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Abstract 
 

The Australian meat goat industry is rapidly changing. This change is predominantly due 

to the value of goat meat increasing and production moving from rangeland harvesting to 

fenced commercial systems. The aim of the project was to determine how goat meat 

production can be increased through genetic improvement. A meta-analysis and 

sensitivity analysis in the literature review identified selection for kid survival could 

increase lean meat production by 12.3 kg per genetic standard deviation and became the 

main trait of interest for the project. 

 

The national performance recording scheme (KIDPLAN) is a database that was made 

available by Sheep Genetics. This producer recorded data contained pedigree and 

phenotypic information on 19,711 Boer goats. The KIDPLAN system provides estimated 

breeding values for Australian goat breeders and is the best opportunity for genetic 

improvement of meat goats.  

 

A new kid survival trait was created from the birth and rearing type information. The 

mean kid survival rate was 0.72, with a phenotypic variance of 0.14 and a heritability of 

0.09. As the kid survival trait showed variation and was heritable, bivariate analyses with 

the growth and carcase traits was done to determine its suitability to be included in a 

selection index. Birth type had a significant effect on kid survival. Kid survival was 

positively genetically correlated or not different to zero with all of the production traits. 

The survival trait was separated into three traits based on birth type for singles, twins and 

multiples. A multivariate analysis showed they were different traits with genetic 
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correlations of between 0.46 and 0.72. More work and accurate data is needed for them 

to be included in an index as separate traits and so kid survival should currently be treated 

as a single trait with birth type fitted as a fixed effect. 

 

The current KIDPLAN index is based on modified sheep parameter estimates and 

economic values. Surveys were conducted nationally and were used to calculate 

economic values for the goat production traits. The results from the parameter estimates 

and surveys showed that goat genetic parameters are different to sheep and the current 

index is not representative of the industry. Three breeding objectives were created and 

simulated with six different recording practices. The key finding and recommendation for 

industry was to adopt a new index based on goat parameter estimates and economic 

values, also to include reproductive traits such as kid survival as it would lead to a faster 

rate of gain in reproductive rate than just focusing on number of kids weaned. It was 

estimates that this would lead to a $6.75 improvement per doe joined per year compared 

to the current index.  
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A single question was asked at the beginning of the project that became the main theme 

for the thesis. “What traits need to be genetically improved to have the greatest effect on 

increasing goat meat profitability?” 

 

1.1 Thesis motivation 

Several discussions in early 2014 had a large influence on the research strategy. The first 

meetings occurred with Tom Hooke who was the project officer for KIDPLAN and 

LAMBPLAN at Sheep Genetics. He had significant input during these discussions. It was 

during this meeting that a list of traits of interest was created, and the first time kid 

survival was mentioned. It was also decided during this meeting that the national 

performance recording scheme (KIDPLAN) database was the best resource for a goat 

genetic improvement project. By the conclusion of the meeting there was an outline for a 

potential thesis structure that included parameter estimation, genetic correlations between 

traits, and developing breeding programs for Australian meat goat producers. 

 

Tom Hooke introduced me to Colin Ramsey, who is an innovative Boer goat breeder. At 

the time Colin was the leader of a producer demonstration site. On a visit to his property 

to help with artificial insemination there was an introduction to a leading goat 

reproductive specialist, Paul Hamilton. This meeting was one of the defining moments of 

the project. Both Colin and Paul had been involved with the goat industry since the 

importation of Boer goats in the early 1990’s. They provided firsthand knowledge of the 

breed development and the issues it faced until present.  
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Colin and Paul shared their knowledge of the import of Boer goats from South Africa to 

Australia. Colin has ties to the Terraweena Stud which was used for the original 

importations. In the mid 1990’s Boer goats were released in the rangeland but Boer bucks 

could not compete with the rangeland goats and most progeny had low survival rates. 

They also experienced the exportation of Australian Boer goats to China in the early 

2000’s which saw a preference of animals with a white body and red head but not for 

production traits. Over this time KIDPLAN had a large number of producers adopt the 

system but after a number of years each would stop using it, preferring selection for the 

show ring or completely leaving the industry. Colin identified the progress that sheep and 

cattle breeders were making by moving to performance recording and made major 

changes to his system. Most importantly Colin and Paul provided anecdotal evidence that 

kid survival was a major issue and potentially the most important trait that producers need 

to improve. 

 

1.2 Thesis context within literature and industry 

The Australian meat goat industry is the largest exporter of goat meat in the world, 

predominantly due to production being based on rangeland harvesting and the low local 

consumption (MLA 2016). Since the importation of Boer goats in the 1990’s there has 

been interest in the genetic improvement of the breed (MLA 2004a). Meat and Livestock 

Australia published the Research and Development Strategy in 2012 (MLA 2012). That 

report identified kid mortality as a serious issue for producers. It also identified the need 

to invest research into improving KIDPLAN. 
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With kid survival as a key trait of interest, a gap in the literature was identified. The 

majority of parameter estimates for reproductive traits in goats are on number of kids born 

or weaned as a trait of the doe (Mourad 1996; Odubote 1996; Walkden-Brown and 

Bocquier 2000; Marai et al. 2002; Hamed et al. 2009; Zhang et al. 2009a; Alade et al. 

2010; Mellado et al. 2011). There is limited published literature on goat survival. Snyman 

(2010) reported on causes of death for Angora goats. Genetic parameter estimates on kid 

survival as a trait of the doe have been reported by Singh et al. (1990) on page 201, and 

did not include Boer goats. In comparison to sheep, there has been a large focus on lamb 

survival as a trait of the ewe (Fogarty et al. 1994; Rosati et al. 2002; Afolayan et al. 

2008a; Bunter and Brown 2013; Newton et al. 2014). There are three clear gaps in the 

literature: 1) kid survival of Boer goats; 2) treating survival as a trait of the kid rather than 

the dam; 3) the genetic correlation between kid survival with other production traits. 

 

Currently goat breeders using KIDPLAN are using the index Carcase Plus (CPLUS) 

(BCS Agribusiness 2012; Sheep Genetics 2016). The issue with CPLUS is that the 

breeding objective used to create the index relied heavily on sheep parameter estimates 

and economic values. The majority of selection for CPLUS is on high growth rates (60%), 

followed by increasing eye muscle depth (20%), and decreasing fat depth (20%) (Sheep 

Genetics 2016). There are a limited number of producers using KIDPLAN that record 

carcase traits despite this being the focus of the current index. Creating a new index 

designed specifically for Australian meat goat producers requires updating the 

parameters, economic values, and including a new kid survival trait. This could help 

achieve the recommendations identified in the research and development strategy. 
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1.3 Thesis objectives and questions 

All of the objectives and questions that this thesis address all came back to the genetic 

improvement of Australian meat goats with a focus on kid survival. It was hypothesised 

that kid survival is an economically important trait, that KIDPLAN can be used to 

calculate such a trait, and that it is worth focusing on the component of kid survival rather 

than number of kids weaned. There were two key objectives: 1) to create a kid survival 

trait and 2) to include it in a selection index designed specifically for goat meat 

production. From these objectives came a series of questions that were investigated: 

1) For goats, what research and what traits can be analysed to have the greatest 

potential increase in lean meat production? 

2) What is a suitable processing and cleaning method to remove inaccurate records 

from the KIDPLAN database? 

3) Can the KIDPLAN database be used to estimate parameter estimates for kid 

survival? 

4) Using the KIDPLAN database, what are the genetic parameter estimates for traits 

in the growth, carcass, reproduction and health complexes? 

5) What are the genetic relationships between kid survival and production traits? 

6) What are the genetic relationships between the carcase traits and production 

traits? 

7) Is kid survival a single trait, or should survival of different birth types be treated 

as separate traits? 

8) What are the breeding goals for goat producers in Australia? 

9) What are the economic values for the traits in those breeding goals? 

10) Using the results above what emphasis will a selection index place on growth, 

reproductive, carcase, and health traits? 
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1.4 Thesis structure 

The literature review (Chapter 2) was used to determine what gaps were in the goat 

literature, and where the best opportunity was for genetic gain. This reaffirmed the initial 

focus on kid survival. As the thesis progressed more traits and cleaning methods were 

added. It became important to clearly define each before they appeared in the research 

chapters, this was done in Chapter 3 on methodology. 

 

As the KIDPLAN database is industry recorded data there are a wide range of 

inconsistencies and human errors. Chapter 4 addressed errors in the database caused by 

inaccurate dams and inconsistent recording of birth type and rearing type at different sites. 

Chapter 4 included univariate analyses of kid survival and all the other production traits, 

and tests these cleaning methods. The univariate analyses provided the parameter 

estimates, starting values, and was the basis for Chapters 5 and 6. The bivariate analyses 

of Chapter 5 were used to determine the genetic relationships between kid survival and 

the other production traits. The results for kid survival and birth weight from Chapters 4 

and 5 were motivation to treat kid survival as three different traits based on birth type 

(Chapter 6). 

 

The results from Chapters 4, 5 and 6 fill gaps in the goat literature but did not provide an 

outcome that can be used for the genetic improvement of Australian meat goats. To do 

that breeding objectives and economic values for the traits analysed were needed. Chapter 

7 reported on industry surveys to determine breeding objectives and to calculate economic 

values. Finally, Chapter 8 combined the results from Chapters 2 to 7 to create a meat goat 

index for Australian meat goat breeders.  
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2 Review of literature on parameter 

estimates for meat goat production 

traits in comparison to sheep. 
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2.1 Abstract 

The Australian meat goat industry is the largest exporter of goat in the world with the 

majority of production achieved from rangeland harvesting but the best potential for 

genetic improvement is with Boer goat breeders. This literature review focused on finding 

gaps in meat goat literature and what traits are most likely to improve lean meat 

production, by making a comparison to the sheep literature. Three areas of production 

were investigated for the potential improvement of lean meant yield which included; 

reproductive, growth, and carcase traits. Health traits were also briefly examined but there 

was very limited available literature for meat goats. 

 

The largest gaps in the goat genetic literature are for carcase, reproductive and health 

traits. Carcase weight, dressing percentage, eye muscle depth, and fat depth are all 

missing parameter estimates. For reproduction, kid survival between birth and weaning 

has the largest gap in the literature. A sensitivity analysis of production traits identified 

the reproductive traits; fertility, fecundity, and survival would have the largest increase 

to lean meat production with an increase of one genetic standard deviation (28%, 35% 

and 30% increase to lean meat production respectively). The traits; weaning weight (13% 

increase) and lean meat production (4%), had a lower increase to total lean meat 

production and dressing percentage had a decrease (-7%). The greatest amount of genetic 

gain and addition to literature through this research project was with kid survival. 

 

2.2 Introduction 

Australia is the world’s largest exporter of live goats and goat meat products, with a value 

of $241.8 million AUD in 2014 (MLA 2015). Over 90% of Australian goat meat 
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production has been achieved by harvesting from wild rangeland populations (MLA 

2013). The remainder of farmed production was predominantly from the South African 

Boer breed (Ball et al. 2001; MLA 2004b). The Boer has been the focus of seedstock 

breeders and intensive producers in Australia, with the majority of phenotypic records 

submitted to the national performance recording scheme; KIDPLAN coming from these 

goats (Ball et al. 2001; BCS Agribusiness 2012). 

 

While goat production (2-5 million head) will probably never compete with lamb 

production (approximately 75.5 million head), there is a lot that the goat industry can 

learn from lamb production, particularly in relation to genetics (MLA 2004b; Australian 

Bureau of Statistics 2013). This review focused on parameter estimates for goat 

production traits and compare it to sheep production traits. Where possible, Boer goats 

and Merino sheep were examined in more detail as the two major breeds in Australia. 

Studies that only report phenotypic components were limited to demonstrating the lack 

of genetic estimates. If a literature review that provides weighted means for a trait is 

available those results were presented. The parameter estimates presented are weighted 

means based on standard errors and number of progeny for across all breeds of goat, for 

Boer goats and for across all breeds of sheep, and were calculated as: 

𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑 ℎ𝑒𝑟𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  (∑  
ℎ𝑖

2

𝑆𝐸𝑖

𝑛

𝑖=1
) ×  (

1

∑  
1

𝑆𝐸𝑖

𝑛

𝑖=1
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𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑒𝑟𝑟𝑜𝑟 =
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1
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The largest drivers of profit are the efficiency of meat production and the total weight 

weaned, which has three components: the number of animals available for slaughter, 

growth rate, and lean meat production of the carcase (Turner 1972). Efficiency of meat 

production is more effectively increased by increasing the number of animals for 

slaughter than the amount of meat produced by each animal (Turner 1972). Increasing the 

number of animals is achieved by increasing the reproductive rate, which herein is defined 

as the number of kids weaned per doe joined. Following Turner (1969), reproductive rate 

can be partitioned to the three components of; fertility, fecundity, and kid survival. 

 

2.3 Growth traits 

The commonly recorded growth traits for goats were birth weight (BWT), weaning 

weight (WWT), and yearling weight (YWT) were summarised in Table 2-1. For sheep 

and goats the weighted mean heritabilities for these traits were moderate, between 0.18 

and 0.33. Boer goats did not have significantly different heritabilities for growth traits 

compared to other breeds of goats and sheep. Boer goats did tend to have lower 

heritabilities for birth weight (0.18) and higher heritabilities for weaning (0.29) and 

yearling weight (0.29), but considering the standard errors they were not significantly 

different to other goat breeds or sheep. 
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Table 2-1. Weighted mean parameter estimates for across goat breeds (a), Boer 

goats (b) and across sheep breeds (c), including; the trait mean, heritability (h²), 

maternal heritability (m²) and phenotypic variance (𝝈𝑷
𝟐 ), weighted mean standard 

error of the estimate (S.E.), and number of references used in parentheses (). 

 

Mean birth weights have been reported for several breeds of goats and ranged between 

2.32 kg and 3.87 kg (Boujenane and Hazzab 2008; Zhang et al. 2008). It is important to 

note that the Boer breed has consistently higher birth weights of 3.50 kg, 3.70 kg, and 

3.87 kg (Schoeman et al. 1997; Zhang et al. 2008; Zhang et al. 2009b). Of the three Boer 

papers that reported heritability of BWT; Schoeman et al. (1997) and Zhang et al. (2009b) 

reported a phenotypic variance of 0.29 and 0.57 respectively. The mean heritability for 

BWT without maternal genetic effects included in the model is 0.39 across all breeds, and 

with maternal genetic effects included in the model a mean heritability of 0.17. The 

maternal heritabilities for Boer kid BWT had a range between 0.17 and 0.26 and a 

weighted mean across breeds of 0.19.  

 

As for most traits, the sheep literature had a much larger number of papers published with 

parameter estimates for BWT and for a wider range of breeds compared to goats. The 

mean BWT for sheep ranged between 2.80 kg and 4.68 kg, which was considerably higher 

than goats (Matika et al. 2003; Hanford et al. 2005; Safari et al. 2005). There was a large 

Trait Mean (kg) h² ± S.E. m² ± S.E. 𝜎𝑃
2 

Birth weight (kg) a 3.51 (8) 0.22 ± 0.08 (9) 0.19 ± 0.11 (5) 0.36 (4) 

Birth weight (kg) b 3.70 (3) 0.18 ± 0.11 (4) 0.18 ± 0.15 (3) 0.39 (2) 

Birth weight (kg) c 4.18 (12)  0.21 ± 0.04 (1) 0.19 ± 0.01 (1) 0.48 (1) 

Weaning weight (kg) a 12.0 (9) 0.22 ± 0.07 (9) 0.07 ± 0.11 (3) 7.8 (5) 

Weaning weight (kg) b 20.9 (2) 0.24 ± 0.14 (3) 0.08 ± 0.15 (2) 12.9 (2) 

Weaning weight (kg) c 27.8 (10) 0.29 ± 0.01 (1) 0.12 ± 0.01 (1) 11.7 (1) 

Yearling weight (kg) a 19.3 (5) 0.24 ± 0.13 (4) - 17.5 (2) 

Yearling weight (kg) b 23.8 (2) 0.29 ± 0.19 (2) - 24.3 (1) 

Yearling weight (kg) c 45.0 (9) 0.33 ± 0.12 (8) 0.03 ± 0.02 (3) 31.2 (8) 
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range of heritabilities across the breeds of sheep between 0.07 and 0.40 (Maniatis and 

Pollott 2002; Ozcan et al. 2005; Safari et al. 2005; Safari et al. 2007).  

 

As goats are often marketed at weaning, WWT is a key production trait. Weaning weights 

ranged between 8.2 kg and 26.8 kg with a mean of 12.0 kg. The mean WWT for goats 

not including Boers, was lower at 9.5 kg. The Boer breed had larger WWTs of 15.0 kg 

and 26.8 kg compared to the other breeds with a mean of 20.9 kg (Schoeman et al. 1997; 

Mandonnet et al. 2001; Zhang et al. 2009b). There was again a large range in the 

heritabilities across breeds for WWT, with estimates between 0.08 and 0.49 (Mourad and 

Anous 1998; Barazandeh et al. 2012). The heritability for Boer WWT ranged between 

0.16 and 0.22 for the two published articles, which had a weighted mean maternal 

heritability of 0.16 (Schoeman et al. 1997; Zhang et al. 2009b).  

 

Sheep are much larger than goats as reflected by the WWT for sheep which ranged 

between 17.8 kg and 36.9 kg across breeds (Tosh and Kemp 1994; Matika et al. 2003). 

The heritabilities across sheep breeds for WWT ranged between 0.09 and 0.29 (Mousa et 

al. 1999; Safari et al. 2007). It is also important to note that each of the sheep publications 

included also published the phenotypic variance, with a mean of 20.3. The maternal 

heritability has also been included in each of the publications, ranging from 0.04 to 0.19, 

with a weighted mean of 0.12 (Tosh and Kemp 1994; Mousa et al. 1999; Neser et al. 

2001; Matika et al. 2003; Hanford et al. 2005; Ozcan et al. 2005; Hanford et al. 2006; 

Safari et al. 2007; Mortimer et al. 2010).  
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There was a gap in the available parameter estimates across the goat literature for yearling 

weights. The weighted mean heritability for goat yearling weight was 0.24 (Mourad and 

Anous 1998; Ball et al. 2001; Mandonnet et al. 2001; Mugambi et al. 2007; Zhang et al. 

2009b). There were many more published parameter estimates for sheep yearling weight 

compared to goats. The mean yearling weight across the sheep breeds included is 45.0 kg 

and ranged between 23.9 kg and 63 kg (Brash et al. 1992; Matika et al. 2003). The 

heritability for yearling weight was higher than for birth and weaning weight, with a 

weighted mean of 0.33, and comparable to the mean heritability for goat yearling weight 

(0.24). Unlike the goat literature, maternal heritability has been included for yearling 

weight in sheep but was very low, ranging between <0.01 and 0.07 (Matika et al. 2003; 

Ozcan et al. 2005; Safari et al. 2007). These low values suggested that maternal 

heritability is generally not needed in models for yearling traits.  

 

Birth weight of goats had a positive genetic correlation with weaning weight, which is a 

key production trait. The published correlations ranged between 0.15 and 0.65, with a 

weighted mean of 0.54 (Mourad and Anous 1998; Ball et al. 2001; Al-Shorepy et al. 

2002; Portolano et al. 2002; Mugambi et al. 2007; Boujenane and Hazzab 2008). Genetic 

correlations between BWT and PWT were positive, and reported by Mourad and Anous 

(1998) and Ball et al. (2001) at 0.30 and 0.60 respectively. Ball et al. (2001) also reported 

a positive genetic correlation for Boer goats between birth weight and yearling weight of 

0.69. Positive genetic correlations between weaning weight and post-weaning weight 

were 0.69 reported by Mourad and Anous (1998)  and 0.83 by Ball et al. (2001). Ball et 

al. (2001) also reported a genetic correlation for Boer goats between weaning weight and 

yearling weight at 0.59. 
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2.4 Meat yield and quality traits 

There was a large amount of missing information on meat yield and quality traits for goats 

in comparison to sheep research. The differences in the following traits were discussed; 

hot carcase weight (CWT), dressing percentage (DP), eye muscle depth (EMD), and eye 

muscle area (EMA), fat depth at the C-Site (FAT), and meat pH (ultimate pH). The goal 

of selection for meat traits is to provide a consistent, high yield, and high quality product 

for consumers (MLA 2012, 2013). 

 

No heritability estimates for goats were found for CWT or DP, but the weighted 

heritability means from sheep literature were 0.29 ± 0.15 and 0.33 ± 0.12 respectively. 

The estimates for EMD in goats had a weighted mean heritability of 0.07 ± 0.18 which 

was much lower than sheep, with EMA and EMD heritabilities of 0.27 ± 0.10 and 0.27 ± 

0.12 respectively. Fat depth showed a similar trend with the heritability for goats being 

0.12 ± 0.19 and sheep 0.24 ± 0.08. No estimates for the heritability of goat meat pH were 

available but for sheep it was 0.18 ± 0.09. A summary of each of the meat carcase traits 

are in Table 2-2. 
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Table 2-2. Weighted  mean parameter estimates for all goat breeds (a), Boer goats 

(b) and all sheep breeds (c), including; the trait mean, heritability (h²) and 

phenotypic variance (𝝈𝑷
𝟐 ), weighted mean standard error of the estimate (S.E.), and 

number of references used in parentheses (). 

Trait Mean h² ± S.E. 𝜎𝑝
2 

Hot carcase weight (kg) a 11.1 (9) - 0.7 (4) 

Hot carcase weight (kg) b 11.7 (3) - - 

Hot carcase weight (kg) c 21.1 (4) 0.29 ± 0.15 (3) 5.1 (3) 

Dressing percentage (%) a 53.4 (9) - 2.3 (4) 

Dressing percentage (%) b 52.2 (3) - - 

Dressing percentage (%) c 45.8 (5) 0.33 ± 0.12 (5) 7.4 (4) 

Eye muscle area (cm2) a 11.3 (7) - 6.6 (3) 

Eye muscle area (cm2) b - - - 

Eye muscle area (cm2) c 18.2 (5) 0.27 ± 0.10 (5) 3.6 (4) 

Eye muscle depth (mm) a - 0.07 ± 0.18 (2) 2.1 (2) 

Eye muscle depth (mm) b - 0.07 ± 0.18 (2) 2.1 (2) 

Eye muscle depth (mm) c 27.1 (4) 0.27 ± 0.12 (4) 7.8 (3) 

Fat depth (mm) a 1.9 (4) 0.12 ± 0.19 (2) 0.1 (2) 

Fat depth (mm) b - 0.12 ± 0.19 (2) 0.1 (2) 

Fat depth (mm) c 3.7 (10) 0.24 ± 0.08 (10) 2.0 (4) 

Meat pH a 5.7 (8) - 0.1 (4) 

Meat pH b 5.8 (3) - - 

Meat pH c 5.8 (4) 0.18 ± 0.09 (5) 0.1 (3) 

 

The carcase weights (CWT) of goats have been recorded for several breeds, but estimates 

of the heritabilities and phenotypic variance were absent. For comparison of parameter 

estimates across breeds, only papers that used animals under 12 months of age were 

included. The mean carcase weight was not calculated, as the age of measurement varied 

between days and classes used; capretto (young goats not weaned with carcase weights 

between 5-12 kg), and chevon (older goats with carcase weights between 12-22 kg) 

(Mahgoub and Lodge 1996; Dhanda et al. 2003; Marichal et al. 2003; Kadim et al. 2004; 

MLA 2004b). Only four of the six papers reported the phenotypic variance of the recorded 

trait, while no papers with heritability were found.  

 

Only the papers that reported heritability for carcase weight in sheep were included to 

indicate the difference in research between the species. Fogarty et al. (2009) reported a 
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mean CWT of 25.4kg and did not report heritability for CWT but was included as a 

standard for the Merino which was used in each of the following meat traits. The mean 

carcase weight across breeds was not calculated due to large age variations within and 

between papers but the mean heritability for the trait was 0.29 (Matika et al. 2003; Ingham 

et al. 2007; Mortimer et al. 2010).  

 

Similar to carcase weight, there are a large number of papers that have recorded dressing 

percentage across goat breeds. None of these papers reported heritability of the trait and 

a limited number published the phenotypic variance. The mean dressing percentage 

across goat breeds is 53.4% (Table 2, Dhanda et al. 2003). As with the sheep carcase 

weight there were several sheep papers that include the dressing percentage for sheep 

with the heritability and phenotypic variance included. The mean dressing percentage 

across sheep papers with heritability was 45.8% which is lower than the goat. The 

weighted mean heritability of dressing percentage in sheep was 0.33 and ranged between 

0.24 and 0.53 (Moreno et al. 2001; Mortimer et al. 2010).  

 

The most common indirect trait of carcase meat yield, was loin eye muscle area (EMA) 

or depth (EMD). Eye muscle area was not commonly recorded in goats, the following 

papers Dhanda et al. (2003) and Kadim et al. (2004) recorded the trait for several breeds. 

Neither of these papers published the heritability of the trait. The mean eye muscle area 

across the breeds was 11.3 cm². Ball et al. (2001) in Table 3 reported a heritability of 0.10 

for EMD post-weaning and a heritability of 0.05 for yearling EMD. The weighted mean 

heritability for EMA in sheep was 0.27 (Fogarty et al. 2003; Ingham et al. 2007; Huisman 

et al. 2008; Fogarty et al. 2009; Mortimer et al. 2010). The mean eye muscle depth for 
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sheep was 27.1 mm with a heritability of 0.27. EMA and EMD are highly genetically 

correlated (0.85) as reported by Fogarty et al. (2003) in Table 5.  

 

More recently, lean meat production has been used to measure total meat yield, which is 

the proportion of red meat available after fat trimming. No genetic estimates have been 

reported for lean meat production in goats, but a phenotypic mean of 77% was reported 

by Webb et al. (2005). Heritabilities for lean meat production in sheep were reported as 

0.35 and 0.34 by Safari et al. (2005) and Mortimer et al. (2010) respectively. Mortimer 

et al. (2010) also reported a phenotypic variance for sheep lean meat production as 6.26 

%2. 

 

Fat thickness in the C-site (12/13th Rib) is not extensively recorded in goats. Of the two 

papers included, both focused on crosses with Boer goats. Ball et al. (2001) reported the 

heritability (0.13) and phenotypic variance (0.15 mm2), but not the mean for fat thickness. 

The mean for fat thickness recorded by Dhanda et al. (2003) was 1.9 mm. Fat thickness 

in sheep at the C-Site was much more extensively reported. All of the papers included 

have the mean and heritability of the trait, as well as some that included the phenotypic 

variance. The mean fat thickness in sheep across breeds was 3.7 mm, much thicker than 

in goats and the heritability was also much higher at 0.24 (Atkins et al. 1991; Brash et al. 

1992; Fogarty et al. 1994; Maniatis and Pollott 2002; Fogarty et al. 2003; Ingham et al. 

2007; Mortimer et al. 2010).  

 

Meat pH is another trait that has been recorded for various breeds of goat but the 

heritability was not included in any publications. The mean pH for the papers across 
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breeds of goat was 5.71 (Dhanda et al. 2003; Marichal et al. 2003; Kadim et al. 2004). 

For sheep the mean pH is slightly higher at 5.81 (Fogarty et al. 2003; Ingham et al. 2007; 

Fogarty et al. 2009; Mortimer et al. 2010). The weighted mean heritability for sheep was 

0.18 and the phenotypic variance was very low for all of the included papers. The genetic 

correlation between meat pH and EMD was 0.19 and 0.13, by Fogarty et al. (2003) and 

Ingham et al. (2007) respectively. The same publications however reported the genetic 

correlation of meat pH and EMA as -0.02 and 0.28 respectively.  

 

The disparity in the published literature between goats and sheep suggests that further 

research into goat genetic parameters for meat traits is needed and highly recommended. 

Very few of the published articles on the correlated traits to meat yield and quality 

included the heritability or phenotypic variance. Future research should address this gap 

in the literature. 

 

2.5 Reproductive traits 

2.5.1 Fertility 

Fertility rate was defined as the number of does kidding per doe joined during the mating 

period. Fertility has been treated as trait of the doe or ewe. None of the papers found in 

the goat literature contain the heritability of fertility. Fertility of goats ranged between 

78% for low fertile animals and 86% for high fertility (Walkden-Brown and Bocquier 

2000), with high fertility rates the heritability for the trait is expected to be low.  
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The mean sheep fertility was 76%, which ranged between 59% and 91% (Fogarty et al. 

1994; Rosati et al. 2002; Matika et al. 2003; Safari et al. 2007; Afolayan et al. 2008a; 

Bunter and Brown 2013; Newton et al. 2014). However fertility was also greatly affected 

by age with yearling ewes having lower fertility than adult ewes (Bunter and Brown 2013; 

Newton et al. 2014). The weighted mean heritability of fertility in sheep was 0.11 ± 0.08, 

and ranged between 0.00 and 0.15, with younger animals having higher heritabilities than 

older sheep (Fogarty et al. 1994; Rosati et al. 2002; Matika et al. 2003; Safari et al. 2007; 

Afolayan et al. 2008a; Bunter and Brown 2013; Newton et al. 2014). Fertility is therefore 

a lowly heritable trait but there is phenotypic variation with a mean variance of 0.14, 

which improves the prospect of genetic selection (Rosati et al. 2002; Safari et al. 2007; 

Afolayan et al. 2008a; Bunter and Brown 2013; Newton et al. 2014).  

 

2.5.2 Fecundity 

Fecundity is a function of fertility, ovulation rate, and the survival of embryos to birth. 

The following section has focused on the two areas of measurable traits for fecundity. 

Traits recorded pre-partum including fetal number and embryo loss, recorded by 

ultrasound. The second are traits recorded post-partum as litter size or number of kids 

born per doe joined. 

 

Unless producers fetal scan early, producers don’t witness embryo losses but cause an 

identified decrease in potential production. There was no information published on 

embryo survival in goats but Zhang et al. (2009a) did suggest that the high litter size at 

birth of Boer goats is likely due to high ovulation rates (2.13), and embryo survival to 

birth (1.82-2.03) (Walkden-Brown and Bocquier 2000). The fetal number as recorded by 
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Afolayan et al. (2008a) in crossbred sheep would suggest that selection could be made 

with a heritability of 0.18, mean of 1.57, and phenotypic variance of 0.53. However, in 

that study litter size and number of lambs weaned was also more highly heritable than in 

other studies, the higher estimate could be more a function of the data-set specific rather 

than indicating fetal number as a clear trait to focus on. 

 

The percentage of embryo losses in sheep has been reported to regularly be above 20% 

in a review by Meyer (2002). A study by Davis et al. (1998) used Romney, Coopworth, 

and Perendale sheep to calculate parameter estimates for ovulation rate and embryo 

survival. The mean ovulation rate was 2.32, and mean embryo survival rate was 84%, for 

a mean litter size of 1.92. The ovulation rate had a heritability of 0.14, and phenotypic 

variance of 0.57, the heritability is low but increasing ovulation rate could be achieved 

with the relatively high level of phenotypic variation. Embryo survival had a very low 

heritability of 0.02, and a low phenotypic variance of 0.23, which would make genetic 

progress slow. 

 

Zhang et al. (2009a) calculated the mean litter size at birth (LSB) for Boer goats to be 

1.76 kids with a heritability of 0.12. Across all breeds the mean LSB was 1.66 with a 

range between 1.34 and 2.90 (Mourad 1996; Odubote 1996; Marai et al. 2002; Hamed et 

al. 2009; Zhang et al. 2009a; Alade et al. 2010; Mellado et al. 2011). For those that 

reported heritability, the mean was 0.23, ranging between 0.08 and 0.39 (Odubote 1996; 

Hamed et al. 2009; Zhang et al. 2009a; Alade et al. 2010). In sheep, there are several 

papers that report the litter size of sheep to be very similar to goats, with a mean of 1.67 

lambs and a mean heritability of 0.11 (Fogarty et al. 1994; Rao and Notter 2000; Safari 
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et al. 2007; Fogarty et al. 2009). The phenotypic variance was also reported in the sheep 

literature with a mean of 0.37 but not for goats. At this time, with the limited research on 

goats, sheep could be a useful model for reproductive traits. Similar to fertility rate, litter 

size was lower for yearling animals (1.40) compared to adults (1.74), with heritabilities 

of 0.05 ± 0.02 and 0.11 ± 0.02 respectively (Table 1 and 2, Bunter and Brown 2013). 

Across breeds with higher litter sizes; Targhee (1.69), Suffolk (1.95), and Polypay (2.09) 

also had low heritabilities; 0.11, 0.09, and 0.09 respectively (Rao and Notter 2000). 

 

Number of kids born per doe joined (NKB for goats or NLB for sheep) combined both 

fertility rate and litter size at birth. Unfortunately there were no estimates published for 

the genetic component of NKB for goats. In contrast, sheep literature has covered NLB 

extensively. The mean NLB is 1.00 and ranged between 0.22 to 1.53 (Rosati et al. 2002; 

Afolayan et al. 2008a; Afolayan et al. 2008b; Newton et al. 2014; Brown and Swan 

2016a). Yearling animals tended to have a lower NLB than older animals and should be 

treated as a separate trait (Newton et al. 2014). The heritability of NLB was low with a 

mean of 0.11, ranged between 0.00 to 0.27, however the phenotypic variance was 

considerable for selection at 0.42 (Rosati et al. 2002; Safari and Fogarty 2003; Safari et 

al. 2005; Afolayan et al. 2008a; Afolayan et al. 2008b; Bunter and Brown 2013; Newton 

et al. 2014). 

 

2.5.3 Kid survival, birth to weaning with direct selection 

There was a clear gap identified in the estimation of genetic parameters and breeding 

programs for kid survival. There has been a large amount of work on neonatal survival in 

sheep but to date has been limited to phenotypic parameters for kid survival. The causes 
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of death for Angora goats included predation (39.1%), premature birth/ small kid/ help 

needed for suckling (18.6%), insufficient milk production (6.8%), abandoned (6.8%), 

illness (6.0 %), accident (5.8%), rain or cold (5.3%), deformation at birth (4.5%), 

teat/udder deformity (3.5%), and doe death (2.5%) (Snyman 2010). The leading causes 

for kid deaths was non-genetic but it should be noted that that of the remaining causes a 

greater proportion can be considered a trait of the kid rather than the doe. This was 

different to observations in sheep where the leading cause of lamb losses were due to the 

ewe. Lamb losses were reported by Luff (1980) and more recently by Brown et al. (2014), 

were due to mismothering and exposure (58.2% and 30.5%), dystocia (17.8% and 47.4%), 

predation (7.8% and 6.7%), illness or infection was similar to goats (4.4% and 1.4%), and 

the remainder of deaths were by other causes (11.8% and 13.9%). The main difference 

between causes of death for goats and sheep were; the majority of kid deaths were due to 

the animal’s ability to survive but the majority of lamb deaths were due to the ewe’s 

ability to keep its lamb alive. With most non-environmental causes of death in goats being 

due to the kid and different to sheep, it was hypothesised that an individual’s ability to 

survive would be important for goats. 

 

The literature on goat survival tends to focus more on environmental causes than genetic. 

There were two traits of interest; the proportion of kids weaned to those born dead or 

alive, and the number of kids weaned per doe joined. The sheep literature has treated lamb 

survival as a trait of the ewe and as a trait of the lamb, both have been presented for sheep 

but the limited goat literature only reported survival as a trait of the doe. The causes of 

death reported by Snyman (2010) would suggest that treating survival as a trait of the kid 

could be more appropriate. Other correlated traits for indirect selection have also been 

discussed. 
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The pooled heritability for survival as a trait of the doe across breeds was reported by 

Singh et al. (1990) at 0.07 ± 0.04 (0-15 days), 0.05 ±0.05 (16-30 days), 0.09 ± 0.06 (31-

60 days), 0.06 ± 0.03 (61-90 days), and 0.10 ± 0.05 (0-90 days). No other publications 

reported genetic parameter estimates for kid survival. Reports on heritability for lamb 

survival as a trait of ewe in sheep were also low. In comparison, lamb survival as a trait 

of the ewe was also lowly heritable with a weighted mean of 0.06, ranged between 0.00 

and 0.12 with a mean phenotypic variance of 0.12 (Fogarty et al. 1994; Rosati et al. 2002; 

Afolayan et al. 2008a; Bunter and Brown 2013; Newton et al. 2014). 

 

No published literature for kid survival as a trait of the kid could be found. Brien et al. 

(2010) reported the direct heritability of lamb survival between birth to 3 days as 0.014 

and survival to weaning as 0.01. The maternal variance was reported to be 0.01 and 0.02 

but could not be separated into maternal genetic and maternal environmental effects. The 

review by Safari et al. (2005) reported a mean heritability for lamb survival of 0.03, 

similar to 0.03 used by Brien et al. (2014) which gave a relative response to selection of 

14% per generation. For a lowly heritable trait, direct selection can have a positive effect 

on survival when combined with pedigree data (Brien et al. 2010). 

 

The number of kids weaned per doe joined (NKW) is a function of fertility, fecundity, 

and survival and was reported as a trait of the doe. The heritability for NKW for Boer 

goats by Zhang et al. (2009a) was 0.10, and a mean for the phenotype of 1.62, similar to 

Zaraibi goats by Hamed et al. (2009) with a heritability of 0.05, and mean of 1.60. The 

mean for sheep NLW was lower at 1.01, with a mean heritability of 0.06, and mean 
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phenotypic variance of 0.47 (Fogarty et al. 1994; Rosati et al. 2002; Matika et al. 2003; 

Safari et al. 2007; Afolayan et al. 2008a). While NLW has a low heritability, the variation 

in the trait suggests selection could increase the number of animals weaned.  

 

2.5.4 Kid survival, birth to weaning with indirect selection 

Including indirect selection for survival using traits that can be recorded in the paddock 

could be used to increase accuracy or rate of genetic gain in kid survival. Some traits in 

the sheep literature suggest the following candidate traits of the lamb; birth coat score, 

time to bleating after handling, lamb vigour when handled, and rectal temperature (Brien 

et al. 2010; Plush et al. 2011; Brien et al. 2014; Brown et al. 2014; Young et al. 2014; 

Brien et al. 2015; Li and Brown 2016). Traits of the doe include lambing ease and ewe 

maternal behaviour (Brien et al. 2010). Birth weight, birth type, and dystocia were also 

considered as they have strong interactions together and with kid survival. 

 

Time to bleating after handling as a trait of the kid is a relatively easy trait to record and 

could easily be adopted by goat breeders. For sheep it was a lowly heritable trait (0.11) 

however it was negatively genetically correlated to survival at -0.43 (Brien et al. 2014). 

A more recent estimate for the heritability of time to bleating in sheep was lower (0.04) 

but still with a moderate genetic correlation to survival of -0.25 (Brien et al. 2015).  

 

Lamb vigour at birth as a trait of the kid is difficult for breeders to incorporate as it is a 

subjective measure. It also has a low heritability reported of 0.16 and 0.11 by Brien et al. 

(2014) and Brien et al. (2015) respectively. Lamb vigour was moderately correlated to 

lamb survival at -0.25 (Brien et al. 2015). Lamb vigour is a more difficult trait to measure 
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but could still be incorporated into goat breeding programs if it has similar parameter 

estimates to sheep. 

 

Birth coat scores as a measure of how hairy or fine the coat is, has not been widely 

researched or been adopted for goats. Low genetic correlations have been reported 

between 0.09 and 0.32, with further analysis required to determine the usefulness of the 

trait in relation to survival in sheep (Brien et al. 2014). 

 

Rectal temperature has not been widely researched in relation to survival. The possibility 

of welfare concerns and breeder willingness for adoption should be considered. Brien et 

al. (2010) reported rectal temperature of lambs to have a heritability of 0.10 ± 0.02 and a 

genetic correlation to NLW as 0.56. Rectal temperature was lowly heritable but it is as a 

promising potential trait to be used for survival selection; with easy recording methods, a 

strong genetic correlation and variation in the trait (Brien et al. 2014). 

 

Dystocia and hypoxia caused by difficult births have been identified as leading causes of 

death in sheep within the first 48 hours after birth and provides potential traits of the ewe 

to be selected (Brien et al. 2014; Hinch and Brien 2014). The main cause of dystocia and 

hypoxia in sheep was feto-pelvic disproportion (Brounts et al. 2004; Brien et al. 2010; 

Hinch and Brien 2014). Dystocia and difficult births in goats are not common (2-3% 

prevalence), and the cause was normally due to large litter sizes with more than one kid 

entering the birth canal at a time rather than feto-pelvic disproportion such as in sheep 

(Braun 2007; Zahraddeen et al. 2011; Sofi et al. 2012). Feto-pelvic disproportion does 

occur in goats but is most commonly due to a kid born as a single which was also the case 
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in sheep (Sofi et al. 2012). Lambing ease had a negative correlation to number of lambs 

weaned of -0.26 and -0.14 reported by Brien et al. (2014) and Brien et al. (2015) 

respectively. Lambing ease also had a very low heritability of 0.03 (Brien et al. 2015), 

0.08 ± 0.01 (Brown et al. 2014) and 0.06 (Li and Brown 2016). Incorporating lambing 

ease which is difficult to measure, moderate genetic correlation to NKW and low 

heritability reduce its prospect of adoption in goats for survival selection. 

 

Ewe maternal behaviour scores have been reported in a range of breeds and are a 

promising trait of the ewe to be incorporated into breeding programs. The most common 

was the distance a ewe travels from the lamb during handling but could also include birth 

site selection, staying at the birth site and maternal care. The heritability for maternal 

behaviour scores was higher but range between 0.09 and 0.35, and had lower genetic 

correlations to lamb survival of between -0.09 and -0.29 (Plush et al. 2011; Brien et al. 

2014; Brown et al. 2016c). Brown et al. (2016c) also used temperament measures; flight 

time leaving a weighing crate, and agitation during isolation which had heritabilities of 

0.18 ± 0.02, and 0.26 ± 0.02 respectively. Differences in behaviour such as hiding kids or 

pressuring them to follow could be an additional effect that needs to be considered with 

such behavioural traits, which has been demonstrated in goats (Lickliter 1984; Carl and 

Robbins 1988).  

 

There was a strong interaction between birth weights, litter size and dystocia which needs 

to be addressed when considering kid survival. Small kids at birth and large litter sizes 

have been identified to have an increased risk of mortality (Singh et al. 1990; Gebrelul et 

al. 1994; Husain et al. 1995; Snyman 2010). Significant effects and positive phenotypic 
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correlations between birth weight and survival have been reported by Singh et al. (1990). 

Both Husain et al. (1995) and Snyman (2010) reported increasing mortality rates from 

single born (14.1% and 10%) to twin born (15.9% and 13%), and then triplets (16.7% and 

22%). There was however a difference reported by Singh et al. (1990) that the mortality 

rate of singles was 19.5%, twins 22.0%, and triplets being much lower at 13.4%, this 

difference was due to a disproportion in the number of birth types of 525 singles, 658 

twins, and only 60 triplets. In comparison, Hanford et al. (2005) reported mortality rates 

for Rambouillet sheep of 9.9% (singles), 5.2% (twins), 11.2% (triplets), and 9.1% 

(quads). 

 

By increasing the litter size of goats the chance of dystocia increased and the birth weight 

would also decrease, further reducing the chance of survival. It was for this reason that 

increasing the number of animals born would not be as effective as increasing the survival 

of animals that will be born. Brown et al. (2014) demonstrated that triplets had a higher 

incidents of dystocia and that there was an optimum birth weight for lambs of 4.8 kg. No 

genetic correlations between survival and birth weight has been estimated in goats, but 

there were strong curvilinear relationships, such as that reported by Snyman (2010) and 

Browning and Leite-Browning (2011). There was little to no genetic relationship between 

lamb survival and birth weight in sheep, with the literature ranging between 0.00 and 

0.45, however there was a consistent curvilinear phenotypic relationship (Brien et al. 

2014). 

 

Genetic selection for goats and sheep were very different when selection is based on birth 

weight. Sheep are often selected for having a lower birth weight due to decreased risk of 
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dystocia but goats have a lower incidence than sheep with birthing difficulties due to 

larger birth weights with most cases in goats being due to more than one fetus entering 

the birth canal at one time (Braun 2007). Goats did have a higher mortality after birth 

likely due to exposure and predation, thus there is a potential opportunity to increase birth 

weight thereby decreasing the risk of mortality (Alade et al. 2010; Snyman 2010; MLA 

2012). 

 

2.6 Health Traits 

The largest gap in published genetic parameter estimates for meat goats was on health 

traits. Health is an important factor for meat production and has complex interactions with 

growth, meat yield and quality, and survival. Estimates of heritability for worm egg count 

(WEC) in meat goats was limited to the Creole breed (Mandonnet et al., 2001; Gunia et 

al., 2011; Gunia et al., 2013). The weighted heritability for WEC between weaning and 

11 months was 0.21 ± 0.08 (Mandonnet et al., 2001; Gunia et al., 2011; Gunia et al., 

2013). A similar paper by Pollott et al. (2004) for Merino sheep had a heritability of 0.24 

± 0.02.  

 

Though there was very limited literature on the parameter estimates for health traits in 

goats there are genetic correlations to live weight as reported by Mandonnet et al. (2001). 

The genetic correlation between worm egg count and live weight were -0.01 (weaning), 

0.19 (4 months), -0.03 (6 months), -0.14 (8 months) and -0.09 (10 months). Mandonnet 

et al. (2001) reported positive genetic correlations between packed cell volume and live 

weight of 0.47 (4 months), 0.28 (6 months), 0.07 (8 months) and 0.10 (10 months). From 

the sheep literature genetic correlations by  Pollott et al. (2004) and Pollott and Greeff 
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(2004) for worm egg count and body weight were -0.32 and -0.09 respectively. Ingham 

et al. (2007) reported genetic correlations between worm egg counts and birth weight 

(0.21), weaning weight (-0.15) and post weaning weight (0.36). Pollott and Greeff (2004) 

also reported negative genetic correlations for worm egg counts and eye muscle depth (-

0.19) and fat depth (-0.25). 

 

Further research is highly recommended for calculating the parameter estimates in goat 

health traits. This would be in line with the suggestions made by MLA (2012) to reduce 

the parasite problems associated with grazing goats. The majority of literature on 

parasites in goats focused on the chemical resistance of parasites while efforts should now 

be made to improve the resistance of the goats against such parasites. 

 

2.7 Sensitivity analysis 

The following section described a sensitivity analysis for fertility, fecundity, kid survival, 

growth, and meat yield for total meat yield per doe joined. The aim of the analysis was to 

establish which trait will have the largest impact on meat production with an increase in 

one genetic standard deviation. The analysis used the weighted mean of the values 

presented throughout this review. Where possible the values used are those for Boer goats 

as they are most likely to represent genetic improvement of meat goats in Australia. 

 

All of the means except for kid survival were calculated for Boer goats. Fertility defined 

by the number of does kidding per doe joined (NDK/DJ) used the mean fertility rate of 

0.82 calculated from the low (0.78) and high (0.86) fertility rates, by Walkden-Brown and 



 Genetic improvement of Australian Meat goats  

P a g e  | 30 

Bocquier (2000). Fecundity as the litter size at birth (LSB) was calculated as the mean 

number from Odubote (1996), Zhang et al. (2009a) and Mellado et al. (2011) to be 1.67. 

As no goat papers reported kid survival as a trait of the kid, number of kids weaned per 

kids born (NKW/NKB) as a trait of the doe was used. Mean survival was calculated from 

Husain et al. (1995), Perez-Razo (1998), and Singh et al. (1990) for a survival rate of 

0.82. The calculated mean weaning weight was 20.9 kg (Schoeman et al. 1997; Zhang et 

al. 2009b). Meat yield used a function of dressing percentage and lean meat production. 

The dressing percentage of 52% was calculated from the Boer crossbreds reported by 

Dhanda et al. (2003) and lean meat yield was 77%, as reported by Webb et al. (2005). A 

summary of the means used in the sensitivity analysis and their source is provided in 

Table 2-3. 

Table 2-3. Summary of the means for each trait used in the sensitivity analysis and 

the references used for the estimate. 

 

As no phenotypic standard deviation for goat fertility have been published to date, means 

from the sheep literature were used. The mean phenotypic standard deviation for fertility 

was 0.41 (Rosati et al. 2002; Safari et al. 2007; Afolayan et al. 2008a; Bunter and Brown 

2013). Fecundity mean phenotypic standard deviation was calculated from Safari et al. 

(2007), Rosati et al. (2002), Hanford et al. (2005), and (Hanford et al. 2006) to be 0.59. 

Phenotypic standard deviation for kid survival was calculated by multiplying the variance 

Component Mean References 

Fertility (NDK/DJ) 0.82 (Walkden-Brown and Bocquier 2000) 

Fecundity (LSB) 1.67 
(Odubote 1996; Zhang et al. 2009a; Mellado et al. 

2011) 

Survival (NKW/NKB) 0.82 
(Singh et al. 1990; Husain et al. 1995; Perez-Razo 

1998) 

Weaning Weight (WWT) 20.9 (Schoeman et al. 1997; Zhang et al. 2009b) 

Dressing % (CWT/WWT) 52 (Dhanda et al. 2003) 

Lean meat yield % 

(LM/CWT) 
77 (Webb et al. 2005) 
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of living (0.82) by the variance of dead kids (0.18) and square rooting it for 0.38. The 

phenotypic standard deviation for weaning weight used values reported for Boer goats 

and was 0.24 (Schoeman et al. 1997; Ball et al. 2001). The mean phenotypic standard 

deviation for dressing percentage used was 0.02 and did not include values for Boer goats 

(Marichal et al. 2003; Kadim et al. 2004). No phenotypic variation has been reported for 

lean meat yield and so the values used were from sheep. The phenotypic standard 

deviation used was 0.03 (Safari et al. 2005; Mortimer et al. 2010). A summary of the 

phenotypic variances used in the sensitivity analysis are provided in Table 2-4. 

Table 2-4. Summary of the phenotypic standard deviations for each trait used in the 

sensitivity analysis and the references used for the estimate. 

 

No heritability estimate for goat fertility rate has been reported so a mean from the sheep 

literature were used as 0.05 (Fogarty et al. 1994; Rosati et al. 2002; Matika et al. 2003; 

Safari et al. 2007; Afolayan et al. 2008a). The mean heritability of litter size at birth was 

0.32 and included Boer goats (Odubote 1996; Zhang et al. 2009a; Mellado et al. 2011). 

The only heritability estimate for goat survival to weaning was 0.10 by Singh et al. (1990) 

but an average across the sheep literature as a trait of the ewe was included instead at 

0.06. The heritability for weaning weight used values reported for Boer goats and was 

0.24 (Schoeman et al. 1997; Ball et al. 2001). As the heritability for dressing percentage 

for goats has not been reported the mean was calculated using sheep heritabilities which 

was 0.39 (Moreno et al. 2001; Fogarty et al. 2003; Safari et al. 2005; Ingham et al. 2007; 

Component 𝜎𝑃 References 

Fertility (NDK/DJ) 0.41 
(Rosati et al. 2002; Safari et al. 2007; Afolayan et al. 

2008a) 

Fecundity (LSB) 0.59 
(Rosati et al. 2002; Hanford et al. 2005; Hanford et al. 

2006; Safari et al. 2007) 

Survival (NKW/NKB) 0.38  (Singh et al. 1990; Husain et al. 1995; Snyman 2010) 

Weaning Weight (WWT) 3.58 (Schoeman et al. 1997; Ball et al. 2001) 

Dressing % (CWT/WWT) 0.02 (Marichal et al. 2003; Kadim et al. 2004) 

Lean meat yield (LM/CWT) 0.03 (Mortimer et al. 2010) 
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Fogarty et al. 2009; Mortimer et al. 2010). No heritability was reported for lean meat 

production in goats so the values used were from those reported in sheep. The heritability 

for lean meat yield in sheep was 0.35 (Safari et al. 2005; Mortimer et al. 2010). A 

summary of the heritabilities and sources used in the sensitivity analysis are provided in 

Table 2-5. 

Table 2-5. Summary of the heritabilities for each trait used in the sensitivity analysis 

and the references used for the calculation. 

 

To determine the relative response when one trait is increased, the genetic correlation 

between traits was needed. The correlations between the reproductive traits for fertility, 

fecundity, and survival were all positively correlated between 0.44 and 0.79 (Safari et al. 

2005). Weaning weight was negatively correlated with fertility rate (-0.28), and positively 

correlated with fecundity and kid survival (0.15 and 0.34 respectively) (Rosati et al. 2002; 

Safari et al. 2005). Dressing percentage was negatively correlated with fertility rate and 

fecundity, -0.28 and -0.43 respectively (Afolayan et al. 2008b), but positively correlated 

with weaning weight (0.03) (Mortimer et al. 2010). The only published genetic 

correlation between lean meat production and the other mentioned traits, was with 

weaning weight at 0.19 (Mortimer et al. 2010). Where there was no published estimate 

the genetic correlation was assumed to be not significantly different to zero, a summary 

of the correlations used in the sensitivity analysis are provided in Table 2-6. 

Component h² References 

Fertility (NDK/DJ) 0.05 
(Fogarty et al. 1994; Rosati et al. 2002; Matika et al. 

2003; Safari et al. 2007; Afolayan et al. 2008a) 

Fecundity (LSB) 0.22 (Odubote 1996; Zhang et al. 2009a) 

Survival (NKW/NKB) 0.06 
(Fogarty et al. 1994; Rosati et al. 2002; Afolayan et al. 

2008a; Bunter and Brown 2013; Newton et al. 2014) 

Weaning Weight (WWT) 0.24 (Schoeman et al. 1997; Ball et al. 2001) 

Dressing % (CWT/WWT) 0.39 
(Moreno et al. 2001; Fogarty et al. 2003; Ingham et al. 

2007; Fogarty et al. 2009; Mortimer et al. 2010) 

Lean meat yield (LM/CWT) 0.35 (Safari et al. 2005; Mortimer et al. 2010) 
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Table 2-6. Summary of the heritabilities (diagonal) and genetic correlations (below 

diagonal) for each trait used in the sensitivity. 

 

By multiplying the mean components of fertility, fecundity, survival, weaning weight, 

dressing percentage, and meat production, the resulting lean meat production per doe 

joined (LMP/DJ) was 9.4 kg. Separately 100% of selection pressure was placed on each 

trait. The change in trait response and the change in each correlated trait response were 

calculated to determine the total change to LMP/DJ. The analysis could have been 

achieved with selection index theory but would have required covariances between lean 

meat production and all of the component traits which have not been reported. 

 

Reproductive traits had the largest impact on production when one trait was increased by 

one genetic standard deviation. Fecundity and survival had the largest increase to 12.66 

kg/DJ and 12.25 kg/DJ respectively. Fertility was third at 12.05 kg/DJ followed by 

weaning weight 10.58 kg/DJ. The smallest increase was achieved with the meat yield 

traits, dressing percentage caused a decrease to 8.72 kg/DJ due to the negative correlations 

with other traits and lean meat production increased production to 9.79 kg/DJ. The results 

for the sensitivity analysis are summarised in Table 2-7. 

 Fertility rate Fecundity 
Kid 

survival 
WWT DP LMP 

Fertility rate 0.05      

Fecundity 0.79 0.22     

Kid survival 0.44 0.52 0.06    

WWT -0.28 0.15 0.34 0.24   

Dressing % 

(DP) 
-0.19 -0.43 0.00 0.03 0.39  

Lean meat 

yield (LMY) 
0.00 0.00 0.00 0.19 0.00 0.35 
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Table 2-7. Sensitivity analysis of the key traits for goat lean meat production (LMP) 

per doe joined (DJ). Phenotypic standard deviation (𝝈𝑷), heritability (h2), additive 

genetic standard deviation (𝝈𝑮). 

Component Mean h² 𝜎𝑃 𝜎𝐺 

LMP/DJ with 

one 𝜎𝐺 increase 

(kg/DJ) 

LMP change 

with one 𝜎𝐺 
increase (%) 

Fertility (NDK/DJ) 0.82 0.05 0.41 0.09 12.05 28 

Fecundity (LSB) 1.67 0.22 0.59 0.26 12.66 35 

Survival (NKW/NKB) 0.82 0.06 0.38 0.09 12.25 30 

Weaning Weight (WWT) 20.9 0.24 3.58 1.75 10.58 13 

Dressing % (CWT/WWT) 0.52 0.39 0.02 0.01 8.72 -7 

Lean meat yield (LM/CWT) 0.77 0.35 0.03 0.02 9.79 4 

Total lean meat production 

(LMP/DJ) 
9.40  

 
   

Calculation for additive genetic standard deviation (𝜎𝐺= 𝜎𝑃*h) 

Greater improvements would be made if genetic selection was based on the fecundity and 

survival traits, than if it was placed on fertility. However placing the selection on 

fecundity could increase the mortality rate due to most dystocia cases in goats being 

caused by too many kids trying to enter the birth canal at once (Braun 2007). Increasing 

fecundity without increasing survival is also a welfare issue, as more kids would be born 

but also more kids would die. Therefore focusing on survival of the kids that are born 

could be most beneficial. Increasing weaning weight would increase production per 

animal and also reduce time to the market specification for capretto (5-12 kg) and chevon 

(12-22 kg) hot carcase weights. 

 

2.8 Conclusion 

Australia is the world largest exporter of live goats and goat meat with 90% of production 

being exported. Approximately 90% of this production was from goats harvested from 

the rangeland environment. This has made genetic improvement of the national herd 

limited to the small holders of South African Boer goats. The largest impact genetic 

selection can have is by increasing survival of the kids that are born alive. There are a 
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range of traits that can be selected for and a strong emphasis must be placed on traits 

recorded within the first 24 hours of birth as this was when the majority of losses occur. 

There has been no published literature on kid survival as a trait of the kid however 

selecting for direct survival as a trait of the doe with birth weight and birth type will likely 

have a significant impact. Selection for other novel and correlated traits such as; kid rectal 

temperature, kid vigour, doe maternal behaviour, and birth coat scores could increase the 

rate of genetic gain. Further work is also needed on carcase traits to fill gaps in the goat 

literature that are currently covered by sheep and to report the genetic covariances 

between indicator traits and lean meat production.  
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3 Thesis methodology. 
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Data for the analysis of this thesis was sourced from Sheep Genetics and the Animal 

Genetics and Breeding Unit, Armidale, New South Wales. The database was referred to 

as KIDPLAN and represents the performance of Australian bred South African Boer 

goats between the years 1987 and 2015. The data available was provided by industry from 

150 sites across Australia. 

 

3.1 Trait definitions 

Reproduction, growth, and carcase composition records were recorded on farm. All 

records submitted required site, management group, date of birth, birth type (BT) and 

rearing type (RT) of the kid, dam age (calculated if not provided), sex, and conception 

method (natural, AI or ET). The following performance traits were defined for analysis 

and where necessary derived from the available records: 

1) Birth weight (BWT, kg). The weight of the kid within 24 hours of birth. 

2) Kid survival to weaning as a trait of the kid (KSV). Binary trait of the kid, 0 for 

dead and 1 for living at weaning. If the kid recorded had a RT greater than zero 

and had a trait recorded at or post-weaning it was assumed to be living at weaning. 

3) Kid survival to weaning as a trait of the doe (RT/BT). Mean litter survival for the 

year of recording calculated from KSV. Only recorded for does that had a kid. 

4) Fertility. Number of does pregnant per doe joined. 

5) Fecundity. Number of kids born per doe joined. 

6) Litter size at birth as a trait of the doe (LSB). Number of kids born that litter 

including alive and dead kids. 

7) Weaning weight (WWT, kg). The weight of the kid when the average group age 

is between 1 to 4 months post birth. 
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8) Post-weaning weight (PWT, kg). The weight of the kid when the average group 

age is between 7 to 10 months. 

9) Yearling weight (YWT, kg). Weight of the kid when the average group age is 

between 10 to 13 months. 

10) Hogget weight (HWT, kg). Weight of the kid when the average group age is 

between 13 to 18 months. 

11) Adult weight (AWT, kg). Weight of the kid when the average group age is over 

18 months. 

12) Post-weaning eye muscle depth (PEMD, mm). Depth of the eye muscle at the C-

site recorded at mean group age between 7 to 10 months. 

13) Yearling eye muscle depth (YEMD, mm). Depth of the eye muscle at the C-site 

recorded in millimetres. Recorded at mean group age between 10 to 13 months. 

14) Combined eye muscle depth (EMD, mm). Both PEMD and YEMD records treated 

as the same trait. No animals had both a PEMD and YEMD record. 

15) Post-weaning C-site fat depth (PFAT, mm). Depth of fat recorded at the C-site in 

millimetres. Recorded at mean group age between 7 and 10 months. 

16) Yearling C-site fat depth (YFAT, mm). Depth of fat recorded at the C-site in 

millimetres. Recorded at mean group age between 10 and 13 months. 

17) Combined C-site fat depth (FAT, mm). Both PFAT and YFAT records treated as 

the same trait. No animals had both a PFAT and YFAT record. 

18)  Post-weaning worm egg count (PWEC, number/g). Faecal worm egg counts with 

cube root transformation, when mean group age was between 7 and 10 months.  

19) Yearling worm egg count (YWEC, number/g). Faecal worm egg counts with cube 

root transformation, when mean group age was between 10 and 13 months. 
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3.2 Data cleaning filters 

As in all datasets there were errors that needed to be addressed. The areas of concern were 

variation between breeders in recording birth and rearing type, and incorrectly identified 

dams. The data was filtered in two ways to address these concerns and each filter type 

also had two variations. 

 

During data cleaning, some sites and small contemporary groups were identified that did 

not submit or record the expected variation in birth type or rearing type. The first filter 

(Site Filter 1) was designed to remove records for a site where if in that year that site did 

not record any deaths. The second site filter (Site Filter 2) was used to determine if a site 

recorded variation in rearing type, for each year if a site did not have a range of rearing 

types between zero and two records, records from that site were removed for that year. 

Site Filter 1 and Site Filter 2 both removed the same 9,837 records which means that sites 

that recorded deaths also recorded variation in birth type. 

 

Some dams had records for more kids in a year than biologically possible (>5). This was 

likely due to an incorrectly identified dam or a data entry error. The first dam filter (Dam 

Filter 1) treated the trait record to be unknown if the recorded dam has more than five 

progeny recorded in one year. For the second dam filter (Dam Filter 2) the trait record 

was treated as unknown if the number of progeny entered for a dam in one year was 

greater than the birth type recorded. 
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3.3 Records available 

In total, records on 19,711 individuals were provided. The years 1987 to 1989 had no 

performance records and were filtered by any of the filter methods leaving 19,317 records 

from 773 known sires and 4,450 dams. The number of progeny per sire ranged between 

1 to 492, with a mean and median of 27 and 10 respectively. The number of progeny per 

dam ranged between 1 and 31, with a mean of 3 and median of 2. 

 

The first assumption was that the available data represented a large population. There 

were insufficient records for HWT (871), AWT (236), PWEC (289), and YWEC (438). 

There was also concern that there were not enough records for the post-weaning and 

yearling eye muscle depth, and C-site fat depth traits which was the reason for creating 

the two combined traits EMD and FAT (4,782 and 4,819 records respectively) age was 

then used to regress weight. There were no concerns about the number of records for the 

other traits. All of the means were within ranges of previous literature (Chapter 2). A 

summary of the number of records and means for each trait analysed are provided in Table 

3-1. 
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Table 3-1: Summary of the raw data for each of the analysed traits. 

Trait 

Total 

No. of 

records 

Minimum Maximum Mean ± SD CV 

BWT (kg) 11,705 0.3 7.7 3.6 ± 0.7  19.4 

WWT (kg) 10,202 5.2 47.5 20.4 ± 5.5 27.0 

PWT (kg) 9,332 10 85.5 28.3 ± 9.2 32.5 

YWT (kg) 5,068 16 95.1 43.7 ± 11.9 27.2 

PEMD (mm) 2,122 10 34 19.3 ± 4.4 22.8 

YEMD (mm) 2,662 11 37 24.1 ± 3.6 14.9 

EMD (mm) 4,782 10 37 22.0 ± 4.6 20.9 

PFAT (mm) 2,159 0.6 4.1 1.8 ± 0.5 27.8 

YFAT (mm) 2,662 0.5 5.1 2.0 ± 0.4 20.0 

FAT (mm) 4,819 0.5 5.1 1.9 ± 0.5 26.3 

PWEC (%) 289 0.1 16.3 7.1 ± 2.8 40.0 

YWEC (%) 438 0.1 20.6 10.8 ± 2.8 26.4 

LSB 8,228 0 5 1.64 ± 0.84 51.2 

RT/BT 7,733 0 1 0.89 ± 0.28 31.5 

KSV 19,711 0 1 0.87 ± 0.33 37.9 

 

3.4 Checking traits are normally distributed 

All of the growth and scanned carcase traits were normally distributed (Figure 3-1 and 

Figure 3-2). Post-weaning weight and yearling weight were slightly skewed. Both PWEC 

and YWEC were normally distributed (Figure 3-3). As all of the growth and scanned 

traits were normally distributed, it was decided they were suitable to be analysed as 

animal traits with a univariate model. 
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Figure 3-1: Distributions of the records for growth traits in the KIDPLAN dataset. 
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Figure 3-2: Distributions of the records for scanned carcase traits in the 

KIDPLAN dataset. 
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Figure 3-3: Distributions of the records for health traits in the KIDPLAN dataset 

As survival as a trait of the kid is binary, it was analysed using a logistic transformation 

as well as assuming normality. It was later demonstrated that a logistic transformation 

was not necessary. Litter size at birth as a trait of the doe was normally distributed but as 

it was a repeated measure trait an animal model is not appropriate and was later limited 

to a sire model (Figure 3-4). Note that there were a small number of records with a litter 

size >5 which demonstrates Dam filter 1 was not as effective as Dam Filter 2 which 

filtered based on differences between the recorded birth type and number of progeny 

submitted. 

 

Figure 3-4: Distributions of the records for reproductive traits in the KIDPLAN 

dataset 
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3.5 Contemporary group components 

The contemporary group was based on year of birth, sex, conception type, and site. For 

kid survival there were 76 contemporary groups with a mean of 72 records per group 

(range between 1 and 409 records). There were 15 contemporary groups that had less than 

10 records which were filtered during analysis. Of the contemporary group components, 

males had a lower survival rate (0.68 ± 0.01) compared to females (0.78 ± 0.01). Kids 

conceived by artificial insemination also had a higher survival rate (0.73 ± 0.01) 

compared to natural mating (0.67 ± 0.02), there were too few records (12) for embryo 

transfer to make a conclusion on its relationship with kid survival and were removed from 

the analysis. Including site and dam filters only retained years with variation in kid 

survival, however the years 1990 to 2005 have kid survival rates over 0.90 (Figure 3-5). 

In comparison, years post 2005 had kid survival rates under 0.80, this was likely due to 

improvements in recording and submission practices with more sites accurately recording 

survival. After filtering there were just seven sites with a mean of 1,073 records each, the 

site with the fewest number of records had a total of 66. For site by year combinations the 

mean survival rate ranged between 0.44 and 1.00. 

 

Figure 3-5: Differences in kid survival rate by year of birth. 
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3.6 Summary of fixed effects for kid survival 

As the main focus of this thesis was on kid survival to weaning as a trait of the kid, it was 

important to understand the effect fixed factors has on survival. Unless specified 

otherwise, an animal model was used for the analysis of kid survival with the following 

fixed effects; BWT, BT (single, twin, and multiple) as a factor, doe age (2 to 7 years), 

doe age as a quadratic polynomial, and contemporary group as a factor. Presented below 

are the relationships between kid survival and the raw data for the mentioned effects. 

 

From sheep literature and results from Angora goats, a curvilinear relationship between 

birth weight and kid survival was expected, based on a quadratic polynomial (Snyman 

2010; Brien et al. 2014). As birth weight increased from 1.0 kg to 3.0 kg, the survival rate 

increased from 0.44 ± 0.18 to 0.88 ± 0.01, and then plateaued. A decline at high birth 

weights due to dystocia was expected but there was negligible evidence for this (Figure 

3-6). The relationship between birth weight and kid survival was further investigated in 

the bivariate analysis of Chapter 5 to determine the genetic relationship. 

 

Figure 3-6: Relationship between birth weight and kid survival. Data is filtered 

based on Dam Filter 2 and Site Filter 1. 
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Birth type also had a relationship with kid survival rates with singles (18% of animals 

and 71% survival rate) and multiples (29% of animals and 72% survival rate) having 

lower survival rates than twins (53% of animals and 83% survival rate) (Figure 3-7). This 

was different to previous goat literature where both Husain et al. (1995) and Snyman 

(2010) report increasing mortality rates from single born (14.1% and 10%) to twin born 

(15.9% and 13%), and then triplets (16.7% and 22%). Differences in survival rates caused 

by birth type are common and often different such as those observed in Rambouillet sheep 

with survival rates for singles (81.1%), twins (94.8%), and triplets (88.8%) (Hanford et 

al. 2005). The multiple birth losses were likely due to too many kids trying to enter the 

birth canal at once, entangling and causing dystocia or kids were born too small and weak, 

unable to maintain their body temperature, feed or abandoned by their dam (Snyman 

2010). Singles were less likely to have a lower birth weight than twins and multiples. 

Proportionately more singles born at a low birth weight die. The significant difference in 

survival caused by birth type was the main reason for the multivariate analysis of Chapter 

6.) 
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Figure 3-7: Effect of birth type on kid survival (solid) and birth weight (diagonal 

line). 

 

To try and explain why the expected relationship between birth weight and survival was 

curvilinear, but not quadratic, and why more single born kids die compared to twins, the 

relationship between birth weight and kid survival was replotted, but separated by birth 

type. The new relationship is displayed in Figure 3-8 and shows some important 

differences compared to the total population. There were so few single born kids with 

birth weights less than 3.0 kg illustrated by the large standard errors but accounted for a 

large proportion of losses. There appeared to be more of a curvilinear relationship 

between birth weight and survival compared to the total population but was only a trend 

and requires further investigation, and more data of weights over 5.0 kg. This helped 

explain the differences in survival rate by birth type compared to the previous goat 

literature which was previously described for Figure 3-7. 
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Figure 3-8: Relationship between birth weight (kg) and kid survival rate for 

different birth types; singles (green), twins (blue), multiples (red). 

 

Doe age appeared to have a negative effect on survival. As a doe became older, its rearing 

ability decreased (Figure 3.-9). Maiden does appeared to have the highest survival rate 

which was unexpected but could be due to higher monitoring management practices of 

these animals. Two, three, and four year old does have survival rates over 0.80 and older 

animals less than 0.80 (Figure 3-9). Previously Bunter and Brown (2013) have suggested 

that lamb survival should be treated as different traits for different ewe age groups 

(genetic correlations of 0.38 to 0.65 between ewe age groups). The analysis for doe age 

was not repeated for this project but did provide evidence that separating reproductive 

traits is possible. It also confirmed fitting doe age as a fixed effect it appropriate. 
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Figure 3-9: Relationship between doe age and kid survival rate. 

 

As birth type and dam age both affected kid survival, the relationship between dam age 

and birth type was investigated (Figure 3-10). Younger dams had lower litter sizes which 

increased until four years of age. After four years of age the mean litter size was above 

two and close to the optimum birth type for higher kid survival. 

 

Figure 3-10: Relationship between doe age and litter size. 

 

The relationship between dam age and average birth weight of the kid was examined 

(Figure 3-11). Dams under two years of age gave birth to kids with a lower birth weight. 

This put the progeny within the birth weight range under 2.5 kg where kid survival 
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decreases. After two years of age on average dams gave birth to kids above 3 kg where 

kid survival is less of an issue (Figure 3-6). 

 

Figure 3-11: Relationship between doe age and birth weight. 

 

Finally the relationship between sex and kid survival was investigated (Figure 3-12). As 

expected males had a lower survival rate compared to females. Males also tended to be 

heavier at 3.74 kg ± 0.01 (± SE) compared to females 3.41 kg ± 0.01 but did not place 

either sex in the range of lower survival due to low or high birth weights. 

 

Figure 3-12: Relationship between sex, kid survival rate (white) and birth weight 

(black diagonal line). 
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3.7 Genetic model definitions 

In chapter 4 and 6 univariate sire and animal models were used. Primarily to estimate the 

phenotypic variance, heritability, maternal heritability and permanent environmental 

variance. The univariate models used are defined in equation 3.1 and 3.2 below. Chapters 

5 and 6 use bivariate animal models defined as follows in equation 3.3 below. 

y = Xb + Zs + e (Sire, Eq. 3.1) 

y = Xb +Za + Zmp + e (Animal, Eq. 3.2) 

[
𝐲𝟏

𝐲𝟐
] [

𝐗𝟏 𝟎
𝟎 𝐗𝟐

] [
𝐛𝟏

𝐛𝟐
] + [

𝐙𝐀𝟏 𝟎
𝟎 𝐙𝐀𝟐

] [
𝐚𝟏

𝐚𝟐
] + [

𝐙𝐌𝟏 𝟎
𝟎 𝐙𝐌𝟐

] [
𝐩𝟏

𝐩𝟐
] + [

𝐞𝟏

𝐞𝟐
] (Bivariate, Eq. 3.3) 

For the sire, animal and bivariate animal models, the vector of observations for each trait 

is denoted was y, fixed effects were defined in vector b, direct genetic effects were 

defined in vector a for each animal in the pedigree, maternal permanent environmental 

effects were defined in vector p, and e was a vector of random residual effects. The indices 

matrices X, Z and Zm relate the respective effects of y. The subscript 1 and 2 was the 

trait of interest.  

 

3.8 Conclusion 

For the remainder of the project it was determined that the trait definitions, KIDPLAN 

data, data filters, contemporary groups, and fixed effects would be used in each analysis 

unless otherwise specified. The trait definitions were appropriate as they were the same 

as those used by KIDPLAN for breeders and are similar to previous literature. Each of 

the traits in KIDPLAN appeared to have enough data (excluding; HWT, AWT, PWEC, 

and YWEC) and were distributed appropriately for univariate analysis. The data filters 
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were necessary due to errors in the data caused by not recording variation in birth or 

rearing type, and incorrectly identifying dams. Further validation of these filters was 

required with univariate analysis. The contemporary groups based on year of birth, sex, 

conception type, and site was standard practice for genetic evaluation. Each of the fixed 

effects (BWT, BT doe age, doe age as a quadratic polynomial, and contemporary group) 

were significant for kid survival. The fixed effects of birth weight and birth type were 

grounds for further bivariate and multivariate analysis of kid survival. 
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4 Producer recorded data on 

Australian Boer goats needs 

cleaning for genetic parameter 

estimates using univariate analyses. 
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4.1 Abstract 

A new kid survival trait as a trait of the kid was created, this was a first for the goat 

literature. The national performance recording scheme database for goats (KIDPLAN) 

was used to create it. There were 19,711 animal records in the KIDPLAN database but 

due to errors in dam identification and other site inaccuracies it was not appropriate for 

parameter estimation. Several data filters in various combinations were used to clean the 

data of inaccurate records. Two filters were selected to be used for future analyses, one 

removes records where the dam has biologically too many progeny and the other removed 

records where sites record no variation in birth or rearing type. Univariate models were 

used to make parameter estimates for growth, carcase, health, and reproductive traits. 

Most importantly after data cleaning, kid survival as a trait of the kid had a phenotypic 

variance of 0.14 and a heritability of 0.09. This was significantly higher than the maternal 

heritability (0.01), and maternal permanent environmental variance (0.04). Further work 

determining the genetic relationship between the new kid survival traits and other 

production traits is needed. 

 

4.2 Introduction 

The export of Australian goat meat was valued at $241.8m AUD in 2014 with continuing 

growing demands (MLA 2015). The genetic improvement of Australian meat goats is 

focused on the South African Boer breed. The national performance recording scheme; 

KIDPLAN was established in the 1990’s for genetic selection based on estimated 

breeding values (MLA 2004a). 
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The last genetic estimates published for this dataset was in 2001 by Ball et al. (2001) 

which called for further work on growth and scanned traits. There was a reasonable 

expectation that the ability to estimate more accurate genetic parameters has improved. 

Since then the industry has had major structural changes with a reduction in the number 

of breeders and shifts in production areas, and with this there has been a recent increase 

in the number of records submitted for evaluation. The biggest concern accompanying 

this influx was the introduction of data errors to the KIDPLAN dataset due to varying 

producer recording and submission practices.  

 

The majority of parameter estimates for Boer goats globally are from small experimental 

herds. With the majority of Boer goat publications coming from, South Africa, and China, 

with a small amount of work from Australia (Ball et al. 2001; Zhang et al. 2009b). While 

the Boer goats in Australia were originally sourced from South Africa there has been 

crossing with the local Australian rangeland goats. It is important to have accurate 

parameter estimates for the Australian Boer goats for genetic selection. The four trait 

groups of interest for the KIDPLAN dataset were; growth traits, scanned carcase traits, 

reproductive traits, and health traits. 

 

The most recorded traits were the growth traits: birth weight (BWT) within 24 hours of 

birth, weaning weight (WWT) 6-17 weeks, and yearling weight (YWT) 10-13 months 

(Schoeman et al. 1997; Ball et al. 2001; Zhang et al. 2009b). The main reason for this 

was they are the easiest traits to record. KIDPLAN data should have been appropriate to 

estimate these weight traits, as well as post-weaning weight (PWT) 4-10 months, hogget 

weight (HWT) 13-18 months, and adult weight (AWT) 18+ months. 
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Of the scanned carcase traits, eye muscle depth (EMD), and C-site fat depth (FAT) had 

some previous genetic parameter estimates for Boer goats (Ball et al. 2001; Dhanda et al. 

2003). KIDPLAN estimates for these traits were available for post-weaning (P) and 

yearling (Y) reported by Ball et al. (2001). The heritabilities for these traits were low, but 

Ball et al. (2001) did suggest genetic improvements could be made and that further 

investigation is needed. 

 

The largest gap in the literature for goat genetics was on reproductive traits. Heritability 

estimates of between 0.06-0.10 as a trait of the dam for Black Bengal, Jamunapari, and 

Beetal goats have been reported by Singh et al. (1990). It was hypothesised that an 

individual’s ability to survive would be important for goats and there was an opportunity 

to have a broader contribution to animal breeding by focusing on the kid rather than the 

doe, thus accounting for genes inherited from both parents. There are reported genetic 

parameters for Boer goats on litter size at birth (NKB), number of kids weaned (NKW), 

and gestation length by Zhang et al. (2009a). Attempts to confirm Australian estimates 

for some of these reproductive traits needed to be attempted. The best candidate traits 

using KIDPLAN data for reproduction analysis were kid survival and litter size at birth 

(LSB). As there have been no estimates for any goat breeds with kid survival treated as a 

trait of the kid further investigation was warranted. 

 

The recording and submission of health traits was very limited in KIDPLAN. The only 

health traits recorded are worm egg counts (WEC) at post-weaning and yearling age 

groups. Animals with lower WEC numbers have a resistance to internal parasites, and 

therefore improved health. The only genetic parameter estimates in goats for worm egg 
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counts was on Creole goats with heritability ranging between 0.14 and 0.37 (Mandonnet 

et al. 2001; Gunia et al. 2011). 

 

Issues with KIDPLAN data were identified during data processing, primarily where birth 

and rearing records were not biologically possible. There were two objectives to this 

study. The first was to determine suitable cleaning methods that address concerns around 

the KIDPLAN dataset. The second objective of the study was to determine if the 

KIDPLAN dataset can be used to estimate genetic parameters for kid survival. 

 

4.3 Materials and Method 

4.3.1 KIDPLAN dataset 

Australian Boer goat breeders submit performance and pedigree data to Sheep Genetics 

for genetic evaluation as part of the KIDPLAN service. Sheep Genetics maintain the 

KIDPLAN database. The analysis completed included records of 19,711 individual 

animals from 30 years and 150 sites across Australia. The progeny were represented by 

774 sires and 4,451 dams. A summary of the number of records for each trait is in Table 

4-1. 
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Table 4-1. Summary of the number of records for each production trait submitted 

to KIDPLAN before data cleaning. 

  Number of  

Trait Units Animals Sires Dams Progeny/Sire Progeny/Dam 
Raw 

Mean 

BWT kg 11,655  480 3,008 24.3 3.9 3.62 

WWT kg 10,042 451 2,814 22.3 3.6 20.5 

PWT kg 9,180 402 2,827 22.8 3.2 28.4 

YWT kg 5,068 342 2,163 14.8 2.3 43.7 

HWT kg 871 122 546 7.1 1.6 49.8 

AWT kg 236 69 173 3.4 1.4 65.0 

PEMD mm 2,121 149 814 14.2 2.6 19.4 

YEMD mm 2,662 185 1,191 14.4 2.2 24.1 

PFAT mm 2,156 149 819 14.5 2.6 1.8 

YFAT mm 2,662 185 2,662 14.4 1.0 2.0 

PWEC % 289 24 199 12.0 1.5 7.1 

YWEC % 417 20 262 20.9 1.6 10.8 

 

Due to the small number of records for scanned traits and that only two animals had both 

a post-weaning and yearling record, two new traits were created by combining these 

records. The combined eye muscle depth (EMD) had 4,782 records. The combined C-site 

fat depth (FAT) had 4,819 records. 

 

A survival trait of the kid from birth to weaning (KSV) was calculated from the extracted 

birth and rearing type data. All animals submitted to KIDPLAN required the birth type 

(number of kids born dead or alive) and rearing type (number of kids weaned) to be 

included. If a kid had a rearing type greater than zero it was treated as surviving to 

weaning. If a kid had a rearing type equal to zero it was treated as dead. Individuals were 

checked for a recorded trait post-weaning, to confirm that dead kids were not due to 

incorrect submission of rearing type. No individuals that had a rearing type zero had a 

trait recorded post-weaning. 
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For kid survival to weaning as a trait of the doe (RT/BT), a new trait was created for each 

dam in each year and using the same birth and rearing type records for kid survival. Only 

the first progeny for each litter had a calculated RT/BT record. The total number of kid 

survival as a trait of the dam records calculated was 7,733 with a mean of 3.6 records per 

dam across years. 

 

For litter size, a new trait was created for each dam in each year and using the same birth 

type records used for kid survival. Litter size at birth (LSB) was a trait of the dam; only 

the first progeny for each litter has a calculated LSB record. The total number of dam 

litter size records calculated was 8,228 with a mean of 1.8 records per dam across years. 

 

4.3.2 Filters used for data cleaning 

As KIDPLAN is industry recorded data, there were errors in the submitted records that 

needed to be addressed. The areas of concern were recording variation in birth and rearing 

type, and incorrectly identified dams. To try to address these concerns two filter types 

were created.  

 

Some sites were identified that were not submitting or recording the expected variation 

in birth type or rearing type. These records were included to test how they affect the 

genetic parameter estimates. A site filter (Site filter) was used that removes records of 

sites in years where no variation in birth or rearing type was observed. 
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It was noticed during data processing that some dams had more kids entered in a year 

than biologically possible. This was likely due to an incorrectly identified dam or a data 

entry error. The first dam filter (Dam filter 1) treated the trait record to be unknown if the 

recorded dam has more than five progeny recorded in one year. For the second dam filter 

(Dam filter 2), the trait record was treated as unknown if the number of progeny entered 

for a dam in one year was greater than the birth type recorded. 

 

The univariate models were tested with a combination of filter types. No filters and all 

filters were tested; individual filters were tested separately and with both variations. In 

addition, a number of alternating combinations using one site and one dam filter were 

tested. A summary of the filter combinations with results presented are in Table 4-2. 

Table 4-2. Filter combinations used to analyse KIDPLAN data, ticks represent 

filters used in each analysis. 

Analysis Site filter Dam filter 1 Dam filter 2 

1. No filters    

2. Site filter only    

3. Dam filter 1    

4. Dam filter 2    

5. Dam filters 1 and 2    

6. Site filter and Dam filter 1    

7. Site filter and Dam filter 2    

8. All filters    

 

4.3.3 Statistical analysis 

All of the traits were run with a univariate animal model, except for LSB and RT/BT, 

which were analysed with a sire model as it was repeated trait of the dam. The mean 

predictions, phenotypic variances, and heritabilities were estimated using ASREML 

(Gilmour et al. 2009). The random effects for all the models (excluding RT/BT and LSB) 

included a direct genetic effect, maternal permanent environmental, and maternal genetic 

component. 
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All traits included a fixed effect for the contemporary management group. The fixed 

effects for the growth traits; BWT, WWT, PWT, YWT, HWT, and AWT included birth 

type, rearing type (fitted separately), age at recording, and a quadratic polynomial of the 

doe age. The weight traits were centred using raw means to reduce recording errors across 

sites. The scanned traits; PEMD, YEMD, EMD, PFAT, YFAT, and FAT included the 

previous fixed effects for growth traits but also were adjusted for age at recording, and a 

quadratic polynomial of the weight at recording. The worm egg counts; PWEC and 

YWEC had the same fixed effects as the growth traits. The calculated survival trait (KSV) 

had the fixed effects of birth type, doe age, adjusted for both with and without birth 

weight, and a contemporary group based on date of birth, sex, conception method, and 

site. Litter size at birth only had the fixed effects for doe age and contemporary 

management group. 

 

4.4 Results 

4.4.1 Effect of different filters on birth weight parameter estimates. 

4.4.1.1 Birth weight 

The number of BWT records used when no filters are applied was 11,711. The weights 

were centred at a mean of 3.5 kg from a raw mean of 3.6 kg to reduce effects across sites 

of recording errors. The Site filter removed 55% of the BWT records. The dam accuracy 

filters only removed 21% of records (Dam filter 1) and 17% of records (Dam filter 2). 

Combining the filters removed a large number of records, with the combination of all 

filters removing 67% of all BWT records, leaving 3,963 records for analysis. 
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Combinations that used site accuracy had a higher phenotypic variance with a small 

significant difference compared to filter combinations that did not use site accuracy. The 

phenotypic variance of BWT without filters was 0.36 ± 0.01 kg2 which was not 

significantly different to Dam filter 1, nor Dam filter 2 both with phenotypic variances of 

0.35 ± 0.01 kg2. In comparison, the combinations that included a site filter were higher at 

0.38-0.39 kg2. 

 

There were some differences in the heritability between the filter combinations of birth 

weight. The heritability for combinations that only included dam filters ranged between 

0.30-0.32 compared to no filters, which was 0.31 ± 0.03, and were not significantly 

different (Table 4-3). The heritability of BWT was 0.40 ± 0.05 when only site filters were 

used. The standard errors increased when site variation filters were used. There was no 

significant difference in maternal heritability between filter combinations, ranging 

between 0.07-0.11. There was also no significant difference in the maternal permanent 

environmental variance ranging between 0.10-0.14. 

Table 4-3: Birth weight genetic parameters of Boer goats, phenotypic variance (𝝈𝐩
𝟐), 

heritability (h²), maternal heritability (m²), and maternal permanent environmental 

variance (MPE), with various data cleaning filters. Standard errors are in 

parentheses (). 

Analysis Records 𝜎p
2 h² m² MPE 

1. No Filters 11,711 0.36 (0.01) 0.30 (0.03) 0.08 (0.02) 0.11 (0.02) 

2. Site filter 5,240 0.39 (0.01)  0.40 (0.05) 0.08 (0.04) 0.10 (0.03) 

3. Dam filter 1 9,263 0.36 (0.01) 0.31 (0.04) 0.09 (0.03) 0.12 (0.02) 

4. Dam filter 2 9,725 0.35 (0.01) 0.30 (0.03) 0.09 (0.03) 0.13 (0.02) 

5. Dam filter 1 and 2 8,815 0.35 (0.01) 0.32 (0.04) 0.09 (0.03) 0.13 (0.02) 

6. Site and Dam filter 1 4,085 0.38 (0.01) 0.32 (0.07) 0.11 (0.05) 0.11 (0.04) 

7. Site and Dam filter 2 3,963 0.39 (0.01) 0.40 (0.07) 0.08 (0.05) 0.14 (0.04) 

8. All filters 3,816 0.38 (0.01) 0.35 (0.07) 0.09 (0.05) 0.13 (0.04) 
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4.4.1.2 Kid survival 

The number of kid survival records used when no filters were applied was 19,711 with a 

mean survival rate of 0.87. Using Dam filter 1, removed 29% of records and Dam filter 2 

only removed 25% of records. Site filters removed a larger number of records with 50% 

of records removed. There was no significant difference in mean survival rate between 

no filters and dam filter combinations, when the site variation filters are included the 

mean survival rate was significantly lower at 0.72 compared to 0.85 and 0.86 with only 

dam accuracy filters. 

 

The phenotypic variance of survival with no filters was 0.07. There was a small 

significant difference in phenotypic variance between dam accuracy filters at 0.08 ± 0.01 

and site variation filters of 0.14 ± 0.01. Without filters, the heritability of kid survival was 

0.13 ± 0.02. The highest heritability was for the Site filter at 0.17 ± 0.03 followed by any 

of the dam filters at 0.12 ± 0.02. When filter types were combined, the heritability dropped 

further to between 0.09 and 0.10. A summary of the parameter estimates for kid survival 

are included in Table 4-4. Estimating the maternal genetic component was limited to 

when no filters were applied or both dam filters were included. There was also no 

significant difference in the maternal permanent environmental variance ranging between 

0.03-0.05. When KSV was adjusted for birth weight there was no significant difference 

to any of the results. 
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Table 4-4. Kid survival genetic parameters of Boer goats, phenotypic variance (𝝈𝐩
𝟐), 

heritability (h²), maternal heritability (m²), and maternal permanent environmental 

variance (MPE), with various cleaning filters. Standard errors are in parentheses (). 

- Fitted but not estimable. 

4.4.2 Number of records and phenotypic parameters 

The weight traits had the largest number of records. The Site and Dam filter 2 

combination removed 62% of the WWT records, 56% from PWT, 58% from YWT, only 

32% from HWT, and 46% from AWT. When no data filtering was implemented WWT, 

PWT and YWT had means of 20 kg, 30 kg, and 45 kg centred from 20.5 kg, 28.4 kg, and 

43.7 kg. The mean weights were not significantly different from the centred means of 20 

kg for weaning weight, 30 kg for post-weaning weight, 45 kg for yearling weight, 50 kg 

for hogget weight, and 65 kg for adult weight. 

 

Using PEMD and YEMD to create the combined trait EMD provided 4,782 records for 

analysis. The combined C-site fat depth which used PFAT and YFAT had 4,819 records. 

In comparison to PFAT and YFAT estimates, Post-weaning eye muscle depth lost 76% 

of records due to Site and Dam filter 2. The combined trait EMD lost 70% but there was 

no significant change to the mean from 22.0 mm to 21.8 mm. The C-site fat traits PFAT, 

YFAT, and FAT had 76%, 65%, and 60% of records removed respectively with Site and 

Dam filter 2. 

Analysis Records 𝜎p
2 h² m² MPE 

1. No Filters 19,711 0.07 (0.01) 0.13 (0.02) 0.01 (0.01) 0.05 (0.01) 

2. Site Filter 9,874 0.14 (0.01) 0.17 (0.03) - 0.05 (0.01) 

3. Dam Filter 1 14,014 0.08 (0.01) 0.12 (0.02) - 0.04 (0.01) 

4. Dam Filter 2 14,817 0.08 (0.01) 0.12 (0.02) - 0.04 (0.01) 

5. Dam Filters 1 and 2 13,381 0.08 (0.01) 0.12 (0.02) 0.01 (0.01) 0.03 (0.01) 

6. Site and Dam filter 1 7,512 0.14 (0.01) 0.10 (0.02) - 0.04 (0.01) 

7. Site and Dam filter 2 7,713 0.14 (0.01) 0.09 (0.02) - 0.04 (0.01) 

8. All filters 7,162 0.14 (0.01) 0.09 (0.03) 0.01 (0.01) 0.04 (0.01) 
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After applying Site and Dam filter 2 the worm egg counts only included 268 and 416 

records for post-weaning worm egg counts and yearling worm egg counts respectively. 

That was only a 5% to 10% reduction in records but is prohibitive to genetic evaluation.  

 

Kid survival as a trait of the dam had 7,733 records with a mean survival rate of 0.89. 

When site and dam filter 2 were applied, 42% of the records were removed to 3,262 

records. The removal of records significantly changed the mean from a survival rate of 

0.89 to 0.74. 

 

Litter size at birth as a trait of the dam (LSB) had 8,228 records with a mean of 1.65 kids 

per litter. When site and dam filter 2 were applied, 50% of the records were removed to 

4,095 records. The removal of records did not significantly change the mean from 1.65 

to 1.63 kids born per litter. 

 

4.4.3 Estimates of variance components 

The estimates for phenotypic variance, heritability, maternal heritability, and maternal 

permanent environmental variance with analysis 1 (No filters) and analysis 7 (Site filter 

and Dam filter 2) are presented in Table 4-5. The previous sections described the 

estimates for birth weight and kid survival, this section provided no further details on 

these traits. 
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Table 4-5. Genetic parameters of Boer goats without data filtering and with data 

filtering by Site filter and Dam filter 2 (a), phenotypic variance (𝝈𝐩
𝟐), heritability (h²), 

maternal heritability (m²), and maternal permanent environmental variance (MPE). 

Standard errors are in parentheses (). 

Trait Records Mean 𝜎p
2 h² m² MPE 

Growth traits 

BWT 11,711 3.50 0.36 (0.01) 0.30 (0.03) 0.08 (0.02) 0.11 (0.02) 

BWTa 3,963 3.48 0.39 (0.01) 0.38 (0.07) 0.07 (0.05) 0.14 (0.04) 

WWT 10,202 20.0 9.56 (0.17) 0.15 (0.03) 0.04 (0.02) 0.09 (0.02) 

WWTa 3,850 20.0 10.72 (0.28) 0.05 (0.03) 0.09 (0.04) 0.07 (0.04) 

PWT 9,332 30.0 17.76 (0.32) 0.18 (0.03) 0.02 (0.02) 0.10 (0.02) 

PWTa 4,146 30.0 20.00 (0.51) 0.12 (0.04) 0.06 (0.04) 0.06 (0.04) 

YWT 5,068 45.0 25.77 (0.66) 0.38 (0.05) 0.04 (0.02) - 

YWTa 2,162 45.2 29.31 (1.12) 0.34 (0.09) 0.03 (0.04) - 

HWT 871 50.0 29.53 (1.92) 0.11 (0.14) - - 

HWTa 591 50.0 30.33 (2.34) 0.05 (0.17) - - 

AWT 236 65.0 60.34 (14.06) 0.45 (0.94) * 0.03 (0.48) 

AWTa 128 64.7 43.68 (15.34) 0.48 (0.65) - - 
Scanned carcase traits 

PEMD 2,122 19.4 2.79 (0.10) 0.08 (0.04) - - 

PEMDa 504 18.9 2.86 (0.22) 0.08 (0.12) - 0.08 (0.10) 

YEMD 2,662 24.1 2.25 (0.07) 0.17 (0.06) 0.01 (0.03) 0.04 (0.04) 

YEMDa 931 23.3 2.23 (0.12) 0.10 (0.08) - 0.08 (0.06) 

EMD 4,782 22.0 2.52 (0.06) 0.14 (0.03) - 0.01 (0.02) 

EMDa 1,435 21.8 2.43 (0.10) 0.08 (0.05) - 0.05 (0.04) 

PFAT 2,159 1.8 0.19 (0.01) 0.05 (0.03) - - 

PFATa 509 1.8 0.15 (0.01) 0.15 (0.11) - - 

YFAT 2,662 2.0 0.15 (0.01) 0.15 (0.05) - 0.03 (0.03) 

YFATa 931 2.0 0.17 (0.01) 0.13 (0.10) 0.05 (0.06) - 

FAT 4,819 1.9 0.17 (0.01) 0.10 (0.03) - 0.01 (0.01) 

FATa 1,440 1.9 0.17 (0.01) 0.08 (0.05) 0.01 (0.04) 0.04 (0.06) 
Health traits 

PWEC 289 7.1 6.77 (0.68) 0.15 (0.16) - - 

PWECa 268 7.1 6.87 (0.71) 0.16 (0.17) - - 

YWEC 438 10.9 6.59 (0.50) - - - 

YWECa 416 10.8 6.74 (0.52) - - - 
Reproductive traits 

KSV 19,711 0.87 0.07 (0.01) 0.13 (0.02) 0.01 (0.01) 0.05 (0.01) 

KSVa 7,713 0.72 0.14 (0.01) 0.09 (0.02) - 0.04 (0.01) 

RT/BTb 7,733 0.89 0.05 (0.01) 0.03 (0.01) * 0.04 (0.03) 

RT/BTab 3,262 0.74 0.12 (0.01) 0.02 (0.02) * 0.04 (0.02) 

LSBb 8,228 1.65 0.64 (0.01) 0.04 (0.01) * * 

LSBab 4,095 1.63 0.82 (0.03) 0.03 (0.01) * * 
a Genetic parameters of Boer goats with data filtering by Site filter and Dam filter 2 

RT/BTb defined as a trait of the dam with a service sire variance (0.01 ± 0.01) 

RT/BTab defined as a trait of the dam with a service sire variance (0.03 ± 0.01) 

LSBb defined as a trait of the dam with a service sire variance (0.06 ± 0.10) 

LSBab defined as a trait of the dam with a service sire variance (0.12 ± 0.10) 

* Not fitted, - Estimate went to the boundary 
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4.4.3.1 Growth traits 

When no data filtering was implemented WWT, PWT, and YWT had phenotypic 

variances of 9.56 ± 0.17 kg2, 17.76 ± 0.33 kg2, and 25.77 ± 0.65 kg2, respectively. WWT 

and PWT had similar heritabilities of 0.15 ± 0.03 and 0.18 ± 0.03 respectively. The 

heritability for YWT was higher at 0.38 ± 0.05. The maternal heritabilities were all very 

similar and low, between 0.03-0.04. The maternal permanent environmental variance was 

higher for WWT and PWT (0.09 ± 0.02 and 0.10 ±0.02 respectively) than YWT, which 

was not estimable. Hogget weight and AWT had very high standard errors for all 

components estimated or had no estimate. The phenotypic variances were 29.53 ± 1.92 

for HWT, and 60.61 ± 14.18 for AWT. The heritability for HWT and AWT was 0.11 ± 

0.14 and 0.07 ± 0.89 respectively. Maternal genetic and permanent environmental 

components fitted for hogget weight were not estimable. Adult weight had a maternal 

heritability of 0.27 ± 0.51 and no estimate for the maternal permanent environmental 

component. 

 

With Site filter and Dam filter 2 applied the phenotypic variances tended to be higher for 

WWT (10.72 ± 0.28), PWT (20.00 ± 0.51), YWT (29.31 ± 1.12), and HWT (30.33 ± 

2.34). There were some significant changes to heritabilities and with larger standard 

errors when the filters were applied. Heritability for WWT decreased to 0.05 ± 0.03, PWT 

to 0.12 ± 0.04, YWT to 0.34 ± 0.09, and HWT to 0.05 ± 0.17. There was a small trend 

for maternal heritability to increase for WWT (0.09 ± 0.04) and PWT (0.06 ± 0.04), when 

using Site filter and Dam filter 2.  
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4.4.3.2 Scanned carcase traits 

The phenotypic variance for PEMD was 2.79 ± 0.10, with a heritability of 0.08 ± 0.04. 

There was no estimation for the maternal genetic or maternal permanent environmental 

components; they were fitted but not estimable. The heritability for EMD was 0.14 ± 0.03. 

There was no maternal genetic estimate but the maternal permanent environmental had 

an estimate 0.05 ± 0.04, which was higher than PEMD and lower than YEMD but were 

not significantly different. 

 

There was more success with estimating the components of YFAT than PFAT. Post-

weaning C-site fat depth had a higher phenotypic variance of 0.19 ± 0.01 compared to 

YFAT which was 0.15 ± <0.01. However, PFAT had a lower heritability of 0.05 ± 0.03 

compared to YFAT at 0.15 ± <0.01. Both PFAT and YFAT did not have a maternal 

genetic component estimated. Yearling C-site fat depth did have a maternal permanent 

environmental variance of 0.03 ± 0.03. All estimates for FAT were within the range of 

these two traits, which provides some confidence in its accuracy. It had a phenotypic 

variance of 0.17 ± <0.01. The heritability was 0.10 ± 0.03, and as with PFAT and YFAT 

there was no maternal heritability estimate but there was a lower maternal permanent 

environmental estimate for YFAT of 0.01 ± 0.01. 

 

Phenotypic variances and heritabilities were not significantly changed. Before filters were 

applied PEMD had no estimate for maternal heritability or maternal permanent 

environment, with filters the maternal permanent environmental variance was estimated 

at 0.08 ± 0.10. The maternal heritability for EMD was not estimable, and the maternal 

permanent environmental variance was 0.05 ± 0.04. 
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Using Site and Dam filter 2 did not significantly affect the phenotypic variances, 

heritabilities or maternal permanent environmental variance for the fat depth traits. There 

were some differences between heritability estimates with filters applied with a tendency 

for larger standard errors 0.15 ± 0.11 (PFAT), 0.13 ± 0.10 (YFAT), and 0.08 ±0.05 (FAT) 

due to less animals. With the Site and Dam filter 2 applied estimates of maternal 

heritability for YFAT and FAT were 0.05 ± 0.06 and 0.01 ± 0.04 which were previously 

not estimable. 

 

4.4.3.3 Health traits 

The parameters for worm egg counts were difficult to estimate. PWEC had similar 

phenotypic variation to YWEC with variances of 6.77 ± 0.68 and 6.59 ± 0.50 respectively. 

Post-weaning worm egg count had a heritability of 0.15 ± 0.16 compared to YWEC which 

did not have an estimate for the additive genetic variance. Neither PWEC nor YWEC had 

a maternal genetic or maternal permanent environmental component estimated. When 

Site and Dam filter 2 were applied, the heritability for PWEC was 0.16 ± 0.17 which was 

similar to no filtering at 0.15 ± 0.16. There were again no estimates for maternal 

heritability or maternal permanent environmental variance estimates with the Site and 

Dam filter 2 applied. 

 

4.4.3.4 Reproductive traits 

A very important result was that survival to weaning as a trait of the dam was lowly 

heritable both without filtering (0.03 ± 0.01) and with filtering (0.02 ± 0.02) even when 

service sire was fitted in the model (0.01 ± 0.01 no filtering and 0.03 ± 0.01 with filtering). 
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There was no significant difference in variation in survival as a trait of the dam (0.12 ± 

0.01) compared to the kid (0.14 ± 0.01). Only a small amount of the phenotypic variation 

was accounted for by the service sire variance in the dam model (0.03 ± 0.01). The EBVs 

of sires were compared between the kid trait and the dam with a correlation of 0.90 

(Figure 4-1).  

 

Figure 4-1: Correlation of EBVs for kid survival as a trait of the kid (KSV) and kid 

survival as a trait of the dam (RT/BT). 

 

It was important to remember that LSB was also treated as a trait of the doe not the kid. 

There was variation in the trait with a phenotypic variance of 0.64 ± 0.01. However, the 

heritability of it was low at 0.04 ± 0.01 (Table 4-5). There was more variation accounted 

for by the service sire variance at 0.06 ± <0.01. There was no estimate for the maternal 

permanent environmental component. With the Site and Dam filter 2 applied, the 

phenotypic variance increased to 0.82 ± 0.03, and the service sire variance increased to 

0.12 ± 0.10, but with a larger standard error. There was no significant change to the 

heritability with filters at (0.03 ± 0.01). 
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4.5 Discussion 

4.5.1 Removing records from sites with no variation in birth type and with incorrectly 

identified dams were suitable filters for KIDPLAN data 

The first objective of the study was to address concerns about the accuracy of recording 

of birth and rearing type, and incorrectly identified dams. Dam filter 2, where the number 

of progeny was greater than the recorded birth type, was the best filter to achieve this 

objective. Each trait fitted birth type and / or rearing type as a fixed effect, and the 

reproductive traits (kid survival and litter size at birth) are calculated from them. That 

was why the site filters that ensure sites record variation in birth and rearing type was 

essential. Following this logic, the number of records removed and changes to parameter 

estimates were the reason for recommending data cleaning with both filters; Site and Dam 

filter 2. 

 

The main problem with using a Site filter was the number of records removed. For the 

traits BWT and kid survival; 50%-58% of the records are removed. The best reason for 

using a Site filter was it brings the mean survival rate from 0.87 to 0.75, which would be 

similar to the mean survival rate reported to the corresponding Table 2 by Singh et al. 

(1990) for Black Bengal, Jamunapari, and Beetal goats between 0.82 (days 0-15) and 0.70 

(days 0-90). The reported survival rate was much lower than 0.92 for Boer goats in a 

research herd (MLA 2004b)  

 

Dam filter 2 was selected over Dam filter 1 for four reasons. There was no difference in 

the parameter estimates, second it addressed concerns over recording variation in birth 

type, third it better addressed incorrectly identified dams, and fourth it retained more 
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accurate records. Dam filter 1 identified records where the number of progeny recorded 

was greater than five. It failed to account for animals that were embryo transferred across 

years and did not take into account the recorded birth type. Dam filter 2 accounted for 

embryo transfers and was able to identify when either the birth type was incorrect, or the 

dam was incorrect and creates a more specific filter. Dam filter 1 and 2 removed many of 

the same records but Dam filter 2 was more deliberate so that only 17% and 25% of 

records were removed from BWT and kid survival respectively, compared to 21%, 29% 

for Dam filter 1. 

 

The various filter combinations for BWT or kid survival did not have a significant effect 

on the parameter estimates. Filters based on site compared to no filtering of the data had 

a tendency for higher genetic and maternal estimates while dam filters had a tendency to 

be lower. When considering the other production traits dam filter 2 still had a tendency 

for higher genetic and maternal estimates  

 

Some key recommendations were made for the KIDPLAN data based on the results from 

applying different data filtering strategies. KIDPLAN data should be cleaned based on 

the number of progeny per dam and the recorded birth type to address issues with both 

recorded birth type and over estimation of the relationship of animals in the pedigree due 

to incorrectly identified dams. This applies to all traits which include either a birth or 

rearing type fixed effect but especially to the reproductive traits. An attempt to encourage 

new and existing breeders to submit more data needs to be made. Clearer instructions and 

practices for recording and submitting pedigree, birth and rearing type data is needed. 
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4.5.2 Comparison of KIDPLAN parameter estimates to previous literature 

The second objective of the study was to determine if the KIDPLAN database can be used 

to calculate genetic parameter estimates for production traits including a new kid survival 

trait. The results for all the production traits using Site and Dam filter 2 to those for other 

published estimates of Boer goats have been compared. Where there were no published 

estimates for Boer goats these have used other breeds of goats, and where no goat 

estimates were available Australian Merino sheep estimates were used. 

 

Birth weight was centred at 3.5 kg, the same mean as Schoeman et al. (1997), and the 

phenotypic variance of 0.39 ± 0.01 was within the previous estimate range of 0.29 to 0.57 

(Schoeman et al. 1997; Ball et al. 2001; Zhang et al. 2008). The heritability of birth 

weight for Boer goats in literature ranged between 0.19-0.39 (Schoeman et al. 1997; Ball 

et al. 2001; Zhang et al. 2008; Zhang et al. 2009b). The heritability for birth weight with 

Site and Dam filter 2 was within this range at 0.38 ± 0.03. The only difference was a 

lower estimate of 0.07 ± 0.05 for maternal heritability compared to between 0.14-0.26 

(Schoeman et al. 1997; Ball et al. 2001; Zhang et al. 2009b). 

 

The centred WWT of 20.0 kg (raw mean 20.4kg) was within the range of other Boer goat 

publications (15.0 kg and 26.8 kg) (Schoeman et al. 1997; Zhang et al. 2009b). The 

heritability, however, was very low at 0.05 ± 0.03 compared to 0.18-0.32 for other Boer 

goat publications (Schoeman et al. 1997; Ball et al. 2001; Zhang et al. 2009b). This was 

a serious concern for structure of the data for WWT and provided a low confidence, 

especially when the uncleaned data was much closer to previous estimates at 0.15 ± 0.03. 

Other breeds of goats have also been reported below this range (Mugambi et al. 2007; 
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Boujenane and Hazzab 2008). Both previous estimates maternal heritability of WWT in 

Boer goats was 0.16, higher than the KIDPLAN estimate of 0.09 ± 0.02 (Schoeman et al. 

1997; Zhang et al. 2009b). 

 

Previous estimates for PWT, and using the same KIDPLAN data source, Ball et al. (2001) 

had a heritability of 0.37 using 4,083 records. In comparison, the result from this study 

using the same KIDPLAN database but with Site and Dam filter 2 had a heritability 

estimate of 0.12 ± 0.04 which is significantly lower and used 4,146 records when 9,332 

records were available. Merino sheep also had a higher estimate of 0.54 (Huisman et al. 

2008). There was a clear pattern of low heritability estimates compared to previous 

literature of Boer goats, and reinforced the issues associated with inaccurate data records. 

 

Yearling weight which had a heritability of 0.34 ± 0.09 was lower than the previous 

KIDPLAN estimate of 0.45 (Ball et al. 2001). A lower heritability estimate of 0.10 for 

Boer goats at 300 days was published by Zhang et al. (2009b). The phenotypic variance 

of 25.24 was similar to a corresponding Table 2 of Ball et al. (2001) at 24.27. Neither 

Ball et al. (2001) nor Zhang et al. (2009b) had an estimate for the maternal genetic 

component, which could be a function of the number of records (3,026 and 487 

respectively). This was compared to 2,162 records using the same dataset as Ball et al. 

(2001), with Site and Dam filter 2, the ability to include a maternal genetic component 

could be because of errors in the data which were subsequently removed. 

 

Hogget and adult weight only had 591 and 128 records remaining after filtering. This was 

not due to the data filtering but the lack of data submission for these traits. These numbers 
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of records were likely not enough for accurate genetic parameter estimates, indicated by 

large standard errors and inability to estimate maternal genetic or maternal permanent 

environmental components. Due to the small number of records, it was suggested that 

further analysis of these traits be postponed until more records are submitted to 

KIDPLAN. 

 

Parameter estimates for PEMD and YEMD were limited to those published by Ball et al. 

(2001), who estimated the heritability of PEMD and YEMD to be 0.10 ± 0.06 and 0.05 ± 

0.05 respectively. In comparison, estimates with Site and Dam filter 2 were 0.08 ± 0.12 

for PEMD and 0.10 ±0.08 for YEMD. Other goat literature focused on eye muscle area 

and did not provide genetic estimates. In comparison Australian Merino sheep have 

higher estimates for EMD of between 0.21-0.27 (Fogarty et al. 2003; Huisman et al. 2008; 

Fogarty et al. 2009). The limited literature, the small amount of variation in both PEMD 

and YEMD, the assumption that PEMD and YEMD were highly correlated were the main 

reasons for creating the combined trait EMD. The heritability of EMD was not 

significantly different to PEMD or YEMD but further investigation of the genetic 

correlation between these traits is needed. 

 

As with eye muscle depth there was very little literature on goat C-site fat depth. There 

are phenotypic parameters by Dhanda et al. (2003) on Boer crosses, but Ball et al. (2001) 

was the only reference to publish genetic parameters.  The heritabilities estimated with 

Site and Dam filter 2 of 0.15 and 0.13 for PFAT and YFAT were not significantly 

different to those of 0.11 and 0.13 published by Ball et al. (2001). Goats are very lean 

with little variation in fat, which likely contributes to the difficulty in analysing the trait. 
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This was the main reason for creating the combined trait FAT, which had a heritability of 

0.08 ± 0.05. Further validation that PFAT and YFAT are highly genetically correlated is 

needed to confirm that combining them is appropriate. Most important is the need for 

more recording of C-site fat depths. 

 

There were few breeders submitting data for worm egg counts to KIDPLAN with only 

268 and 416 records remaining after filtering for post-weaning and yearling respectively. 

As there were very few records submitted the ability to estimate genetic components was 

greatly limited. There was no literature available on Boer goats and the only other breeds 

with estimates are Creole goats. An estimate of heritability for PWEC at 0.16 ± 0.17 was 

within the range for previous literature (0.14 to 0.37) (Mandonnet et al. 2001; Gunia et 

al. 2011; Gunia et al. 2013). More worm egg count records are needed for further analysis 

due to the high standard error. 

 

When kid survival was treated as a trait of the doe (RT/BT) the heritability was low and 

not different to zero (0.02 ± 0.02). It was also lower than the mean heritability reported 

of between 0.06-0.10 as a trait of the dam for Black Bengal, Jamunapari, and Beetal goats 

(Singh et al. (1990). In comparison, lamb survival as a trait of the ewe was also lowly 

heritable ranging between 0.00 and 0.12 (Fogarty et al. 1994; Rosati et al. 2002; Afolayan 

et al. 2008a; Bunter and Brown 2013; Newton et al. 2014). The estimate of heritability 

for KSV (0.09 ± 0.02) was within the range of the heritability for lamb survival treated 

as a trait of the lamb, indicating it was not an overestimate. The EBVs of sires for KSV 

and RT/BT were compared with a correlation of 0.90. This means there would be no 

difference in bucks selected for each kid survival trait but the differences in heritability 
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indicate more progress can be made by focusing on survival as a trait of the kid not the 

doe. Although this study was conducted using Australian goats they are descendants of 

South African importations, which means these results for kid survival as trait of the kid 

rather than the doe, could have broader implications globally.  

 

The only other Boer goat, genetic parameters estimates found for LSB was by Zhang et 

al. (2009a) in Table 3, with a reported heritability of 0.12 ± 0.01. This was higher than 

the 0.03 ± 0.01 reported here, however both estimates are low. There was a possibility 

that there is a higher additive genetic component indicated by the service sire variance. 

This should be investigated further. 

 

The most important result was the high direct heritability of kid survival (0.09) relative 

to the maternal heritability (0.01) and the heritability of kid survival as a trait of the dam 

(0.02). This supports the trait being analysed as a trait of the kid rather than the dam. That 

is to say, the genetics of the kid was much more important than the genetics of the dam 

(Table 4-4). Further evidence to support this, which was surprising, came from analysing 

litter size where the dam heritability (0.03) was much lower than the service sire variance 

(0.12), (Table 4-5). Finally the correlation of EBVs for the kid trait and dam trait was 

very high (0.90) indicating they are a similar trait and the same bucks would be selected. 

 

4.6 Conclusion 

A combination of filters that removes inaccurately recorded dams and sites that don’t 

record variation in birth or rearing type, was a suitable data cleaning method for 
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KIDPLAN. The KIDPLAN database can be used to create a kid survival trait as a trait of 

the kid and make genetic parameter estimates. Survival as a trait of the kid has a much 

higher heritability than when treated as a trait of the dam and as the variances were similar 

it is recommended to be treated as a trait of the kid in future. The parameter estimates for 

the production traits were similar to Boer goats and other breeds, but the growth traits did 

have lower heritabilities than those previously published. Future work should focus on 

the genetic and phenotypic relationships between the KIDPLAN traits. More data is also 

needed for later age growth traits, scanned traits, and health traits to analyse the data with 

more confidence and accuracy. 
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5 Genetic and phenotypic 

relationships between production 

traits in Australian Boer goats. 
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5.1 Abstract 

For a trait to be included in a genetic evaluation for KIDPLAN the genetic relationship 

between each production trait is required. Kid survival as a trait of the kid has variation 

and is heritable but the genetic relationship with other production traits is unknown. The 

genetic relationships between KIDPLAN traits have not been updated since 2001 and the 

relationship between carcase traits and growth traits were not reported. The purpose of 

this chapter is to determine the genetic relationship between the production traits in 

KIDPLAN and kid survival. To achieve this a series of bivariate analyses were used to 

determine the genetic covariance between traits. Kid survival was found to have a positive 

genetic correlation with birth weight (0.19 ± 0.19) and was not different to zero with the 

other production traits. The amount of data and structure of the carcase traits did not 

provide the confidence required to use the estimated genetic correlations. Indirect 

selection of kid survival could be possible by selecting for birth weight but importantly it 

is not antagonistic with other traits, while more data is required for carcase traits. 

 

5.2 Introduction 

Australia is the world’s largest exporter and one of the few countries that exports a 

significant number of goats (MLA 2015). Increasing production of meat goats in 

Australia can be achieved with genetic selection (MLA 2012). The genetic improvement 

of Australian meat goats is based on the South African Boer breed. While much of the 

genetic selection has been based on conformation traits for the show ring, there is a need 

to base selection on production traits (MLA 2012). The genetic and phenotypic 

relationships between the production traits of Boer goats needs to be established so that 

they can be incorporated into a selection index. 
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The growth traits that are commonly recorded are birth weight (BWT), weaning weight 

(WWT), post-weaning weight (PWT), and yearling weight (YWT). The scanned carcase 

traits included eye muscle (EMD) and fat depth (FAT) measured at the C-site. The 

reproductive traits had the largest gap in the literature, mostly due to their difficulty in 

recording, and the ability to estimate them. 

 

There were no published estimates for the genetic relationships between production traits 

and kid survival in any breed of goats. With the parameter estimates for kid survival in 

Chapter 4 it was determined that the gap in the literature could be filled using the 

KIDPLAN dataset. There were two main objectives to this study. The first is to establish 

the genetic relationships between kid survival and production traits including growth and 

body composition. The second was to determine the relationships between the scanned 

traits (EMD and FAT) and growth traits, which has not previously been reported in goat 

literature. 

 

5.3 Materials and Methods 

5.3.1 KIDPLAN data set 

The national performance recording scheme KIDPLAN has 30 years of data recorded by 

industry Boer goat breeders. Producers submitted their data to Sheep Genetics for 

evaluation by the Animal Genetics and Breeding Unit, Armidale. The data set contained 

records from 19,711 individuals from 150 sites across Australia. Inaccuracies due to 

incorrectly recorded dams were identified during data processing. Records where the 

number of submitted progeny is greater than the recorded birth type were removed. Sites 

where there was no variation in birth type or rearing type were also removed from the 
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analysis. Every record was assigned a contemporary group based on year of birth, sex, 

conception method, and site. Attempting to further specify the contemporary group based 

on range of kidding date limited the number of contemporary groups with adequate 

animals in each group. Contemporary groups with no variation in kid survival or had 

fewer than ten records were removed from analysis. This data filtering left 6,863 records 

for analysis, from 7 sites, and 62 contemporary groups. 

 

Kid survival to weaning (KSV) has been defined as a trait of the kid (not dam) for its own 

ability to survive. It was calculated as a binary trait, dead or alive, calculated from the 

birth and rearing type records, and confirmed by checking for any traits recorded after 

weaning. Post-weaning and yearling records, for eye muscle depth and C-site fat depth, 

were combined into single traits for eye muscle depth (EMD) and C-site fat depth (FAT). 

This was done as, no animals have both a post-weaning and yearling record, there are few 

records for either post-weaning and yearling eye muscle depth or C-site fat depth, they 

were recorded in a short period of time, and when they were not combined there were 

insufficient records to make parameter estimates with a univariate model or had 

convergence issues with bivariate models. 

 

The growth traits; birth weight (BWT), weaning weight (WWT), post-weaning weight 

(PWT), and yearling weight (YWT) had between 2,063 and 3,343 records with earlier 

recorded traits having more records (Table 5-1). The scanned traits; EMD and FAT had 

the fewest records with 1,122 and 1,126 records respectively (originally 4,782 and 4,819 

respectively but was significantly reduced by data cleaning). As all records submitted 

required birth and rearing types, all 6,863 records had a KSV record. Contemporary 
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groups with survival of 100% were removed. All traits had between 80 and 189 sires, and 

the number of animals with both traits recorded ranged between 921 and 3,655. 

Table 5-1: Data summary for production traits. Total number of records for each 

trait (diagonal), number of progeny with both traits (above diagonal), the number 

of sires with both traits recorded (below the diagonal). 

 

 

 

 

 

5.3.2 Statistical analysis 

All traits were analysed using bivariate animal models with ASREML version 3 (Gilmour 

et al. 2009). All models fitted birth type, doe age (linear, and quadratic polynomial), 

contemporary group (62 groups), and age at recording as fixed effects. The scanned 

carcase traits were also adjusted for weight at recording as a covariate and as a quadratic 

polynomial. The random effects fitted included the direct genetic effect, and a maternal 

permanent environmental component. The dam genetic effect was not fitted due to 

models not converging with it included. Models that included KSV adjusted for birth 

weight did not converge and have been presented without birth weight fitted as a 

covariate. 

 

5.4 Results 

All models converged and were positive definite, the heritabilities were calculated as 

means across analyses. All traits were low to moderately heritable (Table 5-2). The 

heritability for BWT was 0.53 (± 0.07), 0.11 (± 0.03) for WWT, 0.12 (± 0.03) for PWT, 

Trait BWT WWT PWT YWT EMD FAT KSV 

BWT 3,343 2,084 2,285 1,416 1,085 1,090 3,343 

WWT 153 3,655 3,024 1,565 1,034 1,039 3,655 

PWT 159 160 3,638 1,910 1,091 1,095 3,638 

YWT 131 131 156 2,063 921 921 2,063 

EMD 91 80 98 86 1,122 1,121 1,122 

FAT 93 82 100 86 98 1,126 1,126 

KSV 182 178 189 160 98 100 6,863 
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and 0.35 (± 0.06) for YWT. The two scanned traits were lowly heritable at 0.11 (± 0.05) 

for EMD and 0.06 (± 0.05) FAT. The heritability for KSV was also low at 0.08 (± 0.02).  
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The genetic correlations between the growth traits were moderately to highly positively 

correlated, between 0.48 and 0.81. For BWT the genetic correlations were moderate with 

WWT, PWT, and YWT of between 0.48 and 0.53. The high genetic correlations were 

between WWT, PWT, and YWT of between 0.81 and 0.88. There was a zero genetic 

correlation (-0.04± 0.61) between the scanned traits EMD and FAT but there was a large 

standard error. The genetic correlations for EMD with the growth traits were 0.12 (± 0.29) 

for BWT and negatively correlated at -0.75 (± 0.39) for WWT, -0.60 (± 0.39) for PWT, 

and -0.84 (± 0.22) for YWT. There was a positive genetic correlation between FAT with 

BWT, WWT, and YWT of between 0.10 and 0.30 but a negative correlation of -0.16 for 

PWT. Kid survival was correlated with BWT (0.19) but not with other traits (-0.06 to 

0.05) and considering the standard errors none were significantly different to zero. 

 

The phenotypic correlations between the growth traits were moderately to highly 

positively correlated, between 0.32 and 0.81. Birth weight had lower phenotypic 

correlations with WWT, PWT, and YWT of between 0.32 and 0.35 compared to the 

correlations between WWT, PWT, and YWT which were between 0.62 and 0.81. The 

phenotypic correlation between the two scanned traits (0.27± 0.03) was stronger than the 

genetic relationship. Phenotypic relationships between composition and weight traits 

were all low. As KSV was a trait of the kid until weaning and there were no records for 

dead kids after weaning, the only phenotypic correlation reported was for BWT and that 

was negligible (0.01±0.03). 
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5.5 Discussion 

5.5.1 Heritability 

The heritability estimate of 0.08 (± 0.02) for survival was not significantly different to 

the previous estimate of 0.09 (± 0.02) with the univariate model including maternal 

genetic effects and similar data filtering (Chapter 4). There were no published estimates 

for the heritability of kid survival to weaning as a trait of the kid in goats. For sheep the 

estimates of heritability were lower between 0.01 and 0.03 (Safari et al. 2005; Brien et 

al. 2010; Brien et al. 2014) which was the same as the maternal heritability herein (Table 

4-4). Literature about survival for goats and sheep focused on survival of the kid or lamb 

as a trait of the doe or ewe not as a trait of the kid as with this analysis. For Black Bengal 

and cross bred goats, Singh et al. (1990) reported heritability of kid survival as a trait of 

the dam to be between 0.05 to 0.10. 

 

The heritability of birth weight 0.53 (± 0.07) was higher than the previous estimate from 

the univariate analysis 0.38 (± 0.07) (Chapter 4). It was also much higher than the estimate 

by Ball et al. (2001) using a sub-set of the same data but different filtering (0.19± 0.04). 

The low heritability of weaning weight at 0.11 (± 0.03) was higher than that of the 

univariate analysis of 0.05 (± 0.03) (Chapter 4). This was likely because the univariate 

analysis included a maternal genetic component but the bivariate analysis did not. The 

heritability of 0.11 was still lower than previous published estimates of between 0.18 and 

0.32 (Schoeman et al. 1997; Ball et al. 2001; Zhang et al. 2009b). Post-weaning weight 

heritability was not different to the univariate estimate, at 0.12 (± 0.03) it was much lower 

than Ball et al. (2001) at 0.37 (± 0.06). This difference was likely due to the data filtering 

removing a large number of records and questions the reliability of the data. More and 
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accurate data is needed to improve the confidence in the heritability estimate of both 

weaning and post-weaning weight. Yearling weight was the only growth trait to have 

similar heritability estimates for the bivariate analysis at 0.35 (± 0.06), univariate analysis 

0.34 (± 0.09), and the previous published estimate of Ball et al. (2001) at 0.45 (± 0.07). 

 

The composition traits (EMD and FAT) heritabilities were not different to the univariate 

analysis at 0.11 (± 0.05) and 0.06 (± 0.05) respectively. Ball et al. (2001) used post-

weaning and yearling eye muscle depth for heritability estimates of 0.10 (± 0.06) and 0.05 

(± 0.05). The heritability estimate for EMD was lower compared to Merino sheep which 

ranges between 0.21 and 0.27 (Fogarty et al. 2003; Huisman et al. 2008; Fogarty et al. 

2009). Ball et al. (2001) in Table 3 was also the only previous published estimate of C-

site fat depth heritability for goats between 0.11 and 0.13 which was slightly higher than 

the heritability estimate of this analysis but compared to sheep at 0.25 (± 0.02) goats are 

much lower due mostly to the small amount of variation and are much leaner than sheep 

(Table 1, Safari et al. 2005). 

 

5.5.2 Genetic correlations 

The most important finding was the genetic correlation of survival is positive with birth 

weight and not different to zero for the other production traits. This limits the ability to 

exploit correlated traits already in KIDPLAN but the benefit is there are no obvious 

antagonistic traits for kid survival. Birth weight had the highest correlation of 0.19 (± 

0.19), the high standard error was of some concern however the positive correlation 

indicates there is a relationship. Rosati et al. (2002) in Table 5 also reported a positive 

genetic correlation in sheep (0.34), however this was with lamb survival as a trait of the 
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dam. Selecting for higher birth weights could be a possible method of increasing survival 

rates.  

 

Due to the different survival rates for different birth types; singles (0.71), twins (0.83), 

and multiples (0.72) (Figure 3-7), increasing birth weight is likely to increase the survival 

of multiples which have lower birth weights (3.2 kg) (Figure 3-7) but increasing birth 

weight of singles (4.1 kg) could lead to higher rates of dystocia which is not currently an 

issue for goats (Braun 2007; Zahraddeen et al. 2011; Sofi et al. 2012). Investigating the 

relationship between birth weight, birth type and kid survival is warranted. The positive 

genetic correlation between kid survival, WWT and PWT was low but positive and for 

kid survival and yearling weight slightly negative. It indicates that selecting for kid 

survival will have a slightly positive effect on early growth rates but not on later growth 

rates. Selecting for kid survival will not affect muscularity and fat deposition. 

 

The main cause of dystocia and hypoxia in sheep is fetal-pelvic disproportion (Brounts et 

al. 2004; Brien et al. 2010; Hinch and Brien 2014). Dystocia and difficult births in goats 

are not common (2-3% prevalence) and the cause was normally due to large litter sizes 

with more than one kid entering the birth canal at a time, rather than feto-pelvic 

disproportion such as in sheep (Braun 2007; Zahraddeen et al. 2011; Sofi et al. 2012). 

 

As expected, BWT had a moderate positive genetic correlation with the other growth 

traits WWT, PWT, and YWT of between 0.48 and 0.53. These correlations were slightly 

lower than the previous estimates of Ball et al. (2001) which were between 0.60 and 0.69. 

The genetic correlation between the three growth traits WWT, PWT, and YWT was high 
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(0.81 - 0.88) and higher than Table 2 of Ball et al. (2001) of between 0.59 and 0.83. These 

results were also similar to sheep of between 0.75 and 0.93 (Table 5, Safari et al. 2005). 

 

There was no genetic correlation between EMD and FAT at -0.04 ± 0.61. All of the other 

genetic correlations with the scanned traits had high standard errors due to there being 

few records, across a limited number of sites across years, and the small amount of 

variation in the traits caused by the fact that goats tend to be lean and smaller compared 

to sheep. There was no genetic correlation between BWT and EMD but negative between 

the other growth traits, this was partially because the EMD model accounted for weight 

at recording. In comparison to sheep, the review by Safari et al. (2005) reported a 95% 

confidence interval for the genetic correlation between EMD and live weight between -

0.25 and 0.68, and for FAT and live weight between -0.44 and 0.84. Recently Brown and 

Swan (2016b) reported in Table 3 across breeds the genetic correlation of PFAT was 

negative for BWT (-0.27 ± 0.02), WWT (-0.24 ± 0.03), PWT (-0.19 ± 0.02), and YWT (-

0.27 ± 0.08). It is possible that the stronger negative genetic correlation difference 

between the bivariate analyses and those of previous literature were due to the lower 

heritability and could be real, but it is possible that it was caused by inaccurate recording 

practices which have been highlighted by the data filters (Chapter 4). 

 

5.5.3 Phenotypic correlations 

The phenotypic correlations were mostly positively correlated or not different to zero. 

The moderate to high phenotypic correlations for the growth traits (between 0.32 and 

0.81) were similar to those reported in Table 2 by Ball et al. (2001) of between 0.35 and 

0.78. The number of records was a concern for the accuracy of the phenotypic correlations 
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between the scanned traits (EMD and FAT) and growth traits, it appears that these 

correlations were low and generally not different to zero. The positive phenotypic 

correlation between EMD and FAT of 0.27 (± 0.03) suggests that more muscled animals 

are also fatter. 

 

5.6 Conclusion 

Kid survival was positively genetically correlated with birth weight and there was no 

genetic correlation with other production traits. The correlations between growth traits 

were similar to previous estimates on Boer goats and with the same dataset. The genetic 

correlations of scanned traits with other production traits has not previously been reported 

for goats, the strong negative relationships even with high standard errors indicates 

selecting for high weights could possibly decrease muscularity and increase fat 

deposition. Better recorded data is needed to improve the confidence in the genetic 

variance and covariance estimates for scanned traits as a large amount of data is removed 

due to the data cleaning. 
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6 Kid survival should not be treated 

as a separate trait for different birth 

types. 
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6.1 Abstract 

The biological processes for the survival of kids born as singles, twins or multiples had 

different levels of importance. To advance this further, survival as a trait of the kid was 

redefined as three separate traits depending on birth type as a genotype x environment 

interaction. The genetic parameters and relationships for these traits were investigated to 

determine if they could be incorporated into a breeding program for a faster rate of genetic 

gain in kid survival. The three kid survival traits were heritable; 0.08 ± 0.05 for singles, 

0.12 ± 0.03 for twins, and 0.13 ± 0.04 for multiples. Using an animal tri-variate model, 

the kid survival traits defined by birth type were positively genetically correlated with 

each other between 0.46 and 0.72. The genetic correlations indicate that they could be 

treated as separate traits however selection would be difficult to implement. The 

correlations between the kid survival traits and other production traits were not accurate 

with large standard errors and are biologically questionable. Further analysis with 

accurate reproductive data is required before the three separate survival traits can be 

seriously considered for implementation. 

 

6.2 Introduction 

The estimates from the univariate and bivariate analyses of kid survival showed it to be 

variable, heritable, and positively correlated with production traits which makes it ideal 

for improving reproductive rate in Boer goats (Chapter 4 and Chapter 5). This chapter 

further investigated the relationships between birth type and birth weight with kid 

survival. There were three reasons to continue the analysis of kid survival; the higher than 

expected variation in kid survival, the significant difference in survival due to the fixed 
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effect of birth type in the univariate analysis, and the positive genetic correlation between 

birth weight and kid survival (Figure 3-7, Chapter 4 and Table 5-2). 

 

Differences in reproductive performance between yearling, hogget, and adult ewes were 

investigated for phenotypic and genetic differences (Bunter and Brown 2013; Newton et 

al. 2014). For Merino hoggets and adults there were no differences in the heritability of 

lamb survival as a trait of the ewe, 0.02 ± 0.03 and 0.00 ± 0.00 respectively (Newton et 

al. 2014). Similar for maternal crosses there was no difference in heritability between 

yearling, and hogget lamb survival, 0.11 ± 0.09 and 0.00 ± 0.03 respectively (Newton et 

al. 2014). Also for maternal crosses, there was no difference in lamb survival between 

yearlings and adults at two or over two years of age between 0.06 and 0.07 (Bunter and 

Brown 2013). The most relevant result from Bunter and Brown (2013) was the genetic 

correlation for lamb survival between the age groups was between 0.38 ± 0.20 and 0.65 

± 0.22, significantly less than unity. The significant difference from unity supported the 

reasoning that reproductive traits could be treated as genetically different traits for 

yearling and adult ewes. The results from the literature where reproductive traits are 

treated differently based on a factor supported treating kid survival as a different trait 

based on birth type. 

 

Differences in kid survival due to birth type have been explored by Snyman (2010), with 

singles, twins, and multiples having survival rates of 89%, 86%, and 78% respectively. 

These differences were due to different physiological effects. Treating lamb survival as a 

trait of the ewe Bunter et al. (2017) did support that it should be treated as separate traits 

for single and twin/multiple births. Treating lamb survival as three separate traits and as 
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a trait of the lamb, was found to be different traits with different genetic relationships 

with birth weight (Kelly et al. 2016; Kelly et al. 2017)  

 

The aim of this chapter was to determine if kid survival is a different trait for single, twin, 

and multiple born kids where the birth type is treated as a different environment. Due to 

the relationship between birth weight and kid survival, further investigation was needed 

to determine the relationship between birth weight and survival separately for singles, 

twins, and multiples and what effect selecting for different survival traits will have on 

birth weight of each birth type.  

 

6.3 Materials and Method 

6.3.1 Dataset and trait definitions 

Australian national performance recording data (KIDPLAN) was provided by Sheep 

Genetics. Sires, dams, and sites with inaccurately recorded birth types were filtered (as 

described in Chapter 3 and Chapter 4). Contemporary groups were based on sex, year of 

birth, site, and conception method. Any contemporary group with fewer than ten animals 

were removed. The number of records remaining was 6,863. The two traits of interest are 

birth weight and kid survival.  

 

Both birth weight and kid survival were separated into three separate traits based on birth 

type, where each birth type was treated as a different environment in a genotype x 

environment interaction. The new birth weight traits included birth weight of singles 

(BWT_S) with 522 records, birth weight of twins (BWT_T) with 2,293 records, and birth 
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weight of multiples (BWT_M) with 1,099 records. For kid survival the birth type traits 

included kid survival of singles (KSV_S) with 1,235 records, kid survival of twins 

(KSV_T) with 3,772 records, and kid survival of multiples (KSV_M) with 2,006 records. 

An animal could only have one of each of the birth weight and kid survival birth type 

traits as there could be no residual covariance between the birth type traits. 

 

6.3.2 Statistical analysis 

In previous models both birth weight and kid survival models included birth type as a 

fixed effect. In this case birth type was confounded with the definition of the new traits 

so it was not fitted in any of the following models unless specified. The fixed effects 

included for each analysis were doe age and contemporary group (year of birth, sex, 

conception type, and site). Each model included a maternal permanent environmental 

effect, for each analysis both a sire and animal model were tested. All of the statistical 

analyses were conducted using ASREML version 3 (Gilmour et al. 2009). 

 

The first method was separate univariate analyses for each birth type trait for birth weight 

and kid survival with a sire model. The estimated breeding values (EBV) of sires were 

extracted and plotted against the EBV’s for the other traits. This analysis was repeated 

with an animal model. As KSV is a binomial trait and there was a chance of non-normal 

distribution each sire and animal model were also run with a binomial logistic 

transformation. The variance of the underlying scale was the default 3.3 for a logistic 

distribution (Gilmour et al. 2009). 
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The second analysis was separate tri-variate analyses of the three birth weight traits and 

the three kid survival traits. As animals could only have one of each of the birth type traits 

for birth weight and kid survival the residual covariance were fixed at zero between traits. 

Both tri-variate analyses were tested using a sire and then animal model. The sire and 

animal models were compared with CORGH which parameterises the unstructured model 

differently and was generally more difficult to fit but would not converge. Current 

limitations of ASREML version 3 prevents more than one trait to be logistically 

transformed in a model and therefore survival data was only analysed as untransformed 

for the bivariate or tri-variate models (Gilmour et al. 2009). 

 

The third analysis was a series of multivariate and bivariate analyses to estimate the 

genetic correlation between each of the kid survival traits with the other production traits. 

A single multivariate model of the six traits for birth weight and kid survival was 

attempted but was too complex to reach convergence. Birth weight was highly genetically 

correlated between birth types and was returned to being treated as a single trait with birth 

type fitted as a fixed effect. A multivariate analysis of BWT and the three kid survival 

traits also did not reach convergence. Bivariate analyses were used to estimate the genetic 

correlation between each of the three kid survival traits and each of the production traits 

(BWT, WWT, PWT, YWT, EMD, and FAT). 

 

6.4 Results 

The univariate analyses were used to determine if the birth type traits could be separated, 

to determine preliminary genetic correlations using EBVs, and to determine the suitability 

of logistic transformation for the kid survival traits. The correlation between EBVs for 
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the birth weight traits were lower than expected. The correlations were all positive for 

birth weight, higher for the sire model (0.25 to 0.41, Figure 6-1) compared to the animal 

model (0.13 and 0.23, Figure 6-2).  

 
Figure 6-1: Correlation of EBVs for birth weight traits separated by birth type, with 

a sire model. 

 

Figure 6-2: Correlation of EBVs for birth weight traits separated by birth type, with 

an animal model. 
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For kid survival each of the traits had higher phenotypic variances compared to a single 

survival trait. For both the sire and animal model the phenotypic variance was higher for 

multiples than for singles and twins. The heritability for each of the kid survival birth type 

traits tended to be higher compared to a single trait (0.09), increasing from singles (0.07 

± 0.06), twins (0.12 ± 0.04) to multiples (0.14 ± 0.07). The log-transformed data tended 

to have higher heritability estimates but the standard error also increased for all kid 

survival traits; singles (0.18 ± 0.18), twins (0.21 ± 0.09), and multiples (0.18 ± 0.12). 

 

The correlation between EBVs for the kid survival traits were also lower than those for 

birth weight and also lower than expected for both the normal and logistically transformed 

models. The correlations were higher for the sire model (0.016 to 0.32, Figure 6-3) 

compared to the animal model (0.0078 to 0.19, Figure 6-4). The low correlations for the 

KSV traits could have been due to the high standard errors for the EBVs and low 

accuracies of between 0.39 and 0.51 for the animal model. Correlations between EBVs 

of transformed and non-transformed KSV traits were between 0.97 and 0.99 (Figure 6-

4). 
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Figure 6-3: Correlation of EBVs for kid survival traits separated by birth type, with 

a sire model. 

 
Figure 6-4: Correlation of EBVs for kid survival traits separated by birth type, 

without and with logistic transformation, using animal models. 
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To determine if the covariance between the kid survival traits could be estimated for an 

animal model, three bivariate models were used. The parameter estimates for the three 

survival traits were not different to the univariate analysis. For the bivariate analysis, the 

genetic correlation between the three kid survival traits was 0.54 ± 0.33 between KSV_S 

and KSV_T, higher for KSV_S and KSV_M at 0.77 ± 0.47, and lower between KSV_T 

and KSV_M at 0.42 ± 0.30. There were also no significant differences between sire and 

animal models determined by a χ2 difference in log-likelihood test, and no difference in 

parameter estimates. Logistic transformation had no significant difference to parameter 

estimates of the univariate model. There were no differences in parameter estimates for 

the univariate, bivariate, and multivariate analyses. 

 

The ability to estimate the covariance between the three kid survival traits with the 

bivariate animal model gave support to attempt a tri-variate analysis. Both the three birth 

weight traits and three kid survival traits were analysed with a sire and then animal model. 

There was a trend for lower heritabilities with increasing birth type traits for birth weight 

(0.32 to 0.24) and an increasing trend for kid survival (0.10 to 0.19) (Table 6-1). Based 

on the standard errors, the differences in heritability between the three birth weight or 

three kid survival traits were not significant. There was also no difference between either 

of the sire and animal model heritabilities. 
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Sire multivariate models were fit originally, but variance estimates were not significantly 

different to the animal models (Table 6-1). The tri-variate KSV model had lower standard 

errors for the heritability of KSV traits (0.03 to 0.05 for KSV animal model, Table 6-1) 

than when treating the birth types as three separate traits with no genetic correlation (0.04 

to 0.07 for KSV animal models, not presented). Thus the tri-variate analysis also had 

higher EBV accuracies (0.53 to 0.58 for KSV animal model) than the univariates (0.39 to 

0.51 for KSV animal models), calculated based on standard errors of EBVs and selection 

index theory. When kid survival was analysed as a univariate trait (Table 4-4), the log-

likelihood was 3,537.82 and when analysed as a tri-variate (Table 6-1), it was 2239.68, a 

difference of 1,298.14. Using a χ2 test, this difference was significant (P < 0.001) 

indicating the univariate model was superior, this was also the case for BWT. 

 

To further validate the results of the tri-variate the same method was used for weaning 

weight (WWT) and post-weaning weight (PWT). For both WWT and PWT the genetic 

correlations were predicted to be higher than those for BWT but were in fact lower (Table 

6-2). For WWT the genetic correlation between singles, twins, and multiples was between 

0.38 and 0.76 with standard errors of between 0.19 and 0.60. For post-weaning weight 

the genetic correlations were between 0.37 and 0.77 with standard errors between 0.21 

and 1.06. The standard errors on these correlations were much higher compared to BWT. 

The largest concern was the estimates of heritability of the multiples for WWT_M (0.06 

± 0.04), and PWT_M (0.03 ± 0.05). 

 

To estimate the covariances between the three birth weight traits and the three kid survival 

traits a series of bivariates were used (Table 6-3). There were very large standard errors 
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associated with all of the estimates and were higher for the sire model compared to the 

animal models. For the sire model KSV of singles was negatively correlated with birth 

weight but positive for the animal model. 
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Various multivariate analysis were attempted but would not converge. The first was with 

all six traits for birth weight and kid survival. To simplify the model the original birth 

weight trait and the three kid survival traits were used. After also attempting the analysis 

with a sire model, it was evident that the data was not suitable for further multivariate 

analysis. 

 

The final analysis was to determine the relationship between the three kid survival traits 

and the other production traits. This was achieved through a series of bivariate analyses 

of the three kid survival traits and the original production traits. There was no significant 

difference between the genetic correlations of the three kid survival traits and a single 

birth weight trait compared to three birth weight traits separated by birth type (Table 6-

4). All of the genetic correlations had large standard errors associated with them. For 

KSV_1 there were no genetic correlations that were different to zero but the production 

traits (excluding WWT) tended to be positively correlated. The genetic correlations for 

KSV_2 with production traits were higher and significantly different from zero compared 

to KSV_1 and KSV_3. There were convergence issues for several of the KSV_3 bivariate 

models. Both weaning weight and post-weaning weight were positively correlated with 

KSV_3. 
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Table 6-4: Genetic correlations with animal model between kid survival birth type 

traits and individual production traits. 

 Kid survival 

 Single Twin Multiple 
bKSV 

BWT 0.23 ± 0.40 -0.04 ± 0.23 -0.24 ± 0.25 0.19 ± 0.19 

WWT -0.01 ± 0.41 0.61 ± 0.21 0.11 ± 0.31 0.04 ± 0.02 

PWT 0.23 ± 0.41 0.61 ± 0.21 0.39 ± 0.31 0.03 ± 0.02 

YWT 0.19 ± 0.38 -0.16 ± 0.19 * -0.06 ± 0.03 

EMD * a0.48 ± 0.18 * 0.05 ± 0.03 

FAT 0.45 ± 0.60 0.67± 0.32 a0.45 ± 0.60 0.05 ± 0.03 
a - Log likelihood converged but parameters not converged 
b - Values from Table 5-2 
* - Did not converge. 

6.5 Discussion 

It was possible to separate lamb survival as a trait of the ewe into separate biological traits 

based on birth type (Bunter et al. 2017), but the ability to do so with goats and as a trait 

of the kid was limited. The parameter estimates from the univariate analysis, correlations 

between EBVs, the ability to estimate covariances with bivariate and tri-variate models 

all supported treating kid survival as different trait based on birth type as different 

environments in a G x E interaction. With the available data, the method is not 

recommended for use in breeding programs, until the recording practices in the 

KIDPLAN database have improved and more accurate estimates can be made with 

confidence.  

 

Both the sire and animal models had no significant difference between the phenotypic 

variance, heritability or maternal permanent environmental effect of the individual kid 

survival traits and the original KSV trait. This was a small amount of support for the 

hypothesis as each of the traits were variable and heritable. The parameter estimates for 

the logistically transformed kid survival traits for both the sire and animal models were 
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higher but not different to zero with large standard errors. This was some evidence for 

there being no benefit in performing the logistic transformation. This was further 

demonstrated with the bivariate analysis, by the fact that ASREML could only fit one 

logistically transformed trait at a time (Gilmour et al. 2009). It is not expected, that if it 

were possible, that it would provide better estimates, as it did not improve them for the 

univariate analysis from Chapter 4 nor the univariate analyses of separate birth type traits. 

 

The univariate EBVs for the three kid survival traits had low to moderate correlations 

which indicate they have a low genetic correlation, however the EBVs have high standard 

errors and low accuracy. For birth weight it was anticipated that the three traits and their 

EBVs would have a moderate to high correlation. The reason for the low correlations 

could be due to the high standard errors of the EBV’s, the small number of sires with 

adequate numbers of progeny for each trait, or the suitability of the methodology. 

 

The tri-variate analysis was the best demonstration that it was possible to separate kid 

survival into three separate traits by birth type and that the genetic expression for kid 

survival was different depending on the birth type environment. It was possible but there 

were issues in doing so. The standard errors were very high for both the heritabilities and 

correlations which are not different to zero. The sire model genetic correlations were 

higher than first expected (genetic correlations between 0.77 and 0.84 and low 

heritabilities of 0.10 to 0.19) and were higher than those of the animal model (0.46 and 

0.72 for the genetic correlations and 0.08 to 0.13 for the heritabilities). This was evidence 

for kid survival being a different trait based on a birth type environment (Robertson 1959). 

The parameter estimates for the original KSV trait (Chapter 4) compared to the tri-variate 
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analysis were not significantly different however the standard errors were much higher 

with the tri-variate analysis. The χ2 test of significance showed the univariate was a better 

fit and treating kid survival as one trait is currently the most appropriate method. 

However, the test may not be appropriate as birth type was included as a fixed effect in 

the original KSV trait but not implicitly in the tri-variate and the assumption in the χ2 test 

for random effects is that the same fixed effects model is fitted. That said, in the tri-variate 

the means of each birth type were included as so this may not be an issue. These results 

were similar to previous sheep estimates for heritability of between 0.01 and 0.15 but 

different for genetic correlations between -0.08 and 0.60 (Kelly et al. 2016; Kelly et al. 

2017). While the parameters could be estimated, the accuracy and the high genetic 

correlations make incorporating the three traits into an index impractical until more data 

is available.  

 

The results from the tri-variate birth weight model supports the results of the kid survival 

traits. Birth weight had the largest amount of data of the production traits but there were 

very few sires with adequate numbers of progeny with records of single, twin, and 

multiple birth weight traits (27 sires with more than five progeny for each trait). High 

standard errors of the heritabilities and genetic correlations for the birth weight traits again 

showed the difficulty of separating the traits with available data in KIDPLAN.  

 

Tri-variate analysis of weaning weight and post-weaning weight suggested that further 

investigation is warranted. For weaning weight the heritability decreased from 0.25 for 

singles to just 0.06 for multiples while post-weaning weight dropped from 0.34 to 0.03. 

Once more the genetic correlations were predicted to be moderate to high. For weaning 
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weight the genetic correlation was between 0.38 and 0.76 and for post-weaning weight 

between 0.37 and 0.77. While the standard errors were high, if these results are correct it 

could have a major effect with a breeding index that could place a higher selection 

pressure of weights for twins. 

 

Another major issue was estimating the covariances between the separate birth weight 

and kid survival traits for multivariate analysis. The bivariate analysis between birth 

weight of singles and kid survival of singles was -0.26 for the sire model, and 0.17 for the 

animal model. The standard errors were high and so the correlations were not different to 

zero but it is concerning that the sire model was negative and the animal model positive. 

Biologically, single born kids are more likely to suffer dystocia due to fetal-pelvic 

disproportion as they are larger so it would be logical for a negative correlation not 

positive (Brounts et al. 2004; Brien et al. 2010; Hinch and Brien 2014). The genetic 

correlation between the multiple birth weight and kid survival traits were -0.46 and -0.43 

for the sire and animal model respectively. It was predicted that this would be a positive 

correlation as multiples are smaller and have less of an ability to thermoregulate their 

body temperature (Plush et al. 2016). High birth weights for multiples would also increase 

the amount of brown adipose tissue available at birth (Plush et al. 2016). 

 

The limited data especially for EMD and FAT was the main cause for the inaccurate 

estimates for the genetic correlations between production traits and the three kid survival 

traits. The estimates for the genetic correlations is a large limitation to the incorporation 

of three separate kid survival traits in a breeding program. Previously the genetic 

correlations between a single kid survival trait as a trait of the kid had low positive genetic 
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correlations between the production traits and is not consistent with the higher estimates 

of three separate traits (Chapter 5).   

 

The issues with separating kid survival into three separate birth type traits suggest there 

is no current need to until more data is available. The most difficult issue, is the 

correlations between the three kid survival traits and birth weight did not support the 

hypothesis, and the majority of these estimates had large standard errors. While the 

moderate correlations between the kid survival traits supports treating them as separate 

traits, they could be too high for this purpose when selecting for the individual KSV trait 

would be logistically easier. The correlations between EBV’s from the univariate analysis 

appeared to be too low but moderate to high for the bivariate and tri-variate analysis. 

Finally the issues with convergence of the multivariate analysis between the three kid 

survival traits and with the other production traits increases the assumptions that need to 

be made for a selection index. 

 

6.6 Conclusion 

The probability of kid survival was different depending on birth type. This was evident 

in the fact that singles and multiples had lower survival rates than twins. It was 

hypothesised that kid survival could be treated as a different trait for different birth types. 

While it was possible to treat them as separate traits and the models converged, the 

accuracy of the results was not suitable for them to be used practically in a breeding 

objective. With more and precise data it should be re-considered for the implementation 

in national performance recording as it has the potential to increase the rate of genetic 

gain. 
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7 Australian goat producers say they 

want to sell more meat. 
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7.1 Abstract 

The development of breeding objectives for an Australian meat goat production system 

needs to include input from rangeland harvesters, commercial producers, and seedstock 

breeders as they are all stakeholders in the genetic improvement of meat goats. The two 

aims for this study were to 1) determine the breeding goals for each of these production 

systems and 2) calculate economic values for traits in the breeding objective. To achieve 

this, surveys were distributed online to the producer groups and a total of 44 responses 

were returned. The most consistent message from producers, was that increasing meat 

production is the main objective. Internal parasites were also identified as an issue for the 

commercial producers and seedstock breeders. The largest problem identified, was the 

inconsistency between what producers said they recorded and what is submitted for 

genetic evaluation. Processors were also surveyed but had a limited response rate. 

 

The results from the survey on herd structure, reproduction, management, and marketing 

were used to calculate economic values. Weight at sale age had a large economic value 

with an increase of $2.53 per kg increase. Relative economic values were calculated as 

dollar gain per genetic standard deviation. Kid survival ($9.79) had the largest economic 

value per genetic standard deviation, followed by fertility ($5.94), body weight ($3.94), 

number of kids weaned ($3.00), mature weight ($0.70), and litter size ($0.33). The 

economic values for the reproductive traits were strongly supportive of their inclusion in 

the breeding objective. With clear breeding objectives from the surveys and the calculated 

economic values, an index for Australian meat goats will be developed (Chapter 8). Such 

an index is likely to have a large emphasis on reproduction and body weight.  
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7.2 Introduction 

The Australian meat goat industry is undergoing some major changes and there is a need 

to update the breeding objectives and economic values for important production traits. 

There is a growing global demand for goat meat, with the price per kilogram at record 

highs (MLA 2016). To capitalise on this growing market, Australian goat breeders said 

they want an index that is specifically designed for producing goat meat in self-replacing 

herds instead of using Carcase Plus (CPLUS) which is a terminal sire index for sheep 

(BCS Agribusiness 2012; Sheep Genetics 2016). 

 

Ponzoni (1988) outlined five steps for a breeding program; 1) define the breeding 

objective, 2) identify the selection criteria, 3) develop a performance recording system, 

4) present the information for making selection decisions, and 5) use the selected animals. 

The Australian sheep and beef industries have worked extensively on developing 

economic values and breeding objectives. Both industries have considered the income 

and expenses for those production systems, as well as the objectives of the breeders 

(Hazel 1943; Morris 1981; Ponzoni 1988; Butler et al. 1995). The sheep industry has 

undergone major changes with an increasing demand for meat and a premium for wool 

quality (Swan et al. 2007; Swan et al. 2009). By communicating with producers and 

analysing these market changes, Sheep Genetics have developed a number of indexes for 

wool and lamb production (Swan et al. 2007; Swan et al. 2009; Swan et al. 2015). 

 

The index currently used by KIDPLAN breeders is Carcase Plus (CPLUS) (Sheep 

Genetics 2016). This index was one of the indexes developed by Sheep Genetics for 

terminal sire sheep. It places 65% of the selection emphasis on growth (originally 60%), 
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30% on muscling (originally 20%), and 5% on decreasing fat (originally 20%) (Sheep 

Genetics 2016). The issue raised by Australian meat goat breeders, is the suitability of 

using a sheep index for goats and the need to develop an index that uses goat breeding 

objectives (BCS Agribusiness 2012). 

 

There were a number of stakeholders that need to be considered when designing such an 

index for the Australian meat goat industry. There are the rangeland harvesters, which are 

the largest production group (90%) and are opportunistic, but don’t use KIDPLAN (MLA 

2013). Commercial producers that farm rangeland goats in fenced paddocks and often 

have a breeding program that incorporates crossing with Boer goats. Seedstock breeders, 

either currently use or could potentially use the national performance recording scheme. 

Finally, processors providing the goat meat to meet the domestic and global demand. 

 

The two aims for this study were to 1) determine the breeding goals for each of these 

production systems, and 2) calculate economic values for traits in the breeding objective. 

 

7.3 Materials and Method 

7.3.1 Industry surveys 

Three targeted surveys were developed for Australian goat producers to complete 

(Appendix 7-1, 7-2, and 7-3). Specific questions were included about herd size, 

management practices, reproduction, marketing, and breeding objectives. The surveys 

were available online (via the Meat and Livestock Australia website) for three months 

and had a total of 44 responses. In regards to the rangeland, commercial, and seedstock 
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surveys, there were 5, 24, and 15 responses respectively. A survey was also sent to goat 

processors, however the three respondents were small boutique operators processing their 

own stock and were not representative of the wider industry (Appendix 7-4). 

 

To determine if there was a difference in responses between commercial producers, they 

were split into Pure Boer, Boer Cross Rangeland, and Other Meat Breeds with 10, 6, and 

8 responses respectively. χ2 tests were conducted to test if there was a significant 

difference in responses between the commercial producer categories. As there was a large 

range in herd size, the responses were split by the number of does joined (either less than 

or greater than 200). There were nine small producers with less than 200 does (<200 does) 

and 12 large producers with more than 200 does (>200 does), respondents that did not 

farm a meat breed were not included in the analysis. χ2 tests were also used to test if there 

was a significant difference in responses between the <200 does and the >200 does data 

groups. The Pearson’s χ2 test-statistic was used to determine if there was a significant 

difference in responses between rangeland, commercial, and seedstock producers.  

 

Within the seedstock breeder survey there were three groups; breeders using KIDPLAN 

(all of whom are Boer breeders), Meat Breeders (predominantly Boer breeders), and 

Other Breeders. For the KIDPLAN group there were five responses and Meat Breeders 

had seven. Other Breeds included one Angora and one unidentified dairy breed, these two 

responses were not included in the analysis as they are not representative of the Australian 

meat goat industry. A summary of the number of responses and size of the response 

groups are provided in Table 7-1. 
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Table 7-1: Summary of the number of responses and annual herd size for each 

survey by production system and survey group. 

Survey Group 

Number 

of 

responses 

Mean 

number 

of does 

Median 

number of 

does 

Mean 

number of 

bucks used 

/ year 

Median 

number of 

bucks used 

/ year 

Rangeland 
5 240 200 - - 

Commercial  
24 372 200 - - 

   Commercial (Boer) 
10 332 128 - - 

   Commercial (Boer x  

   Rangeland) 6 380 60 - - 

   Commercial (Other 

   Meat Breeds) 8 430 370 - - 

   Commercial (<200) 
9 38 29 - - 

   Commercial (>200) 
13 692 510 - - 

Seedstock 
15 101 75 5 4 

   Seedstock     

   (KIDPLAN) 5 135 80 5 3 

   Seedstock (Meat  

   breeders) 
7 83 65 5 4 

- Relevant question not asked 

There were some questions which asked their opinion on a statement. These questions 

were on a 5 point Likert scale of Strongly Disagree, Disagree, Neutral, Agree, and 

Strongly Agree which were coded as -2 to +2. The average was used to determine the 

opinion of the respondents.  

 

There were also questions on economic values in relation to income. Following advice 

from Meat and Livestock Australia, there was an understanding that producers within 

these systems had different depths of knowledge of their business (Julie Petty, MLA Goat 

officer, personal communication). Not all of the surveys asked the same questions of 
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producers in relation to income, particularly the rangeland harvesters. Only seedstock 

producers were expected to keep detailed trait records, questions about recording 

practices were excluded from the rangeland and commercial surveys. 

 

7.3.2 Economic Values 

Economic values were calculated using SheepObject2, a breeding objective software 

program developed by Andrew Swan (AGBU). The program requires inputs regarding 

herd structure, reproductive performance, sales of surplus males and females, and the 

annual management costs. The values used for this input were extracted from the industry 

surveys, market reports, and previous literature. The output from SheepObject2 is in 

dollars per unit gain. Using the estimates from the bivariate analysis (Chapter 5) these 

were converted to relative economic values, calculated as dollars per genetic standard 

deviation (σ𝐺). 

 

SheepObject2 calculated the total profit as: Total profit = Sale weight 

returns - management costs - sale weight costs - feed costs. Base profits and feed costs 

are determined for surplus males, surplus females, and breeding ewes. The base profit 

and feed costs were then adjusted for sex, weight, birth type, and rearing type. Economic 

values were then calculated for litter size, number of kids weaned, fertility rate, kid 

survival, sale weight, mature weight and dressing percentage. These economic values 

were functions of the herd structure, base profit and base feed cost. 
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7.4 Industry Surveys 

7.4.1 Management practices 

The management practices section of the survey, included questions about supplement 

feeding, internal parasites, weight recording, and goat fencing. A summary of the 

categorical questions asked and the results of the χ2 tests of these questions are provided 

in Table 7-2. 
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Table 7-2: Summary of management questions asked and the results of tests of 

significant difference for those questions. 

Question 
Majority 

response 
χ2 tests of significant difference 

What month does the 'limited feed 

period' normally start? 
March NS 

What month does the 'limited feed 

period' normally end? 
May NS 

Do you supplement feed? Yes 

Commercial producers (59%) 

had a lower rate of supplement 

feeding than Seedstock breeders 

(92%). 

If you supplement feed, what is the 

primary feed base? 
Hay NS 

Do you monitor internal parasites? Yes 

Commercial producers (50%) 

had a lower rate of monitoring 

than Seedstock breeders (91%). 

Do you control internal parasites? 
Yes 

Drenching 
NS 

What proportion of the current drop 

males and females will have Worm 

egg count's (WEC) tested? 

>50% NS 

Do you have improved fencing 

designed for goat management? 
- NS 

Please tick the body weights you 

currently record for females. 

BWT, 

WWT, 

PWT 

NS 

Please tick the body weights you 

currently record for males. 

BWT, 

WWT, 

PWT 

NS 

Birth weight (BWT), weaning weight (WWT), and post-weaning weight (PWT) 

NS – Not significant 
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One of the key requirements for calculating the economic values (7.5 Economic Values) 

is the cost of supplement feeding. Commercial, and seedstock producers were asked 

“what month does the limited feed period start/end”. There was no significant difference 

in when supplement feeding starts and ends between production systems or production 

groups (Table 7-2). For the majority of producers the limited feed period started in March 

and ended in May. The limited feed period lasted a mean of 3.5 months. As to whether 

respondents supplement feed, there was no significant difference between commercial 

groups, nor was there a difference between seedstock groups. On average 59% of 

commercial producers supplement feed compared to 92% of seedstock breeders. 

 

The main type of supplement feed for seedstock producers in both KIDPLAN and meat 

breed groups was hay, although grain was also reported to be fed. Three commercial 

producers reported a known amount of feed fed over the limited feed period, but the large 

range (0.5 to 150 kg/head/year) indicated a misunderstanding of the question and was not 

useful to generate an average annual amount fed.  Of the seedstock breeders, only one 

knew how much hay they fed (32 kg/head/year). There were four seedstock breeders with 

a known amount of grain fed. The range of values reported (0.3 to 20 kg/head/year) again 

indicated a misunderstanding of the question.  The two breeders feeding under 2 kg of 

grain per head/year were likely in preparation of a show competition or misinterpreted 

the question. It is possible that the low outliers answered in terms of kg/day, kg/head or 

kg/live weight, without clarification it was not sensible to use these values. Excluding 

these low outliers the mean amount of grain fed was 20 kg/head/year.  
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For seedstock breeders, the average cost of supplement feed was $2.57/kg for hay and 

$1.07/kg for grain. Additional comments from the surveys suggested, that the high prices 

for both hay and grain was likely a misinterpretation of the question, incorrect units or 

included pelleted and processed feed. Three commercial producers responded to “what is 

the average cost of feed in $/kg?” with values of $0.55, $1.00, and $30.00. It is possible 

that the $1.00 was for pelleted feed or in units of $/live weight kg. If $/live weight, this 

would be approximately $47 per doe fed for 90 days giving a final feed cost of $0.42/kg. 

The $30.00/kg was very high, suggesting the responder misinterpreted the question as 

$/head instead of $/feed kg (which when converted for the average doe gives a value of 

$0.14/kg). The average cost of supplement feed for the three commercial producers, after 

these adjustments and assumptions, was $0.37/kg of feed. The conclusion for feed costs 

was that the predominant system is mixed pasture with limited supplement feeding. 

 

Commercial and seedstock producers were asked if they monitor internal parasites, but 

were not asked to describe their monitoring practice. Significantly more seedstock 

breeders (91%), monitor for internal parasites, compared to commercial producers (50%). 

There was no difference between groups within commercial producers or within 

seedstock breeders. While commercial producers had a lower rate of monitoring, both 

commercial and seedstock producers had some form of parasite control. For both 

commercial producers (67%) and seedstock breeders (73%), drenching was the 

predominant control method. Some seedstock breeders also reported “off-label” use of 

Barbervax®, a vaccination for Haemonchus contortus (Barber’s Pole Worm). Of the 

seedstock breeders, 44% recorded worm egg counts (WEC) in more than 50% of the 

current drop male and females. The high rate of monitoring of WEC was not consistent 

with the low number of WEC records submitted to KIDPLAN (Chapter 3 and 4). 
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Seedstock breeders were asked if male and female progeny had weights recorded 

corresponding to the KIDPLAN weight traits (Birth, weaning, post-weaning, yearling, 

hogget, and adult weights). There was no significant difference in weight recording 

practices, between the KIDPLAN group and the Meat breed group. Of the seedstock 

respondents, 60% to 67% recorded birth weight, weaning weight, and post-weaning 

weight, for both males and females. For yearling, hogget, adult, and repeat adult weights 

of males, the number of respondents dropped to 40%, 13%, 33%, and 27% respectively. 

Similarly for the females; yearling, hogget, adult, and repeat adult weights were recorded 

by 40%, 20%, 40%, and 27% of respondents respectively. 

 

Commercial producers were asked if they had improved fencing designed for goats and 

what proportion of the property used such fencing. There was no difference between the 

different groups, with 91% of commercial properties using such fencing. The mean 

proportion of the property enclosed by improved fencing was 63%. 

 

7.4.2 Reproduction 

On all surveys, the reproduction questions had few responses and there were some 

difficulties with respondents’ misinterpretation of the questions. The categorical 

questions related to joining and weaning, and the χ2 tests for these questions are 

summarised in Table 7-3. 
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Table 7-3: Summary of categorical reproductive questions and the χ2 tests of 

significant difference production systems and groups. 

Question 
Majority 

response 
χ2 tests of significant difference 

Do you routinely join 

Doe kids less than 12 

months of age? 
No NS 

Please tick the months 

when you join. Feb-May NS 

Do you control joining? 

Yes 

Large Commercial producers had a 

lower rate of controlled joining (46%) 

than Small Commercial producers 

Do you control weaning? 

Yes 

Commercial producers had a lower rate 

of controlled weaning (59%) than 

Seedstock breeders (92%) 

Please tick the Months 

when you wean. Dec-Mar NS 

NS – Not significant 

 

Producers were asked about the age of first joining. The first was “Do you routinely join 

Doe kids less than 12 months of age?”, both commercial and seedstock producers agreed 

that joining doe kids less than 12 months of age was not common. As commercial 

producers were expected to be less likely to know an accurate mean age of does first 

joining, they were asked to select a 3 month age period (Table 7-4). There was no 

significant difference between the commercial groups with the majority of does being 

joined after 18 months of age. This result was unexpected as it was originally thought that 

the majority of joining occurred at 18 months of age. This result was likely due to an error 

in creating the category ranges which should have included 17-20 months. 
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Table 7-4: Summary of the proportion of producers for the age which does are first 

joined. 

 

12-15 

Months 

15-18 

Months 

18-21 

Months 

21-24 

Months 

24+ 

Months 

Pure Boer 0% 20% 20% 50% 10% 

Boer X Rangeland 33% 33% 0% 33% 0% 

Other meat breeds 43% 0% 29% 14% 14% 

Total 22% 17% 17% 35% 9% 

 

The seedstock breeders were asked at what age (in months) their does and bucks are first 

joined (Table 7-5). There was no significant difference in the age of does or bucks joined 

between the seedstock groups. However, there was a trend for the KIDPLAN group to 

join animals later (older than 16 months of age) compared to other Meat breeders who 

typically join before 16 months. The average weight of does at joining for seedstock 

breeders was 50.0 kg ± 4.3 kg, with no significant difference between KIDPLAN and 

other Meat breeders. Commercial producers were joining at an average body weight of 

47.2 kg ± 3.4 kg, which was not significantly different to the seedstock breeders. 

Table 7-5: Summary of the age (months) that does and bucks are first joined. 

 Doe 

mean age 

Doe  

median age 

Buck 

mean age 

Buck 

median age 

KIDPLAN 17 ± 2 18 16 ± 2 18 

Meat 15 ± 1 15 13 ± 2 10 

Seedstock total 16 ± 1 17 13 ± 1 16 

 

To determine the rate of genetic progress, commercial producers were asked at what age 

they sell cast for age does (CFA), and seedstock breeders were asked how many kiddings 

does are retained for. On average commercial producers and seedstock breeders retained 

does for seven years. Only seedstock breeders were asked how many years bucks are used 

for, which was an average of four years. The length these animals were retained for was 

much longer than expected. 
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None of the commercial or seedstock groups had a significant difference between the 

month in which does and bucks are joined. As expected, the majority of joining occurred 

between February and May. The main reason for this was that goats are highly seasonal 

(Papachristoforou et al. 2000, 2007; Arrebola et al. 2010). A small number of producers 

reported additional joining in spring, these responders had post codes in Queensland 

where seasonality is reduced and explains the large number joined during the potential 

anoestrus of 21-24 months (Table 7-4). This also helped explain the unexpected results 

with the majority of joining occurring after 18 months instead of the category ranges 

(Table 7-4).  

 

Both commercial producers and seedstock breeders were asked for their average fertility 

rate (does pregnant as percentage of does joined), scanning rate (percentage of fetuses 

scanned as a percentage of does joined), number of kids born alive (commercial breeders 

excluded), and the average weaning rate (kids weaned as percentage of does joined). The 

average fertility rate for both commercial producers and seedstock breeders was very high 

at 94% and 95% respectively. For scanning rate there was only one response each for 

commercial producers (200%) and seedstock breeders (156%). The average number of 

kids born alive for seedstock breeders was 1.8 kids per doe, compared to 1.6 kids per doe 

in KIDPLAN (Chapter 3, Table 3-1). The average weaning rate for the commercial and 

seedstock systems were 130% and 144% respectively, similar to KIDPLAN which is 

143%. 
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When asked “Do you control joining”, the only significant difference was between 

commercial groups with less than 200 and more than 200 does. However, in both groups 

the majority of respondents did control joining. Both groups had a majority of respondents 

that controlled weaning, but there was a significant difference between commercial 

producers (59%) compared to seedstock breeders (92%). 

 

For the time of weaning, there was no difference between any of the groups. The majority 

of respondents were weaning between December and March. This was likely a result of 

the high seasonality of goats, so joining occurred at the same time for most producers, as 

well as the limited feed period starting shortly after these dates for weaning. 

 

All but one seedstock breeder reported that they record full reproductive data. The 

question also stated “Must include recording of Dead at Birth and Dry animals, pedigree 

information, accurate Birth Type, Rearing Type, and Birth Date.” 12 positive responses 

is an overestimate, as there was an under-reporting for the reproductive questions. 

 

7.4.3 Marketing and income 

Questions on marketing and income were included in all of the survey groups. In this part 

of the survey there were fewer categorical questions. Categorical questions that were 

asked related to how animals were selected (Table 7-6). The majority of these questions 

were based on the dollar value of the animals sold. 
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Table 7-6: Summary of marketing questions asked and the results of tests of 

significant difference for those questions. 

Question Majority response 
Tests of significant 

difference 

Do you sell cast for age Does 

based on live weight, dressed 

weight or per head? 
Dressed weight NS 

For animals sold to slaughter are 

they sold based on $/kg live, 

dressed or head.  
Dressed weight NS 

Do you sell your bucks to other 

seedstock breeders? 
Yes NS 

NS – Not significant 

Commercial producers were asked what method cast for age does were sold, with the 

majority replying they were sold based on dressed weight (Table 7-6). All of the surveys 

also asked what method was used for animals sold for slaughter. Again, across all of the 

surveys, the majority of respondents sold their animals based on dressed weight. 

Rangeland harvesters had 50% of respondents selling based on live weight, but this 

difference was not significant, due to the low number of responders. The seedstock 

breeders were also asked if they sold their male progeny to other seedstock breeders, with 

80% reporting that they did sell their males to other breeders. 

 

Respondents were then asked to report sale prices based on the method of sale (Table 7-

7). The majority of animals for each of the production systems were sold based on dressed 

weight. The groups within production systems had no significant difference in price for 

cull for age does and male progeny, which suggests that there are no price premiums for 

goat meat quality. The slaughter price between production systems had a small but not 

significant difference, with values of $5.12/kg (Commercial), and $5.56/kg (Rangeland). 
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Animals in rangeland systems were sold at a younger age and lighter weight compared to 

commercial and seedstock breeders. 

Table 7-7: Summary of age and value of animals sold. 

 

7.4.4 Breeding objectives 

A small number of questions were asked in regards to the MLA (2012) research and 

development strategy (Table 7-8). The first was, if they considered reducing adult doe 

weight to be of importance as larger does eat more feed. Both commercial producers and 

seedstock breeders disagreed with this statement. When asked if they consider internal 

parasites an issue, all respondents tended to agree with the statement. Both commercial 

producers and seedstock breeders were neutral or slightly disagreed with the statement 

on the importance of increasing fat (an issue when cooling carcases). Only the seedstock 

Question Rangeland Commercial Seedstock 

What is the average sale price 

of CFA does in $/kg dressed? 

$5.56 $5.13 - 

What is the sale price of male 

progeny in $/kg dressed? 

$5.56 $5.12 $5.35 

What is the sale price in $/kg 

live? 

$1.89 $2.50 - 

What is the sale price in 

$/head live? 

- $68.00 $67.50 

Age CFA sold 3 Years 7 Years - 

Weight CFA sold (Live) 31.5 kg 47.3 kg - 

Weight CFA sold (Dressed) 17.0 kg - - 

Age male progeny sold 3-6 Months 9 Months 11 Months 

Weight male progeny sold 

(Live) 

17.0 kg 28.9 kg 35.8 kg 

Weight male progeny sold 

(Dressed) 

5.0 kg 15.8 kg 17.7 kg 
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breeders were asked if increasing meat yield was of importance to their breeding 

objective, which respondents agreed or strongly agreed with. 

Table 7-8: Summary of breeding objective questions asked and the results of tests of 

significant difference for those questions. 

NS – Not significant 

 

7.5 Economic Values 

The surveys indicated there were very few differences between production systems or 

groups within those systems. In most cases when there were differences, the majority still 

agreed with each other. Only one set of economic values were calculated, as there was 

only a small number of differences between the production systems, and groups within 

those systems. 

 

Where possible, values from the survey were used for the economic value calculations. 

The majority of the values used for the reproductive components were calculated from 

the survey responses (Table 7-9). The kidding date (August 28) and weaning age (156 

days) used the mean from both commercial and seedstock responses. The mean number 

Question Mean response 

χ2 tests of 

significant 

difference 

Reducing adult doe weight is of high 

importance to my breeding objective. 
Disagree (-1.2) NS 

Do you consider internal parasites to 

be a significant issue for you? 
Agree (+0.4) NS 

Increasing carcase fat is of importance 

to my breeding objective. 
Neutral (-0.2) NS 

Increasing carcase meat yield is of 

importance to my breeding objective. 
Strongly Agree (+1.6) NS 
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of does joined for the commercial and seedstock producers was 280 does. The median 

(80 does), was also used in the calculations, because it was of concern that 280 was an 

overestimate. As both values are relatively low for a breeding program, using either 

number of does, had no significant effect on the economic values calculated. The age at 

first kidding was calculated from the mean of the commercial producers and seedstock 

breeders. The number of kiddings was determined from the age of cull for age does with 

an assumption that there was a kidding each year after the first kidding. For the traits: doe 

mortality, fertility rate, litter size, and survival from yearling to adult, values from 

previous literature and the currently used values from SheepObject2 were used. Survival 

from birth to weaning was calculated from the KIDPLAN database for the birth types 

single, twin, and multiple (Chapter 3). 

Table 7-9: Summary of reproductive inputs, from survey responses and KIDPLAN 

data, for SheepObject2. 

Parameter Value 

Kidding date August 28 

Weaning age 156 days 

Number of does 280 

Age at first kidding 1.5 years 

Number of kiddings 7 

Doe mortality rate for age 

(2yo, 3yo, 4yo, 5yo, 6yo, 7yo, 8yo) 
0.05, 0.04, 0.03, 0.02, 0.01, 0.01, 0.01 

Fertility rate for parity 

(1st, 2nd, 3rd, 4th, 5th, 6th, 7th) 
0.80, 0.84, 0.88, 0.92, 0.96, 0.98, 0.96 

Litter size for parity 

(1st, 2nd, 3rd, 4th, 5th, 6th, 7th) 
1.9, 2.1, 2.2, 2.4, 2.3, 2.3, 2.3 

Survival birth to weaning 

(Single, Twin, Multiple) 
0.71, 0.83, 0.72 

Survival yearling to adult 0.97 

 

The values used for surplus male and female progeny sold are summarised in Table 7-10 

from the survey responses. Both males and females are sold at approximately 300 days 
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old. The only difference for the male and female progeny sold was the mean carcase 

weight (16 kg for males and 12 kg for females). From the survey responses of rangeland 

harvesters, commercial producers, and seedstock breeders the mean dressing percentage 

was 51% which is similar to the mean of 52% reported by Dhanda et al. (2003) in Table 

2. The mean price for all carcases sold in the survey was $5.35/kg. The skin value was 

assumed to be $1 due to the lower demand compared to sheep (SheepObject2). The 

weight for age was calculated from the raw weights of age provided in the KIDPLAN 

database and adjusted for doe age, birth and rearing type. The weight for age is used in 

determining feed costs per animal. The sale cost per animal ($1.50) also uses the current 

SheepObject2 value for Merino lambs and includes marketing and transport costs. 

Table 7-10: Summary of survey responses for male and female progeny sold, as 

inputs used for SheepObject2. 

Parameter Value 

Sale age 300 Days 

Carcase weight 16 kg males / 12 kg females 

Dressing % 51% 

Carcase price $/kg $5.35 

Skin value $1.00 

Weight for age Body weight adjustment 

Sale cost per animal $1.50 

 

The cull for age does, unlike cull for age ewes, do not have a price penalty and were sold 

at $5.35/kg. The recovery period and animal sale cost, were an oversight and not asked 

in any of the surveys, so the values used the current provided values of SheepObject2 for 

Merino ewes culled for age. The management costs for kids, hoggets, and adults paid 

annually for labour, drenching, vaccination, and tagging was estimated at $4.00/head. For 

a mixed pasture system with minimum inputs and limited supplementation (supplement 
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feed cost $21.20/head/year, based on survey results) a cost of $0.005/MJ was calculated 

(CSIRO 2007).  

 

The above income and costs were used as input for SheepObject2 and the results are 

summarised in Table 7-11. Body weight had the largest economic value, with an increase 

of one kilogram at 300 days of age, increasing the value of the individual by $2.53. This 

is higher than reported for sheep at $1.83 (Table 2, Swan et al. 2015).  A percentage point 

increase for dressing percentage had a $1.78 increase, lower than sheep which was 

reported as $2.04 (Table 2, Swan et al. 2015). Fertility rate and kid survival had a $0.66 

and $0.87 increase per percentage point respectively.  The value for kid survival was 

higher compared to the economic value for lamb survival of between $0.23 and $0.35 

(Amer et al. 1999). Mature weight had a lower economic value due to the higher costs 

for maintenance at $0.46 per kilogram increase. Increasing litter size and number of kids 

weaned had the lowest economic values of $0.11 and $0.30 per percentage respectively. 

The economic value for litter size was similar to sheep reported between $0.15 and $0.24 

(Amer et al. 1999). 
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Table 7-11: Summary of meat goat economic values from SheepObject2. 

Component Economic value / Unit Economic value / σ𝐺  

Fertility $0.66 / % $5.94 

Litter size $0.11 / % $0.33 

Number of kids weaned $0.30 / % $3.00 

Kid survival $0.87 / % $9.79 

Body weight $2.53 / kg $3.94 

Mature weight $0.46 / kg $0.70 

Dressing percentage $1.78 / % $1.78 

 

The economic values from SheepObject2 are required for the development of an 

Australian meat goat index. Previously, a sensitivity analysis of key lean meat production 

traits indicated that fertility would have a significant effect on selection (Chapter 2). The 

inconsistent recording of dry does and the high fertility rate of goats, means that the 

$5.94/σ𝐺  could be unattainable (Chapter 3). The low economic value of $0.33/σ𝐺  for litter 

size and the higher value of $9.79/σ𝐺  for kid survival reaffirms the high fecundity of 

goats. It also showed that kid survival is more important than to just increase the number 

of kids born as demonstrated earlier (Table 2-7) and reported by others (Husain et al. 

1995; Snyman 2010). One of the most encouraging results, is the same conclusion was 

made between the calculated economic values for the index, compared to the original 

sensitivity analysis of the literature review (Table 2-7), with decreasing importance 

placed on reproductive traits, growth traits, and carcase traits. 

 

Post-weaning weight was consistently recorded in KIDPLAN and with body weight at 

300 days having a large economic value of $3.94/σ𝐺 . Therefore an index incorporating 
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bodyweight could be acted upon using current data recording practices. Dressing 

percentage also had a large economic value, there was not a consistent recording practice 

for carcase traits and will be a limitation if a large emphasis is placed on it without a 

change to recording practices in KIDPLAN. Mature weight had a low economic value 

compared to body weight at 300 days, few producers’ record weight after yearling age, 

and the survey responses indicate it was not important to the breeding objective which 

will also limit the emphasis placed on mature weight within an Australian meat goat 

index.  

 

7.6 Conclusion 

The main message from the producer groups surveyed was that the main goal of the 

industry is to increase meat production of Australian meat goats. Body weight at sale age 

had the highest economic value as calculated with SheepObject2. A new Australian meat 

goat index needs to place a large amount of selection pressure on body weight. There was 

a large amount of discussion by producers on parasite resistance and increasing the 

dressing percentage. The limitation of producers not recording or submitting this data, 

remains an issue and will limit their selection pressure in an index. Increasing fertility and 

kid survival will improve the reproductive performance, which was a limiting component 

of production for many of the producers that were surveyed. 

 

The results from the survey on herd structure, reproduction, management, and marketing 

were used as input in the breeding objective software SheepObject2 (Andrew Swan, 

personal communication). Increasing weight at sale age, had a large economic value with 

an increase of $2.53/kg and $3.94/σ𝐺 . The economic values for kid survival of $0.87/% 
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and $9.79/σ𝐺 , was significant and supportive of its inclusion in the breeding objective. 

With clear breeding objectives from the surveys and the calculated economic values, an 

index for Australian meat goats will be developed (Chapter 8). Such an index is likely to 

have a large emphasis on body weight and reproduction 
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8 An Australian meat goat selection 

index to increase growth and 

reproductive rates. 
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8.1 Abstract 

Previously meat goat breeders in Australia have used the Carcase Plus (CPLUS) index to 

make genetic selections. An index focused on lean meat production which used sheep 

parameter estimates and economic values. It was recommended that the old CPLUS index 

be replaced with “Kid Plus” (K+), a dual purpose index specifically designed for 

increasing lean meat production and reproductive rate of goats. The K+ index uses 

parameter estimates and economic values calculated for goats. The new K+ index also 

places an economic value on reproductive traits, including kid survival as a trait of the 

kid. Two other indexes were created; “Lean Meat Goat” (LMG) and “Maternal Meat 

Goat” (MMG) for systems where the breeding objective is not as fully described as it is 

for K+. The dollar value for each doe joined using these indexes increased from CPLUS 

($9.53), LMG ($9.24), MMG ($10.22) and K+ ($16.56). If producers improve their 

recording practices for eye muscle depth, C-site fat depth and worm egg counts then, 

further evaluation and development will be needed to better define these traits in the 

breeding objective. 

 

8.2 Introduction 

Selection indexes are used to measure the net merit of animals in a breeding program, 

accounting for the genetic parameters of correlated traits and the relative economic values 

for each trait (Hazel 1943). Not considering sources of income and expenses, or other 

important traits based on economic grounds, reduces the selection efficiency or 

overestimate the genetic improvement (Ponzoni 1988). Goat breeders using the national 

performance recording scheme (KIDPLAN) have been using the Carcase Plus (CPLUS) 

selection index which was designed for Australian terminal sire sheep (Sheep Genetics 
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2016). The CPLUS index puts a large emphasis on increasing growth and eye muscle 

depth while maintaining leanness. There are several issues with the use of this index when 

applied to KIDPLAN. The main issue with CPLUS is the 20% emphasis on decreasing 

post-weaning fat depth (FAT) and 20% on increasing post-weaning eye muscle depth 

(EMD). There are not enough breeders consistently recording and submitting data for eye 

muscle depth or fat depth to justify the emphasis placed on these traits. The CPLUS index 

also places a negative economic value on fat depth to decrease fat depth, but goats are 

already very lean and have a small amount of variation in fat depth (Chapter 4). Another 

issue with the CPLUS index is that large changes have occurred in the Australian goat 

industry. The value of goat meat continues to increase with a growing demand globally 

(MLA 2016). The values used in CPLUS are based on lamb economic values and are not 

representative of the Australian meat goat market. 

 

The final issue with the CPLUS index, is that the genetic and phenotypic covariance, and 

variance matrices rely on values estimated from Terminal sheep breeds, which have been 

somewhat modified to suit the KIDPLAN dataset. Australian goat producers have a 

growing demand for the development of an index built specifically for Australian meat 

goats (BCS Agribusiness 2012). The aim of this project was to develop the first Australian 

meat goat specific index. From the previous sensitivity analysis (Chapter 2), the bivariate 

analysis (Chapter 5), and the results of the surveys and economic values (Chapter 7), an 

Australian meat goat index will place emphasis on body weight and kid survival, and a 

small amount on carcase and health traits. 
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8.3 Materials and Method 

8.3.1 Trait genetic and phenotypic parameters 

There were nine traits of interest used in the analysis; birth weight (BWT), weaning 

weight (WWT), post-weaning weight (PWT), maternal weaning weight (MWWT), 

number of kids born (NKB), number of kids weaned (NKW), kid survival (KSV), eye 

muscle depth (EMD), fat depth (FAT), and worm egg count (WEC). Body weight was 

defined as 50% emphasis of WWT and PWT. For EMD and FAT the previous sheep 

parameter estimates were for post-weaning but the parameter estimates in this analysis 

used the combined post-weaning and yearling traits (Chapter 4; Chapter 5). There was 

insufficient data in KIDPLAN or published literature for genetic and phenotypic 

correlations of maternal weaning weight or worm egg count, any analysis that included 

these traits used the previous covariance estimates from CPLUS for Terminal sheep or 

literature. 

 

The genetic correlations between traits were from the previous bivariate analysis (Chapter 

5). Due to the large standard errors and low number of records for EMD and FAT, genetic 

correlations from Brown and Swan (2016b) have been used. The genetic variance, 

residual variance and maternal permanent environmental variances were means of the 

bivariate analysis, which were not significantly different to estimates of the univariate 

analysis (Chapter 4). Number of kids born and weaned were treated as traits of the doe 

and used means from previous goat literature (Chapter 2). This high estimate for 

permanent environmental variance was likely an over estimate and requires updating if 

number of kids weaned is evaluated using KIDPLAN data. Kid survival was treated as a 

trait of the kid, with a maternal permanent environmental effect. Previous estimates for 
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maternal heritability were not different to zero, or not estimable, and supported treating 

survival as a trait of the kid (Chapter 4). The genetic correlations did not include the three 

additional birth type traits for kid survival due to the inaccuracy of the estimates (Chapter 

6). The variances and covariances used for the analysis are summarised in Table 8-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8.3.2 Indexes, economic values and recording practices 

There were six indexes of interest; two of which were terminal sire indexes, the CPLUS 

which is the current index used for KIDPLAN and Lamb 2020 (LP2020). The LP2020 
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index was designed to increase worm resistance and was included for comparison because 

of comments by producers (Chapter 7) where internal parasites were identified as an 

industry issue. Both the CPLUS and LP2020 used values calculated for prime lamb 

production. The CPLUS includes economic values for WWT, PWT, EMD, and FAT but 

LP2020 had lower economic values for these traits with additional values on BWT and 

WEC. The maternal sheep index, Self-replacing Carcase (SRC) index, was also included 

to make a comparison with the new KIDPLAN indexes, which also included reproductive 

traits. The SRC index included economic values on birth weight, WWT and PWT, mature 

weaning weight (MWWT), EMD, WEC, and importantly NKW. Economic values for 

three KIDPLAN indexes were determined from industry surveys and calculated using 

SheepObject2 (Chapter 7). The first KIDPLAN index is a Lean Meat Goat index (LMG) 

that included economic weights for the body weights (WWT and PWT) and for carcase 

traits (EMD and FAT). The second KIDPLAN index was a Maternal Meat Goat index 

(MMG), which added values for NKB and NKW. The final KIDPLAN index Kid Plus 

(K+), was a dual purpose index for lean meat production and reproduction which included 

a weight for KSV. No economic value was placed on MWWT for the KIDPLAN indexes 

but was included to determine the trait direction change for milk production. The 

economic values that were used are summarised in Table 8-2. 
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Table 8-2: Summary of economic values used for each index (values in $AUD per 

trait unit). 

Trait Units CPLUS LP2020 SRC LMG MMG K+ 

BWT kg 0.00 -0.21 -0.21 0.00 0.00 0.00 

WWT kg 2.33 0.32 0.40 2.53 2.53 2.53 

PWT kg 3.50 0.47 1.48 2.53 2.53 2.53 

MWWT kg 0.00 0.00 1.88 0.00 0.00 0.00 

EMD mm 11.40 1.54 2.40 11.40 11.40 11.40 

FAT mm -4.07 -0.55 0.00 -4.07 -4.07 -4.07 

WEC % 0.00 -1.71 -1.71 -1.71 -1.71 -1.71 

NKB Number 0.00 0.00 0.00 0.00 11.00 11.00 

NKW Number 0.00 0.00 75.00 0.00 30.00 30.00 

KSV Number 0.00 0.00 0.00 0.00 0.00 87.00 

 

For each index there were six trait recording scenarios (Table 8-3). The first scenario was 

for Growth which assumed the only traits recorded were BWT, WWT, and PWT. The 

second scenario was Carcase which added EMD and FAT to the previous Growth 

scenario. Reproduction was the third scenario which included growth traits (BWT, WWT, 

and PWT) and reproductive traits (NLB, NLW, and KSV). Standard practice and Best 

practice were two scenarios which include all the traits in Growth, Carcase, and 

Reproduction. Best practice assumed all siblings and own traits are recorded, but Standard 

practice has a reduced number of records for EMD, FAT, and reproductive traits. Finally 

the Gold standard recording scenario is with full recording of all traits, including WEC. 
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Table 8-3: Summary of own / half-sib traits recorded for each scenario. 

  
Growth Carcase Reproduction 

Standard 

practice 

Best 

practice 

Gold 

standard 

BWT 1 / 30 1 / 30 1 / 30 1 / 30 1 / 30 1 / 30 

WWT 1 / 30 1 / 30 1 / 30 1 / 30 1 / 30 1 / 30 

PWT 1 / 30 1 / 30 1 / 30 1 / 30 1 / 30 1 / 30 

EMD 0 / 0 1 / 30 0 / 0 1/ 7 1 / 30 1 / 30 

FAT 0 / 0 1 / 30 0 / 0 1/ 7 1 / 30 1 / 30 

WEC 0 / 0 0 / 0 0 / 0 0 / 0 0 / 0 1 / 30 

NLB 0 / 0 0 / 0 0 / 7 0 / 7 0 / 7 0 / 7 

NLW 0 / 0 0 / 0 0 / 7 0 / 7 0 / 7 0 / 7 

KSV 0 / 0 0 / 0 1/ 7 1/ 7 1/ 7 1/ 7 

 

A herd of 280 does was used to model the indexes as per the calculations for the average 

herd size of commercial and seedstock producers (Chapter 7). The proportion of males 

selected was 5%, and 50% for females. Generation intervals of 3 and 4 years were used 

for males and females respectively. The selection emphasis for EBVs was 65%. To 

address the Bulmer effect (Bulmer 1971) for a reduction in genetic variance caused by 

genetic selection, an adjustment for males and females was calculated using Normal 

distribution theory.  

 

8.3.3 Matrix calculation and selection response 

The index calculations were done using R (R Core Team 2016). The index selection 

theory of Hazel (1943) was used with the variances and covariances in Table 8-1. The 

economic values of Table 8-2 were used for an economic weights vector (a). The index 

weights (b) were then calculated (Eq. 8.1). The genetic gain (Eq. 8.2) and the total 

economic gain (Eq. 8.3) of the index response for one standard deviation of selection was 

calculated for each of the indexes under different recording scenarios.  
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𝒃 = 𝑷−𝟏𝑮𝒂   (Eq. 8.1) 

𝑹 =  𝒃′𝑮(𝒃′𝑷𝒃)−𝟎.𝟓  (Eq. 8.2) 

𝝈𝑰 =  (𝒃′𝑷𝒃)𝟎.𝟓  (Eq. 8.3) 

Results from the index calculations were summarised in five parts. Which included the 

index dollar value, selection emphasis, 10 year gain for each trait, selection differential, 

and sensitivity analysis of economic values. The selection differential was a function of 

index weights and EBVs for recent sires (used after the year 2000) compared to recent 

sires in the top 10%, determined by the index calculation. A sensitivity analysis of 

economic values adjusted by up to 50%, was used to determine the response for the K+ 

index. 

 

8.4 Results 

8.4.1 Index $ Value 

The index dollar value is the $AUD of additional income per doe joined, per generation, 

with 5% of males selected and 50% of females, and using the index for the Australian 

market (Figure 8-1). The CPLUS index had an index dollar value of between $6.86 and 

$9.53 across recording scenarios, and was similar to the LMG, which was between $5.67 

and $8.84. Both indexes had an increasing value under the following recording scenarios; 

Growth, Reproduction, Standard practice, Carcase, Best practice, and Gold standard. The 

maternal index SRC had index dollar values of between $5.99 and $8.33. In comparison, 

MMG had a value of between $6.64 and $9.86 and K+ had the highest values of between 

$9.39 and $16.27. Indexes SRC, MMG and K+ increased for the recording scenarios from 

Growth, Carcase, Standard practice, Reproduction, Best practice to Gold standard. 
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LP2020 had the lowest index dollar values of $2.34 for the recording scenario Gold 

standard and between $1.25 and $1.35 for the remaining recording scenarios. 

 

Figure 8-1: Summary of index values ($ / doe joined / generation) for each index type 

and under Growth (white), Carcase (grey), Reproduction (black), Standard practice 

(green), Best practice (blue) and Gold standard (red) recording scenarios. 

 

8.4.2 Predicted trait change 

For each index and recording scenario, the change in each trait was calculated for a ten 

year response (Table 8-4). Under the Growth recording scenario, where the only data 

submitted to KIDPLAN are records for BWT, WWT, and PWT, all of the indexes had a 

positive trait change for body weight and maternal weaning weight. The trait change was 

lowest for LP2020 at 1.05 kg for body weight (50% emphasis of WWT and PWT), and 

for maternal weaning weight 0.33 kg. The body weight and maternal weaning weight 

changes were higher for the three new indexes, between 1.36 kg and 1.38 kg for body 

weight and between 0.59 kg and 0.70 kg for maternal weaning weight. This was similar 

to the sheep maternal index SRC with a body weight change of 1.31 kg and 0.56 kg for 

maternal weaning weight. The CPLUS index had the largest trait change for body weight 
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(1.41 kg) and maternal weaning weight (0.66 kg). For the other recording practices, the 

trait changes for body weight and maternal weaning weight followed these same patterns. 

 

With the Carcase recording scenario, EMD had an increase of 0.26 mm and 0.11 mm for 

CPLUS and LP2020 respectively. The LMG index had the greatest change to EMD at 

0.31 mm when compared with the MMG (0.27 mm) and K+ (0.20 mm) indexes. Under 

the Carcase recording scenario, there was a decrease in fat of -0.07 mm and -0.02 mm for 

CPLUS and LP2020, while the new KIDPLAN indexes all had a decrease of 0.07 mm. 

With the other recording scenarios where carcase traits are recorded, there was a trend for 

all the indexes to have positive changes to EMD, and decreases for FAT. If carcase traits 

were not recorded, EMD had an undesirable negative change, and for FAT the desired 

negative change was lower at a constant carcase weight. 

 

The only recording scenario that included WEC was Gold standard. LP2020 had a 

negative economic value (-$1.71) for WEC which was also used for the new KIDPLAN 

indexes. With WEC recorded, LP2020 resulted in a decrease of -0.95 % and the new 

KIDPLAN indexes were between -0.11 and -0.26 %. With the other recording practices, 

LP2020, the KIDPLAN indexes, and the maternal index SRC, all resulted in negative or 

no changes to WEC.  

 

All the reproductive traits (NLB, NLW, and KSV) had a positive change for each 

recording scenario. For the Reproductive recording scenario K+ had the largest increases, 

of 5% to kids born, 6% kids weaned, and 9% kids surviving. The MMG index had similar 

results with an increase of 4% kids born, 5% kids weaned, and 6% kids surviving. The 
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results were similar to the sheep maternal index SRC which had increases of 5% kids 

born, 6% kids weaned, and 7% kids surviving. The other indexes (CPLUS, LP2020, and 

LMG) had smaller increases of 1% to 2% for NKB, between 3% and 4% for NKW, and 

for KSV an increase of between 2% and 4%. 
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Table 8-4: Summary of each trait change with different indexes and under different 

recording scenarios.  

Index 
Body weight  

MWWT EMD FAT WEC NKB NKW KSV 
(WWT & PWT) 

Growth recording scenario 
CPLUS 1.41 0.66 -0.16 -0.04 -0.09 0.01 0.02 0.03 

LP2020 1.05 0.33 -0.09 -0.01 -0.31 0.01 0.03 0.01 

SRC 1.31 0.56 -0.14 -0.03 -0.20 0.01 0.03 0.02 

LMG 1.38 0.62 -0.15 -0.03 -0.13 0.01 0.03 0.02 

MMG 1.36 0.59 -0.14 -0.03 -0.16 0.01 0.03 0.02 

K+ 1.37 0.70 -0.17 -0.04 -0.09 0.02 0.02 0.04 

Carcase recording scenario 

CPLUS 1.01 0.89 0.26 -0.07 0.09 0.01 0.02 0.03 

LP2020 0.92 0.50 0.11 -0.02 -0.25 0.01 0.03 0.02 

SRC 1.23 0.71 0.03 -0.04 -0.13 0.01 0.03 0.03 

LMG 0.90 0.86 0.31 -0.07 0.07 0.01 0.02 0.03 

MMG 0.97 0.84 0.27 -0.07 0.03 0.01 0.02 0.03 

K+ 1.06 0.92 0.20 -0.07 0.07 0.02 0.02 0.04 

Reproduction recording scenario 

CPLUS 1.41 0.64 -0.15 -0.04 -0.09 0.02 0.03 0.04 

LP2020 1.05 0.32 -0.09 -0.01 -0.31 0.01 0.04 0.02 

SRC 1.04 0.38 -0.08 -0.02 -0.15 0.05 0.06 0.07 

LMG 1.38 0.60 -0.14 -0.03 -0.13 0.02 0.03 0.04 

MMG 1.25 0.50 -0.11 -0.02 -0.14 0.04 0.05 0.06 

K+ 0.94 0.38 -0.08 -0.02 -0.05 0.05 0.06 0.09 

Standard practice recording scenario 

CPLUS 1.14 0.77 0.10 -0.06 0.03 0.01 0.02 0.03 

LP2020 0.99 0.41 0.02 -0.02 -0.27 0.01 0.03 0.02 

SRC 0.99 0.49 0.03 -0.02 -0.11 0.05 0.06 0.08 

LMG 1.06 0.74 0.14 -0.06 0.00 0.01 0.02 0.03 

MMG 1.08 0.66 0.10 -0.05 -0.04 0.02 0.04 0.04 

K+ 0.93 0.55 0.03 -0.04 0.00 0.04 0.05 0.07 

Best practice recording scenario 

CPLUS 1.02 0.88 0.26 -0.08 0.10 0.01 0.02 0.03 

LP2020 0.93 0.49 0.12 -0.02 -0.24 0.01 0.03 0.02 

SRC 1.00 0.51 0.04 -0.02 -0.37 0.05 0.06 0.07 

LMG 0.91 0.85 0.31 -0.07 0.08 0.01 0.02 0.03 

MMG 0.94 0.77 0.26 -0.06 0.04 0.03 0.04 0.05 

K+ 0.82 0.60 0.16 -0.04 0.05 0.05 0.06 0.09 

Gold standard recording scenario 

CPLUS 1.03 0.89 0.26 -0.08 -0.07 0.01 0.02 0.03 

LP2020 0.69 0.40 0.09 -0.02 -0.95 0.00 0.02 0.01 

SRC 1.06 0.45 -0.06 -0.02 -0.15 0.04 0.06 0.06 

LMG 0.92 0.84 0.30 -0.07 -0.26 0.01 0.02 0.03 

MMG 0.96 0.77 0.26 -0.06 -0.25 0.03 0.04 0.05 

K+ 0.84 0.61 0.16 -0.04 -0.11 0.05 0.06 0.09 
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8.4.3 Index economic selection emphasis 

The Growth recording scenario placed the majority of selection pressure on body weight 

for all of the indexes (Table 8-5). The sheep maternal index SRC, was the only index to 

place an economic value on maternal weaning weight, and was the only index to place 

selection emphasis on the trait, for any of the recording scenarios. The CPLUS, LP2020, 

and SRC indexes place 29%, 12%, and 6% on EMD, and between 0 to 2% on FAT, which 

is similar to the new KIDPLAN indexes. With the large economic values on WEC for 

LP2020, correlated traits were used to place emphasis on WEC, even when the trait was 

not recorded. Similarly, there was emphasis placed on the reproductive traits of NKB, 

NKW for MMG, and KSV for K+, without records being submitted. There was emphasis 

placed on traits with large economic values, but without data being submitted for them 

the response to this selection pressure was very low.  

 

The Reproductive recording scenario was the most similar to current recording practices. 

As CPLUS, LP2020, and LMG did not have any reproductive traits with economic values, 

there was no difference between the emphases placed on traits with the Growth or 

Reproductive recording scenarios. Importantly, MMG greatly reduces the emphasis 

placed on the growth traits and adds it to NKW (24%), and a small amount on NKB (6%). 

This was similar to the SRC index which moved a large amount of the selection emphasis 

to NKW (68%). The K+ index was similar but removes more emphasis from the growth 

traits and placed it on KSV (58%), NKW (14%), and NKB (4%). Due to the extra 

emphasis and the reproductive traits recorded, the response to these traits was 

substantially improved. 
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The Gold standard recording scenario, was the best practice recording for all traits, 

including WEC. There were some important differences for the CPLUS and LP2020 but 

not the new KIDPLAN or SRC indexes. The CPLUS index placed more emphasis on 

EMD (46%) by removing emphasis from body weight (49%). With the addition of 

recording for WEC, LP2020 placed the majority of selection emphasis on WEC (79%). 

The small differences observed between the recording scenarios for the new KIDPLAN 

indexes was due to removing emphasis from body weight to EMD. 

Table 8-5: Summary of the relative emphasis placed on traits for each index under 

Growth, Reproductive and Gold standard recording practices.   

Trait CPLUS LP2020 SRC LMG MMG K+ 

 Growth recording scenario 

Body weight 69% 39% 26% 63% 53% 35% 

MWWT 0% 0% 20% 0% 0% 0% 

EMD 29% 12% 6% 30% 25% 20% 

FAT 2% 1% 0% 2% 2% 2% 

WEC 0% 48% 7% 4% 4% 2% 

NKB 0% 0% 0% 0% 2% 2% 

NKW 0% 0% 42% 0% 13% 7% 

KSV 0% 0% 0% 0% 0% 33% 
  

 Reproduction recording scenario 

Body weight 70% 39% 16% 64% 47% 17% 

MWWT 0% 0% 10% 0% 0% 0% 

EMD 28% 12% 3% 30% 19% 7% 

FAT 2% 1% 0% 2% 1% 1% 

WEC 0% 48% 4% 4% 3% 1% 

NKB 0% 0% 0% 0% 6% 4% 

NKW 0% 0% 68% 0% 24% 14% 

KSV 0% 0% 0% 0% 0% 58% 
  

 Gold standard recording scenario 

Body weight 49% 14% 15% 36% 32% 15% 

MWWT 0% 0% 13% 0% 0% 0% 

EMD 46% 7% 1% 53% 40% 13% 

FAT 5% 0% 0% 5% 3% 1% 

WEC 0% 79% 9% 7% 6% 1% 

NKB 0% 0% 0% 0% 4% 4% 

NKW 0% 0% 62% 0% 15% 12% 

KSV 0% 0% 0% 0% 0% 54% 



 Genetic improvement of Australian Meat goats  

P a g e  | 154 

8.4.4 Selection differential 

The index means were calculated for each recently used sire (after the year 2000) and 

compared to the top 10% of the sires in that group (Table 8-6). The index means ranged 

between 98.24 (LP2020) and 100.86 (CPLUS). There was more variation for LP2020 

with a standard deviation of 7.84 compared to a range of 1.89 and 2.89 for the other 

indexes. The top 10% of sires for each index was superior compared to the population 

mean, increasing for K+ (3.98), MMG (5.53), LMG (5.65), CPLUS (5.63), SRC (7.12) 

to LP2020 (10.71). 

 

The mean sire EBV for each trait was calculated and compared to the mean EBV of the 

top 10% of sires. The top 10% of sires for the CPLUS index had the greatest superiority 

for body weight, with a mean EBV 2.65 kg heavier than the population mean of 0.47 kg. 

The top 10% of sires from new KIDPLAN indexes ranged from between 2.06 kg and 2.44 

kg greater than the mean EBV. The SRC index was lower with a superiority of 1.01 kg. 

The top 10% of sires from LP2020 had the lowest superiority with a 0.18 kg difference 

to the mean EBV. For MWWT the top 10% of sires for CPLUS, LMG, MMG, and K+ 

were between 0.06 and 0.10 kg heavier than the mean of -0.26 kg. The LP2020 and SRC 

indexes were lighter at -0.03 kg and -0.02 kg respectively. 
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The mean EBV for the top 10% of sires were all greater than the population means for 

EMD (0.04 mm) and FAT (0.01 mm). For EMD, the top 10% of sires from CPLUS, 

LMG, MMG, and K+ indexes were between 0.72 mm and 0.78 mm greater than the 

population, while LP2020 and SRC were only 0.15 mm and 0.23 mm greater respectively. 

For FAT, each of index top 10% of sires were between 0.15 mm and 0.26 mm greater 

than the population mean, except for SRC which was the only index to have a lower 

superiority (-0.02 mm). 

 

The population mean EBV for WEC was 2.12%, compared to the mean EBV of the top 

10% of sires of CPLUS and SRC which had an unfavourable differences relative to the 

population of 1.67% and 19.61% respectively. The new KIDPLAN indexes were 

favourable for the selection of WEC and ranged between -4.65% and -7.39%. The 

LP2020 has the largest difference relative to the mean at -12.28%. 

 

For the reproductive traits, the recent sires had a mean EBV of -0.012 for NKB, -0.017 

for NKW, and -0.007 for KSV. There was no difference between CPLUS and K+ with 

the top 10% of sires having mean EBVs for NKB (0.031 and 0.027 respectively), and 

NKW (0.032 and 0.027 respectively) greater than the population. Importantly the top 10% 

of sires for the K+ index had no difference in mean EBV compared to the population 

mean of -0.007 and for CPLUS it was -0.004 less than the population mean. Both LMG 

and MMG had smaller differences of between 0.013 to 0.019 kids for NKB and NKW, 

and -0.009 to -0.011 for KSV. The top 10% of sires from the LP2020 index had lower 

EBVs compared the population mean for NKB (-0.027), NKW (-0.036), and KSV (-

0.028). The SRC index had the greatest superiority for NKB (0.022), NKW (0.029), and 

KSV (0.013). 
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8.4.5 Sensitivity analysis of economic values 

The results from the sensitivity analysis of economic values showed that the response was 

relatively insensitive to the specific economic value. This has been demonstrated for the 

additional traits included in the K+ index that are not in the CPLUS index (including; 

NKB, NKW, KSV, and WEC). For each of these selected traits and economic value 

changes, the change to the index value, the 10 year change to all traits, selection emphasis 

for the selected trait and superiority of EBVs for the selected trait were described. The 

Gold standard recording scenario was used for this analysis.  

 

For number of kids born, the economic value calculated from SheepObject2 and used for 

the index analysis was $11.00 (Chapter 7). This was adjusted down to $5.50 and up to 

$16.50 (Table 8-7). This 50% change to the economic value changed the index value from 

$16.28, to between $16.06 and $16.60 (approximately a 2% change). It appears that the 

$11.00 value for NKB is the optimum value for the index, as there was no significant 

differences to the 10 year trait change for each trait except for a decrease in body weight. 

The selection emphasis changed from 3.8%, to between 1.9% and 5.6%. There was a 

concern for the top bucks having a lower EBV superiority with an increase to the 

economic value. This was due to the highly genetically correlated traits KSV and NKW 

having lower index weights as a result of the economic value change.  

 

The sensitivity analysis for number of kids weaned had similar results to NKB. The 

original economic value of $30.00 (Chapter 7) was decreased to $15.00 and increased to 

$45.00 (Table 8-8). This 50% change to the economic value changed the Index value by 
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between $0.74 and $0.87 (approximately a 5% change). There was no significant change 

to the 10 year trait changes, but with a decrease to the economic value the superiority of 

bucks also decreased, from 0.027 to 0.022. 

 

There were some changes with the sensitivity analysis of the economic value for kid 

survival (Table 8-9). The original economic value of $87.00 (Chapter 7) was adjusted by 

10%, 25%, and 50%, this tested economic values of between $43.50 and $130.50. There 

were some significant differences compared to the original index value of $16.28, which 

had an average change of $0.77 for 10%, $1.91 for 25%, and $3.78 for 50%. There were 

small differences for bodyweight, MWWT, EMD, WEC, NKB (between 0.041 and 

0.052), NKW (between 0.050 and 0.058), and importantly for KSV (between 0.076 and 

0.094). This was caused by the large change to the selection emphasis for KSV which 

was originally 54%, but changed to between 32 and 67%. The reduction of the selection 

emphasis to 32% reduced the EBV superiority of top bucks for KSV to -0.006, but 

increased it to 0.009 for the increase to selection emphasis. 

 

Worm egg count had the lowest economic value of -$1.71 (Chapter 7). The sensitivity 

analysis changed it by up to $0.85 (Table 8-10). There was no significant change to the 

index value (less than 1% change from $16.28) or any of the 10 year trait changes except 

for WEC. The original trait change for WEC was -0.11% which changed to between -

0.05 and -0.18, but still did not compare to LP2020, originally -0.95%. Selection 

emphasis changed from 1.4%, to between 0.3% and 3.2%. The EBV superiority of the 

top bucks was originally -4.65, but ranged between -0.24 and -7.48 for the sensitivity 

analysis. This was the largest change for the WEC sensitivity analysis.  
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8.5 Discussion 

From the results of this chapter and previous chapters in this thesis, it is recommended 

that the current carcase focused (CPLUS) index be replaced with the balanced (K+) index. 

The main reasons for this were it uses updated goat parameter estimates and goat 

economic values, and better describes the breeding objective. Each of the new KIDPLAN 

indexes demonstrated the importance of updating the parameter estimates and economic 

values with a better described breeding objective. This resulted in larger index dollar 

values, and increased reproductive performance and growth traits.  

 

Economically, the LMG index was similar to CPLUS which had slightly greater index 

dollar values. There were two reasons for CPLUS having a larger index dollar value; a 

larger economic value for PWT ($3.50 compared to $2.53), and no value for WEC. From 

the results of the surveys and economic values (Chapter 7), the values used for PWT with 

CPLUS were overestimated. Producers did not consider EMD or FAT to be of high 

importance, or didn’t consistently record the traits (Chapter 7). What the LMG 

demonstrated, is that a KIDPLAN index that included commonly recorded growth traits 

with industry relevant economic values, will have a similar but more realistic outcome 

than CPLUS. 

 

The importance of including reproductive traits was identified from the results of a 

sensitivity analysis in the literature review (Chapter 2, Table 2-7), and was illustrated by 

MMG. The sensitivity analysis of the literature review calculated a change in one genetic 

standard deviation for fecundity, survival, and weaning weight would increase lean meat 

production by 35%, 30%, and 13% respectively. With the addition of economic values 
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on number of kids born ($11.00) and number of kids weaned ($30.00), MMG had larger 

index dollar values compared to both CPLUS and LMG (Chapter 7). Having additional 

goats for sale was more profitable than larger goats, and as such, a small increase in 

reproduction had a larger increase on profits. Further work is still required on the dam 

traits of NKB and NKW. Previously the parameter estimates were calculated from sheep 

and did not include economic values for reproductive traits. The KIDPLAN indexes used 

parameter estimates calculated from the KIDPLAN database and previous literature, and 

the economic values calculated from the industry surveys (Chapters 2, 4, 5 and 7). It was 

also important to note that KSV was treated as a binary trait for the parameter estimates 

(Chapters 4 and 5), but the indexes analysis assumed the phenotypes to be continuous and 

that all animals are available for selection. In practice this is not the case as all animals 

that are selected must be living. This means that the gains in KSV, NKB and NKW could 

be overestimated and should be further investigated.  

 

There are a number of reasons why the index K+ should replace the current CPLUS for 

KIDPLAN users. Most importantly, it better described profit for the breeding objective 

of Australian meat goat producers. This was illustrated by the higher index dollar values 

for all recording scenarios. This was primarily due to the inclusion of KSV, which was a 

result hypothesised by the previous literature review sensitivity analysis (Chapter 2) and 

the high economic value calculated with SheepObject2 (Chapter 7). Even under the 

Growth and Carcase recording scenarios, K+ was similar to CPLUS due to the high 

economic value placed on body weight and the positive genetic correlations those traits 

have between each other and KSV (Chapter 5). The higher heritability and variation of 

survival compared to sheep was another reason why KSV is a suitable trait to be included 

in a KIDPLAN index (Chapter 4). The fact that producers must submit the required birth 
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type and rearing types for the KSV calculation improves the accuracy of estimates 

(Chapter 3, Chapters 4 and 5). Producers need to have further education on the importance 

of accurate pedigree and birth type recording. If that is accomplished and more accurate 

estimates of separate survival traits for different birth types are calculated, K+ should be 

re-evaluated with the additional KSV traits (Chapter 6).  

 

If more producers record EMD and FAT, or a premium is offered instead of all sales 

based on hot carcase weight, then the parameters should be updated again and economic 

values for goats recalculated, instead of using the current sheep values. There are 

currently not enough producers consistently recording post-weaning or yearling EMD 

and FAT (Chapters 3 and 7). As goats are smaller than sheep and very lean, there is not 

much variation in EMD and in particular FAT, which limits their response to selection 

and the ability to estimate the genetic correlations (Chapters 4 and 5). There is some 

concern that the new KIDPLAN indexes cause a negative change to EMD but that can be 

avoided if carcase traits are recorded. The change in EMD is at the given carcase weight, 

so if the carcase weight also increases, this change should not be an issue. 

 

An index like LP2020 is not useful until more producers record WEC. Only three sites 

are currently recording WEC, with a total of 267 records. There was not enough data to 

include the trait in a genetic evaluation (Chapter 3). The inability to estimate any genetic 

parameter estimates for this trait was previously demonstrated (Chapter 4), so sheep 

estimates were used from CPLUS. From the producer responses it was concluded that 

internal parasites remain an issue which they want to include in their breeding objective 

(Chapter 7). It was possible to include WEC in a breeding objective, but there will be 
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little to no response until producers record the trait. With the current sheep parameter 

estimates and economic values, all of the indexes have a change to WEC in the desired 

direction, or have no change. There was not a significant difference to the WEC trait 

change, comparing LP2020 to the new KIDPLAN indexes, even under the Gold standard 

recording scenario. 

 

Currently, the Reproductive recording scenario was most representative of the data 

submitted to KIDPLAN. The majority of producers are recording growth traits and the 

required birth and rearing type traits (Chapters 3 and 7). Improving the submitted data 

and the recorded traits is necessary so that less data cleaning is required, and the index 

can include a value for EMD and WEC (Chapter 4). The Standard practice recording 

should be the first goal, where producers are recording each of the Growth, Carcase, and 

Reproduction traits. Producers should be educated on the benefits of better recording 

practices so that the Best practice scenario can be achieved. The Gold standard recording 

scenario which includes WEC should be the long term goal for goat breeders. If the 

producers submitting data to KIDPLAN begin meeting these requirements, then the 

genetic parameters from the univariate and bivariate analyses, industry surveys, and 

economic values should be re-analysed. 

 

There were large differences comparing Growth, Reproductive, and Gold standard 

recording scenarios with differences in trait changes and selection emphasis. It was 

predicted that the Growth scenario would place the majority of selection on the growth 

traits which was true. Once reproductive traits were recorded, the new KIDPLAN indexes 

greatly reduced the amount of pressure on growth traits and increased the selection on 
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NKB, NKW, and KSV. With the current recording practices, a new KIDPLAN index will 

continue to increase growth and reproductive traits, but have a negative impact on EMD 

and FAT. Unlike CPLUS, the new KIDPLAN indexes reduced WEC which is beneficial. 

Importantly, under the Gold standard recording scenario there were no significant 

differences to the selection emphasis or trait changes for the three KIDPLAN indexes. 

This means that LMG, MMG, and K+ should each be considered to replace CPLUS. 

 

The differences in index means and superiority between indexes can be explained by the 

differences in variation. It was encouraging that the top 10% of sires had desirable 

differences across traits for the majority of indexes. The three new KIDPLAN indexes 

had no significant differences in selection differentials or in sires selected. It was expected 

that the K+ index would have a greater variation index values, as it had a larger economic 

value, which was not the result observed. It can be explained by the large economic values 

placed on NKB, NKW, and KSV which best describes the breeding objective. 

 

The MMG and K+ indexes showed that by adding economic values for reproductive 

traits, the index dollar value changes significantly. The reason for conducting the 

sensitively analyses was to determine how sensitive the indexes are to changes in the 

economic values. Including parameter estimates and economic values, had a greater 

change to the index, than the response to changes in economic values. This was 

demonstrated by the changes to economic values for NKB and NKW, and the differences 

in 10 year trait changes and EBV superiority, as a result of high genetic correlations. 

Compared to the change in economic values, the change in index value was comparatively 

small. The change on the economic value for kid survival was extreme at $43.50 but the 
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change to the index value and trait changes were relatively small. The K+ index was not 

only more balanced, but also fairly insensitive to the specific economic values. Finally 

the results from the Self-replacing Carcase index (SRC) were similar to those for MMG 

and K+. This indicates that KIDPLAN should have been using a maternal index instead 

of CPLUS all along. However without breeders recording reproductive traits accurately 

when KIDPLAN was first adopted it may not have a had a significant impact using a 

maternal index, but it may have encouraged breeders to improve their recording practices 

in which case it would have been very useful. 

 

8.6 Conclusion 

Goats are different to sheep and there are some important genetic differences that have 

been investigated. The main differences included; higher heritabilities for kid survival 

which were positively genetically correlated to birth weight, greater variation in number 

of kids born and weaned, less variation for eye muscle and fat depth, and genetic 

correlations between production traits were significantly different from sheep. The 

differences in genetic and phenotypic parameters, recording practices, economic values, 

and breeding objectives of goat breeders led to the creation of new Australian meat goat 

indexes for KIDPLAN users. It is recommended that the K+ index be adopted by 

KIDPLAN users. This places selection pressure on growth and reproductive traits, 

including the kid survival trait calculated from existing birth and rearing type data. The 

K+ index is based on the best defined breeding objective. Future testing of the index is 

recommended to compare the theoretical response to the real world and to demonstrate 

to producers that it is better than the current CPLUS index. Producers are also strongly 

recommended to record key traits for WEC and carcase traits. 
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9.1 Introduction 

The best tool for the genetic improvement of goats in Australia is KIDPLAN, it is the 

only tool to provide a benchmark for breeders and EBVs for a range of production traits 

(BCS Agribusiness 2012; Sheep Genetics 2016). As the industry develops it is important 

that KIDPLAN is in a position to respond to the growing demands of the industry to help 

make greater gains. This project was a good starting point to achieve that. From 

discussion with breeders and the sensitivity analysis in the literature review, the 

importance of various traits on lean meat production were determined (Table 2-7). The 

results suggested the largest potential improvement could be made with reproductive 

traits. It was hypothesised that kid survival is an economically important trait, that 

KIDPLAN can be used to calculate such a trait, and that it is worth focusing on the 

component of kid survival rather than overall number of kids weaned.  

 

9.2 Key findings 

The most important result from the thesis was that a kid survival trait treated as a trait of 

the kid (KSV) can be calculated using KIDPLAN data. When adjusted for birth type, it 

was heritable (0.09 ± 0.02), and had significant phenotypic variation (𝜎𝑃
2 = 0.15 ± 0.01, 

Table 4-4 and 5-2). Fitting birth weight did not significantly change the results for the 

univariate, and bivariate models would not converge with birth weight fitted as a 

covariate. When kid survival was treated as a trait of the doe (RT/BT), the heritability 

was low and not different to zero (0.02 ± 0.02). This difference demonstrates the 

individual additive genetic variation in kid survival rather than the maternal effect. The 

heritability estimate for KSV was similar to previous estimates by Singh et al. (1990) 

which treated kid survival as a trait of the doe (0.06 to 0.10). Both estimates for KSV and 

RT/BT were within the range of previous estimates for lamb survival as a trait of the ewe, 
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between 0.00 and 0.12 (Fogarty et al. 1994; Rosati et al. 2002; Afolayan et al. 2008a; 

Bunter and Brown 2013; Newton et al. 2014). The higher heritability for KSV, the high 

correlation of EBVs between KSV and RT/BT (0.90, Figure 4-1), the variation in KSV, 

and similar estimates to previous literature, meant it was decided it is most appropriate 

for kid survival to continue to be analysed as a trait of the kid. 

 

A novel result was from a multivariate analysis of three KSV traits based on birth type 

(single, twin, multiple). The genetic correlations between birth types ranged from 0.46 ± 

0.34 to 0.72 ± 0.45 (Table 6-1). This was similar to previous genetic correlations for lamb 

survival traits based on birth type (-0.08 and 0.60) (Kelly et al. 2016). Given the data 

limitations, improved model fit with the original trait, and relatively high genetic 

correlations, it was concluded the most sensible method to analyse kid survival is as a 

single trait with litter size fitted as a fixed effect. 

 

Kid survival is an economically important trait as evidenced by the calculated economic 

values per genetic standard deviation being $9.79 for kid survival compared to $0.33 for 

number of kids born, $3.00 for number of kids weaned and $3.94 for body weight (Table 

7-11). This was the first time an index for Australian meat goats has been developed using 

parameter estimates and economic values of goats not sheep. The Lean Meat Goat index 

more accurately addresses the breeding objectives than the current Carcase Plus index 

(Table 8-2). The only difference between the Maternal Meat Goat and Kid Plus (K+) 

index, was that K+ included an economic value for KSV. This one difference resulted in 

a greater 10 year trait change for the reproductive traits; number of kids born (3% to 5%), 

number of kids weaned (4% to 6%) and kid survival (5% to 9%) (Table 8-4). Selecting 
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for number of kids born and number of kids weaned will improve the reproductive traits, 

but it is important to include kid survival. This supported reasoning by Bunter and Brown 

(2013) who reported that component traits such as fertility, litter size (fecundity) and lamb 

survival might be more accurate for genetic evaluation than for number of lambs born or 

weaned. It also supported a report by Bunter et al. (2017) who suggest it is possible to 

select for higher litter sizes and lower lamb losses at the same time. 

 

9.3 Future genetic research for Australian meat goats 

9.3.1 Kid survival research 

The greatest limitation in the analysis of kid survival was data available both in quantity 

and quality. The results from the bivariate analysis of the production traits (Chapter 5) 

and the multivariate analysis of kid survival (Chapter 6) demonstrated a need for re-

analysis when more data becomes available. If a greater volume of more accurate data 

becomes available further analysis of the kid survival trait that includes the maternal 

genetic effect or a kid survival trait of the doe should be investigated further. Ideally 

future research on kid survival would include genomics as it would provide better 

pedigree information and more accurately describe the additive relationship between 

animals, increasing the accuracy of EBVs, and potentially the heritability as a trait of the 

kid is likely to be even higher than currently estimated.  

 

Future research on kid survival should continue to treat kid survival as trait of the kid 

rather than the doe for several reasons. In sheep the main issue has been focused on 

mismothering but in goats there is a need to improve the animals own ability to survive 

(Luff 1980; Snyman 2010; Brown et al. 2014). While in sheep the focus has also been to 
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increase the number of lambs born, the goat industry needs to address keeping the larger 

number of kids born alive. 

 

There is a large gap in the goat literature compared to sheep. This project focused on kid 

survival but there are still potential correlated traits such as birth coat score, time to 

bleating after handling, lamb vigour when handled, rectal temperature, lambing ease, and 

maternal behaviour score that could be useful but do not have sufficient records for 

analysis (Brien et al. 2010; Plush et al. 2011; Brien et al. 2014; Brown et al. 2014; Young 

et al. 2014; Brien et al. 2015; Li and Brown 2016).   

 

A correlated trait for kid survival needs to be easily measured in the paddock, as it has 

already been demonstrated that data accuracy in KIDPLAN is an issue. In sheep, rectal 

temperature is moderately correlated to number of lambs weaned (0.56) but lowly 

heritable (0.10) (Brien et al. 2010). Breeders could be apprehensive about measuring 

rectal temperature, as it is invasive it could raise animal health and welfare concerns. 

Time to bleating has a lower and negative genetic correlation (between -0.25 and -0.43) 

and similar heritability (between 0.04 and 0.11) (Brien et al. 2014; Brien et al. 2015). 

Time to bleating is also easier to record and can be incorporated into current practices. 

Lamb vigour and maternal behaviour score have higher heritabilities (between 0.11 and 

0.16 for lamb vigour and between 0.09 and 0.35 for maternal behaviour) but lower genetic 

correlations with survival (-0.25 for lamb vigour and between -0.09 and -0.29 for maternal 

behaviour) (Plush et al. 2011; Brien et al. 2014; Brien et al. 2015; Brown et al. 2016c). 

They are also subjective measures that can be difficult to incorporate into current on-farm 

practices. Time to bleating would be the preferred trait to be investigated as a potential 
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correlated trait for kid survival, because it is non-invasive and has been demonstrated to 

be a useful correlated trait in sheep.  

 

Another result that should be further explored is treating traits separately based on a 

factor, such as birth type. The genotype x environment interaction tested for kid survival, 

with different birth types treated as different environments, were shown to be different 

traits (Table 6-1). This supported the earlier work of Kelly et al. (2016) in lambs. What 

was surprising, was that weaning weight and post-weaning weight also appeared to be 

different traits depending on birth type as a G x E interaction (Table 6-2). This result 

should not only be further explored for goats but also in sheep.  

 

Another option would be to combine two of the three kid survival traits in a similar way 

to the combine traits EMD and FAT. Some additional modelling using selection index 

theory was done to test this. Using the mean survival rates, proportion of progeny of each 

birth type, and the parameter estimates from the genetic analysis of kid survival (Chapters 

3, 6 and 8), the economic response to selection was estimated. The response to selection 

for three traits compared to the original kid survival trait was 19% greater, and when twin 

and multiples were assumed to be the same trait the response compared to the original 

trait was 31% greater. This result should be further explored in the future. The issue is 

that implementing the results in a selection index is currently too difficult for several 

reasons, there is only information on one trait for each animal as an animal can only be a 

single, twin or multiple, residual co-variances with other production traits are not 

currently estimable and the low confidence caused by the high standard errors for genetic 

correlations. Using the original survival trait would mean there are fewer EBV’s to report 
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to breeders and using the component trait of KSV is still better than selecting just for 

number of kids weaned (Chapter 8). 

 

Other traits (including litter size, number of kids weaned, and fertility rate) and other 

factors (such as dam age) could be investigated. Unfortunately the current data in 

KIDPLAN is not sufficient for such an analysis. Doe age is a potential factor already 

recorded in KIDPLAN, it has previously been shown in sheep to have different genetic 

expressions for number of lambs born and weaned for yearlings, hoggets and adults. For 

both number of kids born and weaned, genetic correlations of 0.64 to 0.72 between 

yearling and hoggets, and 0.68 to 0.70 between hoggets and adults have been reported, 

with higher heritabilities for younger animals (Bunter and Brown 2013; Newton et al. 

2014). In KIDPLAN there are only 29 animals with a yearling dam but it could still be 

useful to investigate the difference between hoggets, adults and older does.  

 

The multivariate analysis of kid survival as separate traits and the higher survival rate of 

twins compared to singles and multiples has led to the development of another question. 

That is, is it possible to select for more twin litters without increasing the incidence of 

multiples? This would be a trait for the proportion of dams that have twins and treated as 

a trait of the dam. It could be achieved with a binary trait where twins are assigned 1, and 

0 for singles or multiples, and treated as a repeated measure with one record per litter. 

Out of interest a brief univariate analysis was done, using a sire model with doe age as a 

fixed effect, with doe as a maternal permanent environmental effect and a service sire 

effect using 3,757 records with a mean of 0.44 ± 0.50 (SD). The phenotypic variance was 

0.24 ± 0.01, the heritability was 0.03 ± 0.02, maternal permanent environmental variance 
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was 0.01 ± 0.02, and service sire variance of 0.04 ± 0.01. This suggests that selecting for 

twins without increasing the number of triplets is theoretically possible but progress 

would be very slow and the result indicates little encouragement biologically as it is likely 

driven by ovulation rate and it could be naïve to expect a clear biological optimum. 

 

Fertility, fecundity and survival rates have been identified as key traits with the greatest 

potential to increase lean meat yield (Chapter 2 and 7). However, the project 

predominantly focused on kid survival with the justification that there is an under 

reporting of dry does in KIDPLAN (502 does). This is essential information for the 

analysis of fertility and fecundity which require number of does joined for their 

calculation. It was also raised that goats have a high fertility (mean of 0.82 and 𝜎𝑃
2 =

0.41) and fecundity rate (mean of 1.67 and 𝜎𝑃
2 = 0.59) and there is potential for selection 

with heritabilities of 0.05 (sheep estimate) and 0.22 respectively (Fogarty et al. 1994; 

Odubote 1996; Walkden-Brown and Bocquier 2000; Rosati et al. 2002; Matika et al. 

2003; Hanford et al. 2005; Hanford et al. 2006; Safari et al. 2007; Afolayan et al. 2008a; 

Zhang et al. 2009a; Mellado et al. 2011). Increasing the number of kids born without 

increasing kid survival is an animal welfare issue (Table 2-7). With the new kid survival 

trait, this issue is addressed, which means fertility and fecundity should be further 

investigated if breeders report dry does. 

 

9.3.2 Production trait research 

This was the first time genetic correlations between a kid survival trait and other production 

traits have been reported. There are no antagonisms between KSV and production traits as 

they were either negligible or favourably genetically correlated (between -0.06 ± 0.03 and 
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0.19 ± 0.19, Table 5-2). The positive genetic relationship between birth weight (BWT) and 

KSV (0.19 ± 0.19) has also been observed in sheep with a phenotypic curvilinear correlation 

of 0.34 (Rosati et al. 2002). Selecting for a larger BWT could potentially increase neonatal 

survival in goats. The bivariate analysis was limited by the number of records for the scanned 

carcase traits, with large standard errors and higher than expected negative genetic 

correlations (Brown and Swan 2016b; Table 5-2). If more data becomes available for the 

scanned carcase traits then they should be re-analysed to update the genetic parameters in 

KIDPLAN. There is also still a gap in the literature on carcase traits which have been 

partially covered for scanned traits but a large gap remains for eating quality traits. The 

largest issues that need to be addressed for the carcase quality traits is lack of data, the 

current inability to justify the value of eating quality due to zero price premiums and the 

fact that the current scanned carcase traits are not consistently recorded.  

 

Breeders should continue or begin recording ultrasound EMD and FAT traits to enable 

genetic selection towards greater meat yields. This suggestion is made based on the results 

from all of the indexes having an undesirable decrease in eye muscle area (-0.08 mm to -

0.17 mm over 10 years) when EMD is not recorded and body weight fitted as a covariate 

(Table 8-4). From a production aspect breeders should first focus on improving recording 

practices of dam identification, birth and rearing type information first. Breeders should 

also begin collecting data on carcase weight where possible, as a key production trait. 

Unfortunately, currently there is limited justification for breeders to record carcase quality 

traits until other recording practices are improved.  
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Finally genomic testing has potential to address these gaps. Genomic testing has two 

major potential uses for rangeland and Boer goats. The first potential use is for the 

genomic selection of rangeland animals. It is not currently logistically possible to collect 

phenotypic records of production traits on rangeland animals. Genomic prediction could 

potentially be used to select animals in rangeland systems similar to the use of genomic 

selection for reproductive traits in tropical beef cattle or identifying phenotypic variation 

in wild sheep populations (Johnston et al. 2011; Zhang et al. 2014). This has broader 

implications as it could be a fundamental change to the current harvesting practices and 

could limit the use of Boer bucks for improvement. This could be achieved by genotyping 

rangeland goats removing the need for pedigree information, tagging females to collect 

longevity data and making selections within the wild population. Logistically the most 

suitable animals to be recorded to develop genomic prediction would be a nucleus herd 

that includes, Boer, rangeland and crossed animals. Maintaining these herds in a 

commercial system with improved fencing would be easiest. This would also have the 

added benefit of providing starting the process of linking between rangeland systems and 

intensive breeding systems.  

 

Implementation within rangeland systems would be easiest at mustering when young does 

could have a hair follicle sample taken. The two greatest limitations would then be the 

majority of selection is placed on females, determining which animals to sample and the 

cost. This could be mitigated as the cost of genomic prediction continues to decrease and 

male selection could be improved by the release of Boer bucks. This would be most useful 

for growth traits as rangeland harvesters don’t record live weights except at point of sale, 

and reproductive traits which is currently limited to an estimate of number of does on the 

property (Tables 7-1 and 7-7). Both reproductive and growth traits would rely on the 
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previously mentioned nucleus herds. The other potential use for genomics, is for lean 

meat yield and eating quality traits which are difficult to measure and could be 

implemented in both intensive (Boer) and extensive (Rangeland) systems with (Fogarty 

et al. 2007; Daetwyler et al. 2010; Warner et al. 2010). These traits have the added benefit 

that recording can be made at point of slaughter on all animals. There are issues that this 

potential research would face; limitations in accuracy caused by the number of 

phenotyped animals, rangeland systems are used because of their low input and low costs 

which would require a cost benefit analysis and finally the gap in literature for genomic 

testing of Australian meat goats. 

 

9.3.3 Australian meat goat index research 

The top research priority should be on-farm testing of the KIDPLAN indexes from 

Chapter 8. This can be used as case studies similar to those available for LAMBPLAN 

and MERINOSELECT (Sheep Genetics 2017a). It is strongly recommended that 

breeding programs be further developed with breeders using KIDPLAN. A long term 

project (5+ years of progress) to demonstrate differences in reproduction between current 

selection practices (Carcase Plus, random control, or visual selection) and the K+ index 

would be beneficial for the promotion of KIDPLAN. Results can be used to both assess 

the theoretical gains and be used as promotion for KIDPLAN. If the index proves to be 

successful then there should be a long term goal to evaluate the crossing of these 

KIDPLAN animals with rangeland goats. This is recommended as rangeland goats are 

and continue to be the largest contributor to meat goat production in Australia.  
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The first step in identifying what traits could be genetically improved with a selection 

index was with a sensitivity analysis of the literature. There was a weakness in the 

sensitivity analysis, which was that parameter estimates for fertility, dressing percentage, 

survival and lean meat production utilised sheep literature (Fogarty et al. 1994; Moreno 

et al. 2001; Rosati et al. 2002; Fogarty et al. 2003; Matika et al. 2003; Safari et al. 2005; 

Ingham et al. 2007: Safari et al. 2007; Afolayan et al. 2008a; Fogarty et al. 2009; 

Mortimer et al. 2010: Bunter and Brown 2013; Newton et al. 2014). This further 

demonstrated the gap in goat literature on reproductive and carcase traits. Furthermore, 

multiplying these components is over simplistic and would have been better if selection 

index theory was used instead. Selection index theory would also account for genetic and 

phenotypic covariances between traits, however this information was not available in the 

published literature. This is important as “The simultaneous equations can be solved only 

if estimates of the various correlations can be calculated.” (Hazel 1943). The work in the 

project demonstrated that not including NKB, NKW and KSV in the breeding objective 

results in limited genetic progress of goats, and there is still room for more improvement 

by investigating these other traits when data becomes available. 

 

9.4 Extension of genetic evaluation in the meat goat industry 

9.4.1 Engage with seedstock breeders 

The results from this thesis will have a direct impact for Australian meat goat breeders. 

Comments made by breeders about the need for a kid survival trait have been addressed 

by answering the main hypotheses. It has been shown that kid survival is an economically 

important trait. The KIDPLAN database can be used to derive a kid survival trait. Finally 

selecting for kid survival as a component trait of number of kids weaned is useful to 
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breeding programs. This will lead to goats produced by seedstock breeders having higher 

survival rates, increased profitability and new marketing opportunities with commercial 

and rangeland managers. However, the potential gains made for KSV could be 

overestimated as the index analysis assumed KSV to be continuous not binary and that 

all animals are available for selection (including dead animals). Clearly only those 

animals which have survived are actually available for selection which is why response 

could have been overestimated.  Future work should further test the impact of this 

assumption to determine the impact on future indexes. 

 

Consultation with breeders using KIDPLAN about the results from this project should be 

a priority. This will help demonstrate to breeders that there is active work on improving 

KIDPLAN. Updating of the parameters used in the KIDPLAN analysis and the indexes 

developed should be adopted. KIDPLAN should utilize the new kid survival trait which 

increases the response to selection compared to only selecting for NKW (Including KSV 

in the index increased the 10 year trait change for NKW from 0.04 to 0.06 and an increase 

for KSV of 0.05 to 0.09, Table 8-4). The meat goat industry can also distinguish itself by 

adopting the K+ index. There is real opportunity to improve the amount and the quality 

of meat goat production, with index dollar values for animal gains of between $9.39 and 

$16.27 for the new K+ compared to the current $6.86 to $9.53 for Carcase Plus. If one of 

the KIDPLAN indexes is adopted there needs to be a campaign that brings that to the 

attention of current and potential breeders. It is also important to highlight it as a 

development for investors and commercial producers that are beginning to reach a point 

where genetic improvement is becoming an option with improved fencing. 
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Providing current KIDPLAN users and future users with more education about how to 

use KIDPLAN, and how to record and submit accurate phenotypes is of very high 

importance. This is for two main reasons; to increase the number of active users and to 

improve the accuracy of the data submitted. One of the issues is that there is a group of 

breeders that currently don’t meet the KIDPLAN user requirements or they do not 

understand the value in engaging with KIDPLAN. The main aspects contributing to why 

producers are not meeting Sheep Genetics quality assurance include herd size, identity 

records, ear tagging, and managing mating (Sheep Genetics 2017b). These groups should 

be engaged with and supported to improve management practices so that they meet the 

requirements and can benefit from KIDPLAN. The development and promotion of 

KIDPLAN would represent a large step to breaking those boundaries.  

 

The results from this thesis are directly applicable to Australian meat goat breeders but it 

is significant for other meat goat industries globally and for other production systems 

domestically. Boer goats are the predominant meat breed internationally and these results 

could improve kid survival in other countries. The Australian Angora goat industry is 

focused on fibre production and use MERINOSELECT, which means they are using 

sheep parameter estimates. It is possible that by using a Merino index they are placing 

too much emphasis on fibre and not enough on reproductive traits such as kid survival. 

The dairy goat industry does not use a national performance recording scheme but instead 

use their own analysis and private consultants. There is an opportunity that with the 

improvements to KIDPLAN for meat goats that dairy breeders could be encouraged to 

join a national performance recording scheme. Having breeders help develop a breeding 

objective and index specific for Australian dairy goats could avoid issues the Australian 

meat goat breeders have faced using Carcase Plus. 



 Chapter - 9 

  P a g e  | 181 

 

9.4.2 Engage with rangeland producers 

The majority of production (90%) is achieved by harvesting from rangeland populations 

(MLA 2013), but the focus of the thesis has been on Boer goats. This focus was well 

justified as it is the predominant meat breed in Australia with the ability to make genetic 

gains using KIDPLAN. The goat industry continues to develop; producers are increasing 

their goat fencing, laws and regulations are being adapted, and the value of goat meat is 

increasing. It is a matter of time before genetic improvement of commercially farmed 

rangeland goats becomes an opportunity. The thesis results could have a significant 

impact on this opportunity. If KIDPLAN adopts an industry relevant index such as Kid 

Plus then breeders using KIDPLAN will be best suited to meet the new demand. 

 

Ideally changing the index will lead to seedstock breeders selling genetically superior 

bucks to commercial producers and rangeland harvesters based on EBVs and indexes 

provided by KIDPLAN. As management systems change with controlled mating and 

animal identification within commercial production systems, then phenotypic and 

pedigree information could be captured and returned to KIDPLAN and seedstock 

breeders. Finally if rangeland producers become engaged with genetic improvement there 

needs to be feedback and communication to commercial and seedstock breeders to ensure 

genetic progress continues in the desired direction and addresses future industry issues. 

 

One of the motivations for the project was the anecdotal evidence of Boer bucks being 

released in the rangeland during the early 1990’s, then not competing with the rangeland 

bucks or the progeny having lower survival rates. Before breeders can market to the 
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rangeland they need to address their own survival issues related to kid survival. This 

project is a large step to addressing the lower survival rates of seedstock kids but the 

question remains how should the superior genetics for higher production be introduced to 

the rangeland? This requires the control or culling of rangeland bucks and the introduction 

of superior Boer bucks.  

 

Control of bucks could be achieved with traditional methods including shooting and 

mustering. With advances in technology since the 1990’s methods to control rangeland 

bucks such as tracking with GPS equipped “Judas” goats, and automated drafting systems 

at water points that utilise imaging software should also be investigated. It is hypothesised 

that Boer bucks should be conditioned to the environment before release into the 

rangeland, this will make a marked difference in their competitiveness and survival 

compared to the original practice. Identifying the optimum time for release also needs to 

be investigated. This is likely to be before the mating season begins and should be avoided 

during drought years to maximise the effectiveness of release. Finally releases should be 

done collaboratively amongst local rangeland managers, as genetically superior animals 

will potentially move between properties unless improved fencing for goat management 

is installed and also to stop Boer bucks from being harvested by other managers. 

However, with the value of goat meat increasing and the goat meat industry moving from 

the fringes of livestock production to a key production system, this will likely see a move 

to more carefully managed systems. This was evidenced by the discussion from producers 

at the 2017 Goat Industry Council of Australia annual general meeting, and recent articles 

published Meat and Livestock Australia and Sheep Central (GICA 2017; MLA 2017; 

Sheep Central 2017). If that scenario is true then genetic improvement will have the 
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largest benefit for more intensive commercial systems based on rangeland crosses with 

Boer goats.  

 

9.4.3 What the industry needs to address 

There will always be errors with data recording and there are some errors that producers 

cannot address with current technology and production systems. Where possible it is 

important for producers to limit the errors and have some quality control over the data 

provided for evaluation. There are far too many does misidentified and animals with 

incorrect birth types. If a dam is unknown it should be recorded as such, this should also 

be better communicated to producers. As the cost of pedigree testing and automated 

software for pedigree matchmaking continues to decrease, this will hopefully become less 

of an issue (Morris et al. 2012; Swan et al. 2012), but ideally this would not be an issue 

as it would be solved with genomic testing. KIDPLAN needs to use a maternal self-

replacing index not a terminal sire index, which in hindsight should have been the original 

choice. Now KIDPLAN should adopt one of the indexes developed as part of this project, 

ideally that would be Kid Plus. Following those improvements, selection of animals based 

on the EBVs and indexes from KIDPLAN should be made using the updated parameter 

estimates. Finally this work is another step to improving the productivity of Australian 

rangeland goats. This requires engagement and uptake of KIDPLAN by seedstock 

breeders and commercial producers. 

 

9.5 Conclusion 

The two key outcomes of this thesis are 1) including reproduction traits in the industry 

selection program (KIDPLAN), and 2) including kid survival as a trait of the kid as a 
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selection criteria rather than just using number of kids weaned. As with the majority of 

datasets, there are issues with the industry recorded KIDPLAN database in that there are 

some errors due to recording practices and there is currently insufficient data for key traits 

such as fertility rate, growth traits of animals older than yearlings, scanned carcase traits 

and health traits for parasite resistance. I hope this work has made a valuable contribution 

to meat goat production and wish breeders all the best as they work together to maximise 

rates of genetic improvement in their exciting industry. 

 



Appendices 

  P a g e  | 185 

Appendices 
 

Appendix 7.1 Rangeland survey 
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Appendix 7.2 Commercial survey 
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Appendix 7.3 Seedstock survey 
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Appendix 7.4 Processor survey 
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