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Chapter 1  Introduction 
 

Flystrike occurs when eggs or larva of a blowfly are deposited onto the host. 

Flystrike in sheep is predominantly caused by the sheep blowfly Lucilia cuprina, 

and usually occurs in warm moist sites on the animal, where a suitable protein 

source is available for the larva to feed on.  A large infestation of larvae can lead to 

chronic disease and death of the sheep (East and Eisemann 1993; Levot 2009; 

Mackerras and Mackerras 1944).   

Historically flystrike was not a problem in Australia until the Lucilia cuprina 

blowfly was introduced around the 1880’s to 1890’s (Norris 1990).  During 1866 to 

1906, the largest importation of sheep into Australia occurred and this strain of 

Merino sheep (Vermont) had attributes which made them susceptible to flystrike 

(Parsonson 1998).  The Vermont introduction improved fleece weights and changed 

the conformation of the sheep, particularly increasing wrinkle development, and 

possibly introduced genes which lead to flystrike susceptibility. The flystrike 

problem was estimated to cost the Australian sheep industry approximately 

£3,000,000 per year in 1948 (Moule 1948), with more recent estimates of $170 

million per year (GHD et al. 2015). 

Over the years industry adopted the practice of using shearing, chemicals and 

mulesing to control flystrike and this has not changed much since the introduction of 

mulesing in the1930’s (Beveridge 1984; James 2006). Mulesing is practised to 

specifically control breech (buttock and tail area) strike in sheep and is a surgical 

procedure which removes wrinkles and wool-bearing skin from the tail and breech 

areas (Mackerras 1937).  Advances in pesticide chemicals has changed management 

practices from chemicals being used in a knock down approach on fly struck 

animals to a preventative application (Seddon et al. 1931).  Early chemicals were 

associated with health hazards and many of the current chemicals have 

environmental residual problems, imposing wool withholding periods for shearing 

and crutching (Savage 1998; Plant et al. 1999).  The welfare, residue, and 

production sustainability issues associated with mulesing and chemicals may make 

continued reliance upon these flystrike control methods imprudent. 
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The wool industry invested in substantial research to identify alternative methods 

to control body strike in the 1980’s, and one permanent alternative was to breed 

sheep resistant to body strike (Raadsma 1993).  More recently in 2009, animal 

welfare groups provided an extra incentive for industry to change its practices in 

controlling breech strike, through an international campaign to boycott wool 

products from mulesed sheep (Sneddon et al. 2010).  Currently research on breeding 

breech strike resistant sheep is being conducted in two environments: winter and 

summer dominant rainfall (Greeff et al. 2014; Smith et al. 2009). These studies have 

identified that breech strike is a heritable trait indicating potential for genetic 

improvement. 

Breech strike expression is highly environment dependent, thus making it 

difficult to identify susceptible animals under varying management regimes and to 

include in routine selection practices. For difficult to measure traits, of which 

resistance to breech strike is one, indirect selection on correlated indicator traits can 

be used to improve the trait of interest. Key properties which make a trait suitable 

for indirect selection are, the trait should be cost effective and easy to measure 

irrespective of environmental conditions; have a range of phenotypic expression and 

have a high heritability and a strong genetic correlation with the trait of interest 

across various seasonal conditions (Raadsma and Wilkinson 1990). 

Recently, faecal contamination (dags), urine stain, wrinkle and face cover were 

identified as potential indicator traits for improvement of breech strike resistance 

appropriate for a winter dominant rainfall environment (Greeff et al. 2014). 

Preliminary potential indicator traits for breech strike in the summer dominant 

rainfall environment were identified by Smith et al. (2009) as breech wrinkle, with 

dags being identified as a less useful trait.  From these studies it became apparent 

that potential breech strike indicator traits were environment specific.  Although a 

large proportion of the sheep population is found in the winter and summer 

dominant rainfall areas of Australia, a substantial number of sheep also reside in 

variable non-seasonal rainfall regions. Non-seasonal rainfall zones exhibit uniform 

rainfall patterns over the year (Australian Government Bureau of Meteorology 

2013).  A literature review on flystrike research revealed there were no genetic 

parameter estimates for breech strike in non-seasonal rainfall environments, 

indicating a gap in research knowledge. 
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The extensive use of mulesing and chemicals to control flystrike has reduced the 

expression of flystrike and limited the amount of useful data available from industry, 

making research flocks one of the few resources available to capture information on 

flystrike appropriate for genetic evaluation.  The Information Nucleus Flock (INF) 

(Fogarty et al. 2007), a sheep research flock developed for genetic and genomic 

evaluation for a wide range of traits, is the source of the majority of flystrike data in 

the non-seasonal rainfall zone.  This flystrike data, combined with a suite of other 

measured and visual traits, provided the opportunity to evaluate the inheritance and 

genetic relationships of flystrike with other traits in a non-seasonal rainfall 

environment.   

The aim of this study was to investigate the heritability and genetic relationships 

of flystrike (particularly breech strike), with measured and visually assessed traits, to 

identify potential indicator traits for breech strike which could be used for indirect 

selection in breeding breech strike resistant sheep in a non-seasonal rainfall 

environment. 

This study will contribute to genetic information on breech strike in non-mulesed 

sheep with production traits, novel wool traits and a suite of visually assessed traits 

and identify potential indicator traits for breech strike in the non-seasonal rainfall 

environment.  
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Chapter 2  Literature review 
 

2.1 Introduction 

This literature review explores the process of flystrike development in sheep, the 

economic importance of the disease and methods to control flystrike, particularly 

genetic options.  Trait definition and methods used to analyse flystrike and genetic 

parameters are reviewed. Genetic correlations for breech and body strike are 

summarised in the context of traits that could be used for indirect selection to breed 

for flystrike resistance.  

 

2.2 Development of flystrike 

Flystrike or myasis occurs when eggs or larva of a blowfly are deposited onto the 

host.  Flystrike in sheep is predominantly (90%) caused by the sheep blowfly Lucilia 

cuprina.  The complete life cycle of L. cuprina can be as short as 21 days and is 

described by Levot (2009).  Gravid flies use olfactory receptor neurons to process 

kairomones produced by the host to locate a suitable site to lay their eggs (Eisemann 

1995; Park and Cork 1999).  Usually warm moist sites inherently produce 

kairomones attractive to gravid flies.  These sites include: inflamed skin, fleece rot 

lesions, faeces, urine or placental soiled wool, necrotic skin lesions and areas prone 

to sweat and scald (Watts, et al. 1981b; Raadsma et al. 1988; Morris et al. 1997).  

The eggs hatch in 8-24 hours and the larvae feed on protein sources such as skin, 

dung or fleece rot lesions.  Early stage larvae also produce kairomones which are 

attractive to further gravid L. cuprina flies and other flies such as Chrysomya 

rufifacies, which can cause multiple (and secondary) strikes on the one sheep.  After 

the first moult, larvae are capable of abrading the skin.  This feeding action by the 

larvae can cause local or systemic physiological changes in the sheep depending on 

the size of the infestation, with heavy infestations leading to septicaemia or anorexia 

and death through chronic ammonia toxicity of the brain (East and Eisemann 1993). 
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2.3 Flystrike locations and incidence 

Flystrike can establish at any site on a sheep, given the right conditions.  Breech 

strike encompasses the buttock area, including the tail and perineal region down the 

back of the legs to the hocks (Watts et al. 1979; James 2006).  Body strike can occur 

on the neck, withers, back, loins, rump, sides and flank (Raadsma et al. 1988). Other 

areas prone to flystrike include the poll, prepuce, belly, brisket, lower neck, wounds 

or infection sites (Watts, et al. 1979; Raadsma et al. 1988).  The prevalence of 

breech strike has been reported to be 5-61% higher and more consistent across years 

than body strike.  The average frequency of body strike (due to the frequency of 

high challenge years) is 1 in 5 years and 1 in 8 years for high and semi-arid rainfall 

regions respectively (Watts et al. 1979; Raadsma and Rogan 1987).  Generally high 

summer rainfall zones exhibit the greatest incidence, followed by non-seasonal and 

winter dominant rainfall zones.  The duration of flystrike within a year is longest for 

the non-seasonal, followed by summer and winter dominant rainfall zones 

respectively (Ward 2000; Sackett et al. 2006; Wardhaugh et al. 2007; Horton and 

Hogan 2010; Horton 2013). 

Merinos in Australia are often regarded to have a higher incidence of flystrike 

than other breeds of sheep, but similar breech strike rates to un-mulesed Merinos 

(3.2%) have been reported for un-mulesed Corriedales and Polwarths (3.2%) and 

British breeds (3.6%) (Watts et al. 1979; Murray 1980; Morley and Johnstone 

1984).  Within the Merino breed McGuirk et al. (1978) reported distinct differences 

in body strike between strains (Fine wool 3%; Medium wool 19%; Strong wool 

33%) and between bloodlines within strains (Medium wool bloodlines 3-37%).  

Divergent selection lines for reproductive traits (Scholtz et al. 2010) and breech 

strike indicator traits (BSR-B line: Greeff and Karlsson (2009),(commercial line: 

Smith, et al. (2009)) has shown that the incidence in breech strike between lines can 

be in excess of 20%, indicating potential to improve flystrike resistance through 

breeding.  

 

2.4 Predisposing factors 

Many factors predispose sheep to flystrike, including environmental influences, 

wool characteristics and body traits and the physiological state of the sheep.  Seddon 
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(1931) concluded that breech strike and all other forms of flystrike were caused by 3 

main factors, nitrogenous substances, bacteria and moisture.  Any factors which 

contribute to creating a warm moist environment on the sheep, including prolonged 

moisture retention are conducive to bacterial degradation of nitrogenous substances 

(e.g. wool, skin and faeces) producing a suitable environment for flystrike. Breech 

strike incidence is also influenced by the magnitude of some of these factors.  For 

example, high dag scores increased strike rates even in mulesed sheep (Greeff and 

Karlsson 2009; Smith et al. 2009; Richards and Atkins 2010).   

 

2.4.1 Environment and management 

The amount and distribution of rainfall primarily influence flystrike expression.  

Other contributing factors include; temperature, humidity, wind speed, topography, 

vegetation species (trees, herbage, and grasses) and the density of fly populations.  

Warm low level, sheltered areas with high humidity are most favourable for 

flystrike. Ground temperatures below 15oC defer larval development into adult flies 

(Ward 2000; Sackett et al. 2006; Wardhaugh et al. 2007; Horton and Hogan 2010; 

Horton 2013).   

Dags resulting from scouring can cause breech strike irrespective of sex or 

mulesing status.  Factors causing scouring and dags include: age, grain feeding, 

grazing lush pastures or crops, internal parasite levels or hypersensitivity to parasites 

and rainfall zones (Watts et al. 1979; Jacobson et al. 2009; Greeff et al. 2014).  

The frequent occurrence of body strike following fleece “water rot” (fleece rot 

and dermatitis) was reported by Beveridge (1934) and Holdaway and Mulhearn 

(1934).  Fleece rot is a form of dermatitis caused by prolonged wetting of the fleece 

and skin, and provides a soluble moist protein source attractive to gravid flies 

(Raadsma 1987). Not all sheep with fleece rot will get fly struck, but the incidence 

of flystrike increases proportionally with the severity of fleece rot (Raadsma et al. 

1988). Fleece rot susceptibility is heritable (Raadsma et al. 1989) and associated 

with structural conformation, age, wool quality and variation in bacterial populations 

on the skin and fleece (Belschner 1965; Raadsma 1987; Raadsma et al. 1987; Norris 

et al. 2008).   

Wool length can influence fleece rot and body strike susceptibility, with 4-6 

months wool growth more prone to body strike than other lengths (Hemsley et al. 
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1984; Raadsma 1987).  Wool length also influences breech strike susceptibility, with 

long wool prone to moisture retention and fleece decomposition (Moule 1948).   

Variation in docked tail length influences breech strike rates, with breech strike 

increasing proportionally as tails become shorter in mulesed and non-mulesed sheep 

(Seddon et al. 1931; Gill and Graham 1939a; Gill and Graham 1939b; Graham et al. 

1947; Watts and Luff 1978). 

 

2.4.2 Wrinkle, urine stain and bare area 

Wrinkles and skin flaps (particularly with wool growth) in the breech area are 

prone to faecal and urine soiling and the retention of sweat and grease.  The physical 

structure of the wrinkles promotes moisture retention, wool and skin degradation 

(which in turn produces putrefactive odours attractive to flies) and provides a 

suitable environment for gravid flies to lay their eggs (Seddon 1931, Seddon et al. 

1931).  The magnitude of wrinkles has been found to be a major contributing factor 

to breech strike, but even plain breeched or mulesed sheep were susceptible to 

breech strike if the environment was favourable (Seddon et al. 1931; Beveridge 

1935; Smith et al. 2009; Greeff et al. 2014).   

Breech wool which is continuously moist through urination and asymmetrical 

urination has been identified as a contributing factor to breech strike in ewes (Moule 

1948).  Greeff et al. (2014) and Smith et al. (2009) found that high wrinkle scores 

(larger and more abundant wrinkles) were associated with increased urine stain, but 

not all urine stained breeches became struck.  

Breech and crutch cover scores described by Edwards et al. (2009) were found to 

be associated with breech strike, dags and breech wrinkle (Scobie and O'Connell 

2010; Scholtz et al. 2011).  Breech and crutch cover scoring is a numeric scoring 

system which identifies the extent of bare area on the breech and crutch, with lower 

scores indicating a larger bare area. 

 

2.5 Importance to Industry  

The economic and production costs of flystrike have been modelled over the 

years to quantify the significance of the disease itself and in comparison to other 

diseases in sheep (McLeod 1995; Sackett et al. 2006; Lucas and Horton 2013).  

Sackett et al. (2006) estimated flystrike as being the second largest expense to the 
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sheep industry after internal parasites, with an estimated cost of $280 million 

annually for 110 million sheep ($2.55/head).  Sackett et al. (2006) modelled 

flystrike as three components: breech, body and pizzle strike for Merino or Prime 

lamb enterprises within the 3 major sheep production areas in Australia: high 

rainfall, wheat/sheep and pastoral zones. This model identified breech strike as the 

largest cost to industry followed by body and pizzle strike, despite the model being 

based on mulesed sheep.  Lucas and Horton (2013) modelled flystrike risk (breech, 

body and other strike) and management costs in flocks of mulesed and un-mulesed 

sheep and predicted that flystrike risk and costs were greatest for summer rainfall 

regions followed by non-seasonal. Both models relied on preventative chemical 

application to control flystrike.  Lucas and Horton (2013) also predicted that 

chemical application could not always reduce flystrike susceptibility to levels 

achieved by mulesing and costs would double for un-mulesed sheep in particular 

environments. 

More recently GHD et al. (2015) modelled livestock diseases of economic 

importance to the Australian red meat industry and reported that flystrike was 

ranked as the fifth highest cost to the sheep industry compared to other diseases (1st 

neonatal mortalities; 2nd internal parasites; 3rd dystocia; 4th weaner ill thrift and 5th 

flystrike).  The model estimated that flystrike (combined breech, body and pizzle 

strike) cost the Australian sheep industry $170 million per year after internal 

parasites ($436 million).  This model had similar assumptions to those used by 

Sackett et al. 2006, and assumed mulesing, chemicals and management would be 

employed to control flystrike, but also included breeding as a tool to reduce flystrike 

incidence.  Model figures were based on survey results reported by Reeve and 

Walkden-Brown (2014) and mainly covered summer and winter dominant rainfall 

zones.  The change in rank of diseases between models was a reflection of the 

different models applied and increased awareness of production losses associated 

with the diseases, as there was no indication that the prevalence of the diseases had 

changed between the models (GHD et al. 2015; Sackett et al.  2006). 

  



Chapter 2 Literature review 

Page 9 

 

2.6 Current options to control flystrike 

Historically and currently, greatest effort has been directed towards controlling 

body and breech strike due to the relatively higher prevalence of strike on those sites 

compared to others.  For that reason flystrike on sites other than the body and breech 

are not further investigated in this thesis. 

 

2.6.1 Chemical insecticides and vaccines 

Chemicals provide an effective means of controlling flystrike but their use can 

cause environmental residual problems in meat, wool and effluent from wool 

processing plants (Savage 1998; Plant et al. 1999).  A heavy reliance on chemical 

control over many years has led to resistance in some chemical groups (Table 2.1) 

(Watts et al. 1979; Levot and Sales 2008; Levot 2012).  Chemical resistance in L. 

cuprina has emerged most notably in products which have also been used to control 

lice infestation.  To address the ever increasing problem of chemical resistance, 

integrated pest management (IPM) systems are now being promoted to reduce the 

reliance on specific chemical groups.  Other methods that may be included in IPM 

systems include; chemical rotation, optimizing shearing and crutching times, fly 

baiting and selective breeding programs (Horton and Hogan 2010; Lucas and Horton 

2013).  

 

 

Table 2.1   Selected chemicals used to control flystrike and resistance status of the blowfly to 

each chemical group and year reported 

Chemical group Resistance status Year reported Source 

Organochlorins Common 1958 Watts/Larsen 

Organophosphates* Common 1965 Watts 

Synthetic pyrethroids* None   

Insect growth regulators  
(Diflubenzuron*/triflumuron*) 

Common high 
resistance 

2001 Larsen 

Insect growth regulators  

(Dicyclanil*/cyromazine) 

Isolated cases 

reported 

2010-11 Larsen  

Levot 2012 

Spinosyns (spinosad*) In vitro  Levot 2008 

Macrocyclic lactones (Ivermectin*) In vitro  Levot 2008 

Neonicotinoid none   

*also used for lice control. (Watts et al. 1979; Levot and Sales 2008; Larsen 2012; Levot 2012). 

 

Many other procedures aimed at replicating the physical effect of mulesing have 

been investigated. These include: caustic and acidic chemical application, skin 

freezing, radiation, intradermal collagenase (Rothwell et al. 2007) and intradermal 
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injection of cetrimide (Colditz et al. 2009). Trials using Skintraction (St Vincent 

Welch 2012) which involves intradermal injection of sodium lauryl sulphate (SLS) 

(Hemsworth et al. 2009) have indicated that bare area and wrinkles could be 

modified to a similar level achieved by mulesing (St Vincent Welch 2012), although 

its effectiveness in reducing flystrike is yet to be quantified. 

Development of a vaccine for flystrike has been investigated, but with poor 

success to date.  East and Eisemann (1993) and Elkington et al. (2009) reported that 

immunity to flystrike from repeated infestation or vaccination was highly variable. 

This variability was partially explained by the discovery of a larval secretary protein 

(blowfly larval immunosuppressive protein “BLIP”) from L. cuprina which 

modified the immune response mechanism in sheep (Elkington et al. 2009). BLIP 

was found to allow L. cuprina to establish and feed uninhibited by the sheep’s 

immune response system. 

 

2.6.2 Management 

Time of shearing and crutching determines wool length during high flystrike risk 

periods which subsequently affects body and breech strike susceptibility (Lucas and 

Horton 2013). Beveridge (1934) reported that shorn weaners were more prone to 

fleece rot and body strike than unshorn weaners during the fly season.  Raadsma et 

al. (1989) confirmed these observations and reported that sheep with short wool (4-6 

months) were more prone to body strike (8-20%) than those with longer wool 

lengths (>6 months). Crutching can provide approximately 6 weeks protection from 

breech strike during high flystrike risk periods by reducing wool length, urine stain 

and dags, but it may only provide 2 weeks protection if scouring is a problem 

(Moule 1948; Watts et al. 1979).  

Mulesing is a surgical procedure proven to reduce breech strike in sheep by the 

removal of wrinkles and wool-bearing skin from the tail and breech areas 

(Mackerras 1937). At the inception of mulesing, opposition to the operation came 

from producers considering the practice cruel, and from scientists speculating that 

sheep producers would use mulesing to control breech strike instead of selective 

breeding (Seddon et al. 1931; Watts et al. 1979). However more recent opposition 

based around animal welfare, environmental and ethical product quality assurance, 

has led consumer groups to view mulesing as an unacceptable method of controlling 
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breech strike in sheep (Morley and Johnstone 1984; Morris 2000; Sneddon et al. 

2010).  Short term pain relief is now a mandatory regulation when mulesing 

procedures are carried out. 

Lloyd (2012) reviewed and summarised the effect of docked tail length on breech 

strike rates. Tails which were docked to ½ inch (12.7mm) below the tip of the vulva 

(or cover the tip of the vulva) were found to provide the best breech strike protection 

compared to longer or shorter tails.  Short tails impede the tail being raised during 

urination and the presence of wool bearing skin at the end of the tail makes it liable 

to repeat wetting during urination.  Longer tails were more prone to dags, urine 

staining and fly strike than medium long tails (Gill and Graham 1939b; Graham et 

al. 1947; Watts and Luff 1978).  

The extent of bare area (skin with no wool growth) around the tail and perineal 

region has been shown to affect breech strike rates more than tail length itself (Gill 

and Graham 1939b; Graham et al. 1947; Moule 1948).  In non-mulesed sheep, 

docking the tail so that the bare skin from the under surface covers the stump when 

healed was recommended to reduce tail strike rates (Moule 1948; Gill and Graham 

1939b).  Mulesing practices were also refined to optimise the bare area around the 

tail to lower strike rates in mulesed sheep (Graham et al. 1947). 

Occlusive plastic clips (Applidyne Pty Ltd) which clamp the wrinkles of the 

breech and cause ischaemic necrosis of the skin, were trialled as an alternative to 

mulesing (Evans et al. 2012).  Clips were found to increase bare area, reduce dag, 

wrinkle and urine stain, but did not reduce breech strike rates compared to non-

mulesed sheep (Hemsworth et al. 2012; Larsen et al. 2012; Playford et al. 2012). 

Managing factors which predispose sheep to scouring and dag formation 

particularly in young sheep include: monitoring and controlling parasite levels and 

providing supplementary roughage when grain feeding and grazing lush pastures or 

crops (Watts et al. 1979; Jacobson et al. 2009; Greeff et al. 2014). 

The cost effectiveness of sheep coats to manage environmental conditions which 

predispose sheep to body strike was reviewed for various environments.  The results 

were variable, with increased management and costs making it a non-viable method 

to control body strike (Australian Wool Innovation 2004). 
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2.6.3 Monitoring and predictive models 

Intensive trapping of flies was demonstrated to reduce the incidence of flystrike 

by up to 50%, but was not commercially viable (Mackerras et al. 1936). The 

commercial “LuciTrap” (Urech et al. 2009) was shown to reduce the population of 

L. cuprina in various environments, but is not expected to eliminate flystrike in 

sheep.  Fly traps are recommended for use in IPM systems to monitor fly activity 

and aid management decisions around the timing of flystrike control (Ashworth and 

Wall 1994). 

Interactive flystrike susceptibility models based on regional climatic data are now 

available for use at the individual farm level, through the “Flyboss” website (Horton 

and Hogan 2010).  These predictive models enable sheep management systems to be 

optimized to reduce the level of flystrike (Lucas and Horton 2013). 

 

2.6.4 Breeding  

Historically in the early 1930’s breech wrinkle was identified as a major 

contributing factor to breech strike and the removal of breech folds greatly reduced a 

sheep’s susceptibility to flystrike (Seddon 1931; Beveridge 1935).  Seddon (1935) 

identified that sheep could be classified and bred to reduce the magnitude of wrinkle 

and flystrike susceptibility.  Extensive research on wrinkle (folds) from the 1950’s 

through to the 1970’s determined it was a heritable trait, indicating the potential to 

reduce wrinkle and flystrike through breeding and indirect selection. This research 

also identified that wrinkle was unfavourably genetically correlated with some 

production traits mainly fleece weight (Morely 1953; Morley 1955; Gregory 1982; 

Crook and James 1991; Richards and Atkins 2010). 

Extensive use of preventative management practices such as mulesing and 

chemical application reduced the need for industry to improve flystrike resistance 

through breeding.  But during the 1970’s concerns over chemical resistance lead to 

further research being conducted during the 1980’s and 1990’s particularly on body 

strike (Raadsma and Rogan 1984; Raadsma et al. 1988; Raadsma et al. 1989; 

Raadsma 1991; Raadsma 1993). More recently, chemical usage in primary 

production is of growing concern among consumers with an interest in ethically and 

environmentally sustainable production.  Similarly, consumers are increasingly 

aware of, and opposed to painful husbandry procedures, of which mulesing is one 
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(Sneddon et al. 2010).  This instigated Australian Wool Innovation on behalf of the 

industry to pledge the phasing out of mulesing by December 2010 (Sneddon et al. 

2010) and saw the establishment of the “Breeding for Breech Strike Resistance 

Project”.  The breeding for Breech Strike Resistance Project is researching selective 

breeding for flystrike resistance (particularly breech strike in non-mulesed sheep) in 

two environments; summer and winter dominant rainfall zones. 

Selective breeding is an attractive strategy because it potentially reduces the 

reliance on chemicals and mulesing, and offers a long term cumulative and 

permanent reduction in flystrike susceptibility.  Breeding to reduce flystrike 

susceptibility through indirect selection on traits such as breech wrinkle (for breech 

strike) and fleece rot (for body strike) was promoted even when mulesing was in the 

early developmental stage (Seddon et al. 1931) and more recently (Raadsma and 

Rogan 1987, Richards and Atkins 2010).  Breeding sheep which are less susceptible 

to worm infestation and hypersensitivity scouring are regarded as the best long term 

options to control dags and the breech flystrike that occurs due to dags (Larsen et al. 

1999; Karlsson et al. 2004). 

 

2.7 Genetic improvement of flystrike resistance 

To improve a trait through breeding the key aspects that need to be quantified are 

how the trait is assessed or measured; the variation of the trait in the population; the 

heritability; repeatability, and correlations with other traits of interest.  From these 

parameters, response to selection and rate of genetic gain can be predicted (Atkins 

1979).   

 

2.7.1 Trait measurement 

The method used to record trait information is usually categorized as either 

objective or subjective. Objectively measured traits are usually measured using 

internationally recognised units of measurement for example kilograms of fleece or 

microns for wool fibre thickness.  Subjective traits are often visually scored to a 

standard description, for example the Australian Wool Innovation and Meat and 

Livestock Australia (2007) Visual Sheep Scores.  Examples of subjectively scored 

traits include wool quality, structural conformation and breech traits (e.g. greasy 
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wool colour, hock set, breech wrinkle).  Some subjective traits could be measured, 

but the time and expense is often not commercially justifiable.  Both objective and 

subjective traits can be prone to inconsistency and measurement error, due to human 

individual variation in recording or measuring. 

 

2.7.2 Trait Definition 

Traits can be recorded as either continuous, categorical (e.g. 1-4), binary (0 or 1); 

proportions, repeated observations, and by age.  The incidence, data type and 

structure may determine how the trait is recorded and statistically analysed. 

 

2.7.3 Continuous traits 

Most objectively measured traits have a continuous distribution which is 

determined by multiple genetic and environmental factors and can usually be 

measured on all animals in the population at the one stage and often at different 

ages. Traits which exhibit continuous variation such as body weight are classified as 

quantitative or metric characters and cannot readily be divided up into distinct 

classes, or have a large number of classes.  Theoretically, quantitative characters 

have a continuous variation on a normal distribution scale, with the variance 

independent of the mean (Falconer 1960; Nicholas 1988).  Some characters display 

a skewed distribution such as worm egg count data, which can be transformed to 

approximate a normal distribution scale through either a cube root or logarithmic 

function.  Previously, flystrike has been analysed as a continuous trait with the data 

in the format of struck or not (Gilmour and Raadsma 1986, p.460; Raadsma et al. 

1989), sum of strikes, transformed data (Smith et al. 2009) or the proportion of 

animals affected (Scholtz et al. 2010). 

 

2.7.4 Categorical traits 

Categorical traits are characters which are measured or recorded within distinct 

classes and the number of classes can vary depending on the economics of recording 

the trait or the phenotypic expression (Simm 2010).  Visually scored wool and 

conformation traits and litter size are examples of categorical traits.  The phenotypic 

expression and distribution of these traits is determined by the sample population, 
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with some characters exhibiting a skewed distribution, where transformation is 

required to improve normality. Categorical traits may also require transformation 

where the variance is dependent on the mean.  Morley (1952) reported that 

logarithmic transformation of fold score traits removed the strong correlation 

between means and variances obtained on the arithmetic scale.  Categorical traits 

can be analysed as a continuous variable or as a multiple threshold trait, with each 

class defined as another threshold (Falconer 1960).  Breech strike and fleece rot 

severity were analysed as categorical traits on the underlying scale by Greeff et al. 

(2014) and Raadsma et al. (1989) respectively. 

 

2.7.5 Binary   

Binary traits (or binomial) are characters which are recorded as absent or present 

(0/1) and flystrike expression is often recorded in this manner over a specified time 

period.  Flystrike expressed in binary format has a Bernoulli distribution which 

minimizes the variance especially when multiple strikes are condensed to one 

observation (Falconer 1960; Raadsma et al. 1989).  An alternative option is to 

analyse binary traits on the underlying scale of expression with a normal distribution 

using a logit or probit transformation.  The concept is that the all or none phenotypic 

expression of a trait (such as flystrike) is dependent on several underlying 

continuous variables and flystrike is observed once a threshold of susceptibility is 

exceeded for the underlying contributing variables. It assumes that all animals are 

susceptible to some degree depending on the expression of contributing traits.  

Therefore, animals will exhibit different levels of liability in the same environment, 

or the same animal could exhibit different levels of liability in different 

environments.  The underlying susceptibility scale concept proposed by Robertson 

and Lerner (1949), maps the observed scale (measured observation) using a link 

function to an underlying continuous scale connected at the threshold point where 

flystrike is no longer observed (Falconer 1960).   This concept was validated for 

fleece rot by Raadsma et al. (1988).  The advantage of using the underlying scale for 

binomial or skewed data is that the variance components are not dependent on the 

mean incidence in the population, whereas variance components and parameter 

estimates obtained on the observed scale can change for the same population 

depending on the incidence of the trait (Gianola 1980).  
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2.7.6 Repeated observations 

Repeated observations of a trait between different time points, e.g. within year, 

across years and locations, can provide a greater understanding of contributing 

genetic influences at various ages (Walkom et al. 2014).  If the trait of interest is 

influenced by the same genes at different ages, then the variation between ages is an 

environmental expression (Simm 2010).  Repeat observations can be analysed using 

multivariate analyses, random regression models, and spline analyses (Fischer et al. 

2004; Walkom et al. 2014; Gilmour et al. 2009).  These analyses can highlight if the 

trait is under different genetic influences at various ages, indicating it is not 

genetically the same trait (Fischer et al. 2004). Analysis of repeat measures over 

time periods can help to identify parameters at optimal ages to match breeding and 

selection objectives. 

 

2.7.7 Age Specific traits 

Traits are often divided up into distinct age classes for analysis, for example body 

weight at weaning age and hogget age.  Research has established that the genes 

driving the expression of a trait at one age (e.g. weaning) are not always exactly the 

same genes controlling the expression of the trait at a later age (e.g. hogget 

age)(Fischer et al. 2004).  The heritability and genetic correlations can be quite 

different between ages for some traits.  For example, Atkins (1979), concluded that 

body strike at 8 months of age was not the same genetic character as at hogget age.  

Age specific differences in breech strike were reported by Greeff et al. (2014), who 

concluded that breech strike at 5 months of age, was not the same genetic character 

(rg = 0.44 ± 0.17) as at 18 months of age.  

 

2.7.8 Environmental Effects 

Environmental factors which influence the expression of flystrike such as sex, 

dam age and year of birth are also called fixed effects. Environmental effects like 

sex can have a consistent effect on trait expression, with others such as birth rearing 

type and dam age only influencing breech strike up to yearling age (Smith et al. 

2009). Fixed effects influence the phenotypic expression of traits and this variation 
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can be accounted for prior to the estimation of variance components and genetic 

parameters.  Significant fixed effects found to influence breech strike in Merinos 

are: sex and birth type, with single born females more prone to breech strike, than 

males and multiples. Dam age is generally not significant (Smith et al. 2009; Scholtz 

et al. 2010a; Greeff et al. 2014).  For body strike, sex and birth year were the only 

significant fixed effects at weaning and hogget age (Raadsma et al. 1989; Raadsma 

1991).  

 

2.8 Genetic parameter estimates  

Genetic evaluation and improvement of traits requires estimation of accurate 

genetic parameters, which requires knowledge of the components that make up the 

phenotypic variation. The phenotypic variance can be partitioned to determine the 

proportion of the variance due to genetic (direct additive and maternal) and 

environmental (maternal environment and residual) effects.  This enables genetic 

parameters, such as phenotypic variance, heritability, repeatability, genetic and 

phenotypic correlations between traits to be estimated. Many sheep traits, such as 

growth and fleece traits have been shown to be influenced by both direct additive 

and maternal genetic and maternal permanent environmental effects (Safari et al. 

2005).  If these maternal effects have a significant contribution to the phenotypic 

variance and are not included in the model when estimating variance components, 

direct heritability estimates can be inflated (Safari et al. 2005).  Greeff et al. (2014) 

evaluated the importance of genetic maternal and maternal permanent environmental 

effects in accounting for variation in breech strike, but found that they were not 

significant. Significant maternal genetic or permanent maternal environment effects 

on body strike have not been reported to date, but both Mortimer et al. (2009) and 

Brown et al. (2010) reported significant maternal and permanent maternal 

environment effects for fleece rot.  
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2.8.1 Heritability 

Early breech strike heritability (up to 8 months of age) estimates were reported to 

be 0.32 (±0.11) on the observed scale (Smith et al. 2009), and 0.57 (±0.13) on the 

underlying scale (Greeff et al. 2014). Heritability estimates of similar magnitude 

were reported for hogget age at 0.57 (±0.16) and 0.46 (±0.23) by Greeff et al. (2014) 

and Scholtz et al. (2010a) on the underlying scale.  Despite these estimates being 

similar at different ages, Greeff et al. (2014) identified that breech strike 

susceptibility at 5 months of age was not the same trait expressed at 18 months of 

age, due to the genetic correlation (0.44 ± 0.17) between them. 

Heritability estimates for body strike up to yearling age range from 0.26 to 0.37 

(±0.12-0.16) to 0.53 to 0.77 (s.e. not published) for observed and underlying scales 

respectively (Gilmour and Raadsma 1986; Raadsma 1991).  Hogget age heritability 

estimates for body strike range from 0.27 (0.12) (observed scale) to 0.74 (s.e. not 

published) (underlying scale).  Breech strike and body strike have heritability 

estimates of similar magnitude, and are at least moderate, indicating potential for 

genetic improvement in both these traits.  Heritability estimates for flystrike (located 

on the breech, body, poll or pizzle) were reported for Romney (0.39 ± 0.12) and 

Perendale (0.18 ± 0.04) sheep (observed scale) (Brandsma and Blair 1997; Pickering 

et al. 2012) and are similar to values obtained for Merinos. 

 

2.8.2 Repeatability 

The repeatability of a trait can provide an indication of the future performance of 

an animal from past records (Falconer 1960).  Highly repeatable traits allow early 

identification and culling of animals within a generation (McGuirk et al. 1978).  

Many investigations have reported flystrike to be repeatable, with multiple strikes 

occurring on the same animals across years for breech and body strike, yet few have 

estimated the repeatability (Seddon et al. 1931; Atkins 1979; Smith et al. 2009; 

Scholtz et al. 2010; Greeff et al. 2014).  Atkins (1979) estimated the repeatability of 

induced body strike to be 0.15 between 8 and 15 months of age.  Greeff et al. (2014) 

estimated the repeatability of breech strike between weaning and hogget age to be 

low (rp = 0.29).  These phenotypic correlations indicate that both body and breech 

strike expression early in life was not a strong indicator of later performance.   
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2.9 Correlated Traits 

The phenotypic correlation is the “observed” correlation in the phenotypes, and 

does not necessarily give an indication of the magnitude or sign of the genetic 

correlation.  The genetic correlation of two traits provides an estimate of how a 

genetic change in one trait will affect the other trait (Falconer 1960). At present 

there are no published genetic correlations between body strike and breech strike, 

but Smith et al. (2009) estimated the phenotypic correlation to be 0.08, indicating 

that on a phenotypic level the two traits were not correlated.  Evans and McGuirk 

(1983) reported that phenotypic correlations were often underestimated between 

continuous and binomial traits (at low incidence levels) as they were incidence 

dependent, and to overcome this problem the correlation coefficient can be derived 

using the underlying scale.  This incidence dependence is not expected to apply to 

genetic correlations between binomial and continuous traits, except when there is a 

combination of low heritability (0.1 or less) and low incidence (up to 10%) in the 

binomial trait (Raadsma and Wilkinson 1990; Olausson and Ronningen 1975).  

However, Olausson and Ronningen (1975) developed a correction factor to 

overcome this problem, which can be applied for varying incidence levels.  

 

2.9.1 Correlations with measured traits 

Published correlations between flystrike and measured traits are presented in 

Table 2.2.  The genetic correlations for fibre diameter and staple length indicate a 

tendency for increased body strike in sheep with courser, shorter stapled fleeces as 

opposed to those with finer, long stapled wool.  For breech strike, Greeff et al. 

(2014) reported a small unfavourable genetic correlation with fibre diameter 

coefficient of variation (FDCV), indicating that increasing FDCV could reduce 

breech strike.  Inferences have also been made between the incidence of flystrike 

and reproductive performance of ewes, implying that ewes selected for high 

reproductive performance had reduced wrinkle development and were less prone to 

flystrike (Gill and Graham 1940; Scholtz et al. 2010).  This synergy between 

wrinkle development and reproductive performance was also reported by Crook and 

James (1990). 
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Table 2.2   Heritability estimates (h2), genetic (rg) and phenotypic (rp) correlations of measured 

fleece traits with breech and body strike in Merinos (standard error). 

Trait heritability Body strikea Breech strikeb 

 h2 rg rp  rg rp
* 

Greasy fleece weight 0.56 (0.07)   0.06 (0.11) 0.02 

Clean fleece weight 0.58 (0.07)   0.05 (0.12) 0.01 

Fibre diameter 0.46 to 0.56 

(0.07 - 0.15) 
0.65 (0.25)  0.09 (0.04) 0.14 (0.12) 0.04 

Fibre diameter CV 0.23 to 0.46 

(0.06 - 0.14) 
0.04 (0.25) 0.11 (0.04) -0.27 (0.13) 0.05 

Fibre diameter SD 0.38 to 0.58 

(0.06 - 0.18) 
0.35 (0.25) 0.15 (0.04) -0.13 (0.13) 0.07 

Staple strength 
0.25 (0.07)   0.15 (0.16) -0.01 

Staple length 0.29 to 0.31 
(0.06 - 0.13) 

-0.69 (0.25) -0.11 (0.04) 0.02 (0.14) -0.05 

Curvature 
0.53 (0.07)   -0.04 (0.12) -0.08 

a-(Raadsma 1993), b-(Greeff et al. 2014); *phenotypic correlations standard error not published.  

 

2.9.2 Indicator traits 

Difficult-to-measure traits such as flystrike are good candidates for indirect 

selection through a correlated trait.  The term “indicator traits” has arrived from the 

assessment of correlations between traits to identify characters which could 

potentially be used as an alternative through indirect selection.  Indicator traits can 

be any trait which is measured or scored.  Key properties which make a trait suitable 

for indirect selection are, the trait should be cost effective and easy to measure 

irrespective of environmental conditions; have a range of phenotypic expression and 

have a high heritability and a strong genetic correlation with the trait of interest 

across various seasonal conditions (Raadsma and Wilkinson 1990). 

There are numerous published heritability estimates and correlations among 

potential flystrike indicator traits, but there are limited correlation estimates between 

indicator traits and flystrike (Richards and Atkins 2010; Li’ et al. 1999; Edwards et 

al. 2009; Smith et al. 2009; Brown et al. 2010; Pickering et al. 2012; Greeff et al. 

2014).  This lack of published estimates is evident in Tables 2.3 and 2.4.  Currently 

there are no published genetic correlations between indicator traits and breech strike 

for summer and non-seasonal rainfall zones.  There are also no recently published 

genetic correlations between body strike and indicators traits for summer and winter 

dominant rainfall zones. Although the author is aware of unpublished genetic 

correlations for breech and body strike.    
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Tables 2.3 and 2.4 summarize parameter estimates for indicator traits, breech and body strike obtained for various ages and environments. 

 

Table 2.3   Heritability estimates for breech strike indicator traits (h2) and their genetic (rg) and phenotypic (rp) correlations with breech strike, for combined 

(summer, winter and non-seasonal); summer and winter dominant and non-seasonal rainfall zones (standard errors). 

Trait Combined rainfall ad Summer rainfall beg Winter rainfall ceg Non-seasonal rainfallf 
 h2 (se) h2 (se) rp (se) h2 (se) rg (se) rp (se)*** h2 (se) 

Dag 0.28                      

(0.02) 

0.09     

(0.06) 

0.22      

(0.03-0.07) 

0.30 to 0.63     

(0.05-0.08) 

0.34 to 0.86      

(0.13-0.17) 
0.23 to 0.28  

Dag moisture    0.20 to 0.25     

(0.09-0.11) 

0.34 to 0.85     

(0.13- 0.22) 
0.16 to 0.28  

Urine stain  0.30     

(0.20) 

0.04      

(0.03-0.07) 

0.05 to 0.81     

(0.03-0.14) 

-0.02 to 0.54    

(0.13-0.28) 
-0.06 to 0.16  

Neck wrinkle 0.42                      

(0.01) 
  0.35 to 0.64     

(0.06-0.12) 

-0.57 to 0.46    

(0.13-0.26) 

0.11 to 0.18     

(0.15) 

 

Body wrinkle 0.38 to 0.51        

(0.01-0.05) 

0.25     

(0.10) 

0.04      

(0.03-0.07) 

0.30 to 0.68     

(0.05-0.11) 

-0.46 to 0.34    

(0.10-0.24) 

-0.09 to 0.19   

(0.13) 

 

Breech wrinkle 0.31 to 0.69        

(0.02-0.07) 

0.36     

(0.12) 

0.22      

(0.03-0.07) 

0.42 to 0.73      

(0.05-0.19) 

-0.45 to 0.27   

(0.10-0.21) 

0.10 to 0.31     

(0.14) 

 

Folds/wrinkleeg  0.38     

(0.04) 
 0.26 to 0.46     

(0.06-0.07) 
  0.45 to 0.55                 

(0.07) 

Breech cover 0.10 to 0.30        

(0.02-0.04) 
0.23 (0.09) 0.01      

(0.03-0.07) 

0.26 to 0.48     

(0.05-0.08) 

-0.04 to 0.32    

(0.11-0.17) 
0.04 to 0.15  

Crutch cover 0.30                      

(0.04) 

0.47     

(0.14) 

0.09      

(0.03-0.07) 

0.51 to 0.76     

(0.06-0.08) 

-0.01 to 0.19    

(0.10-0.13) 
0.05 to 0.12  

Wool colour 0.21 to 0.56        

(0.03-0.06) 
 -0.05          

(0.03-0.07) 

0.40 to 0.45     

(0.07-0.08) 

0.15 to 0.17     

(0.14) 
0.06 to 0.12  

Bare area width    0.28                   

(0.06) 

-0.51                 

(0.15) 
-0.08  

Bare area depth    0.38                   

(0.06) 

-0.37                 

(0.13) 
-0.06  

a-(Brown et al. 2010; Hatcher et al. 2011), b-(Smith et al. 2009) no published rg estimates; c- (*Scholtz et al. 2010a; Greeff et al. 2014) *absence of strike, 

d-(Mortimer et al. 2009) e-(Gregory 1982)(neck, body and breech combined), f-(Morley 1955, Morley 1953),g-(Brown and Newton Turner 1968), *** s.e. not published 
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Table 2.4   Heritability estimates (h2) for body strike indicator traits and their genetic (rg) and phenotypic (rp) correlations with body strike for combined 

(summer, winter and non-seasonal); summer and non-seasonal rainfall zones (standard errors) 

Trait Combined rainfall fg Summer rainfall ae  Non-seasonal rainfall bcdhi 

 h2 (se) h2 (se) rp (se) h2 (se)* rg (se) rp (se)* 

Fleece rot 0.10 (0.01) 0.17 (0.02) 0.23 (0.04) 0.15 to 0.40  

(0.04-0.07) 

0.58 to 0.9 (0.05 – 0.26) 0.06 

Fleece rot severity  0.23 (0.02)  0.50 0.80 to 0.90 (0.13) 0.59 

Fleece rot class    0.42 0.77 (0.18) 0.40 

Body wrinkle 0.38 to 0.51  (0.01-0.05)   0.35 - 0.38 (0.07) -0.18 to- 0.22 (0.22-0.25) 0.01 to 0.14 (0.02) 

Neck wrinkle 0.42 (0.01)   0.39 to 0.40 

(0.07) 

-0.06 to 0.07 (0.21-0.25) 0.02 to 0.10 (0.02) 

Wool colour 0.56 (0.03)  0.07 (0.04) 0.48 -0.14 (0.28) 0.04 

Dust    0.15 -0.34 (0.25) 0.03 

STPL thickness    0.29 (0.13) 0.15 (0.25) 0.13(0.04) 

STPL thickness sd    0.16 (0.11) -0.63 (0.25) 0.11(0.04) 

STPL thickness cv    0.23 (0.12) -0.54 (0.25) 0.06(0.04) 

Gravimetric. moist    0.28 (0.12) 0.74 (0.29) 0.11(0.04) 

Y brightness    0.32 (0.13) -0.35 (0.28) 0.02(0.04) 

Y-Z yellowness    0.35 (0.14) 0.51 (0.28) 0.01(0.04) 

a-(Smith et al. 2009); b (Raadsma et al. 1989), c (Atkins 1979; Raadsma and Wilkinson 1990; Raadsma 1993), d- (Raadsma 1989), e-(Li et al. 1999), 

f- (Brown et al. 2010), g-(Mortimer et al.2009), h-(Hatcher et al. 2009), i-McGuirk and Atkins (1984) * se not published 
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2.9.3 Breech strike indicator traits 

Currently there is substantial breech strike research being conducted in the winter 

dominant rainfall zone (Mt Barker, WA; Greeff et al. 2014) and in the summer 

dominant rainfall zone (Armidale, NSW; Smith et al. 2009) (Figure 2.1).  These 

rainfall regions represent a large proportion of sheep production areas within 

Australia.  The research in these regions has identified that breech strike is a 

heritable trait and key indicator traits for breech strike are specific for each 

environment. 

 

Figure 2.1   Australian major seasonal rainfall zones (BOM 2013) 

 

For the winter dominant rainfall zone, hogget dag score (rg = 0.81 ±0.15) and 

weaner urine stain (rg = 0.54 ±0.13) had the highest genetic correlation with breech 

strike and were identified as the best potential indicator traits (Table 2.3) (Greeff et 

al. 2014).  In the summer dominant rainfall zone, preliminary phenotypic 

correlations identified breech wrinkle (rp = 0.22 ± 0.03) as the most useful indicator 

trait (Smith et al. 2009).   

  

Rainfall Zones  
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Wet winter /dry summer      

Wet winter /low summer  

  

Summer  dominant   

Wet summer/dry winter  

Wet summer/low winter  
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Arid  
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Dag score was also identified as having a similar phenotypic correlation to breech 

wrinkle, but its low heritability and inconsistent expression in that environment 

made it less suitable as an indicator of breech strike.  Greeff et al. (2014) found that 

neck wrinkle at marking age (rg = 0.38 ± 0.13) was a more reliable indicator for 

breech strike than breech wrinkle (rg = 0.18 ± 0.17), due to the difficulty in scoring 

breech wrinkle at varying wool lengths in relatively plain sheep. This association 

between neck wrinkle and absence of breech strike (rg = -0.57 ± 0.26) was also 

found by Scholtz et al. (2010a).  Genetic correlations between breech, body and 

neck wrinkle (0.89 to 0.99 ±0.01) indicate that it is essentially the same trait 

genetically. (Hatcher et al. 2009; Mortimer et al. 2009; Lewer et al. 1995).  This is 

why much of the early wrinkle research evaluated folds, which was a combination of 

breech, body and neck wrinkle (or body and neck) scores (Gregory 1982b). 

 

2.9.4  Body strike indicator traits 

Considerable research on body strike indicator traits, predominantly fleece rot, 

has been undertaken in the New South Wales non-seasonal rainfall zone (Raadsma 

1993).  Due to fleece rot expression being environment dependent, much of the 

research was conducted with experimentally induced fleece rot through simulated 

rain in wetting sheds (Raadsma et al. 1988).  Approximately 25% of the total sheep 

population in Australia resides within the non-seasonal rainfall zones in Australia. 

The NSW non-seasonal rainfall zone carries approximately 11% (8.2 million head) 

of the total Australian Merino population (ABS 2012a; ABS 2012b).  

Fleece rot and fleece rot severity have the highest genetic correlation with body 

strike of all the traits listed in Table 2.4., with severity proving to be a better 

indicator than fleece rot incidence alone, as not all sheep affected with fleece rot get 

fly struck (Raadsma 1987; Raadsma et al. 1989).  Extensive research has been 

conducted to identify traits correlated with fleece rot.  These include, fleece quality 

and structural traits, body and skin conformation (Watts et al. 1981c; Raadsma et al. 

1988; Raadsma and Thornberry 1988; Raadsma and Wilkinson 1990; Raadsma 

1993; Li’ et al. 1999; Brown et al. 2010).  Raadsma (1993) found that despite the 

positive correlation between fleece rot and body strike, the genetic correlations 

between these traits and other indicator traits often varied in magnitude and sign.       
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Raadsma (1993) concluded that the two measured traits which showed the best 

genetic potential for reducing body strike were mean fibre diameter (FD) and fibre 

diameter variability (FDSD), which were both favourably correlated with fleece rot 

and body strike (Table 2.4).  It was proposed that for selection programs aimed at 

maintaining fibre diameter the coefficient of variation of fibre diameter could be 

used as an alternative to reduce FDSD without reducing mean fibre diameter, 

although the unfavourable correlations with clean fleece weight would have to be 

taken into consideration.  Another approach to controlling fleece rot and body strike 

through breeding would be through genomic selection, as Mortimer et al. (2001) 

suggested a major gene (or SNP associations) may account for 20% of the 

phenotypic variance in fleece-rot and 15% in body strike.   

 

2.9.5 Indicator traits and measured traits 

Selection on indicator traits to reduce breech and body strike, should also 

consider the genetic relationship between these traits and production traits.  

Antagonistic relationships between flystrike and production traits can erode genetic 

gain. Table 2.5 depicts some of the reported genetic correlations between flystrike 

indicator traits and measured traits.  For body strike the key indicator trait of fleece 

rot severity shows a small antagonistic relationship with clean fleece weight, fibre 

diameter and fibre diameter standard deviation. Key indicator traits for breech strike 

in the summer and winter dominant rainfall zones were; dag, urine stain, breech and 

neck wrinkle.  There was a strong positive correlation between neck wrinkle and 

greasy fleece weight and a moderate correlation with breech wrinkle.  Crook and 

James (1991) reported positive antagonistic genetic correlations between folds 

(sheep selected for or against neck and body wrinkle) fleece weight and fibre 

diameter and a negative genetic correlation with body weight, in a non-seasonal 

rainfall environment.  These antagonistic relationships indicate that indirect 

selection on indicator traits should be combined with production traits in the form of 

a selection index to avoid production losses from single trait selection.  
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Table 2.5   Fly strike indicator traits and their genetic correlations with measured traits (standard errors) over a range of ages, GFW- greasy fleece weight, CFW 

– clean fleece weight, FD – fibre diameter, FDSD – fibre diameter standard deviation, SL – staple length, SS – staple strength, WT – live weight 

Trait GFWabcdefghi CFWacdefghi FDabcdei FDSDac SLabdcef SSabcdi WTcefghi 

Fleece rot 0.02 to 0.22  

(0.06-0.07) 0.11 (0.09) 

-0.18 to 0.06 

(0.06) -0.17 (0.07) 

-0.11 to 0.04 

(0.08-0.13) -0.20 (0.09) 

 

Fleece rot severity 0.02 (0.06) 0.15 (0.08) -0.18 (0.05) -0.14 (0.06) -0.16 (0.07) -0.12 (0.09)  

Breech wrinkle -0.69 to 0.44 

(0.07-0.24) 

-0.69 to 0.10 

(0.26) 

-0.82 to -0.20 

(0.10-0.14)  

-0.73 to -0.43 

(0.10-0.20) 0.18 (0.13) 

-0.83 (0.13) 

Body wrinkle -0.63 to 0.52 

(0.05-0.27) 

-0.65 to 0.29 

(0.12-0.27) 

-0.79 to 0.31 

(0.04-0.16) 0.33 (0.12) 

-0.41 to -0.67  

(0.07-0.23) 

-0.14 to 0.09 

(0.04-0.14) 

-0.12 to -0.80 

(0.15) 

Neck wrinkle 0.61 to -0.76 

(0.09-0.18) 

0.39 to -0.80 

(0.11-0.20) 

0.34 to -0.84 

(0.12-0.16) 0.40 (0.11) 

-0.54 to -0.77 

(0.11-0.16) 0.06 (0.14) 

-0.05 to -0.80 

(0.10-0.15) 

Folds/wrinkle* 0.18 to 0.47 

(0.01-0.11) 

-0.06 to 0.24 

(0.01-0.13) 

0.04 to 0.35 

(0.11)  

-0.54 to -0.47 

(0.01-0.10) 0.05 

 -0.30 to -0.34 

(0.01-0.12) 

Dag 0.0 to 0.19 

(0.11-0.13)  0.12 (0.11)  -0.25 (0.15) -0.20 (0.23) 

 

Breech cover -0.50 to 0.10 

(0.14-0.25)  -0.31 (0.21)  -0.49 (0.20) -0.40 (0.25) 

 

Crutch cover -0.03 (0.18) -0.12 (0.19) -0.37 (0.15)  -0.27 (0.15) -0.27 (0.16)  

a-(Li et al. 1999), b-(Brown et al. 2010), c-(Hatcher et al. 2009), d-(Smith et al. 2009b), e-(Jackson and James 1970), * (no standard error)(Crook and James 1991,f-

Morley 1955), g-(Brown and Newton Turner 1968), h-(Gregory 1982b), i-(Richards and Atkins 2010) 

*Folds -total of neck and side fold (wrinkle) scores, logarithmic scale 
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Richards and Atkins (2010) reviewed the effect of single trait selection on 

wrinkle score and showed that greasy fleece weight would decline by 9.6% over 10 

years with single trait selection. Wrinkle score response to index selection was also 

modelled and this showed that genetic improvement can be made in traits that are 

unfavourably correlated, although progress was slower. 

 

2.10 Conclusion 

Lucilia cuprina is the predominant species that initiates flystrike in sheep.  This 

species relies on odours to find its host and a suitable location to oviposit.  All sheep 

breeds within Australia are susceptible to flystrike in varying degrees, but there is 

distinct variation in flystrike susceptibility within strains and bloodlines of the 

Merino breed.  When thresholds are exceeded for various combinations of traits and 

environments, this predisposes sheep to flystrike.  An exceeded threshold may only 

be for one trait or factor in a particular environment or it could be a combination of 

multiple traits and factors. 

Currently chemicals, mulesing, shearing, crutching, tail docking and breeding for 

resistance are the methods available to control flystrike on sheep.  Unfortunately 

Lucilia cuprina has proven its resilience to chemicals over the years through the 

development of chemical resistance and this scenario is unlikely to change.  

Consumer groups view mulesing as a socially unethical practice to prevent breech 

strike, so alternatives are being investigated.  Appropriate tail docking plays an 

integral part in controlling breech strike.  Timely shearing and crutching can be an 

effective preventative tool, but is not practical under fly wave conditions, 

particularly if re-strikes occur within weeks of shearing or crutching. Breeding sheep 

that are less susceptible to flystrike offers a long term solution which is permanent.  

Irrespective of how flystrike data is analysed, both breech and body strike have 

been identified as being low to moderately heritable, indicating potential for 

improvement through selection. The majority of genetic correlations reported 

between body strike and measured traits were favourable or effectively zero.  The 

genetic correlations between breech strike and measured wool traits were not 

significant, except for FDCV which had a small unfavourable association.  Until 

more precise estimates can be obtained, these correlations indicate that selection 

against body and breech strike should not compromise production traits of economic 
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importance.  Preliminary genetic correlations obtained on potential indicator traits 

suggest that indirect selection on key traits would be an effective way of reducing 

flystrike susceptibility if they are used in a selection index to minimise production 

losses from antagonistic relationships. 

The majority of body strike research was carried out in the non-seasonal rainfall 

environment using simulated rain to induce fleece rot.  Three key indicator traits 

have been identified for fleece rot/body strike, irrespective of strain or bloodline, 

whether these traits are applicable in other environments is yet to be quantified.  For 

breech strike, the research flocks were developed from genotypes which were 

representative of the sheep production systems in those environments.  This breech 

strike work identified that indicator traits appear to be environment specific.  

However breech strike indicators have not been evaluated for the non-seasonal 

rainfall environment since the early 1930’s (Seddon 1931), although extensive skin 

folds research was done in this environment (Crook and James 1991) no genetic 

parameters were published in relation to breech strike.  Therefore there is a distinct 

lack of information for breech strike indicator traits for the non-seasonal rainfall 

environment, which this study aims to address.  
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Chapter 3 Materials and methods  
 

Chapter 3 describes the sheep and their environment used in the study and 

provides a general over view of the traits evaluated and parameters derived from the 

analyses in the following chapters.  

 

3.1 Environment and management 

The data for this study originated from the Cowra and Trangie Sheep CRC 

Information Nucleus Flocks (IN) (van der Werf et al. 2010) located within the NSW 

non-seasonal rainfall region.  The long term median annual rainfall for the Cowra 

and Trangie sites are 609 mm and 467 mm respectively (BOM 2014). Figure 3.1 

illustrates the median monthly rainfall pattern for these sites.  Flystrike incidence 

was recorded on non-mulesed IN progeny bred at these sites, from 2008 to 2012.  

The Cowra site had progeny born in 2007 that were mulesed, so were excluded from 

the study.  Figure 3.2 shows the deviation of rainfall from the long term median that 

occurred between 2008 and 2012.  Approximately 90% of above average rainfall 

(floods) occurred during the main flystrike season from September 2010 to April 

2011.  
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Figure 3.2  Annual rainfall deviation from the 

long term median, for each site, for the years 

that flystrike records were recorded. 

Figure 3.1 Long term median monthly 

rainfall for Trangie and Cowra sites. 
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Flystrike at the Trangie site occurs from late August through to May and for 

Cowra from October to May.  Flystrike control was specific to each site and 

contemporary group (management group within birth year) and included crutching 

at weaning or post-weaning age and suitable preventative chemical application on 

the breech and body for Merino progeny evaluated for meat or wool traits (Fogarty 

et al. 2007).  The main difference between the two sites in flystrike control was; 

Cowra crutched sheep twice before the annual shearing; Trangie usually crutched 

once, but had more applications of preventative chemicals. Annual production 

management systems were similar for both sites with lambing in July, weaning and 

crutching in October and shearing in May at approximately 10 months of age and 

annually until the end of the project in 2012.  Progeny were managed as one group 

within birth year at each site (contemporary group).  Wool evaluation progeny were 

crutched at weaning and retained for at least two shearings.  The 2008 and 2009 

drop Merino wethers identified for meat evaluation were managed with the wool 

evaluation sheep and were crutched at weaning and shorn at 10 months of age prior 

to slaughter. 

 

3.2 Animals and traits 

The IN Merino progeny were born in 2008 to 2011 inclusive.  Sires were only 

used in one year, with at least 14% of Merino sires linked between sites within year.  

Dams were used across years and 76% of the Merino ewes were from QPLUS 

Merino bloodlines (Pope 2007) (84% Trangie site; 67% Cowra site). The remaining 

ewes were from research resource flocks and industry studs (15% and 9% 

respectively). Sire breeds comprised: 4 Merino strains; fine, medium, strong, and 

strain crosses (termed “generic”). Dam breeds comprised 4 Merino strains; fine, 

medium, strong and generic.  For the purpose of readability the Merino strains are 

referred to as sire and dam breeds in this thesis. Only animals that were alive at 

weaning were included in the data for analysis. Table 3.1 shows the number of 

animals used for analysis at each site. The number of animals identified for wool 

evaluation (Table 3.1) also comprises the animals identified for meat evaluation.   

Merino sheep identified for wool evaluation were kept on site for at least 2 

shearings, except the 2011 drop.  The 2011 drop Merino wethers were removed 
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from the IN program after yearling shearing and all remaining IN ewes bred at 

Trangie were relocated to the Cowra site at the end of 2012.   

 

Table 3.1   Number of Merino sheep at each site evaluated for wool and meat measurements 

used in the study.   

Site/drop Wool evaluation Meat evaluation 

Trangie   

2008 212 *64 

2009 185 *38 
2010 112  

2011 72  

Total 581  

Cowra   

2008 122 *35 

2009 176 *70 

2010 78  

2011 133  

Total 509  

*shorn at 10 months of age prior to slaughter for meat evaluation, numbers included in wool 

evaluation. 

 

Table 3.2 shows summary statistics for Merinos used for flystrike analyses at 

each site.   

 
Table 3.2   Total number of animals (No.), mean, minimum, maximum and standard deviation 

(s.d.) (Strikes) for breech and other strike and percentage of strikes and animals struck at each 

site.  

Site and Trait No. Min Max Mean s.d. % 

Strikes 

(0-n) 

% 

Struck 

(0/1) 

Breech strike Trangie site        

Merino yearling  581 0 4 0.17 0.47 17.2 14.1 

Merino adult 458 0 9 0.66 1.13 65.9 31.7 

Other strike Trangie site        

Merino yearling  581 0 3 0.06 0.29 5.5 4.5 

Breech strike Cowra site        

Merino yearling  509 0 2 0.05 0.23 4.5 3.9 

Merino adult 404 0 2 0.14 0.40 14.1 12.1 

Strikes – sum of strikes per animal, Struck – struck 1 or not struck 0, % strikes – total number of 

strikes (including repeat strikes) as a percentage of total animals, % struck – percentage of animals 

struck, Merino yearling – flystrike recorded from marking to first shearing (10 months of age), 

Merino adult – strikes post 1st shearing across ages, Other strike – strike other than the breech area.  

 

 

Initial analyses of the flystrike data only comprised records from the Trangie site, 

due to the lower incidence of breech strike at Cowra (3.9%) compared to Trangie 

(14.1%) (Chapter 7 and 8).  As the study progressed, the small unbalanced data set 

derived from the Trangie site presented problems for the bivariate analyses, 

particularly for measured and visual traits.  Subsequently the Cowra site data was 
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included, which reduced the incidence of flystrike and improved bivariate analysis 

convergence.  Therefore, this study comprised a series of analyses which were 

performed using either the Trangie data or the Trangie and Cowra data combined.  

The Trangie data set was only used to estimate the heritability of flystrike (breech 

and other) on the observed and underlying scale (Chapter 8) and breech strike as a 

repeated measure (repeatability) (Chapter 7). All other analyses reported in this 

thesis used the combined Trangie and Cowra data.  Table 3.3a outlines the traits 

analysed, data format and parameters estimated from the combined Trangie and 

Cowra data set. All parameters derived from this data set were analysed on the 

observed scale. The traits and data format are described in detail in the following 

chapters. 

 

Table 3.3a   Combined Trangie and Cowra Merino data set, trait, data format (Strikes – sum of 

strikes per animal) and parameter estimates derived from the analyses.   

Trait Data 

format 

Parameters 

Yearling breech strike Strikes Heritability, correlations with visual and measured 

traits*  

 

Breech strike across ages Strikes Heritability, correlations* 

 

Breech strike at  lambing Strikes Breech strike predicted means* 

 
Potential indicator traits and 

measured traits 

Strikes Correlations* 

Yearling breech strike, 

measured and visual traits 

 

 Relative genetic potential* 

 

* parameters derived on the observed scale 

 

Table 3.3b shows traits analysed, data format (Strikes or Struck) and estimated 

parameters obtained from the Trangie data set.  

 

Table 3.3b   Trangie Merino data set, trait, data format (Strikes – sum of strikes per animal; 

Struck – not struck 0, Struck 1) and parameter estimates derived from the analyses.   

Trait Data format Parameters 

Flystrike breech and other 

strike  

 

Strikes and Struck Heritability: observed and underlying scale 

Breech strike across ages Strikes Repeatability* 

* parameters derived on the observed scale, 
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Chapter 4  Yearling breech strike 
 

Breech strike research has identified that indicator traits appear to be 

environment specific, despite this, no genetic parameters have been published in 

relation to breech strike for the non-seasonal rainfall environment. Therefore this 

chapter investigates environmental and genetic factors which contribute to the 

expression of yearling breech strike (up to 10 months of age) in Merinos, for the 

non-seasonal rainfall environment.   

Chapter 4 describes yearling breech strike, measured and visual traits used 

for parameter estimation.  Environmental factors found to affect trait expression are 

reported.  Statistical models were evaluated for each of the traits, with variance 

components and heritability estimates given for the various models applied.  Genetic 

and phenotypic correlations between yearling breech strike and measured and visual 

traits are reported.  Potential indicator traits for yearling breech strike were 

identified.  The relationship between key indicator traits and measured traits were 

estimated to identify genetic relationships between traits.  The aim of this study was 

to: 

 Model yearling breech strike (on the observed scale), defined as the 

sum of strikes per animal; 

 determine environmental factors which contribute to the expression 

of breech strike; 

 use different statistical models and quantify the effect this had on 

heritability estimates for yearling breech strike; 

 estimate genetic and phenotypic correlations between yearling 

breech strike, visual and measured traits; 

 identify key indicator traits for yearling breech strike for the non-

seasonal rainfall environment; 

 determine genetic relationships between key indicator traits and 

measured traits  
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4.1 Data and traits 
 

Breech strike incidence was recorded on 1088 Merino ewes and wethers from 

marking (approximately 32 days) to first shearing (10 months of age) for Merino 

progeny at the Trangie and Cowra sites.  Yearling breech strike (Y1BRH) was 

defined as the sum of strikes per animal (Strikes) and the incidence was 9.3% 

(struck or not struck) or 10.9% (Strikes) for the combined data set.  Breech strike 

was analysed assuming a normal distribution on the observed scale.  Due to the 

limited number of animals at adult age, the main focus of this study was on traits 

recorded in Merinos at yearling age using the combined Trangie and Cowra data set.  

This data set was used to estimate genetic parameters and correlations between 

yearling breech strike and other traits. 

Visual traits were scored from marking age (approximately 32 days) to yearling 

age and measured traits were recorded post weaning to yearling age (approximately 

4-10 months) (Table 4.1).   

 

Table 4.1   Measured and visually scored traits and age evaluated (Trangie and Cowra data). 

Visual Traits  Abbreviation Source Measured Traits Abbreviation 

Marking age ~32 days 
Breech wrinkle MBRWR AWI  
Breech cover MBCOV AWI  

Post weaning 4-10 months 
Faecal dags  EPDAG AWI Worm egg count Nematode WECN 
Faecal Dags PDAG AWI Worm egg count Strongyle WECST 
Faecal dag moisture FMOIST AMSEA Total worm egg count WEC 

Yearling 10 months 
Breech wrinkle YBRWR AWI Eye muscle depth C site YEMD 
Breech cover YBCOV AWI Fat depth C site YFAT 
Crutch cover YCCOV AWI Live weight at scanning YWT 
Body wrinkle YBDWR AWI Greasy fleece weight YGFW 
Neck wrinkle YNKWR AWI Clean fleece weight YCFW 
Face cover YFACE AWI Yield YYLD 
Dust penetration YDUST AWI Fibre diameter YFD 
Staple weathering YWEATH AWI Fibre diameter standard deviation YFDSD 

Fleece rot YFLROT AWI 
Fibre diameter coefficient of 
variation 

YFDCV 

Colour YCOL AWI Fleece comfort factor YFCF 
Character YCHAR AWI Fibre curvature YCURV 
Staple structure YSSTRC AWI Fibre resistance to compression YRTOC 
Skin quality YSKIN AMSEA Staple length YSL 
Wool cover YCOVER AMSEA Staple strength YSS 
Fleece density YDENS AMSEA Wool colour: X YCX 
Wool handle YHAND AMSEA Wool colour: Y YCY 
Wool condition YCOND AMSEA Wool colour: Z YCA 
Back legs YLEGB AWI Wool colour: YZ YCYZ 
   Off shears live weight YOSLWT 
AWI: -Australian Wool Innovation and Meat and Livestock Australia (2007); AMSEA - see 
reference Casey et al. (2007).  
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Visual traits were scored from 1 to 5, with 1 representing least expression, 

through to 5 as greatest expression, except for back legs, where 3 was least 

expression and deviations from 3 were greater expression. Visual traits were scored 

using the research version “Visual Sheep Scores” guide (Australian Wool 

Innovation and Meat and Livestock Australia 2007) and the Australian Merino Sire 

Evaluation Association (AMSEA) traits (Casey et al. 2007). All yearling visual 

scores except wrinkle were recorded pre-shearing. Wrinkle scores were recorded 1 

to 8 weeks post shearing, the majority recorded within 3 weeks of shearing.  

Measured wool quality traits were from mid-side samples collected pre-shearing. 

 

4.2  Statistical Analysis 
 

For the combined data set, measured and visual traits were analysed assuming a 

normal distribution on the observed scale.  Linear mixed models were used to 

evaluate the fixed effects, with sire fitted as the random effect. Site (Cowra, 

Trangie), sex, contemporary group (management group within birth year), birth 

rearing type (SS: born and raised as single, MM: born and raised as a multiple, MS, 

born as a multiple and raised as a single), dam age (2, 3, 4, 5, 6 years of age, with 7 

years and older combined) sire and dam breed (described previously) and their 

interactions were fitted to each trait and were only retained in the model if 

significant (P <0.05).  The main fixed effects were always fitted prior to an 

interaction.  For example, if sire breed by dam breed interaction was significant, 

then sire breed and dam breed were fitted first even if not significant. 

 Worm egg counts were not transformed, as transformation did not improve the 

distribution of the data and other published breech strike research had used 

untransformed worm egg count data (Greeff et al. 2014).  Age at shearing was fitted 

as a covariate for fleece traits and included in the model if significant (P<0.05).  The 

following traits had shearing age fitted in the model: YOSLWT, YGFW, YCFW, 

YFD, YCURV and YRTOC.  Live weight was fitted as a covariate for YEMD and 

YFAT and was included in the model (P<0.05). 

The use of genetic groups in the pedigree file, were evaluated to determine if they 

were appropriate to use when sire and dam breed were included as fixed effects.  

Variance components and heritability estimates derived from analyses with and 



Chapter 4 Yearling breech strike 

Page  36 

without genetic groups in the pedigree file were evaluated. For all of the visual traits 

except breech strike, removing genetic groups from the pedigree file inflated the 

phenotypic and additive genetic components; therefore genetic groups were included 

in the pedigree file for all analyses.  The pedigree file comprised 21,955 identities 

and 45 genetic groups which were fitted as a fixed effect.  The pedigree file 

contained Merino, Maternal and Terminal IN progeny represented at the 8 INF sites.  

Genetic groups were constructed for base animals (with no pedigree), which 

comprised pruning the pedigree to remove ancestors with only 1 progeny and 

merging groups with insufficient data.  The genetic groups represent flock 

differences within strains and accounted for variation in the population of the base 

ewes at each INF site (Hatcher et al. 2011).  Assumptions were uniformity of 

variance in base animal breeding values, but base means were not expected to be 

equal (Quaas 1988).  

The model used to obtained variance components for the combined Trangie and 

Cowra data set was altered to force the genetic group equations to be absorbed last 

incorporating any singularities.  If this function is not fitted for pedigree files with 

genetic groups it invalidates the Log likelihood ratio tests between models.    

Four random effect models were evaluated for the combined Trangie and Cowra 

data set for yearling breech strike (strikes), measured and visual traits.  The random 

effects fitted in the 4 models were: 

 Model 1 (M1) direct genetic; 

 Model 2 (M2) direct genetic and maternal permanent environmental (PE); 

 Model 3 (M3) direct genetic, PE and sire by site interaction; 

 Model 4 (M4) direct genetic and sire by site interaction. 

Four additional random effect models were also evaluated for the yearling breech 

strike trait only.  The random effects fitted in these additional models were: 

 Model 5 (M5) direct genetic and sire breed by dam breed interaction; 

 Model 6 (M6) direct genetic, PE and sire breed by dam breed interaction 

 Model 7 (M7) direct genetic and sire breed by site interaction 

 Model 8 (M8) direct genetic and sire breed by contemporary group 

interaction.  
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No attempt was made to fit a maternal genetic effect due to the limited size of the 

data and the lack of dams with their own phenotypic records.  Log likelihood ratio 

tests were used to evaluate the models and the model with an increase in the log-

likelihood value from the base model (M1) ≥ 2.71 was taken as an improvement.  

The chosen models were used to derive variance components to estimate heritability 

and used for bivariate analyses. Not all models would converge for the univariate or 

bivariate analyses so a simpler model was chosen which would converge.  Model 2 

was chosen to derive variance components to estimate heritability for yearling 

breech strike as this model would also allow convergence for bivariate analyses.  

Variance components derived from bivariate analyses of breech strike and potential 

indicator traits were used to estimate genetic and phenotypic correlations. 

Following the work of Raadsma and Wilkinson (1990) the relative genetic 

potential (RP) of visual and measured traits were used to rank the suitability of 

indicator traits for indirect selection and was calculated as:  

 

RP = rg * (h2
ind / h

2
bs)

0.5     where:  

RP = relative genetic potential of the indicator trait;  

rg = genetic correlation between breech strike and the indicator trait; 

h2
ind = heritability of the indicator trait; 

h2
bs = heritability of breech strike (derived from the Trangie and Cowra 

combined data set). 
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4.3 Results and discussion 
 

4.3.1 Data 
 

4.3.1.1. Yearling breech strike data 

 

Descriptive statistics obtained for yearling breech strike for the combined Trangie 

and Cowra data set are shown in Table 4.2.  The incidence of flystrike for this study 

was lower (by approximately 15%) than other published work, but was considered 

high enough to investigate the genetic the relationships between breech strike and 

other traits (Greeff et al. 2009; Smith et al. 2009; Scholtz et al. 2010; Raadsma 

1991). Greeff et al. (2009) reported breech strike incidences from birth to hogget 

shearing as 31% for ewes and 22% for rams, while Smith et al. (2009) reported 

incidence levels which ranged from 7% to 90%.  Both of these flocks were managed 

to allow flystrike expression, whereas the current study had preventative 

management practices such and crutching and chemical application.  Combining the 

Trangie and Cowra data lowered the overall incidence from 14% (Trangie data only) 

to 9.3%, (Struck) but provided more data to investigate correlations with other traits 

to identify potential indicator traits for breech strike in the non-seasonal rainfall 

environment.   

 

Table 4.2  Number of records (n), mean, minimum, maximum and standard deviation (s.d.) of 

yearling breech strike (Y1BRH) for the combined Trangie and Cowra data set. 

Trait n Min Mean Max s.d. 
% 

Struck 

% 

Strikes 

Y1BRH 1088 0 0.11 3 0.36 9.3 10.9 

% Struck - % of animals struck, % Strikes – total number of strikes (including repeat strikes) as a 

percentage of total animals, Y1BRH – sum of strikes from marking age to 10 months of age 

 

4.3.1.2 Measured and visual trait data 
 

Table 4.3 shows summary statistics for measured traits (Trangie and Cowra data 

set). The range in off-shear body weights, wool quantity and quality obtained was a 

reflection of the genetic diversity of these research flocks, comprising small fine 

wool animals to large framed strong wool Merinos.  The sheep in this study had 

finer heavier fleeces, which were shorter and sounder than those reported by Greeff 

et al. (2014) in the breech strike selection flock, but had a similar worm burden. 
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Table 4.3   Number of records (n), mean, minimum, maximum and standard deviation (s.d.) of 

measured traits for the Trangie and Cowra data. 

Trait n Units Min Mean Max s.d. 

YOSLWT 1040 kg 27.2 44.0 67.2 6.74 
YGFW 1056 kg 2.1 5.0 8.3 0.99 

YYLD 1039 % 42.4 70.0 84.3 5.62 

YCFW 1039 kg 1.1 3.5 6.0 0.72 

YFD 1039 µ 13.6 18.1 25.0 1.51 

YFDSD 1039 µ 2.1 3.3 5.3 0.52 

YFDCV 1040 % 12.5 18.0 29.2 2.37 

YFCF 1040 % 66.8 99.4 100.0 1.29 

YCURV 1040 Deg/mm 33.0 59.7 103.0 9.21 

YRTOC 1040 Kpa 6.0 7.3 11.0 0.74 

YSL 1039 mm 45.0 87.2 140.0 14.52 

YSS  1039 N/Ktex 3.0 36.5 69.0 10.04 

YX 1039 T units 61.9 69.9 74.7 1.88 
YY 1039 T units 65.0 74.0 79.2 2.07 

YZ 1038 T units 47.7 65.0 71.7 3.07 

YYZ 1040 T units 6.2 9.1 19.4 1.54 

YEMD 1041 mm 16.0 26.2 36.0 3.77 

YFAT 1042 mm 0.5 3.3 8.0 1.22 

WECST* 1077 Eggs/gm 0.0 377.3 4560.0 409.40 

WECN* 1078 Eggs/gm 0.0 76.9 960.0 123.50 

WEC* 1077 Eggs/gm 0.0 454.0 4680.0 432.80 

T units – Tristimulus values, * not transformed 

 

The animals had moderate wrinkle and wool coverage depicted by the mean 

wrinkle and cover scores (Table 4.4).  The animals had more wrinkle development 

(~1.0 score) and wool coverage (~0.29 score) compared to other research and 

industry flocks (Greeff et al. 2014; Brown et al. 2010).   

On average dag (PDAG) scores were lower (0.24) than industry flocks (Brown et 

al. 2010) and greasy wool colour (YCOL) and character (YCHAR) were similar to 

reported means for industry and research flocks (Greeff et al. 2014; Brown et al. 

2010). Mean dag scores were low (1.56 PDAG), considering a value of one 

represents no expression of dags.   

  



Chapter 4 Yearling breech strike 

Page  40 

 
Table 4.4   Number of records (n), mean, minimum, maximum and standard deviation (s.d.) of 

visually scored traits for the Trangie and Cowra data. 

Trait n Min Mean Max s.d. 

EPDAG 953 1 1.47 4 0.62 

PDAG 1058 1 1.56 4 0.67 

FMOIST 1076 1 2.10 5 0.93 

MBRWR 1087 1 3.01 5 1.01 

MBCOV 1087 2 4.38 5 0.67 
YBRWR 1055 1 2.43 4 0.61 

YBDWR 937 1 2.17 4 0.54 

YNKWR 937 1 2.35 4 0.58 

YBCOV 937 1 3.64 5 0.77 

YCCOV 946 1 3.25 5 0.76 

YFACE 944 1 2.93 4 0.43 

YCOVER 1057 1 3.12 5 0.82 

YLEGB 937 1 2.90 4 0.33 

YDUST 1063 2 4.21 5 0.67 

YWEATH 1063 1 4.26 5 0.98 

YFROT 1061 1 2.58 5 1.77 

YCOL 1063 1 2.53 5 0.57 
YCHAR 1063 1 2.43 4 0.72 

YSSTR 1063 1 2.28 5 0.99 

YSKINQ 1058 1 2.75 4 0.62 

YDENS 1057 1 2.76 5 0.59 

YHAND 1057 1 2.44 4 0.70 

YCOND 1057 1 3.00 5 0.86 

 

 

4.3.2  Environmental effects 

 

Environmental factors can permanently or temporarily influence the phenotypic 

expression of traits, for example: early environmental nutrition was reported to 

affect lifetime performance of live weight in sheep (Gunn 1977). Some of the 

environmental factors reported to affect trait expression include: sex, contemporary 

group, year of birth and location (site). Environmental factors which influence the 

phenotypic expression of traits can be adjusted for, prior to the estimation of 

variance components and genetic parameters (Simm 2010; Falconer 1960).  If 

environmental factors are not accounted for, genetic parameters can be over or under 

estimated (Nicholas 1988; Simm 2010). Environmental factors such as sex, 

contemporary group (mulesed or unmulesed) and birth rearing type have been 

reported for flystrike (Greeff et al. 2009; Greeff et al. 2014; Scholtz et al. 2010a; 

Smith et al. 2009).  
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4.3.2.1 Yearling breech strike 

 

Environmental factors and their interactions (denoted by alpha lettering) which 

affected yearling breech strike for the combined Trangie and Cowra data is shown in 

Table 4.5a. Environmental factors identified in this study which had a significant 

effect on breech strike expression were site, sex and year of birth (contemporary 

group), which was similar to other studies (Greeff et al. 2009; Smith et al. 2009).  

Females were 4 times more prone to breech strike than males (predicted values: 

males 0.00; females 0.42).  Of the total strikes, 81.5% occurred in females and 

18.5% in males. The site by sex interaction (‘a’ assigned to site and sex in Table 

4.5a) indicated that females born at Cowra had lower breech strike levels than males 

born at both sites (-0.13 ± 0.13).  Contemporary group was a reflection of birth year 

differences, the lowest incidence occurred in 2009 (-0.24 ± 0.05) at both sites when 

rainfall was below the annual average.   

Overall the Trangie site had a higher incidence in breech strike (+0.37 ± 0.18), 

but animals born in 2009 at Cowra had the highest incidence for that year (0.33 ± 

0.07).  The site effect could be attributed to different environmental and 

management practices between sites, which contributed to a higher incidence of 

breech strike at the Trangie site. 

 

Table 4.5a  Environmental effects for yearling breech strike (Strikes) combined data 

Factor Factors and interactions 

No. records 1088   

Site *** a b  d e 

Sex *** a         f 
Year of birth  *     b  

Dam age   d 

Sire breed  c     e f 

Dam breed  c  

***<0.001, * <0.05, significant interaction between effects:  a - c <0.001, d – f < 0.05 significant 

interaction between effects, e.g. the ‘a’ allocated to site and sex identifies a significant interaction 

between site and sex. 

 

Table 4.5b shows estimated sire and dam breed effects expressed as deviations 

from the model term indicated by an asterisk. Only generalisations can be drawn 

from the sire and dam breed interactions due to the large standard errors of the 

estimates.  
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Table 4.5b Sire and dam breed effects and their estimates for yearling breech strike (Y1BRH) 

derived for the combined Trangie and Cowra data. (Standard error) 

Model term Y1BRH Model term Y1BRH 

Sire breed  Sire by dam breed  
GMM 0.00 (0.00)* GMM. DBRDb 0.00 (0.00)* 

FMM -0.20 (0.24) FMM. GM 0.00 (0.00) 

MMM -0.18 (0.21) FMM. FM -0.27 (0.25) 

SMM -0.21 (0.22) FMM. MM 0.20 (0.19) 

Dam breed  FMM. SM -0.56 (0.22) 

GM 0.00 (0.00)*   

FM 0.26 (0.21) MMM. GM 0.00 (0.00) 

MM -0.08 (0.14) MMM. FM -0.16 (0.22) 

SM 0.57 (0.17) MMM. MM 0.17 (0.16) 

Site by sire breed  MMM. SM -0.49 (0.19) 

T. SBRDa 0.00 (0.00)*   
C.GMM 0.00 (0.00) SMM. GM 0.00 (0.00) 

C.FMM 0.33 (0.15) SMM. FM -0.30 (0.22) 

C.MMM 0.37 (0.14) SMM. MM 0.16 (0.16) 

C.SMM 0.41 (0.15) SMM. SM -0.55 (0.20) 

Sire breeds: GMM- generic or strain cross, FMM-fine wool, MMM-medium wool, SMM-strong 

wool. Dam breeds: GM-generic or strain cross, FM-fine wool, MM-medium wool, SM-strong wool. 

T-Trangie site, C-Cowra site, a-SBRD (all sire breeds), b-DBRD (all dam breeds),  Estimates 

expressed as a deviation from the model term estimate with a zero value denoted with an asterisk. 

 

Progeny by generic (GMM) Merino sires had the highest incidence of breech 

strike compared to the other Merino sire breeds. A similar interaction of sire breed 

(wool type) on the expression of breech strike was reported by Smith et al. (2009).  

Progeny from medium wool dams (MM) had the lowest incidence of breech strike, 

whilst progeny from the strong wool dams (SM) had the highest.  Site by sire breed 

interactions were confounded for the Trangie site, but the estimates indicated that 

progeny by strong wool sires at Cowra had a higher incidence in breech strike than 

the other sire breeds.   

There was a significant (P <0.001) sire by dam breed interaction for breech strike. 

The sire by dam breed effect was confounded for the generic sire breed.  The sire by 

dam breed interaction indicated that progeny by either fine, medium or strong wool 

sires from medium wool dams (FMM. MM; MMM.MM; SMM.MM) had the 

highest incidence of yearling breech strike.  But progeny from either  the fine, 

medium or strong wool sires over strong wool dams (FMM. SM; MMM.SM; 

SMM.SM) produced the lowest breech strike estimates.  The results from this 

interaction suggest that progeny from the same sire breed had varying levels of 

breech strike depending on the dam breed.  This sire by dam breed interaction was 

not found for any of the visual traits identified as potential breech strike indicator 
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traits.  It is speculated that the sire by dam breed interaction maybe evidence of non-

additive genetic effects on the expression of breech strike.  

 

4.3.2.2 Measured and visual traits 

 

Table 4.6 shows environmental effects significant for measured traits found for 

the combined Trangie and Cowra Merino data.  Site and contemporary group (birth 

year) affected live weight, fleece weight, yield, fibre diameter, colour, eye muscle 

depth and fat, and worm burden (P <0.001).  Male progeny were heavier (2.69 kg ± 

0.30) than females.  Multiple birth animals reared as a single were heavier (5.17 kg 

± 2.10) than single born lambs.  Trangie site progeny were fatter (2.37 mm ± 0.10) 

and had a larger YEMD (3.90 mm ± 0.28) compared to animals at the Cowra site. 

 

Table 4.6   Significant environmental effects for measured traits found for the combined 

Trangie and Cowra data; year of birth (YOB), dam age (DAGE), birth rearing type (BRT), sire 

breed (SB) and dam breed (DB)  

Trait Factors 

 Site Sex YOB DAGE BRT SB DB 

YOSLWT *** *** *** * *** * *** 

YGFW *** *** *** * ***  *** 

YYLD ***  *** *** *  * 

YCFW * *** ***  ***  *** 

YFD *** *** * * * * *** 

YFDSD * *** *** *   *** 

YFDCV * *** ***    * 

YFCF *  * *   *** 

YCURV *  * * *** * * 

YRTOC *  * * *  *** 

YSL * *** *** * * * *** 

YSS * * ***  *  * 
YX ***  *** * *  * 

YY ***  *** * *  * 

YZ *** * *** *   *** 

YYZ *** * *** *  * *** 

YEMDB *** * ***  *  * 

YFATB *** *** *** * * * * 

WECSTA ***  *** * *  * 

WECNA ***  ***     

WECA *  ***  *  * 
A divided by 1000, B – yearling weight fitted as a covariate, *** (P<0.001); *(P<0.05) interaction 

 

Males had heavier fleece weights (0.59 kg ± 0.17) than females and lower 

variation in fibre diameter (FDCV -0.45 ± 0.14).  Animals born in 2011 were 

estimated to have the highest WEC compared to other birth years (246 epg ± 176 

higher than the 2008 drop).  Progeny from strong wool dams had higher greasy 

fleece weights (0.13 kg ± 0.20) and FDSD (0.34 µm ± 0.07), while progeny from 
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medium wool dams tended to be heavier (3.17 kg ± 2.46) and fatter (0.57 mm ± 

0.61) than progeny from other dam breeds.  

 

Table 4.7 shows significant environmental effects for visual traits for the 

combined Merino data. Males born and reared as singles had higher neck wrinkle 

scores than females (-0.44 ± 0.07) and multiple birth animals (-0.19 ± 0.08). Birth 

rearing status was estimated to have a significant effect (P < 0.001) on YBRWR, 

with animals born and reared as multiples having the least expression (-0.17 ± 0.07). 

Progeny from strong wool dams were estimated to have a greater magnitude of 

breech wrinkle (0.86 ± 0.45) at yearling age compared to other dam breeds.  Females 

born and reared as singles had higher wool cover scores (BCOV, CCOV, COVER) 

than males and animals born and reared as multiples. Dag scores (PDAG) were 

higher at the Trangie site (0.22 ± 0.06) and for animals born in 2010 (0.27 ± 0.09) 

compared to the Cowra site and other birth years. 

 

Table 4.7  Significant environmental effects for Merino visual traits (Trangie and Cowra data), 

year of birth (YOB), dam age (DAGE), birth rearing type (BRT), sire breed (SB) and dam 

breed (DB). 

Trait Factors 

 site sex YOB DAGE BRT SB DB 

EPDAG * *** *** * * * * 

PDAG *** * ***     

FMOIST *** * ***  * * * 

MBRWR *** *** *  ***  * 
MBCOV * * * * *  * 

YBRWR *  *** * * * *** 

YBDWR * *** * *   *** 

YNKWR *** *** *  ***  *** 

YBCOV *** * ***     

YCCOV *** *** *  *  * 

YFACE *** *** *    * 

YCOVER *** * *** * * * *** 

YLEGB *** * * *  * * 

YDUST ***  *** * *  * 

YWEATH * * ***  *** * * 

YFROT *** * *** * *** * * 

YCOL * * *** *  * * 
YCHAR *  *** * *** * * 

YSSTR * * *** * ***  *** 

YSKINQ *  ***   *  

YDENS *  ***  ***   

YHAND *** * ***  *** * *** 

YCOND *** * *** * *  * 

*** (P<0.001); *(P<0.05) interaction 
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Females had higher wool cover (0.18 ± 0.11) and dag (PDAG) scores (0.21 ± 

0.05) than males, but were not significantly different in the magnitude of breech 

wrinkle except at marking age (females lower at marking age; -0.11 ±0.05).  

Whether these two factors (wool cover and PDAG) alone contributed to the higher 

breech strike incidence in females could be debated, as urine stain has also been 

associated with breech strike (Moule 1948), but was not a trait recorded in this 

study. 

 

4.3.3  Variance components and heritability estimates 

 

Trait definition and type of model used to analyse traits can affect variance 

component estimation and genetic parameters derived.  This section reports variance 

components and heritability estimates obtained for yearling breech strike (Strikes), 

measured and visual traits derived from various models.   

 

4.3.3.1 Yearling breech strike 

 

Table 4.8 shows variance components and heritability estimates for yearling 

breech strike (combined data) from seven models. Convergence could not be 

achieved for M3 so is not reported. Model 2 (direct genetic + PE) showed that 

21.7% of the phenotypic variance was accounted for by maternal permanent 

environment (PE).  If maternal permanent environment was not fitted in the model a 

large proportion of the variance was partitioned into the genetic variance and 

inflated the heritability estimate from 0.17 ± 0.09 to 0.48 ± 0.10.  Model 5 shows the 

effect of fitting sire by dam breed interaction as a random component instead of as a 

fixed effect, which gave a similar heritability estimate to M1.  Model 6 (PE and sire 

by dam breed interaction fitted as a random effect) showed the largest change in 

LogL and produced a heritability estimate similar to M2.  Model 6 identified that 

19.7% and 9.2% of the variance was accounted for by PE and sire by dam breed 

interaction respectively. Convergence and boundary problems were encountered for 

Model 8 (sire breed by contemporary group) due to Generic sire breeds only being 

represented in 2011 drop progeny.  Model 6 would not converge for bivariate 

analyses, therefore the simplest model which accounted for most of the yearling 

breech strike variance (model 2) was chosen for bivariate analyses.  
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Table 4.8   Model, variance components, heritability estimates (h2 ± s.e.) and the change in log 

likelihood (Δ log L) relative to M1 for yearling breech strike (Strikes)(Y1BRH).  Percentage of 

variance accounted for by PE (Ơ2PE %) and sire or sire breed interaction (Ơ2
SS%). Combined 

Trangie and Cowra Merino data. 

Trait Model Ơ2
p Ơ2

A Ơ2
E Ơ2

PE Ơ2
SS* h2 ± s.e. Ơ2

PE 

% 

Ơ2
SS

% 

Δ logL 

Y1BRH M1 0.12 0.06 0.06   0.48 ± 0.10   0.00 

 M2 0.12 0.02 0.07 0.03 - 0.17 ± 0.09 21.7  12.91 

 M4 0.12 0.05 0.07 - 0.01 0.39 ± 0.12  5.26 3.16 

           

 M5 0.13 0.06 0.06  0.01 0.45 ± 0.09  8.51 17.76 

 M6 0.13 0.02 0.07 0.02 0.01 0.16 ± 0.09 19.7 9.25 30.28 

 M7 0.13 0.05 0.07  0.01 0.42 ± 0.09  8.80 5.18 
 M8 0.12 0.06 0.06  0.00 0.48 ± 0.10   0.00 

M1-(direct genetic(DG)), M2-(DG +PE), M4-(DG+sire x flock), M5-(DG+sire breed x dam breed 

(SBxDB)), M6-(DG+PE+SBxDB), M7-(DG+SBxsite), M8-(DG+SB x contemporary group)  

Shaded model used for bivariate analysis, Ơ2
p phenotypic, Ơ2

A genetic, Ơ2
E environmental, Ơ2

PE 

maternal permanent environment and *Ơ2
S sire by site or sire breed interaction variance. 

Ơ2
SS% for M4 (sire by site), Ơ2

SS% for M5 and M6 (sire breed by dam breed), Ơ2
SS% for M7 (sire 

breed by site) Ơ2
SS% for M8 sire breed by contemporary group) 

 

The yearling breech strike heritability estimate (combined Trangie and Cowra 

data) of 0.17 ± 0.09 was lower than those reported by Smith et al. (2009) (0.32 ± 

0.11) or Bird-Gardiner et al. (2013) (0.43 ± 0.13).  This may be due to the lower 

breech strike incidence in this data and the use of different analytical models (animal 

and maternal permanent environment).  No other studies have reported significant 

maternal permanent environmental effects for breech strike and these effects may be 

unique to this data set, due to the large variation in sire and dam genotypes.   

 

4.3.3.2 Measured and visual traits 

 

Measured trait variance components, heritability estimates (h2 ± s.e.), change in 

log likelihood (Δ log L ) relative to M1 and the percentage of variance accounted for 

by maternal permanent environment (PE%) and sire by site interaction (S.S%) is 

shown in Table 4.9a and 4.9b.  The best model which was selected and used for 

bivariate analysis is shaded.  Model 4 was only significantly better based on the log 

likelihood ratio test for one trait (YCURV), so results for M4 are only shown for this 

trait.  Model 1 was identified as the best model for YGFW, YFD, YFCF, YSL and 

WECST.   

Significant sire by site effects were found for: YOSLWT, YRTOC, YSS, YX, 

YY, YZ, YYZ, YFAT, WECN, WEC and YCURV.  The sire by site interaction 

accounted for 1.6% to 19.2% of the estimated variance for fat depth, worm burden, 
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wool colour and character (YRTOC and YCURV) and live weight.  The largest 

variance components attributed to the sire by site interaction were for YOSLWT and 

YCURV at 19.2% and 12.5% respectively.  

Maternal permanent environmental effects were found for YSS, YYLD, YGFW, 

YCFW, YFD, YFDSD, YFDCV, YEMD, YFAT, YOSLWT, YRTOC, YX, YY, 

YZ, YYZ and WEC, and ranged from 0.3% to 16.9% of the estimated variance 

component (PE%).  Only a small component of variation was accounted for by PE 

for WECN (2.8E-05) and WEC (2.0E-07).  Heritability estimates ranged from low for 

WECN (0.07 ± 0.09) to high (0.98 ± 0.09) for fibre diameter.   

 
Table 4.9a   Measured trait variance components, heritability estimates and change in log 

likelihood (Δ log L) values relative to model 1 (M1). Percentage of phenotypic variance 

accounted for by PE (Ơ2PE %) and sire by site (Ơ2
S.S%). Combined Trangie and Cowra data. 

Trait Mo

del 

Ơ2
p Ơ2

A Ơ2
E Ơ2

PE Ơ2
S.S h2 Ơ2

PE  

% 

Ơ2
S.S 

% 

Δ log 

L 

YEMD M1 3.96 1.72 2.24 - - 0.43 ± 0.09   0.00 
 M2 3.94 1.40 2.32 0.23 - 0.35 ± 0.10 5.7  8.16 
 M3 3.94 0.40 2.32 0.23 0.00 0.35 ± 0.10 5.7 0.0 0.00 

       ±    YFAT M1 0.43 0.12 0.31 - - 0.28 ± 0.08   0.00 
 M2 0.43 0.07 0.31 0.05 - 0.16 ± 0.09 12.0  4.99 
 M3 0.43 0.05 0.32 0.05 0.01 0.11 ± 0.14 12.8 2.0 5.30 
           WECST
A 

M1 128.5

4 

35.09 93.45 - - 0.27 ± 0.08   0.00 

 M2 128.5

4 

35.09 93.45 0.01 - 0.27 ± 0.08   0.00 
 M3 128.5

4 

35.09 93.45 0.00 0.00 0.27 ± 0.08   0.00 
           WECNA M1 11.87 2.00 9.87 - - 0.17 ± 0.06   0.00 
 M2 11.87 2.00 9.85 0.00 - 0.17 ± 0.06   32.72 

 M3 11.87 0.82 10.58 0.00 0.47 0.07 ± 0.09 0.0 4.0 34.60 
           WECA M1 150.8

5 

50.60 100.2

5 

- - 0.34 ± 0.08   0.00 
 M2 151.1 50.87 100.2

4 

0.00 - 0.34 ± 0.08 0.0 1.6 39.44 
 M3 151.1 46.03 102.8

5 

0.00 2.35 0.30 ± 0.11   0.18 

           YX M1 2.73 0.80 1.93 - - 0.29 ± 0.08   0.00 
 M2 2.73 0.62 1.88 0.23 - 0.23 ± 0.08 8.3  2.76 
 M3 2.74 0.26 2.03 0.28 0.16 0.10 ± 0.14 10.4 5.9 5.00 
           YY M1 3.30 0.93 2.37 - - 0.28 ± 0.08   0.00 

 M2 3.30 0.70 2.31 0.28 - 0.21 ± 0.08 8.6  2.94 
 M3 3.32 0.30 2.48 0.35 0.19 0.09 ± 0.13 10.5 5.7 5.08 
           YZ M1 7.87 3.64 4.23 - - 0.46 ± 0.09   0.00 
 M2 7.81 2.51 4.24 1.06 - 0.32 ± 0.09 13.5  8.64 

 M3 7.90 0.86 4.92 1.27 0.85 0.11 ± 0.15 16.1 10.7 14.88 
           YYZ M1 1.88 1.21 0.66 - - 0.65 ± 0.09   0.00 
 M2 1.83 0.81 0.76 0.27 - 0.44 ± 0.09 14.5  9.94 
 M3 1.87 0.40 0.93 0.31 0.22 0.22 ± 0.16 16.9 11.9 18.79 
A divided by 1000, Shaded model used for bivariate analysis,  Ơ2

p phenotypic, Ơ2
A genetic, Ơ2

E 

environmental, Ơ2
PE maternal permanent environment and Ơ2

S.S  sire by site variance. 

 

Heritability estimates obtained for most of the measured traits were lower or 

within the range of published estimates (Brown et al. 2010; Greeff et al. 2014; 

Safari and Fogarty 2005).  Heritability estimates obtained which were higher than 
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other publications were: greasy fleece weight, fibre diameter, resistance to 

compression and eye muscle depth.  The small unbalanced data set and the large 

genetic diversity of the sires and dams would have contributed to the inflated 

estimates. 

 
Table 4.9b   Measured trait variance components, heritability estimates and change in log 

likelihood (Δ log L) values relative to model 1 (M1). Percentage of phenotypic variance 

accounted for by PE (Ơ2
PE%) and sire by site (Ơ2

S.S%).  Combined Trangie and Cowra data. 

Trait Mo

del 
Ơ2

p Ơ2
A Ơ2

E Ơ2
PE Ơ2

S h2 Ơ2
PE

% 

Ơ2
S.S

% 

Δ log 

L 

YOSLW
T 

M1 26.06 24.06 1.99 - - 0.92 ± 0.20   0.00 
 M2 25.37 19.34 3.81 2.22 - 0.76 ± 0.13 8.8  2.14 
 M3 25.71 7.32 9.42 4.02 4.94 0.28 ± 0.20 15.7 19.2 13.28 
           YGFW M1 0.53 0.36 0.17 - - 0.68 ± 0.09   0.00 

 M2 0.53 0.31 0.19 0.03 - 0.59 ± 0.12 5.4  1.03 
 M3 0.53 0.31 0.19 0.03 0.00 0.59 ± 0.12 5.4 0.0 0.00 
           YYLD M1 18.46 10.30 8.16 - - 0.56 ± 0.09   0.00 
 M2 18.17 7.32 8.94 1.91 - 0.40 ± 0.11 10.5  3.64 

 M3 18.17 6.82 9.17 2.01 0.17 0.38 ± 0.16 11.1 0.9 0.06 
           YCFW M1 0.30 0.21 0.08 - - 0.71 ± 0.09   0.00 
 M2 0.29 0.16 0.10 0.03 - 0.54 ± 0.12 10.1  6.33 
 M3 0.29 0.16 0.10 0.03 0.00 0.54 ± 0.12 10.1 0.0 0.00 

           YFD M1 1.44 1.41 0.03 - - 0.98 ± 0.09   0.00 

 M2 1.42 1.29 0.79 0.05 - 0.91 ± 0.14 3.7  0.37 
 M3 1.42 1.17 0.13 0.07 0.04 0.83 ± 0.19 4.5 3.0 0.62 
           YFDSD M1 0.21 0.13 0.09 - - 0.60 ± 0.09   0.00 

 M2 0.21 0.09 0.10 0.03 - 0.43 ± 0.11 11.9  5.07 
 M3 0.21 0.09 0.10 0.03 0.01 0.42 ± 0.15 12.1 3.0 0.01 
           YFDCV M1 5.13 2.81 2.32 - - 0.55 ± 0.09   0.00 
 M2 5.07 2.08 2.53 0.45 - 0.41 ± 0.11 9.0  10.72 

 M3 5.07 2.08 2.53 0.45 0.16 0.41 ± 0.11 9.0 0.0 10.72 

           YFCF M1 1.58 0.04 1.54 - - 0.03 ± 0.04   0.00 
 M2 1.58 0.04 1.54 0.00 

 

- 0.03 ± 0.04   0.00 
 M3 1.58 0.04 1.54 0.00 0.00 0.03 ± 0.04   0.00 

           YCURV M1 59.71 37.53 22.17 - - 0.63 ± 0.09   0.00 
 M2 59.71 37.53 22.17 0.00 - 0.63 ± 0.09   0.00 
 M4 59.92 20.71 31.72 - 7.48 0.35 ± 0.14  12.5 5.90 
           YRTOC M1 0.47 0.37 0.10 - - 0.79 ± 0.09   0.00 

 M2 0.46 0.29 0.13 0.04 - 0.64 ± 0.13   2.37 
 M3 0.46 0.17 0.18 0.06 0.04 0.38 ± 0.20 13.3 8.6 6.24 
           YSL M1 107.0

3 

75.57 31.46 - - 0.71 ± 0.09   0.00 
 M2 107.0

1 

75.56 31.46 0.22 - 0.71 ± 0.09   0.00 

 M3 107.0

3 

75.57 31.46 0.00 0.00 0.71 ± 0.09   0.00 
           YSS M1 82.72 41.59 41.13 - - 0.50 ± 0.09   0.00 
 M2 82.79 41.73 41.06 0.00 - 0.50 ± 0.09   18.08 
 M3 83.04 34.76 44.64 0.23 3.41 0.42 ± 0.16 0.3 4.1 19.54 

Shaded model used for bivariate analysis , Ơ2
p phenotypic, Ơ2

A genetic, Ơ2
E environmental, Ơ2

PE 

maternal permanent environment and Ơ2
S sire by site variance. 

 

Significant maternal permanent environment and sire by site effects were found 

for a large proportion of the measured traits, and were similar to those reported by 

Hatcher and Preston (2012) and Safari et al. (2007) for live weight, yield, clean 



Chapter 4 Yearling breech strike 

Page  49 

fleece weight, fibre diameter variation (FDCV and FDSD), resistance to 

compression and staple length.  Safari et al. (2007) also reported significant 

maternal genetic effects for CFW, GFW, FD, YLD, FDCV and FDSD.  

Variance components and heritability estimates obtained for visual traits from the 

various models are shown in table 4.10a and 4.10b.  For the majority of the visual 

traits M1 was significantly better than the other models except for: PDAG, 

MBRWR, MBCOV, YHAND, YCOND and FMOIST.  Model 3 would not 

converge for FMOIST or FWEATH and is not presented. Significant sire by site 

variance component effects were found for MBCOV (5.5%), YHAND (1.5%) and 

YCOND (3.8%).  Maternal permanent environmental effects for MBWR, YHAND, 

YCOND, FMOIST and PDAG, comprised 8.8%, 5.0%, 9.6%, 2.5% and 3.7% of the 

estimated variance component respectively. 

Visual trait heritability estimates were low for dag (PDAG), greasy colour, 

handle, wool condition and faecal moisture and ranged from 0.02 ± 0.06 to 0.09 ± 

0.06.  Yearling breech, body and neck wrinkle heritability estimates were high at 

0.58 ± 0.09; 0.52 ± 0.09; 0.64 ± 0.09 respectively.  Moderate heritability estimates 

were obtained for marking breech wrinkle (0.47 ± 0.10), yearling crutch cover (0.47 

± 0.09) and yearling cover (0.53 ± 0.09).  

Marking breech wrinkle and body wrinkle heritability estimates were similar to 

other published estimates, but the majority of other traits were lower than published 

estimates (Greeff et al. 2014; Brown et al. 2010; Mortimer et al. 2009).  Neck 

wrinkle and back leg had higher heritability estimates than other published data.  

Heritability estimates for scored traits were shown to be mean or incidence 

dependent (heritability increases as mean score increases) by McGuirk and Atkins 

(1984).  Differences between trait means and models applied in other publications 

and the large standard errors obtained in this study would account for some of the 

discrepancies reported here. 
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Table 4.10a   Visual trait variance components, heritability estimates and change in log 

likelihood (Δ log L) values relative to model 1 (M1). Percentage of variance accounted for by PE 

(Ơ2
PE%) and sire by site (Ơ2

S.S%). Combined Trangie and Cowra Merino data set. 

Trait Model Ơ2
p Ơ2

A Ơ2
E Ơ2

PE Ơ2
S h2 Ơ2

PE

% 

Ơ2
S.S

% 

Δ logL 

EPDAG M1 0.25 0.01 0.25 - - 0.02 ± 0.06   0.00 
 M2 0.25 0.01 0.25 0.00 - 0.02 ± 0.06   0.00 

 M3 0.25 0.01 0.25 0.00 0.00 0.02 ± 0.06   0.00 
           PDAG M1 0.26 0.02 0.24 - - 0.07 ± 0.06   0.00 
 M2* 0.26 0.01 0.24 0.01 - 0.05 ± 0.06 3.7  5.18 
 M3* 0.26 0.01 0.24 0.01 0.00 0.05 ± 0.06 3.7 0.0 5.18 

           FMOIST M1 0.74 0.06 0.68 - - 0.08 ± 0.07   0.00 
 M2 0.74 0.04 0.68 0.02 - 0.05 ± 0.07   8.51 

           MBRWR M1 0.75 0.44 0.31 - - 0.58 ± 0.08   0.00 
 M2 0.74 0.35 0.33 0.07 - 0.47 ± 0.10 8.8  5.76 

 M3 0.74 0.27 0.37 0.08 0.03 0.36 ± 0.17 10.5 3.4 0.64 
           MBCOV M1 0.37 0.11 0.26 - - 0.31 ± 0.07   0.00 
 M2 0.37 0.11 0.26 0.00 - 0.31 ± 0.07   0.00 
 M3 0.37 0.07 0.28 0.00 0.02 0.20 ± 0.10 0.00 5.5 3.13 

       ±    YBRWR M1 0.31 0.18 0.13 - - 0.58 ± 0.09   0.00 

 M2 0.31 0.18 0.13 0.00 - 0.58 ± 0.09   0.00 
 M3 0.31 0.17 0.14 0.03 0.01 0.54 ± 0.13 9.3 1.7 0.12 
           YBDWR M1 0.26 0.13 0.12 - - 0.52 ± 0.09   0.00 

 M2 0.26 0.13 0.12 0.00 - 0.50 ± 0.12 1.0  0.04 
 M3 0.26 0.07 0.15 0.02 0.02 0.26 ± 0.20 6.4 8.0 2.62 
           YNKWR M1 0.29 0.19 0.11 - - 0.54 ± 0.09   0.00 
 M2 0.29 0.16 0.11 0.02 - 0.55 ± 0.12 6.0  -0.86 

 M3 0.29 0.15 0.12 0.02 0.00 0.51 ± 0.17 6.7 1.4 -0.76 
           YBCOV M1 0.45 0.09 0.36 - - 0.20 ± 0.07   0.00 
 M2 0.45 0.09 0.36 0.00 - 0.20 ± 0.07   -1.89 
 M3 0.45 0.08 0.37 0.00 0.00 0.18 ± 0.11 0.0 0.7 -1.85 

           YCCOV M1 0.41 0.19 0.22 - - 0.47 ± 0.09   0.00 

 M2 0.41 0.19 0.22 0.00 - 0.47 ± 0.09   -0.05 
 M3 0.41 0.17 0.24 0.00 0.01 0.41 ± 0.21 0.2 2.2 0.05 
           YFACE M1 0.15 0.06 0.10 - - 0.37 ± 0.08   0.00 

 M2 0.15 0.05 0.10 0.00 - 0.35 ± 0.08   -2.29 
 M3 0.15 0.03 0.11 0.00 0.01 0.21 ± 0.17 1.8 5.5 1.79 
           YCOVER M1 0.28 0.15 0.13 - - 0.53 ± 0.09   0.00 
 M2 0.28 0.15 0.13 0.00 - 0.53 ± 0.09   0.00 

 M3 0.28 0.15 0.13 0.00 0.00 0.53 ± 0.09   0.00 
           YLEGB M1 0.10 0.03 0.07 - - 0.32 ± 0.08   0.00 
 M2 0.10 0.03 0.07 0.01 - 0.26 ± 0.09 5.1  1.01 
 M3 0.10 0.02 0.08 0.01 0.00 0.16 ± 0.15 6.3 4.2 2.30 

* Model not used in correlations due to non-convergence. Shaded model used for bivariate analysis 

Ơ2
p phenotypic, Ơ2

A genetic, Ơ2
E environmental, Ơ2

PE maternal permanent environment and Ơ2
S sire 

by site variance. 
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Table 4.10b   Visual trait variance components, heritability estimates and change in log 

likelihood (Δ log L) values relative to model 1 (M1). Percentage of variance accounted for by PE 

(Ơ2
PE%) and sire by site (Ơ2

S.S%).  Combined Trangie and Cowra Merino data set. 

Trait Model Ơ2
p Ơ2

A Ơ2
E Ơ2

PE Ơ2
S.S h2 Ơ2

PE

% 

Ơ2
S.S

% 

Δ log 

L 

YDUST M1 0.30 0.06 0.24 - - 0.20 ± 0.08   0.00 
 M2 0.30 0.04 0.24 0.02 - 0.15 ± 0.08 5.8  1.11 
 M3 0.30 0.04 0.24 0.02 0.00 0.15 ± 0.08 5.8 0.0 1.11 
           YWEATH M1 0.48 0.06 0.41 - - 0.13 ± 0.07   0.00 

 M2 0.48 0.05 0.41 0.01 - 0.11 ± 0.08 2.0  2.70 

           YFROT M1 2.11 0.45 1.67 - - 0.21 ± 0.08   0.00 
 M2 2.11 0.31 1.67 0.12 - 0.15 ± 0.09 5.9  1.27 
 M3 2.11 0.31 1.67 0.12 0.00 0.15 ± 0.09 5.9 0.0 0.00 

           YCOL M1 0.20 0.02 0.18 - - 0.09 ± 0.06   0.00 

 M2 0.20 0.02 0.18 0.00 - 0.08 ± 0.07 0.1  0.00 
 M3 0.20 0.02 0.18 0.00 0.00 0.08 ± 0.07 0.1 0.0 0.00 
           YCHAR M1 0.44 0.08 0.36 - - 0.19 ± 0.07   0.00 

 M2 0.44 0.07 0.36 0.01 - 0.17 ± 0.09 1.9  0.15 
 M3 0.44 0.07 0.36 0.01 0.00 0.17 ± 0.09 1.9 0.0 0.00 
           YSSTR M1 0.54 0.16 0.38 - - 0.30 ± 0.07   0.00 
 M2 0.54 0.16 0.38 0.00 - 0.30 ± 0.07   0.00 

 M3 0.54 0.16 0.38 0.00 0.00 0.30 ± 0.07   0.00 
           YSKINQ M1 0.35 0.09 0.26 - - 0.25 ± 0.08   0.00 
 M2 0.35 0.08 0.26 0.01 - 0.23 ± 0.09 1.4  1.12 
 M3 0.35 0.08 0.26 0.01 0.00 0.23 ± 0.09 1.4 0.0 1.12 

           YDENS M1 0.32 0.08 0.25 - - 0.24 ± 0.07   0.00 

 M2 0.32 0.08 0.25 0.00 

. 

- 0.24 ± 0.07   0.80 
 M3 0.32 0.07 0.25 0.00 0.00 0.22 ± 0.10 0.0 0.7 0.82 
           YHAND M1 0.38 0.05 0.33 - - 0.13 ± 0.07   0.00 

 M2 0.38 0.04 0.33 0.02 - 0.10 ± 0.07 4.4  2.60 
 M3 0.38 0.02 0.33 0.02 0.01 0.05 ± 0.11 5.0 1.5 2.86 
           YCOND M1 0.44 0.10 0.34 - - 0.23 ± 0.08   0.00 
 M2 0.44 0.07 0.33 0.03 - 0.17 ± 0.08 7.4  2.23 

 M3 0.44 0.03 0.35 0.04 0.02 0.06 ± 0.13 9.6 3.8 3.31 

Shaded model used for bivariate analysis, Ơ2
p phenotypic, Ơ2

A genetic, Ơ2
E environmental, Ơ2

PE 

maternal permanent environment and Ơ2
S sire by site variance. 
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4.3.4 Correlations with measured traits 
 

Heritability estimates, genetic and phenotypic correlations between measured 

traits and yearling breech strike, obtained from bivariate analysis are shown in Table 

4.11.  Heritability estimates obtained from the bivariate analysis were similar to 

those derived from the univariate analysis except for YOSLWT (0.1 higher) and 

YFD (0.13 lower).  Phenotypic correlations between breech strike and measured 

traits were low.  The strongest phenotypic correlations were YOSLWT (-0.13 ± 

0.03) and YFAT (-0.12 ± 0.03), suggesting that heavier fatter animals were 

marginally less prone to breech strike.  

Genetic correlations ranged from effectively zero (-0.03 ± 0.34) to high (-0.73 ± 

0.32) with large standard errors, many greater than the parameter estimate.  The 

genetic correlations suggest that selection to reduce breech strike may result in a 

slight increase in YOSLWT and YEMD and reduce YFDSD, YFDCV and WEC.  

The genetic correlation between YGFW, YCFW and Y1BRH, suggests that there 

might be an unfavourable association between these traits, but the large standard 

errors indicate that the correlation is not significantly different from zero. 

 

Table 4.11  Measured trait heritability estimates (h2 ± s.e.), genetic (rg ± s.e.) and phenotypic 

correlations (rp ± s.e.) with yearling breech strike (Strikes), from bivariate analyses. Trangie 

and Cowra Merino data. 

Trait    h2     rg    rp 

YOSLWT 0.38 ± 0.20 -0.73 ± 0.32 -0.13 ± 0.03 

YGFW 0.68 ± 0.09 0.32 ± 0.22 0.07 ± 0.03 

YYLD 0.40 ± 0.11 -0.30 ± 0.30 -0.05 ± 0.03 

YCFW 0.56 ± 0.12 0.28 ± 0.26 0.03 ± 0.04 

YFD 0.85 ± 0.09 -0.05 ± 0.19 -0.04 ± 0.03 

YFDSD 0.41 ± 0.10 0.52 ± 0.28 0.05 ± 0.04 

YFDCV 0.41 ± 0.11 0.45 ± 0.27 0.08 ± 0.03 

YFCF 0.03 ± 0.05 -0.70 ± 0.82 -0.03 ± 0.03 

YCURV 0.41 ± 0.14 -0.07 ± 0.28 -0.02 ± 0.04 

YRTOC 0.41 ± 0.20 -0.03 ± 0.34 -0.01 ± 0.04 

YSL 0.71 ± 0.09 -0.10 ± 0.20 -0.09 ± 0.04 
YSS 0.43 ± 0.12 -0.05 ± 0.30 -0.03 ± 0.03 

YX 0.09 ± 0.14 0.57 ± 0.71 0.02 ± 0.03 

YY 0.08 ± 0.13 0.59 ± 0.74 0.02 ± 0.04 

YZ 0.12 ± 0.15 0.41 ± 0.55 0.00 ± 0.03 

YYZ 0.21 ± 0.16 -0.16 ± 0.41 0.02 ± 0.04 

YEMD 0.34 ± 0.10 -0.35 ± 0.29 -0.09 ± 0.03 

YFAT 0.17 ± 0.09 -0.09 ± 0.39 -0.12 ± 0.03 

WECST 0.27 ± 0.08 0.32 ± 0.29 0.07 ± 0.03 

WECN 0.09 ± 0.11 0.46 ± 0.52 0.01 ± 0.03 

WEC 0.32 ± 0.09 0.60 ± 0.30 0.06 ± 0.03 
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Small favourable genetic correlations between measured traits and yearling 

breech strike were found for YOSLWT, YEMD, YFDSD, YFDCV and WEC.  

Greeff et al. (2014) also reported a favourable genetic correlation between WEC and 

breech strike, but found unfavourable genetic correlations between YFDSD, 

YFDCV and breech strike.  Other genetic correlations between measured traits and 

breech strike were effectively zero and similar to those reported by Greeff et al. 

(2014).   

 

4.3.5  Correlations with visual traits 
 
Heritability, genetic and phenotypic correlations between visual traits and 

yearling breech strike obtained from bivariate analyses are given in Table 4.12.  

Heritability estimates obtained from the bivariate analyses were similar to those 

derived from the univariate analysis. All phenotypic correlations between visual 

traits and breech strike were low.  The highest phenotypic correlations were for 

yearling breech wrinkle and breech cover (0.17 ± 0.03), indicating that there was a 

very small association for animals with more wrinkles and wool on the breech to 

have higher breech strike rates.   

Genetic correlations varied from a low of 0.02 ± 0.76 (YHAND) to a very high of 

0.84 ± 0.49 (PDAG), with large standard errors. Dag traits had the highest genetic 

correlation with breech strike, but were lowly heritable 0.03 ± 0.06 and 0.07 ± 0.06 

(EPDAG and PDAG respectively) for this environment.  High genetic correlations 

between visual traits and yearling breech strike were obtained for MBCOV (0.67 ± 

0.28), YBRWR (0.65 ± 0.22), YCCOV (0.67 ± 0.31), YNKWR (0.45 ± 0.21) and 

YCOVER (0.41 ± 0.26).  These correlations suggest that animals with greater wool 

coverage and wrinkle development were genetically more susceptible to breech 

strike.   

Yearling condition (YCOND), YDUST and YFROT and were negatively 

correlated with breech strike, indicating that animals with drier cleaner fleeces (less 

wax, suint and dust) which were less susceptible to fleece rot may be more 

susceptible to breech strike, but the standard errors suggest that the correlations are 

not significantly different from zero. There was no correlation between any of the 

fleece structural and quality traits (YWEATH, YCOL, YCHAR, YSSTR, YDENS, 
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YHAND) and breech strike, implying that selection to reduce breech strike would 

not affect these traits.   

 
Table 4.12   Visual trait heritability estimates (h2 ± s.e.), genetic (rg ± s.e.) and phenotypic 

correlations (rp ± s.e.) with yearling breech strike (Strikes), from bivariate analyses. Trangie 

and Cowra Merino data. 

Trait          h2     rg     rp 

EPDAG 0.03 ± 0.06 0.78 ± 0.95 0.08 ± 0.03 

PDAG 0.07 ± 0.06 0.84 ± 0.49 0.08 ± 0.03 

FMOIST 0.06 ± 0.07 -0.08 ± 0.62 0.05 ± 0.03 

MBRWR 0.45 ± 0.10 0.11 ± 0.27 0.12 ± 0.03 

MBCOV 0.31 ± 0.07 0.67 ± 0.28 0.09 ± 0.03 

YBRWR 0.58 ± 0.09 0.65 ± 0.22 0.17 ± 0.03 

YBDWR 0.54 ± 0.09 0.32 ± 0.22 0.09 ± 0.04 

YNKWR 0.64 ± 0.09 0.45 ± 0.21 0.12 ± 0.04 

YBCOV 0.20 ± 0.07 0.40 ± 0.30 0.17 ± 0.03 
YCCOV 0.45 ± 0.09 0.67 ± 0.31 0.09 ± 0.03 

YFACE 0.37 ± 0.08 -0.04 ± 0.25 0.01 ± 0.03 

YCOVER 0.52 ± 0.09 0.41 ± 0.26 0.08 ± 0.03 

YLEGB 0.31 ± 0.08 0.27 ± 0.26 0.01 ± 0.04 

YDUST 0.20 ± 0.07 -0.44 ± 0.34 -0.02 ± 0.03 

YWEATH 0.13 ± 0.07 0.20 ± 0.36 0.10 ± 0.03 

YFROT 0.21 ± 0.08 -0.24 ± 0.31 0.08 ± 0.03 

YCOL 0.08 ± 0.06 0.06 ± 0.44 0.05 ± 0.03 

YCHAR 0.18 ± 0.07  0.16 ± 0.32 0.01 ± 0.03 

YSSTR 0.29 ± 0.07 0.17 ± 0.26 -0.04 ± 0.03 

YSKINQ 0.33 ± 0.08 -0.03 ± 0.26 0.04 ± 0.03 

YDENS 0.24 ± 0.07 -0.07 ± 0.28 0.00 ± 0.03 

YHAND 0.04 ± 0.11 0.02 ± 0.76 -0.03 ± 0.03 
YCOND 0.07 ± 0.14 -0.25 ± 0.62 0.05 ± 0.03 

 

PDAG and WEC had a strong genetic correlation with breech strike, suggesting 

that animals genetically susceptible to worm infestation, scouring and dags may also 

be genetically susceptible to breech strike. However, the prevalence of WEC, scours 

and dags in non-seasonal rainfall regions can be highly variable, with no expression 

of the trait in some years. For the current study (with the exception of one year) the 

sheep had to be managed specifically to achieve WEC levels acceptable for 

analyses. 

All phenotypic correlations between breech strike and measured and visual traits 

were low and lower than other published estimates, except for YBCOV (Greeff et 

al. 2014, Smith et al. 2009).  The lower estimates obtained in this study are likely to 

be a reflection of the size and structure of the data, the sheep population and 

environment. 
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4.3.6 Relative Genetic potential of indicator Traits 
 

The relative genetic potential of visual and measured traits ranked in descending 

order for their suitability as indicator traits is shown in Table 4.13.  Yearling breech 

wrinkle, crutch cover and neck wrinkle were identified as the three most important 

visual traits which could be used for indirect selection for resistance to breech strike 

in a non-seasonal rainfall environment.  Marking breech cover and yearling cover 

were ranked equal fourth, followed by yearling body wrinkle.   

Yearling off-shear live weight, WEC, YFDSD and YFDCV were ranked as the 

four most important measured traits which could be used for indirect selection for 

resistance to breech strike.  It is of interest to note that YFDSD and YFDCV were 

identified and ranked in the top 4 traits, as potential indicator traits to reduce fleece 

rot and body strike by Raadsma (1993) and also for breech strike in this study.   

 

Table 4.13  Relative genetic potential of visual and measured traits in descending order as 

potential yearling breech strike (Strikes) indicator traits. Combined Trangie and Cowra 

Merino data. 

Visual trait Relative genetic 

potential* 

Measured 

trait 

Relative genetic 

potential* 

YBRWR 1.22 YOSLWT 0.96 
YCCOV 1.12 WEC 0.86 

YNKWR 0.88 YFDSD 0.83 

MBCOV 0.73 YFDCV 0.71 

YCOVER 0.73 YGFW 0.65 

YBDWR 0.57 YEMD 0.51 

PDAG 0.54 YCFW 0.51 

YDUST 0.48 YYLD 0.46 

YBCOV 0.43 YY 0.44 

YLEGB 0.38 YX 0.43 

EPDAG 0.29 WECST 0.42 

YFROT 0.27 YZ 0.33 
YSSTR 0.22 WECN 0.29 

MBRWR 0.19 YFCF 0.27 

YWEATH 0.18 YSL 0.20 

YCHAR 0.18 YYZ 0.19 

YCOND 0.15 YFD 0.12 

YDENS 0.08 YCURV 0.10 

YFACE 0.06 YSS 0.07 

FMOIST 0.05 YFAT 0.07 

YCOL 0.04 YRTOC 0.04 

YSKINQ 0.04   

YHAND 0.01   

*-relative genetic potential is a ratio trait calculated as (heritability of indicator trait / heritability 

Y1BRH)0.5 x genetic correlation between the indicator trait and Y1BRH. 
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In the work reported by Greeff et al. (2014) measured traits were not ranked as 

potential indicator traits, but their genetic relationship with breech strike was 

assessed on their potential to affect production traits.   

Table 4.14 shows phenotypic and genetic correlations among the six top ranked 

visual indicator traits.  Phenotypic correlations between yearling wrinkle traits were 

moderate to high (0.46 ± 0.03 to 0.66 ± 0.02) and all genetic correlations were high 

(0.78 ± 0.08 to 0.94 ± 0.03). These genetic correlations between wrinkle traits were 

marginally lower than other published estimates which ranged from 0.89 to 0.99 

±0.01 (Jackson and James 1970; Hatcher et al. 2009; Mortimer et al. 2009; Lewer et 

al. 1995).  Slightly lower correlations were obtained between YBRWR and 

MBRWR (phenotypic 0.34 ± 0.03 and genetic 0.73 ± 0.10).  Genetic correlations 

between wrinkle traits and wool cover traits were low to moderate (0.21 ± 0.13 to 

0.52 ± 0.15).  

 
Table 4.14  Genetic (below) and phenotypic (above) correlations (± standard errors) among 

breech strike key indicator traits.  Combined Trangie and Cowra Merino data.   

Trait YBRWR YCCOV YNKWR MBCOV YCOVER YBDWR 

YBRWR  0.18 ± 0.04 0.46 ± 0.03 0.13 ± 0.03 0.14 ± 0.03 0.49 ± 0.03 

YCCOV 0.45 ± 0.13  0.12 ± 0.04 0.13 ± 0.03 0.33 ± 0.03 0.15 ± 0.04 

YNKWR 0.85 ± 0.07 0.47 ± 0.14  0.12 ± 0.04 0.13 ± 0.04 0.66 ± 0.02 

MBCOV 0.45 ± 0.14 0.48 ± 0.15 0.51 ± 0.14  0.07 ± 0.03 0.13 ± 0.03 

YCOVER 0.22 ± 0.13 0.72 ± 0.11 0.21 ± 0.13 0.41 ± 0.15  0.16 ± 0.04 
YBDWR 0.78 ± 0.08 0.51 ± 0.14 0.94 ± 0.04 0.52 ± 0.15 0.39 ± 0.13  

 

The moderate genetic correlations between wrinkle traits and cover traits suggests 

that selection to reduce wrinkle may reduce the expression of wool cover but the 

standard errors associated with these estimates indicate that this could be negligible. 

The high genetic correlations between the wrinkle traits, suggests that the 

expression of these traits are determined by similar genes, and can be regarded as 

the same trait genetically, this conclusion was also made by Richards and Atkins 

(2010).  The moderate phenotypic and high genetic correlations between wrinkle 

traits, indicates that visual selection on one of these wrinkle traits should also change 

the other corresponding wrinkle traits.  For mulesed sheep (where breech wrinkle 

has been modified and cannot be used for selection) selection to reduce the 

expression of either neck or body wrinkle should also correspond to a reduction in 

breech wrinkle.  Wether continued selection on one specific wrinkle trait will 

change the genetic relationship between traits is not known, as observations have 
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been made of animals that have wrinkle traits of different magnitude on the same 

sheep, by the author and Alan Casey (Visual trait assessor for Trangie and Cowra 

sites). 

Table 4.15 shows genetic and phenotypic correlations among potential breech 

strike indicator traits and production traits.   

Table 4.15  Estimated genetic (shaded) (±standard errors) and phenotypic correlations among 

breech strike key indicator traits and measured traits.  

Trait YGFW YCFW YFD YFDCV YFDSD OSLWT 

YBRWR 0.41 ± 0.11 0.40 ± 0.11 -0.28 ± 0.11 0.48 ± 0.13 0.22 ± 0.14 -0.32 ± 0.18 

 0.26 ± 0.03 0.22 ± 0.04 -0.08 ± 0.04 0.22 ± 0.03 0.15 ± 0.04 -0.15 ± 0.04 

YCCOV 0.35 ± 0.13 0.41 ± 0.14 -0.17 ± 0.13 0.55 ± 0.14 0.33 ± 0.15 -0.65 ± 0.24 

 0.14 ± 0.04 0.13 ± 0.04 -0.10 ± 0.04 0.09 ± 0.04 0.03 ± 0.04 -0.24 ± 0.04 

YNKWR 0.37 ± 0.11 0.35 ± 0.12 -0.04 ± 0.12 0.66 ± 0.12 0.54 ± 0.13 -0.19 ± 0.21 

 0.25 ± 0.04 0.19 ± 0.04 -0.05 ± 0.04 0.26 ± 0.04 0.19 ± 0.04 -0.05± 0.04 

MBCOV -0.06 ± 0.15 -0.07 ± 0.16 -0.20 ± 0.14 0.33 ± 0.17 0.13 ± 0.17 -0.34 ± 0.21 

 -0.04 ± 0.03 -0.03 ± 0.03 -0.10 ± 0.04 0.14 ± 0.03 0.06 ± 0.03 -0.18 ± 0.04 

YCOVER 0.22 ± 0.12 0.22 ± 0.13 -0.22 ± 0.12 0.34 ± 0.14 0.13 ± 0.15 -0.27 ± 0.21 

 0.17 ± 0.04 0.16 ± 0.04 -0.09 ± 0.04 0.13 ± 0.04 0.07 ± 0.04 -0.09 ± 0.04 

YBDWR 0.36 ± 0.12 0.37 ± 0.12 -0.23 ± 0.12 0.47 ± 0.14 0.26 ± 0.15 -0.36 ± 0.20 

 0.27 ± 0.04 0.22 ± 0.04 -0.11 ± 0.04 0.24 ± 0.04 0.14 ± 0.04 -0.15 ± 0.04 

 

Genetic correlations between wrinkle traits and YFDCV, YFDSD and OSLWT 

were favourable or not correlated.  The genetic and phenotypic correlations between 

wrinkle traits and YGFW, YCFW and YFD were unfavourable.  Wool cover traits 

were either not correlated or had an unfavourable genetic correlation with fleece 

traits except YFDCV and YFDSD.   

Positive genetic correlations identified between wrinkle traits and off-shear live 

weight, FDCV, GFW and CFW were in the same direction as those reported by 

Richards and Atkins (2010), although Brown et al. (2010) reported a negative 

correlation between weight and wrinkle traits.  For this study wrinkle traits were 

either not or negatively correlated with fibre diameter, which was similar to that 

reported by Brown et al. (2010), but Richards and Atkins (2010) reported a small 

positive correlation between wrinkle and fibre diameter.  Yearling breech wrinkle 

was identified as the best wrinkle indicator trait for the non-seasonal rainfall 

environment, followed by yearling neck wrinkle.  Marking breech wrinkle was not 

identified as a good indicator trait for yearling breech strike compared with other 

wrinkle traits, and it had a lower genetic correlation with the other wrinkle traits and 

a lower heritability.  This may be due to the difficulty in scoring breech wrinkle at 

marking age with variable wool lengths, making it harder to distinguish the extent of 

wrinkle development.  Yearling breech wrinkle had an unfavourable genetic 
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correlation with YGFW, YCFW and YFD, but could still be used for indirect 

selection to reduce breech strike in a selection index.  As shown by the QPLU$ 

selection demonstration flock, genetic progress can be made in antagonistic traits 

using an appropriate selection index (Pope 2007).  

Wool coverage traits were ranked higher than some of the wrinkle traits, 

indicating that animals with a larger bare area around the breech and crutch region 

were also genetically less susceptible to breech strike in this environment.   Yearling 

crutch cover was identified as the second best indicator trait and had a small 

unfavourable correlation with fleece weight and YFD.  Marking breech cover and 

YCOVER were ranked equal fourth and the genetic correlation between these traits 

and YCCOV was moderate to high, implying that the expression of wool coverage is 

probably determined by similar genes even at different ages.  YCOVER had a small 

unfavourable genetic correlation with fleece weight and fibre diameter.  MBCOV 

had a higher genetic correlation with wrinkle traits than the other wool coverage 

traits, indicating that selection on MBCOV could indirectly reduce wrinkle traits.   

The genetic correlations between potential indicator traits and measured traits 

were of similar direction (positive or negative) to those reported by Brown et al. 

(2010). Scholtz et al. (2011) reported favourable genetic correlations between bare 

area and CFW and FD, which is contrary to the estimates found in this study for 

wool cover traits, except for MBCOV which was not correlated with fleece weight.   

Of the top 4 indicator traits identified, only YNKWR and YCOVER can be 

scored on mulesed sheep, the others should only be scored on non-mulesed sheep.  

These traits offer industry the opportunity to make selection decisions on mulesed 

sheep where it is not practical to run un-mulesed sheep. 

All the key indicator traits identified contribute to moisture retention in the 

breech area in some form, whether directly or indirectly. Prolonged moisture 

retention in the breech area was identified as a causative of inflamed and necrotic 

skins lesions which are associated with breech strike (Seddon et al. 1931; Watts, et 

al. 1981b). Greeff et al. (2014) identified urine stain as a key indicator trait and it 

may have been for the current study, but it was not recorded at the Trangie or Cowra 

sites which provided the data for this study.  Despite these indicator traits being 

identified as factors associated with breech strike there is still a considerable 

proportion of the environmental variation that is unexplained in this study. 
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Potential indicator traits identified in this study for the non-seasonal rainfall 

environment were different in ranking to those reported for the winter dominant 

rainfall environment. Greeff et al. (2014) identified dag, urine stain and neck 

wrinkle and as the best 3 indicator traits for breech strike.  The low heritability and 

relative genetic potential of PDAG in this environment suggests it would be of 

limited value as an indicator trait for the non-seasonal rainfall environment. For 

similar reasons, dag was also identified as of limited value as a potential indicator 

trait for breech strike in summer dominant rainfall zones (Smith et al. 2009).  

Preliminary results reported by Smith et al. (2009) identified breech wrinkle as the 

preferred breech strike indicator trait for the summer dominant rainfall environment.  

 

4.4 Conclusion 
 

Significant environmental factors found to effect the expression of yearling 

breech strike were, site, sex, year of birth and sire by dam breed (fine, medium and 

strong wool type) interactions. The best random effects model identified that 19.7% 

and 9.25% of the variance was accounted for by a maternal permanent environment 

(PE) and sire breed by dam breed interaction, but this model would not converge for 

bivariate analyses so a simpler model which incorporated PE was used for bivariate 

analyses. The best breech strike indicator traits found for the non-seasonal rainfall 

zone were yearling breech wrinkle, crutch cover, neck wrinkle, wool cover and body 

wrinkle and marking age breech cover.  Estimation of genetic correlations between 

these indicator traits and production traits identified a few unfavourable 

relationships (wrinkle and fleece weight).  The use of key indicator traits such as 

wrinkle to reduce yearling breech strike should be used in a selection index to avoid 

production losses.  The small unbalanced data set and low breech strike incidence 

(<10%) used for these analyses produced large standard errors, indicating that the 

relative genetic potential of indicator traits could change substantially if the data set 

were larger. Key indicator traits for the non-seasonal rainfall environment were 

different in ranking to those found for the winter-dominant rainfall zone.  Breech 

wrinkle was identified as the top ranking indicator trait for both the summer-

dominant and non-seasonal rainfall zones.  



Chapter 5 Breech strike across ages 

Page  60 

Chapter 5  Breech strike across ages 
 

Traits of economic importance are often evaluated at various intervals during an 

animals’ life to determine the optimal age for measurement and if one or multiple 

measurements are required to predict future performance.  The identification of 

environmental factors which effect the expression of traits at various ages is also 

important for making selection decisions and genetic evaluation.   

Therefore the aims of this study were: 

 identify environmental factors which effect the expression of breech strike 

at various ages for the Trangie and Cowra data; and  

 estimate the heritability, genetic and phenotypic correlations of breech 

strike at various ages. 

 

5.1 Traits 
 

The Trangie and Cowra data set (comprising 1088 animals) described in chapter 

4 was used to estimate breech strike (Strikes-sum of strike per animal) heritability 

and correlations across ages.  The definition of the breech strike traits and 

abbreviations are outlined in Table 5.1.   

 

Table 5.1   Breech strike (Strikes) across ages, trait definition for Trangie and Cowra data 

Trait name Abbreviation Description 

Year 1 breech 

strike 

Y1BRH Sum of breech strikes from marking to 1st shearing (~1m-

10m of age)  

Year 2 breech 

strike  

Y2BRH Sum of breech strike post 1st shearing to 2nd shearing (10-

22m of age) 

Year 3 breech 
strike 

Y3BRH Sum of breech strike post 2nd shearing to 3rd shearing (22-
34m of age) 

Year 4 breech 

strike 

Y4BRH Sum of breech strike post 3rd shearing to 4th shearing (34-

46m of age) 
 

 

5.2 Statistical analysis 
 

Linear mixed models were used to evaluate fixed effects with sire fitted as the 

random effect.  Site, sex, year of birth, birth rearing type, dam age, sire and dam 

breed and number of lambs born (for Y3BRH and Y4BRH) and their interactions 

were included in the model if significant (P<0.05).  Two random effect models were 

evaluated for breech strike across ages.  The random effect models were either direct 
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genetic (animal) or direct genetic and maternal permanent environment (PE) (animal 

and PE).  Log likelihood ratio tests were used to evaluate the models.  Variance 

components were derived for breech strike from the random models appropriate for 

each age.  The pedigree file contained 21955 identities and 45 genetic groups 

described above in chapter 4.  Bivariate analyses were used to estimate genetic and 

phenotypic correlations for breech strike between ages.  All animals (n=1088) were 

included in the analyses across years, with animals not present at later ages assigned 

as missing values. 

 

5.3  Results and discussion 
 

5.3.1 Data 
 

Table 5.2 shows the summary statistics, breech strike incidence and number of 

animals which were present at the end of the year.  For example year 4 animals were 

 present for their 4th shearing.  The truncation in number of animals up to year 4, is a 

reflection that only the 2008 drop ewes and a small number of wethers were still in 

the INF project for their 4th shearing. 

 
 

Table 5.2   Trangie and Cowra data, number of animals, minimum, mean, maximum and 

standard deviation (s.d.) (Strikes) for breech strike at various ages. 

Breech strike 

year 

Number 

animals 

Min Max Mean s.d. % Strikes 

(0-n) 

% Struck 

(0/1) 

Y1BRH 1088* 0 3 0.11 0.36 10.9 9.3 

Y2BRH 751* 0 3 0.24 0.57 17.2 (24.8) 12.5 (18.1) 

Y3BRH 357* 0 4 0.33 0.68 12.0 (36.5) 8.1 (24.5) 

Y4BRH 210* 0 2 0.21 0.44 3.9 (20.5) 3.8 (19.1) 

% strikes – total number of strikes (including repeat strikes) as a percentage of 1088 animals (% 

strikes of animals present), % struck – percentage of 1088 animals struck (% struck of animals 

present), * outliers removed, (year 1 –Y1BRH), (year 2 -Y2BRH), (year 3 - Y3BRH), (year 4 -  

Y4BRH) 
 

5.3.2 Environmental effects 
 

Environmental factors affecting breech strike (Strikes) for the Trangie and Cowra 

data at various ages are shown in Table 5.3. Alpha lettering identifies significant 

interactions between effects.  Site, sex and year of birth had a significant effect on 

breech strike each year, except for year 4 (Y4BRH), where site was not significant. 

Breech strike incidence was higher at the Trangie site in year 1 (0.37 ± 0.17), but 

higher at Cowra in year 3 (0.35 ± 0.18).  Females had a higher breech strike 

incidence than males ranging from 0.32 ± 0.06 to 0.45 ± 0.07 across ages.  Animals 



Chapter 5 Breech strike across ages 

Page  62 

born in 2008 had a higher incidence of breech strike in year 2 and year 4 than 

animals born in other years.  The site by sex interaction indicated that females born 

at Cowra had a lower incidence of breech strike in year 2 (-0.34 ± 0.08) and year 3 (-

0.51 ± 0.19) compared to males and females at the Trangie site.  Number of lambs 

born did not have a significant effect on breech strike incidence over the 12 month 

period for year 3 and year 4.  

 

Table 5.3  Trangie and Cowra data, breech strike (Strikes) environmental effects and their 

interactions for Merinos at various ages 

factor Y1BRH Y2BRH Y3BRH Y4BRH 

No. records 1088 751 357 210 

Site *** a b c d *** a a  
Sex ***a e *** a *** a *** 

Year of birth *b *** * * 

Dam age c    

Sire breed d e f    

Dam breed f  *  

Lambs born NA NA   

***<0.001, * <0.05, a to f ≤0.05 significant interaction between effects, e.g. f on sire and dam breed 

indicates a significant interaction between sire and dam breed, NA – not applicable to the data, (year 

1 –Y1BRH), (year 2 - Y2BRH), (year 3 - Y3BRH), (year 4 - Y4BRH) 

 

5.3.3 Variance components and heritability estimates 
 

Variance components and heritability estimates derived for Merino breech strike 

(Strikes) across ages for the combined Trangie and Cowra data are given in Table 

5.4.  An animal model was used to derive variance components.   Y1BRH was 

significantly improved by the inclusion of PE in the random model, with the change 

in log likelihood ratio test > 12.9.  Heritability estimates for Strikes for year 1 and 

year 2 were low: 0.17 ± 0.09 and 0.18 ± 0.09 respectively. Heritability estimates for 

year 3 and 4 were moderate with large standard errors: 0.32 ± 0.14 and 0.21 ± 0.19 

respectively.  

Heritability estimates obtained across ages appeared to be mean or incidence 

dependent (r = 0.82) clearly shown in Table 5.4, with year 3 having the highest 

heritability and breech strike incidence. 
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Table 5.4   Trangie and Cowra data, number of animals (n), phenotypic (Ơ2
P), additive (Ơ2

A) 

and environmental (Ơ2
E) variance components and heritability estimates (h2 ± s.e.) for breech 

strike (Strikes) at various ages.    

Trait n Ơ2
p Ơ2

A Ơ2
E h2 % Struck 

Y1BRH 1088 0.12 0.02  0.07 0.17 ± 0.09 9.3 

Y2BRH 751 0.29 0.05 0.23 0.18 ± 0.09 18.1 

Y3BRH 332 0.41 0.13 0.27 0.32 ± 0.14 24.5 

Y4BRH 210 0.17 0.04 0.13 0.21 ± 0.19 19.1 

(year 1 - Y1BRH), (year 2 -Y2BRH), (year 3 - Y3BRH), (year 4 - Y4BRH). % Struck- % of animals 

struck which were present), n- number of animals present,  

 

The combined Trangie and Cowra data set (comprising 1088 animals) used to 

obtain heritability estimates across ages was unbalanced, due to the limited data 

available on adult animals.  The magnitude of heritability estimates obtained for 

breech strike at 2, 3 and 4 years were similar to reported breech strike estimates for 

yearling age (Smith et al 2009; Bird-Gardiner et al. 2013), although standard errors 

associated with these estimates make firm conclusions difficult.  The heritability 

estimates obtained at the different ages were mean or incident dependent, (higher 

heritabilities with increased incidence) and this relationship between scored traits 

and heritability estimates was reported by McGuirk and Atkins (1984) for fleece rot. 

Incidence dependence is normally associated with binary traits, such as the Struck 

data analysed for the Trangie data set in chapter 8.  If a similar relationship exists for 

scored traits, this may account for some of the disparity between the yearling breech 

strike heritability estimate obtained for the Trangie data set (h2 0.43 ± 0.13; 17% 

Strikes; chapter 8) and the combined Trangie and Cowra data set (h2 0.17 ± 0.09; 

10.9% Strikes; chapter 4).  

 

5.3.4 Breech strike correlations 
 

The correlation between yearling breech strike (Strikes) and older ages in 

Merinos for the combined Trangie and Cowra data were estimated from bivariate 

analyses.  The model used to estimate the correlation between Y1BRH and Y2BRH 

were: animal and PE for Y1BRH and animal for Y2BRH.  The maternal permanent 

environment model for Y1BRH could not be used to estimate correlations between 

Y1BRH and Y3BRH or Y4BRH, as it would not converge, due to the lack of data.  

Convergence could only be achieved for Y1BRH and Y3BRH when an animal 

model was applied to both traits.  Similarly convergence for Y1BRH and Y4BRH 

could only be achieved by using an animal model for both traits and dropping the 
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site by dam breed interaction for Y4BRH.  The lack of data for Y3BRH and Y4BRH 

would have contributed to these analyses problems.   

Table 5.5 shows heritability estimates, genetic (rg) and phenotypic (rp) 

correlations between Y1BRH and breech strike at older ages from the bivariate 

analyses. Heritability estimates were similar to those obtained from the univariate 

analyses, except for Y4BRH which was slightly higher at 0.24 ± 0.19 compared with 

0.21 ± 0.19 from the univariate analysis.  The phenotypic correlations decreased as 

the years between records increased; 0.23 ± 0.03 for 1 year to 0.11 ± 0.07 for 3 

years.  The low phenotypic correlation between Y1BRH and Y2BRH (0.23 ± 0.03) 

was similar to the estimate obtained by Greeff et al. (2014) 0.29 (no standard error 

reported), for breech strike between weaning (~5m) and hogget age (17m); and 

supports the repeatability estimate obtained.  This indicates that visual selection 

against breech strike up to yearling age will not necessarily reduce breech strike 

occurrence at 4 years of age.   

Genetic correlations between yearling breech strike and older ages were high 

(0.65 ± 0.28 to 0.99 ± 0.42) with large standard errors. Due to the large standard 

errors and small number of animals at later ages, the interpretation of the genetic 

correlations is difficult.   

 
Table 5.5  Number of animals, heritability estimates (h2 ± s.e.), genetic (rg ± s.e.) and phenotypic 

correlations (rp ± s.e.) between yearling breech strike (Strikes) and breech strike at later ages, 

from bivariate analyses. Combined Trangie and Cowra Merino data. 

Trait No. animals h2 rg rp 

Y1BRH 1088 0.18 ± 0.09 - - 

Y2BRH 751 0.17 ± 0.09 0.89 ± 0.30 0.23 ± 0.03 

Y3BRH 332 0.30 ± 0.13 0.65 ± 0.28 0.06 ± 0.06 

Y4BRH 210 0.24 ± 0.19 0.99 ± 0.42 0.11 ± 0.07 

(year 2 -Y2BRH), (year 3 - Y3BRH), (year 4 - Y4BRH)., No. animals- actual number of animals 

present 

 

The high genetic correlation (0.89 ± 0.30) obtained between Y1BRH and Y2BRH 

indicates that breech strike at these ages maybe controlled by similar genes. The 

moderate to high genetic correlations obtained between Y1BRH and Y3BRH (0.65 

± 0.28) and Y1BRH and Y4BRH (0.99 ± 0.42) are difficult to interpret due to the 

large standard errors associated with these correlations.  But the correlations suggest 

that the expression, of breech strike across ages is determined mostly by similar 

genes.  Although Greeff et al. (2014) concluded that early breech strike (up to 5m of 

age) was not genetically the same trait at hogget age (rg = 0.44 ± 0.17).  This 
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combined with the low phenotypic correlation across ages, suggests that flystrike 

traits should be assessed at multiple ages throughout an animal’s life. 

 

5.4 Conclusion 
 

The expression of breech strike at different ages appears to be influenced by 

environmental effects of which this study could not account for at later ages. This 

was evident in the large residual errors obtained for years 2 to 4.  The significant sire 

by dam breed interaction effect (for Y1BRH) was not found to influence the 

expression of breech strike at later ages.  Also the significant maternal permanent 

environmental effect found to influence breech strike at yearling age could not be 

used for the correlation estimates at later ages (Y3BRH and Y4BRH).  It is thought 

that the limited size and structure of the data would have contributed to analyses 

difficulties and possibly contributed to the limited number of factors found to effect 

breech strike at later ages. 

Heritability estimates obtained across ages appeared to be incident dependent, 

increasing proportionally with breech strike expression.  Heritability estimates 

ranged from low at yearling age to moderate at later ages.   

Phenotypic correlations between yearling age and later ages were low, indicating 

that the expression of breech strike susceptibility early in life will not be a reliable 

indicator of disease resistance later in life. 

Genetic correlations between yearling breech strike and breech strike at later ages 

were high with large standard errors, but it was concluded that the expression of 

breech strike across ages is determined by similar genes. 
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Chapter 6  Breech strike and lambing 
 

There is limited information on breech strike susceptibility during lambing.  

Although Carter and Belschner (1937) reported that ewes which had high strike rates 

during lambing resulted in a lower number of lambs marked.  Chapter 6 explores the 

relationship of breech strike incidence during lambing using data derived from the 

Trangie and Cowra sites.   The aims of this chapter were to:  

 quantify the effect lambing had on breech strike rates compared with dry 

ewes; 

 identify if there were any differences in strike rates between the number 

of lambs born; 

 evaluate if there was any difference in strike rates between maiden ewes 

and adult ewes; 

 estimate the repeatability in breech strike between 2 lambing periods. 

 

6.1 Traits 
 

The effect of reproduction (number of lambs born) on breech strike (Strikes) 

incidence was evaluated for Merino ewes born in 2008 and 2009 from the Trangie 

and Cowra sites.  Breech strike data was recorded over a 4 month lambing period for 

two years.  Each lambing period was from July to early November, where lambs 

were weaned and the ewes were crutched. Only ewes born in 2008 had data 

available for the second lambing period.  Breech strike was defined as the sum of 

strikes per animal per lambing period.  Number of lambs born was defined as the 

total number of lambs born per ewe for each lambing period. The data was analysed 

as a repeated measure trait over the two years.  Ewes were 24 to 28 months of age 

for the first lambing period and 36 to 40 months of age for the second lambing 

period. 
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6.2  Statistical analysis 
 

Linear mixed models were used to evaluate the fixed effects, with sire and animal 

permanent environment fitted as the random component.  Due to the lack of data, a 

simple sire model was used to predict trait means and estimate variance components.  

No pedigree was used for this analysis.  Site, year of birth, birth rearing type, dam 

age, total number of lambs born, sire and dam breed and their interactions were 

fitted to each trait and were included in the model if significant (P <0.05). Lambing 

period (1st year or 2nd year) was included as a fixed effect irrespective of its 

significance.  Total number of lambs born was fitted as a fixed effect with 4 levels, 

1=dry, 2=single, 3=twin and 4=multiple birth (3 lambs).  The description of the 

other fixed effect such as birth rearing type was described in chapter 4.  Ewes 

without data in the second year of lambing were treated as missing data. 

 

6.3  Results and discussion 
 

6.3.1 Data 
 

Table 6.1 shows summary data for breech strike occurrence and lambs born at 

first and second lambing. The percentage of strikes depicted in Table 6.1 includes 

dry ewes which did not lamb.  Breech strike incidence was 10% higher in wet ewes 

compared to dry ewes at first lambing. The percentage of wet ewes struck at 2nd 

lambing was 2% higher than at 1st lambing. 

Table 6.1  Number of ewes (n), for 1st and 2nd lambing, percentage of lambs born (LB) and ewes 

struck.  Percentage of ewes struck that were wet or dry, Trangie and Cowra data 

Trait  n  %LB % Struck % struck wet % struck dry 

1st lambing 311 109 17 19.6% 9.2% 

2nd lambing 143 106 18 21.8% 14.6% 

% struck – total number of strikes as a percentage of total animals (one outlier value removed), %LB 

– total number of lambs born/ewes joined. 

 

Table 6.2 shows summary data for breech strike and number of lambs born as 

repeated measures traits. 
  

Table 6.2  Number of records (n), mean, minimum, maximum and standard deviation (s.d.) for 

breech strike (Strikes) and lambs born (LB) as a repeated measure over two lambing periods, 

Trangie and Cowra data 

Trait  n  min mean max s.d. % struck/ %LB 

Breech strike at lambing  454 0 0.17 1.0 0.37 17.0* 

Lambs born 454 0 1.09 3 0.91 108 

% strikes – total number of strikes (including repeat strikes) as a percentage of total animals, %LB – 

total number of lambs born/ewes joined, * one outlier value removed 
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6.3.2  Environmental effects 
 

The expression of breech strike (as a repeated measure) in Merino ewes during 

lambing for the Trangie and Cowra data were influenced by site and number of 

lambs born (Table 6.3).  No significant interactions were found for any of the fixed 

effects fitted.  Ewes which gave birth to twins had a higher breech strike incidence 

than dry ewes (0.16 ± 0.15).  Ewes from the Cowra site had a lower expression of 

breech strike during lambing than at the Trangie site (-0.13 ± 0.04). 

 
Table 6.3   Factors found to effect breech strike during lambing for Merino ewes at the Trangie 

and Cowra sites. 

Factor Significance - P value 

No. records 454 

Site 0.002 

No. lambs born 0.004 

 

6.3.3  Predicted means and heritabilities 
 

Predicted breech strike means for ewes during lambing are presented in Table 

6.4.  There was no significant difference in breech strike incidence between dry 

ewes (did not lamb) and ewes which gave birth to single lambs, but it was almost 

significant (T value: 1.94).  Ewes which had twins had a significantly (P <0.05) 

higher breech strike incidence than dry ewes.  For ewes which had lambed, there 

was no significant difference found between the number of lambs born per ewe for 

influencing breech strike rates.  

There was no significant difference found in breech strike rates between maiden 

ewes and adults ewes (1st and 2nd lambing).  Predicted means for breech strike at the 

Trangie site were significantly higher ( 0.22 ± 0.03; P <0.05) compared to the 

Cowra site (0.09 ± 0.04).   

 

Table 6.4   Predicted means (± standard errors) for breech strike as a repeated measure 

 over 2 lambing periods.  

Number of lambs born Breech strike 

0 (no lambs) 0.08 ± 0.03a 

1 0.16 ± 0.04 

2 0.23 ± 0.03b 

3 0.14 ± 0.09 

b-significantly different from a (P<0.05) 
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Variance components for breech strike as a repeated measure are shown in Table 

6.5.  Heritability estimate obtained for breech strike during the lambing period was 

moderate (0.25 ± 0.15; for 17% struck) and similar to the estimate obtained for 

Y4BRH (0.21 ± 0.19) (chapter 5 – breech strike across ages) which had a 

comparable incidence level (19.1% struck).  The reproductive data was limited and 

the standard errors were large, therefore conclusions are limited to this data set.   

 

Table 6.5   Number of animals (n), phenotypic (Ơ2
P), additive (Ơ2

A) and  sire permenaent 

environmental (Ơ2
AS) variance components, heritability (h2 ± s.e.) and repeatability estimates (r 

± s.e) for breech strike as a repeated measure over 2 lambing periods.  

Trait n Ơ2
P Ơ2

A Ơ2
AS h2 ± s.e. r ± s.e. 

Breech Strike 454 0.13 0.03 0.04 0.25 ± 0.15 0.57 ±0.14 

s.e. –standard error 

 

The repeatability estimate obtained for breech strike at lambing was moderate 

(0.57 ± 0.14) indicating that ewes found to be susceptible to breech strike at first 

lambing are likely to get struck during lambing periods later in life. The 

reproductive status of ewes has also been shown to affect traits associated with 

breech strike such as crutch and breech cover (Smith et al. 2009b; Edwards et al. 

2009; Scobie and O’Connell 2010) and changes in these traits would also affect 

breech strike susceptibility during lambing.  Breech strike at lambing would be 

considered a genetically different trait to breech strike at younger ages, due to 

different genes controlling reproduction traits and their interactions with other traits.  

 

6.4 Conclusion 
 

Ewes giving birth to twin lambs were significantly more prone to breech 

strike than dry ewes.  Breech strike rates was found to be similar between dry ewes 

and ewes giving birth to single or multiple lambs.   

There was no significant difference in breech strike rates between the number 

of lambs born, but predicted means were higher for twins.  Maiden ewes were found 

to be just as susceptible to breech strike as adult ewes.  The moderate repeatability 

estimate obtained between lambing periods indicated that ewes struck at one 

lambing period are likely to be struck during lambing periods later in life. 
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Chapter 7  Breech strike as a repeated measure  
 
The repeatability of a trait provides an indication on how useful a measurement 

taken early in life is for predicting future performance later in life.  Highly 

repeatable traits allow early identification and culling of animals within a generation 

(McGuirk et al. 1978).  Despite flystrike being reported as a repeatable trait, there 

are no published repeatability estimates for breech strike in the non-seasonal rainfall 

environment.  Therefore the aim of this study was to estimate environmental effects, 

heritability and repeatability of breech strike recorded as a repeated measures trait in 

the non-seasonal rainfall environment. 

The data used in this analysis only comprised 580 Merinos from the Trangie site.  

This was one of the early analyses done for the thesis, where only the Trangie data 

was considered to have a breech strike incidence high enough for analysis.  This 

chapter reports environmental factors, heritability estimates and the repeatability of 

breech strike (as a repeated measure) over a 4 year period. 

 

7.1 Data and analysis 
 

The Trangie Merino data (58 animals, with 1453 records for the expression of 

breech strike) was used to evaluate breech strike (Strikes) as a repeated measure.  

The data comprised Merino ewes and wethers born in 2008 to 2011 and breech 

strike was the sum of strikes per animal for each year (until shearing) for a period of 

four years.  Therefore each animal had 4 records (one for each year) and animals 

which were not present for later years were assigned as missing data.  The pedigree 

file comprised 3465 identities and 9 genetic groups which were fitted as a fixed 

effect. Genetic groups were formed for animals with no pedigree and comprised 4 

Merino flocks and 5 breed groups (Merino, Poll Merino, Poll Dorset, South African 

Merino and others)(Personal communication D. Brown, April 15, 2016). 

Linear mixed models were used to evaluate fixed effects, with sire and animal 

permanent environment fitted as the random component.  Year of measurement 

(year), sex, contemporary group (birth year), dam age, birth rearing type, sire and 
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dam breed and pregnancy status and their interactions were included in the model if 

significant (P <0.05).  Both the sire and animal model were used to derive variance 

components to estimate repeatability.  Repeatability (r) was calculated as:  r = Vg 

+VEP/VP   where: Vg is genetic variance, VEP permanent environmental variance 

(between sheep) and VP phenotypic variance.  Repeatability estimates were derived 

by partitioning the temporary environmental variance (within sheep) from the 

phenotypic variance leaving the genetic component combined with the permanent 

environment (Falconer, 1960). 

 

7.2 Results and discussion 
 

7.2.1 Data 
 

Table 7 shows the numbers of records available for analysis (1453).  Despite each 

animal having 4 records, a large proportion (867) of the records were missing values 

as the animals were either too young to have 4 years of data or had left the research 

project.  The maximum number of times an animal was struck in one year was 6 and 

some animals were not struck at all over the 4 years. 

 
Table 7.0 Number of records (n), mean, minimum, maximum and standard deviation (s.d.) of 

breech strike (BRH) as a repeated measure over 4 years for the Trangie data set. 

Trait n Mean Min Max s.d. % Strikes (0-n) % Struck (0/1) 

BRH 1453 0.27 0.0 6.0 0.65 27.4 19.8 

% Strikes – total number of strikes (including repeat strikes) as a percentage of total  records 

(1453), % Struck – total number of animals struck each year summed over 4 years as a percentage of 

total records  

 

7.2.2 Environmental effects 
 

Environmental factors found for the Trangie data for breech strike as a repeated 

measure are shown in Table 7.1.  Environmental factors effecting breech strike 

(Strikes) analysed as a repeated measure over four years were year of measurement 

(year), sex and contemporary group (CG) (birth year).  Animals tended to have a 

lower incidence of breech strike in the fourth year (-0.05 ± 0.15) compared with the 

first year of measurement (set to zero).  Breech strike was higher in females (0.14 ± 

0.05) than males. Interactions between fixed effects (denoted by alpha lettering) 

were year, sex, CG, dam age, birth rearing type and pregnancy status.  Wet ewes 
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born as multiples and reared as singles had a higher incidence of breech strike (0.62 

± 0.19) than wet ewes born and reared as singles (0.00). 

 
Table 7.1  Trangie site, factors found to effect breech strike (Strikes) in Merinos as a repeated 

measure over four years. 

Factor Factors and interaction  

No. records 1453     

Year of measurement ***   a b c d   

Sex ***  a    

Contemporary group *    b  e f  

Birth rear type    e         i 

Dam age     g h 

Dam breed   c   f g      

Pregnancy status       d     h i 

***<0.001, * <0.05, a-i ≤0.05 significant interaction between factors, e.g. the ‘i’ assigned to birth rear 

type (BRT) and pregnancy status indicates an interaction (P<0.05) was found between BRT and 
pregnancy status. 

 

7.2.3 Heritability and repeatability estimates 
 

Heritability and repeatability estimates derived from the sire and animal model 

(Trangie data) were low, suggesting that the repeatability of breech strike was 

incident and age dependent (Table 7.2).  Further analyses were conducted to 

investigate the repeatability of breech strike between year one and year two and year 

two and year three.  The results were almost identical and not presented here. . 

Heritability estimates from the Trangie repeated measures data were similar in 

magnitude to estimates derived for yearling breech strike for the combined Trangie 

and Cowra data set. 

 
Table 7.2   Number of records (n), phenotypic (Ơ2

P), additive (Ơ2
A), animal/sire permanent 

environmental (Ơ2
SA) variance components, heritability (h2 ± s.e.) and repeatability estimates (r 

± s.e.) for Merino breech strike as a repeated measure over 4 years (Trangie data).  

Model n Ơ2
P Ơ2

A Ơ2
SA h2 ± s.e. r 

Sire 1453 0.35 0.03 0.09 0.09 ± 0.07 0.34 ± 0.06 

Animal 1453 0.35 0.04 0.06 0.12 ± 0.06 0.28 ± 0.03 

 

 

The trait definition used for the repeatability model possibly should have been 

defined as Struck instead of Strikes, as the change in magnitude of the trait may 

affect the repeatability estimate.  For industry the interest is in identifying whether 

an animal will be struck or not, not particularly how many times it will be struck.   

The low breech strike repeatability estimate obtained in these analyses (0.28 ± 

0.03) was very similar to an estimate reported by Greeff et al. (2014) (rp 0.29 (no 

standard error reported), for breech strike between weaning (~5m) and hogget age 
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(17m).  The low repeatability estimated obtained in this study indicated that breech 

strike occurrence in the first year, was not a reliable indicator of breech strike 

susceptibility in later years, being incidence and age dependent.  

 

7.3 Conclusion 
 

Breech strike modelled as a repeated measure (as the sum of strikes per animal 

per year over 4 years) produced a low repeatability estimate.  Indicating that the 

occurrence of breech strike early in life was not a good indicator of breech strike 

susceptibility later in life.  Whether the magnitude of the repeatability estimate was 

diminished by preventative flystrike management practices and between year 

seasonal variation cannot be determine for this study. 

 

 

 

 

 



Chapter 8 Flystrike (breech and other strike) 

Page  74 

Chapter 8  Flystrike (breech and other strike) 
 

Flystrike is a trait which can be defined as a categorical trait (the sum of strikes 

over a time period) or a binary trait (struck; 1, not struck, 0).   Recent flystrike 

research reported breech strike to be moderate to highly heritable depending on how 

the trait was modelled, (0.32 ±0.11) on the observed scale (Smith et al. 2009, sum of 

strikes transformed), and 0.57 (±0.13) on the underlying scale (Greeff et al. 2014, 

sum of strike as a categorical trait) at various ages.  Often the amount and structure 

of the data will determine the trait expression (e.g. binary or categorical) and the 

best way it can be modelled.   

Chapter 8 comprises the initial analysis of the Trangie data set.  Initial analyses of 

the flystrike data only comprised records from the Trangie site, due to the lower 

incidence of breech strike at Cowra (3.9%) compared to Trangie (14.1%).  The aims 

of this chapter were to:  

 Model flystrike (breech and other strike) as either a categorical or binary 

trait on the observed and underlying scale; 

 estimate environmental factors which effect the expression of each trait; 

 investigate the effect of different trait expressions and models has on 

variance components and heritability estimates; 

 determine if heritability estimates derived from the non-seasonal rainfall 

zone were similar to other environments; and 

 identify the most suitable trait expression for this data set. 

 

8.1 Traits 
 

Only the Trangie Merino data was used to evaluate flystrike breech and other 

strike. Flystrike incidence and location was recorded on 581 ewes and wethers from 

marking to first shearing (10 months of age).  The two flystrike traits used in the 

study were defined as the sum of strikes (Strikes) or the presence of flystrike 

(Struck; 1, not struck, 0).  Strikes and Struck were analysed for both breech strike 

and other strike.  Other strike was defined as flystrike other than the breech area 

(Watts et al. 1979) (all other strikes excluding breech strike, which included: head, 

poll, neck, brisket, leg, belly, pizzle, flank, wounds, udder and body).  Other strike 
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was evaluated as to whether the animal was struck or not irrespective of location.  

The definition of the flystrike traits and abbreviations are outlined in Table 8.1. 

 
Table 8.1   Flystrike trait definitions 

Trait name Abbreviation Description 

Flystrike breech BStrikes Breech strike from marking to 1st shearing (~1m-10m of age) 

(Strikes – sum of strikes) 

Flystrike breech BStruck Breech strike from marking to 1st shearing (~1m-10m of age) 

(Struck – Struck; 1, not struck, 0) 

Flystrike Other OStrikes Other strike from marking to 1st shearing (~1m-10m of age) 

(Strikes – sum of strikes) 

Flystrike Other OStruck Other strike from marking to 1st shearing (~1m-10m of age) 

(Stuck – Struck; 1, not struck, 0) 

 

8.2 Statistical Analysis 
 

Data were analysed using ASReml (Gilmour et al. 2009) fitting generalised linear 

mixed models to evaluate fixed effects with sire fitted as a random effect. Sex, year 

of birth x contemporary group (CG; management group within birth year) birth 

rearing type, dam age, sire and dam breed and sire by dam breed interaction were 

fitted to each trait and were included in the model if significant (P <0.05). Once 

significant environmental effects were determined for breech and other strike, the 

same effects were applied to the different models and traits (Strikes and Struck).  

AIC tests were applied to the different models within trait.  LogL and AIC values 

both identified the same models as having the best fit, so only LogL values were 

reported.  AIC could not be used to compare binomial models because ASReml does 

not report the appropriate LogL value for calculating the test (A. Gilmour, personal 

communication, December 19, 2013).  

Variance components from the different models were used to estimate breech 

strike and other strike heritability on the observed scale and on the underlying 

normal distribution scale. Data for Strikes were analysed with a sire and animal 

model on the observed scale. Struck data was analysed using a sire and animal 

model on the observed scale and on the underlying scale using a logit link function 

in a sire and sire threshold model. The method described by Hill and Smith (1977) 

was used to transform observed heritability estimates to the underlying normal 

distribution scale.  A pedigree file was used which comprised 65,053 identities with 

97 genetic groups, which were fitted as a fixed effect.  The pedigree file came with 

the extracted data from the Sheep CRC Information Nucleus Flock (INF) data base 

and covered all breeds which were represented at each site. Hatcher  et al. (2011) 
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described the construction of the genetic groups from the INF pedigree file. The 

genetic groups represent flock differences within strains and accounted for variation 

in the population of the base ewes at each INF site. For example this pedigree file 

had 9 specific genetic groups assigned for the 9 QPLU$ selection lines, of which a 

large proportion of the base ewes were derived for the Trangie site.  

This was the only analysis which used flystrike expressed as both a binomial and 

multinomial trait.  

 

8.3 Results and discussion 
 

8.3.1 Data 
 

Summary statistics for breech and other strike from the Trangie data set are 

shown in Table 8.2.  Breech strike incidence was 17.2% for Strikes (total strikes 

including repeat strikes) and 14.1% for Struck.  Other strike incidence was 5.5% for 

Strikes and 4.5% for Struck.  

 

Table 8.2   Total number of animals (No.), mean, minimum, maximum and standard deviation 

(s.d.) (Strikes) for breech and other strike and percentage of strikes and animals struck at the 

Trangie site.  

Site and Trait No. Min Max Mean s.d. % 

Strikes 

 

% 

Struck 

 Breech strike Trangie site        

Merino yearling  581* 0 4 0.17 0.47 17.2 14.1 

Other strike Trangie site        

Merino yearling  581* 0 3 0.06 0.29 5.5 4.5 

*-one animal removed for analysis, Strikes – sum of strikes, % strikes – total number of strikes 

(including repeat strikes) as a percentage of total animals, % struck – percentage of animals struck, 

Merino yearling – flystrike recorded from marking to first shearing (10 months of age), other strike – 

strike other than the breech area.  

 

 

8.3.2 Environmental effects 
 

Environmental factors found to affect yearling flystrike (breech and other strike) 

traits (Strikes and Struck) derived from sire models are presented in Table 8.3.  

Breech Strikes were influenced by sex and contemporary group (P<0.001), and sire 

by dam breed and CG interaction. Females had a higher incidence (0.17 ± 0.03) of 

breech Strike than males (males set to zero) and progeny born in the 2009 

contemporary groups had the lowest expression (-0.26 ± 0.07) of breech strike 
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compared to other groups.  The sire by dam breed interactions indicated that the 

progeny had varying levels of breech strike depending on the sire and dam breed 

combination.  For example progeny by fine wool sires from medium wool dams had 

the highest breech strike incidence (0.74 ± 0.29), whilst progeny by fine wool sires 

from strong wool dams had the lowest incidence (-0.69 ± 0.36). 

The main environmental factor found to effect the expression of other strike was 

a sire breed by contemporary group (birth year) interaction (P < 0.001).  Progeny by 

strong wool sires born in 2010 had the highest incidence of other strike (0.20 ± 0.12) 

while progeny born in 2011 had the lowest incidence (-0.71 ± 0.19). Sex, dam age 

and birth rearing type were not significant fixed effects for other strike. These results 

were similar to those of Raadsma (1991) with body strike except for sex.  Raadsma 

(1991) reported a significant (P<0.05) sex effect for body strike.   

 

Table 8.3   Factors found to affect yearling flystrike (breech and other) traits for the Trangie 

data set. Strikes (sum of strikes), Struck (not struck -0, struck 1) 

Factor Breech strike Other strike 

 BStrikes BStruck Threshold BStrikes BStruck Threshold 

Sex *** *** ***    

CG *** *** *** a *a ns 

Dam age *      

Birth rearing type       

Sire breed a b  a a  

Dam breed a b     

ns – not significant, *** (P <0.001), * (P<0.05), a – interaction (P <0.001), b – interaction (P <0.05), 
The significance of effects is denoted by asterisks (i.e. *** P<0.001), with alpha letters identifying 

significant interactions (a P<0.0001) between factors.  For example the ‘b’ on CG and sire breed 

identifies an interaction (P<0.05) was found for sire breed by CG, CG-contemporary group.   
 

8.3.3 Heritability estimates 
 

8.3.3.1 Breech strike 

 

Breech strike variance components, model, heritability estimates and LogL 

values derived from the Trangie data are given in Table 8.4. Only sire and animal 

models were used for this analysis, maternal effects were not tested.  No comparison 

could be made between the observed and underlying scale models, due to the 

calculation of LogL values, mentioned earlier.  The underlying scale models 

provided higher heritability estimates than the observed models. For the observed 

scale, changing the data from Strikes to Struck reduced the phenotypic variance and 

heritability estimates (h2 = 0.43 ± 0.13 Strikes; h2 = 0.32 ± 0.08 Struck).  Observed 

heritability (Struck, sire models) transformed to the underlying scale produced an 
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inflated breech strike heritability estimate of 0.80 ± 0.36. Observed heritability 

estimates for the breech Strikes data transformed to the underlying scale produced 

heritability estimates above one and are not reported.  Heritability estimates obtained 

on the underlying scale using the logit link function were moderate (0.58 ± 0.27 and 

0.67 ± 0.30).  

 

Table 8.4   Variance components, heritability estimates (h2 ± s.e.) and log likelihood (LogL) 

values for models applied to flystrike (breech strike) for the Trangie data set.  

Observed scale analysis (OBS), underlying scale analysis (UND)  

Trait Model Analysis Ơ2
p Ơ2

A
* Ơ2

E h2 LogL 

        
BStrikes Sire OBS 0.17 0.02 0.15 0.42 ± 0.17 190.04 
BStrikes Animal OBS 0.16 0.07 0.09 0.43 ± 0.13 216.24 
        BStruck Sire OBS 0.11 0.01 0.10 0.33 ± 0.15 305.56 

BStruck Sire* OBS 0.11 0.01 0.10 0.80 ± 0.36a  
BStruck Animal OBS 0.11 0.04 0.07 0.32 ± 0.12 347.13 
        
BStruck Sire logit UND 3.95 0.66 1.00 0.67 ± 0.30a - 

BStruck Sire threshold UND 3.85 0.56 1.00 0.58 ± 0.27a - 
a-heritability underlying scale, BStrikes (sum of breech strike),BStruck (struck 1; not-struck 0),  

Ơ2
p phenotypic variance,  Ơ2

A genetic variance, Ơ2
E residual variance,*transformed to underlying 

scale 
 

 

Breech strike heritability estimates obtained from the Trangie data set 

(comprising 580 animals) were similar to those reported by Smith et al. (2009) (0.32 

± 0.11) and Greeff et al. (2014) (0.57 ± 0.16 on the underlying scale).  Variance 

components were consistently smaller for Stuck data (binary trait) compared to the 

Strikes data and this was reflected in the observed heritability estimates.  McGuirk 

and Atkins (1984) reported similar differences in variance component magnitude 

between scored and presence or absence of fleece rot.  The inflated heritability 

estimates obtained from these analyses for observed and underlying scale were due 

to the models applied and the data structure.  Chapter 4 highlighted that a significant 

maternal permanent environment effect which was not fitted in these models 

contributed to the additive genetic variance and inflated the heritability estimates.    

Transformed heritabilities were overestimated, due to the scaling factor in the 

model which can produce inflated values when incidence levels are less than 30% 

(Gilmour et al. 1985), as were the case in this study 
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8.3.3.2 Other strike 
 

Model, variance components and heritability estimates with LogL values for 

other strike derived from the Trangie data are given in Table 8.5.  Only sire and 

animal models were used for this analysis, maternal effects were not tested.  

Changing the data from Strikes to Struck reduced the phenotypic variance, but the 

magnitude of heritability estimates were similar for Strikes (0.18 ± 0.10) and Struck 

(0.16 ± 0.10) on the observed scale (animal model).  Heritability estimates for 

Struck derived on the underlying scale were high, with large standard errors.  

Observed heritability (Strike animal model) transformed to the underlying scale 

produced an inflated heritability estimate of 0.88 ± 0.49. Observed heritability 

estimates obtained for Struck data transformed to the underlying scale produced 

heritability estimates above one and are not reported.  As discussed above the 

models used in these analyses would have contributed to inflated heritability 

estimates, as they did not account for maternal permanent environment effects. 

 
Table 8.5   Variance components, heritability estimates (h2 ±s.e.) and log likelihood values 

(LogL) for models applied to flystrike (other strike) for the Trangie data set. 

Observed scale analysis (OBS), underlying scale analysis (UND)  

Trait Model Analysis Ơ2
p Ơ2

A
* Ơ2

E h2 log L 

        
OStrikes sire OBS 0.07 0.01 0.06 0.30 ± 0.15 450.55 

OStrikes Animal OBS 0.07 0.01 0.06 0.18 ± 0.10 519.38 
        OStrikes Animal* OBS 0.07 0.01 0.06 0.88 ± 0.49a  
OStruck Sire OBS 0.04 0.00 0.03 0.32 ± 0.16 619.80 
OStruck Animal OBS 0.04 0.01 0.03 0.16 ± 0.10 691.56 

        
OStruck Sire logit UND 4.16 0.87 1.00 0.84 ± 0.53a - 

OStruck Sire threshold UND 4.16 0.87 1.00 0.83 ± 0.53a - 
a-heritability underlying scale, OStrikes (sum of Ostrike), OStruck (struck 1; not-struck 0), Ơ2

p 

phenotypic variance,   Ơ2
A genetic variance, Ơ2

E residual variance,*transformed to underlying scale 

 

Heritability estimates for flystrike (other) on the observed scale (sire model), 

were similar in magnitude to estimates reported for flystrike (0.39 ± 0.12) (Pickering 

et al. 2012) and body strike (0.27 ± 0.12) (Raadsma et al. 1989).  

The location of other strike could be sex limited, but this argument could also be 

presented for breech strike when urine stain is the predisposing factor and there is no 

expression of dags or scouring.  The interest for the other strike was in the 

magnitude of the heritability, compared to other studies which combined flystrike 

locations.  This study and other published research confirm that flystrike other than 
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the breech area is heritable and there is potential to improve resistance (Pickering et 

al. 2012; Brandsma and Blair 1997). 

When comparing the heritability estimates obtained for the flystrike (breech) and 

flystrike (other) data, the magnitude of the estimates between the Strikes and Struck 

traits appears to be reversed.  For the flystrike (breech) data (Table 8.4) the Strikes 

trait produced larger heritability estimates than the Struck trait, but for the flystrike 

(other) data (Table 8.5) the Struck trait produced a large heritability estimate than 

the Strikes trait (sire model).  This reversal in heritability magnitude could be a 

reflection of the incidence levels between flystrike (breech) (14.1%) and flystrike 

(other) (4.5%).  As reported by McGuirk and Atkins (1984) scored data (Strikes) 

will provide higher heritability estimates compared to binary data (Struck) at 

moderate incidence levels, but at lower incidence levels Strikes data will provide 

lower heritability estimates compared to Struck data.   

 

8.4 Conclusion 
 

Similar environmental effects were identified for flystrike irrespective of the trait 

expression (Strike or Struck).  The results showed that changing the trait from count 

data (Strikes) to binary data (Struck) reduced the phenotypic variance, which also 

produced very small variance component values.  A similar scenario was reported 

by Olausson and Ronningen (1975), who also reported that very small variance 

component values (where incidence levels were low 5% to 10%) can also produce 

unrealistic correlation values, particularly between binary and normally distributed 

traits.  It was concluded that the Strikes trait analysed on the observed scale was the 

most appropriate trait definition for this particular data set.  

Heritability estimates obtained from this study were probably inflated due to a 

combination of the models used and the incidence levels.  Heritability estimates 

obtained for breech and other strike were not dissimilar to estimates reported for 

other environments, indicating that there is potential to improve resistance. 
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Chapter 9  General discussion 

 

The limitations of the current study were: the INF trial was designed to include 

all eight sites for genetic parameter estimation not just two sites; the trial was not 

specifically designed to evaluate flystrike; seasonal variation and flystrike 

management practices were different between years and sites; sires were not used 

across years (Trangie and Cowra) and progeny numbers varied greatly between sires 

and not all traits considered to contribute to flystrike (e.g. urine stain) were recorded.  

These factors and the small number of animals in the study contributed to the large 

standard errors obtained for the parameter estimates.  As stated by van der Werf et 

al. (2010), the number of observations needed to estimate genetic parameters is 

driven by the required accuracy of the parameters.  The accuracy (standard error) of 

parameters is a function of total number of observations and number of progeny per 

sire, shown by van der Werf et al. (2010) in Figure 1 and 2.  Therefore to obtain 

parameters with greater accuracy for traits of low heritability (such as flystrike) the 

current study would have needed approximately 5000 records with at least 15 

progeny per sire (van der Werf et al. 2010), with an incidence level greater than 

10% (Atkins 1979).  Atkins (1979) reported that genetic parameters for threshold 

traits (such as flystrike and fleece rot) are incidence dependent, and illustrated the 

rapid decline in heritability for incidence levels below 10% in Figure 2. 

The effect of pedigree, genetic groups and non-replication of sires across years 

was evident in heritability estimates obtained for breech strike recorded over 

multiple years.  The breech strike at lambing (chapter 6 no pedigree or genetic 

groups, sire model) had an inflated heritability estimate (h2 = 0.25 ± 0.15) compared 

to the heritability estimate obtained from the repeatability analysis (h2 = 0.09 ± 0.07) 

(chapter 7, sire model with pedigree and genetic groups). 

Irrespective of which model or trait (Strikes or Struck) was used, breech strike 

was identified as a heritable trait in the non-seasonal rainfall environment. Breech 

strike heritability appears to be similar across environments with the estimates being 

influenced by incidence levels and how the trait was modelled.   
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The standard errors associated with the genetic correlations obtained in this study 

were large, which is typical of small data sets.  These standard errors indicate that 

the relative genetic potential of indicator traits could change substantially if the data 

set were larger.  

9.1 Further research 

Currently industry is using independent culling strategies to select against visual 

traits which are correlated with breech strike, as there are no indexes available which 

incorporate visual traits for indirect selection purposes.  To develop indexes which 

use indirect selection to improve traits such as breech strike resistance, several key 

issues need to be addressed and these include: 

 Further development of breeding values (ASBVs) for indicator traits; 

 Estimation of economic weightings for breech strike in specific 

environments; 

 Environment specific indexes which incorporate disease traits (McClure et 

al. 2014); 

 Extended research to obtain genetic parameters with higher accuracy and to 

establish correlations with adult performance; 

 Estimation of the correlation of flystrike resistance across environments; 

 Further development of research is also required to determine other factors 

which contribute to breech strike susceptibility (Greeff 2013), and combining 

this with genomic research for incorporation into indexes, to provide 

industry with cost effective alternatives to breeding breech strike resistant 

sheep. 

.  
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Chapter 10  Conclusions 

 

This study highlighted that the choice of statistical model, trait definition and 

incidence of breech strike affected genetic parameter estimates. Breech strike 

heritability estimates obtained in this study for the non-seasonal rainfall environment 

were similar in magnitude to estimates obtained in other environments.  These 

heritability estimates indicate that there is potential for genetic improvement in 

breech strike resistance.  A significant maternal permanent environmental effect was 

found to contribute to the expression of breech strike for the data set evaluated and 

this has not been reported from other studies.  The repeatability of breech strike was 

low between ages and but the genetic correlation obtained between year one and 

later years was high, with large standard errors.  

The best breech strike indicator traits for the non-seasonal rainfall zone identified 

in this study were yearling (10m age) breech wrinkle, crutch cover, neck wrinkle, 

wool cover and marking age breech cover.  These indicator traits were different to 

those identified for the winter dominant rainfall zone (Greeff et al. 2014). 

Preliminary results for the summer dominant rainfall zone identified breech wrinkle 

(8m age) as the key indicator trait, with dags considered of limited value (Smith et 

al. 2009), which was a similar conclusion drawn for this study.  

Two of the indicator traits (neck wrinkle and wool cover) identified in this study 

can be assessed on mulesed sheep, making it possible for selection to be 

implemented where it is not feasible for the current flock to cease mulesing.  

Moderately low unfavourable genetic correlations between yearling breech 

wrinkle and production traits were found, indicating that single trait selection should 

not be practiced. Richards and Atkins (2010) reported favourable and unfavourable 

correlated responses in production traits to selection on reducing wrinkle (folds)., 

This paper also demonstrated that wrinkle scores can be improved simultaneously 

with production traits if used in a selection index.  Yearling crutch cover, wool cover 

and marking breech cover had unfavourable genetic correlations with yearling fibre 

diameter.  Therefore culling and selection decisions should not be made at marking 
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age on marking breech cover and selection decisions for the other indicator traits 

should only be done in conjunction with a selection index.  Indirect selection on 

indicator traits offers an alternative solution to reduce breech strike susceptibility, 

but until other factors which contribute to breech strike are identified it may not 

breed sheep which are completely flystrike resistant. 
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