for shedding 
range from 0.26 to 0.80 (Johnson et al. 2007; Matika et al. 
2013; Vargas Juardo et al. 2016; Guy et al. 2021). Sheep 
that shed their wool, or hair sheep that do not grow wool at 
all, have become an increasing proportion of the Australian 
sheep-meat industry. There are genotypes of sheep in 
New Zealand that do not require shearing, including the 
shedding New Zealand Wiltshire, Damara, Dorper and 
Meat master (developed in South Africa from Damara x 
White Dorper x Wiltshire x Van Rooy). Like wool breeds, 
there are considerable phenotypic differences among hair-
sheep breeds, depending on their origin. Some breeds have 
short, slick, hair coats, absent of wool, while others grow 
thicker coats that contain a mixture of hair and wool fibres 
that shed annually. Hair sheep offer a better solution to 
flystrike than those which moult annually, when farmed for 
meat production. There is evidence that hairy birth coats 
are associated with improved lamb survival (Allain et al. 
2014) due to the greater insulative properties of hair versus 
wool.  

A consideration for wool is fleece pigmentation. The 
expression of colour and the distribution of pigment over 
the body of sheep is controlled by single genes at several 
loci with several alleles operating at each loci (Sponenberg 
et al. 1996). Pigmented sheep are less susceptible to 
photosensitisation (Baazaoui et al. 2020). In farming 
systems where wool is not a source of income, sheep that 
are pigmented may dominate. They will be less susceptible 
to skin cancers, FE lesions, and may have a selective 
advantage in the New Zealand climate, particularly with 
climate change. However, wool colour will remain an 
issue for wool and meat processors where white wool 
contaminated with pigmented wool will incur a price 
discount.

Milk. Developing a viable sheep milk industry in New 
Zealand requires genetic improvement to achieve higher 
production levels than are currently achieved in dairy-
sheep herds (Scholtens et al. 2017). High-producing French 
Lacaune and Manech breeds were imported in 2016, in 

addition to the previously imported East Friesian and 
Awassi. Although there have been marked improvements in 
milk yield with these breeds, they originate from intensively 
farmed environments where they are often housed and 
fed total mixed rations, which is very different from the 
pastoral system in New Zealand. In addition to challenges 
faced by farming of sheep in a pastoral system, farmers 
milking sheep have the added challenges of milking ability 
and udder morphology, mastitis resistance, out-of-season 
breeding, animal welfare and disease management.

International marketing of sheep-milk products, 
including high-value infant formula and nutritional 
powders, is based on New Zealand’s image as a ‘Clean 
and Green’ nation with a global reputation for using 
safe, sustainable and trusted methods of production. New 
Zealand must uphold this image, especially as public 
concern mounts against the impact of intensive farming 
practices on the environment. The dairy-cow industry faces 
significant management challenges relating to its effect 
on the environment. This provides both a challenge, with 
intensive sheep-dairy farming facing similar issues, but 
also an opportunity as milking sheep are less detrimental 
to the environment. This potentially makes milking sheep 
in New Zealand a more sustainable option than milking 
cows. Crossing exotic purebred animals over local breeds 
would enable selection for increased dairy production 
while maintaining environmental adaptation of the local 
breeds. This breeding strategy has been used to develop the 
DairyMeade breed from East Friesians in New Zealand.

Summary of attributes for future New Zealand sheep
The discussion above highlights the fact that sheep 

farmed in New Zealand have been chosen to fit the climate 
and bred to deliver products that ensured economic 
viability under a historical context. Markets, climate, 
optimal production systems, and consumer expectations 
around ethical and low-input systems are evolving. Further 
alterations will be required for the sheep industry to remain 
relevant and viable. 

Key attributes of sheep to better meet current and 
anticipated market changes as indicated by consumers and 
the general population will include polled animals with  
short tails and bare points (head, leg, belly and breech), that 
exhibit increased disease tolerance to  FE, internal parasites 
and footrot, increased heat tolerance, that either grow no 
wool or grow wool fetching a higher price in the market, 
and which have a low environmental footprint.  Depending 
on the on-farm production system there will also need to 
be emphasis on meat, pelts, wool and milk in terms of both 
quantity and quality. 

Options for changing the attributes of the 
New Zealand flock

Whilst management technology will play a part in 
addressing the future needs of the New Zealand sheep 
industry, breeding will have a very significant role due to 
the moderate-to-high heritabilities of many traits required 
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to achieve the outcomes required to future-proof sheep-
production systems.  To date, New Zealand sheep genetic-
improvement programmes have had a strong emphasis on 
growth and reproduction traits, with some emphasis on 
disease traits such as resistance to internal parasites or facial 
eczema in Romney or Coopworth sheep.  In the future, 
there will need to be an increased emphasis on disease traits 
and characteristics that address welfare considerations.

What genotypes already in New Zealand could contribute
Many genotypes/breeds already present in New 

Zealand have attributes of interest, including Australian 
White, Awassi, Damara, Dorper, East Friesian, Ezicare, 
New Zealand Finn, Hampshire Down, Lacaune, Manech, 
Meatmaster and New Zealand Wiltshire. However, these 
tend to be minority breeds and their genetic merit for the 
full range of traits required by the sheep of the future is 
unknown, in particular, disease tolerance or reproductive 
merit in commercial-farming scenarios.

Additional international genotypes that exhibit traits of 
interest

There are reported to be over 1,000 breeds of sheep 
globally. Many are native to isolated geographical regions 
with low population sizes and geographical ranges. 
International sheep that are of importance to New Zealand 
are likely to include breeds where emphasis has been placed 
on lack or loss of wool, together with heat and parasite 
tolerance. Note that for the important disease trait of FE 
tolerance, there are no other countries in the world where 
selection for this trait is undertaken. 

Potential breeds of interest include Afrikaner (South 
Africa), Assaf (Israel), Barbados Blackbelly (Caribbean), 
Black Headed Persian (Africa) or Van Rooy (South 
Africa), as well as composites such as Exlana (England), 
Katahdin (USA), Cashmore Nudies, Low Footprint Lamb, 
Ultrawhites and Wiltipoll (Australia). However, the 
comparative performance of these breeds in a common 
environment is largely unknown, and even information 
on the size of the animals and reproductive characteristics 
are often confounded with production systems that are 
significantly different to those in New Zealand. 

Regulations and risks surrounding the importation of 
novel genetic material

The introduction of any novel genetic material into 
New Zealand has associated biosecurity risks. Being an 
island nation, New Zealand has remained free of many 
diseases associated with livestock species across the world, 
in a large part due to the strict controls implemented since 
the middle of last century. Biosecurity risks include Maedi-
visna virus, which results in respiratory and nervous clinical 
symptoms, Jaagsiekte sheep retrovirus, the causative agent 
of contagious lung cancer in sheep, called ovine pulmonary 
adenocarcinoma (OPA), and scrapie.

In 2016, a significant change of importation rules 
occurred. There are now a limited number of countries 
(United Kingdom, France, Canada and Australia) from 

which New Zealand can currently import novel genetic 
material, without the need for further protocol development 
in the exporting country. Importation from many of 
the countries in which hair breeds are available, such as 
South Africa and America, is not acceptable. However, 
the majority of the South African hair-sheep breeds have 
already been imported into Australia, and importations are 
possible from Canada. 

Due to the importation rules, choices for which 
animals are imported are not based on animals with the 
best genetic merit, rather, those that are available. As few 
animals are imported this increases the risks that they may 
be carrying undesirable recessive mutations, particularly 
if the genetic base remains small. This has already 
occurred in breeds introduced into New Zealand, including 
microphthalmia in Texels (Becker et al. 2010; Roe et al. 
2003), chondrodysplasia in Texels (Thompson et al. 2005), 
cerebellar cortical abiotrophy in Wiltshires (Johnstone et 
al. 2005) and dermatosparaxis in white Dorpers (Vaatstra 
et al. 2011). 

Breeding the sheep of the future
For decades, New Zealand sheep breeders have bred 

sheep that are suited to the environment and produced what 
has been desired by existing markets. Genetic improvement 
has been the result of selection applied using tools such as 
the Beef + Lamb New Zealand Genetics evaluation system, 
managed by SIL, and the MERINOSELECT service from 
Australia. SIL offers recording for the majority of traits of 
interest. 

For genetic progress to be possible, there must first 
be genetic variation in the trait of interest within the 
population that is to be selected. For the likes of tail length, 
where there is variation within long-tailed Romney sheep, 
the ability to ultimately achieve the short tail of the Finnish 
Landrace is unlikely, even with full selection pressure, 
unless de novo mutations occur which are identified and 
selected for, or introgressed into a breed. Other traits, such 
as shedding, have been heavily selected against within 
modern wool breeds so there is little genetic variation 
left in the population. In the case of disease traits, genetic 
variation in tolerance/susceptibility is likely to occur within 
most breeds. With significant selection pressure applied, as 
is the case for facial eczema, it can take decades for good 
tolerance to be achieved, and even those animals are not 
resistant to a severe challenge. With the introduction of 
genomic selection as part of the breeding toolbox, there 
is potential for faster genetic gain, provided adequate 
numbers of animals are measured and genotyped for the 
traits of interest. 

Many breeds possess the attributes identified as 
important for the future. As many of these attributes 
occur within minority breeds, it is unlikely that a one-
for-one breed substitution with any of the current breeds 
will occur. Instead, crossbreeding programmes will be 
required. Introgression of traits of interest, or generation 
of composites involving the traits of interest, will not be 



10	 Johnson et al. – Sheep of the future

a single-generation outcome and will require dedicated 
recording and selection programmes. First crosses, and their 
resulting intermediate phenotypes, are often considered 
‘ugly’ as they exhibit considerable variation. Stabilisation 
is a long-term process. For example, modelling showed it 
would take 12-15 years of crossbreeding to achieve a fully-
shedding flock when transitioning from a purebred Romney 
flock to a fully shedding Wiltshire-Romney crossbred flock 
(Farrell et al. 2020).

The ability to fast-track introgression of traits of 
interest, or stabilise a new composite breed using genomic 
technologies, will be dependent on specific mutations 
being identified soon after birth, rather than waiting until 
the trait is fully expressed in later life. 

A question remains as to which breeds should be 
targeted within such breeding programmes. Given there 
have been no studies that have directly compared the 
full suite of production and health characteristics under a 
common environment, the relative attributes of different 
breeds cannot be properly compared. 

Psychology of changing breeds
Farmers work in environments where multiple 

variables with different risk profiles and complex 
interactions, affect their businesses. Within these complex 
systems, farmers have to make numerous, interlinked 
decisions (Cornish et al. 2015). Most studies about how 
humans make decisions emphasise rationality as the major 
function in the process, with decision making influenced 
by many factors, such as a person’s values, goals, biases, 
personalities, emotions and stage of life (Kahneman 2011). 
In addition to these influences, farmer decision making 
may be further influenced by the decision maker’s stage of 
life in the farming lifecycle, tolerance to risk, stress levels, 
and commonly held beliefs that have been passed down 
from one generation to the next.

Further research is needed to determine the beliefs, 
drivers and motivations behind the current choice of sheep 
breed and whether breeders are open to changing breed or 
to a step change in a trait in the future. 

Conclusions
There are currently 26.2 million sheep in New 

Zealand that are genetically diverse with a wide array of 
characteristics. For several reasons, at least a proportion of 
the national flock will need to change from the traditionally 
farmed breeds to ensure sheep farming remains a profitable 
enterprise that meets consumer and public expectations. 

Whilst Merino and Merino-based sheep will continue 
to be farmed for their high-value wool, there is a need 
to reduce the fibre diameter of wool grown by coarse 
wool sheep for wool production to remain profitable for 
these sheep. For wool-growing sheep, there is a need for 
consideration around the physical traits of short tails, bare 
bellies and bare breeches for ethical outcomes. It may even 
be appropriate for a proportion of the national flock to shift 
to farming sheep that grow no wool in some areas of New 

Zealand, such as the upper half of the North Island.  With 
warmer temperatures there will also need to be increased 
emphasis on breeding for disease tolerance to maintain 
productivity and meet welfare expectations. Increased 
attention to product quality is also likely to be needed to 
meet stricter consumer expectations.

A number of the key physical characteristics required 
for the future sheep are already present in minor breeds 
already in New Zealand but their attributes across the 
full range of relevant productive traits are not known 
under New Zealand farming conditions. For overseas 
breeds, excluding those in Australia, the Katahdin (USA) 
and Barbados Blackbelly (Caribbean) warrant further 
investigation. However, the importation of overseas breeds 
does bring with it the risk of importing diseases like Maedi-
visna, which could result in disease incursions similar to 
Mycoplasma bovis in cattle.

Resistance to endemic diseases is unlikely to be better 
in imported breeds, though the tolerance of the Finnish 
Landrace to FE proves that will not always be the case 
(Morris et al. 1994). Resistance to H. contortus and other 
gastrointestinal parasites is worthy of consideration for 
imported genotypes. Resistance to extreme heat also has 
merit as there are some tropical and desert-adapted breeds 
that may be valuable in a changing climate. 

Whichever genotypes are identified, the most-
appropriate breeding programmes to fast-track 
incorporation of important traits into the national flock will 
be required.  In addition to identifying the right genotypes, 
there is also a need for social science to understand 
breeders’and commercial farmers’ attitudes to changing 
breeds, as many are traditionalists and exhibit reluctance to 
changing key attributes of their breed. Climate change and 
societal pressure are setting the thresholds for acceptable 
farming practices and sheep breeders need to evolve their 
sheep flocks to meet future challenges.
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