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ABSTRACT 

Kristen Alves                                                                                            Advisor:  
University of Guelph                                                                                 Dr. Andy Robinson 
 

 

The purpose of this research was to estimate genetic parameters for individual birth 

weight, weaning weight and probe weight of purebred Yorkshire and Landrace swine in Canada. 

Data were collected from two large and related breeding herds from Quebec and Manitoba from 

2003-2015. Fixed effects of sex, contemporary group, covariates of age at weighing and the 

random effects of direct and maternal genetic effects, common litter effects and residual errors 

were modelled using ASReml. The model which included all three random effects was 

determined to be the best fit to the data. The direct heritability increased with age as a result of 

the maternal influence on that animal decreasing. Strong direct genetic correlations and 

maternal genetic correlations were found were found between birth weight and weaning weight. 

Based on the estimates of genetic parameters, individual early growth performance should be 

evaluated and considered in genetic evaluations and breed selection programs.  
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Chapter 1 

Introduction 

1.1 Background Information 

Swine production is essential in Canada‟s agricultural economy. Swine production is the 

fourth largest agricultural industry in Canada and is responsible for over $3.9 billion dollars in 

revenue (Brisson 2014). In 1996, it was said that the Canadian evaluation system was the most 

advanced genetic evaluation program in the world (Chesnais 1996). Designed in 1985 with the 

late Dr. Brian Kennedy from the University of Guelph, the Canadian genetic evaluation program 

was the first national swine evaluation system to use the Best Linear Unbiased Prediction 

method (Chesnais 1996), which is now recognized as the method of choice for genetic 

evaluation of livestock. The program integrates information from the animal and all its relatives 

to generate estimated breeding values (EBVs) which can be compared across herds and allow 

for the identification of the top breeding stock in the country (Chesnais 1996). Genetic 

improvement of swine is crucial for the industry in order to maintain and improve the current 

quality of the animals. Therefore, improved selection tools and breeding techniques are 

implemented in genetic improvement programs to increase genetic progress.  

The Canadian Centre for Swine Improvement (CCSI) is a national non-profit corporation 

created in 1994 by the Canadian swine industry. CCSI provides leadership, coordination and 

services for swine genetic improvement in Canada. The CCSI board of directors includes 

organizations across Canada who represent genetic suppliers, commercial producers, pork 

processors and regional swine improvement centres. CCSI runs national bi-weekly evaluations 

for growth, carcass and reproductive traits. The existing genetic evaluations are constantly 

improved, and new traits and evaluations are added in order to optimize the use of all data 

collected in breeding farms across Canada.  
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In pig production, growth rate is a very important economic trait. By improving the early 

growth performance of a piglet, one can maximise returns on the pigs while minimizing the costs 

incurred by the production and management of raising those pigs. Given the high levels of 

competition in this industry, breeders that take the appropriate steps in improving growth 

performance now, are the ones that will be successful in the future. The Canadian Centre for 

Swine Improvement (CCSI) aims to help those breeders supply superior breeding stock by 

focusing on genetic improvement within the nucleus herds. 

An area of swine genetics that has not been well explored is the analysis and selection of 

piglets on the basis of individual performance in early life stages; birth and weaning weights. No 

genetic parameters for individual birth and weaning weights were found in the literature for 

Canadian swine breeding herds. This is often the result of the producers choosing not to spend 

time and resources identifying each piglet until after weaning. Hence, commercial production 

systems typically overlook this information, but it is information that can be valuable in predicting 

future performance. CCSI‟s annual report from 2011 identified this lack of means to select on 

early growth performance as a Canadian problem that should be addressed. 

The following thesis aims to address the issue presented by CCSI in 2011. It is proposed 

that recording individual birth weights will provide a means to select on early growth 

performance. This is due to the fact that birth weight has been an important factor relating to 

weight gain, piglet survival and suckling behaviour. Genetic analyses of birth and weaning 

weight data will help to determine how the early growth performance of piglets might be 

genetically improved. The primary goal of the current study was to estimate genetic parameters 

for birth and weaning weight. The estimation of these parameters will provide more information 

to breeders to select animals which maximize income by fulfilling market requirements on 

slaughter age and date.  
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1.2 Introduction to the Research 

In pig production systems, revenue and costs depend on the weight and number of 

animals raised to marketing (Dube, Mulugeta, and Dzama 2013). Therefore, swine-breeding 

programs have been implemented and adjusted by breeders to minimize the cost of production 

and maximize returns to producers who purchase their replacement stock. In the past, growth 

and carcass traits have been the focus of importance in breeding programs to improve the 

efficiency of pork production. However, prolonged selection emphasis on traits such as reduced 

backfat thickness had a negative impact on reproductive traits (McKay 1993).  

In the late 1980‟s, Dr. Brian Kennedy of the University of Guelph recognized the 

importance of sow productivity and began evaluations on reproductive traits in Ontario swine. 

Roehe and Kennedy (1995) estimated genetic parameters for litter size in Canadian Yorkshire 

and Landrace swine, as improvement in litter size became an important breeding goal. The sow 

productivity and management program suggested by Dr. Kennedy was then adopted by CCSI in 

the late 1990‟s. With the introduction of selection on reproductive traits by the Canadian Swine 

Improvement Program (CSIP) in the late 1990‟s, improvements have been made on mothering 

ability and total number of piglets born (Canadian Centre for Swine Improvement 2012). 

Nonetheless, the negative relationship between litter size and piglet birth weight resulted in 

larger litters with lighter piglets at birth and larger birth weight variations (Dufrasne et al. 2013). 

In addition, differences in weight between light and heavy piglets at birth are often maintained 

and even increased during growth due to competition among litter mates (Milligan, Fraser, and 

Kramer 2002).  

Commercial production systems don‟t normally collect individual piglet birth weight 

information but several studies have noted its value in predicting later performance. A low birth 

weight is associated with more risk of preweaning mortality (McKay 1993; Quiniou, Dagorn, and 
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Gaudré 2002; Panzardi et al. 2013), reduced weight gain during the production period (Quiniou, 

Dagorn, and Gaudré 2002; Quinton et al. 2006), and problems in establishing themselves in the 

hierarchal environment within the litter (Wigmore and Stickland 1985; Milligan, Fraser, and 

Kramer 2001; Arango et al. 2005; Andersen, Nævdal, and Bøe 2011). Therefore, extra cost is 

associated with these pigs as they take longer to reach market weight and produce a lower 

quality carcass (Rehfeldt et al. 2008; Bérard, Kreuzer, and Bee 2010; Oksbjerg et al. 2013; Miar 

et al. 2014). It is suggested that recording individual piglet birth weight information will help to 

improve the early growth performance of the piglets, benefiting the quality of life of the piglet as 

well as reducing costs to the producer. Genetic parameter estimates for individual piglet birth 

weight and weaning weight in swine are sparse since these values are usually not recorded. 

Although estimates of these parameters have been done in Japan and a few countries in 

Europe (Kaufmann 2000; Arango et al. 2005; Tomiyama et al. 2010; Dufrasne et al. 2014), 

literature estimates for these parameters in Canada do not currently exist.  

Knowledge of the genetic parameters involved in early growth such as birth weight and 

weaning weight can support the maximization of genetic progress in early growth performance. 

This notion is supported by genetic parameter estimates from other livestock species. In other 

livestock species such as sheep and beef cattle, individual birth and weaning weights are 

utilized for selection of those animals. Assan et al. (2002) found the direct genetic effect 

heritabilities in sheep for birth and weaning weights were moderate, and therefore conventional 

selection for both traits should give genetic progress. Koots, Gibson, and Wilton (1994) 

summarized results from many other studies and found reliable parameter estimates for the 

heritability of the direct and maternal birth weight and weaning weight in beef cattle (birth weight 

direct= 0.35; birth weight maternal=0.18; weaning weight direct = 0.27; weaning weight maternal 

= 0.20). Thus, it is possible to make genetic improvements from selection in both traits, and 

there is no reason to think that pigs are different. Therefore, it is proposed that accurate genetic 
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parameter estimates will optimize selection response in pre- weaning growth for purebred swine 

in Canada. 

The difficulty with modelling direct and maternal effects in swine comes from the use of 

cross-fostering as a management technique. As a litter bearing species, there is variation 

between sows in the total number of piglets born and the weight of the piglets within the litter 

(Milligan, Fraser, and Kramer 2002; Wolf, Zakova, and Groeneveld 2008; Zindove 2013). 

Therefore piglets are fostered in or out to others sows to balance the variation among litters. If 

cross-fostering is performed properly, there should be no detrimental effect to the piglet in 

regards to growth or survival (Bishop 2011). However, it creates problems when modelling 

maternal effects as the birth mother provides the maternal genetics, and the foster mother 

provides the maternal environment. To take cross-fostering into consideration when modelling, 

the foster sow ID must be recorded. With the foster sow ID, and the piglets‟ birth date, a group 

effect can be modelled in place of a common litter effect. The group effect is the environment 

common to group mates whether they were born into the same litter or not (Bouwman et al. 

2014). By replacing the common litter effect with a group effect it is suggested that the genetic 

parameter estimates will be more accurate. However, the foster sow information was not 

available for the current study, and therefore social interactions were modelled with a common 

litter effect.   

1.3 Research Objectives  

This research aims to estimate genetic parameters for individual piglet birth weight to 

determine whether birth weight would be useful for selection on early growth performance. The 

specific objectives of this research were:  

1. To compare estimates of genetic parameters using different univariate animal models to 

determine the importance of direct, maternal, and common litter effects on the phenotype  
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2. To estimate variance components, genetic parameters and correlations for individual birth 

weight, weaning weight and probe weight (ie. weight at which a pig is measured 

ultrasonically for backfat and lean depth, generally close to market weight. Referred to as 

probe weight hereafter).  

3. Suggest topics for future research 

1.4 Thesis Structure 

The thesis presented will outline the importance of recording individual piglet birth 

weight. Chapter 2 will review significant findings from past and current research on the 

importance of birth weight. Chapter 3 will then outline the methods used to estimate the genetic 

parameters for the Yorkshire and Landrace breeds. Chapter 4 will report the results. Chapter 5 

will discuss significant findings and how they compare to the literature. Chapter 6 will illustrate 

the important findings in relation to the research objectives in a general conclusion to the thesis.  
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Chapter 2 

Literature Review 

2.1 Introduction  

Improving early growth performance is important to the swine industry because it directly 

affects the cost or returns associated with the piglet. To improve the early growth performance 

of a piglet, selection decisions on individual birth weight should be considered. Advancing our 

knowledge in pig genetic improvement to select for robust piglets will increase the rate of 

genetic progress in number of weaned piglets per litter in comparison to the number of piglets 

born. To understand the importance of early growth performance in the swine industry, this 

chapter describes the significance of swine production to Canada‟s agricultural economy, the 

challenges and importance of improving early growth performance of piglets, and the general 

definitions and random variables which will be used to estimate genetic parameters within the 

scope of this thesis. 

2.2 Description of Production System  

The Canadian swine industry is constantly changing due to fluctuations in prices and in 

the value of the Canadian dollar. Regardless of these fluctuations, the Canadian swine industry 

engages in genetic improvement and selection programs in an ongoing effort to enhance swine 

quality.  From 1921 to 2011, the total number of farms in Canada went from 8.1 per 100 

inhabitants to 0.6 per 100 inhabitants (Brisson 2014). Over that period, farming operations have 

become more intensive and specialized. The hog sector is no exception to this trend. During this 

time, the Canadian swine herd rose from 3,324,291 head to 12,679,104 while the number of 

farms dropped from 452,935 to 7,371 (Brisson 2014). This shows that although the number of 

farms has decreased, the Canadian swine herd has grown substantially making it essential to 

Canada‟s agricultural economy.  
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2.2.1 Product and Revenue  

Swine production is essential in Canada‟s agricultural economy. In 2011, the hog 

industry was the fourth largest agricultural industry in Canada, after canola, dairy products and 

cattle (Brisson 2014). The pork sector in Canada accounts for 30% of total livestock shipments, 

and 10% of all farm cash receipts (Brisson 2014). It is estimated that the revenues from swine 

production amount to over $3.9 billion dollars. Most of Canada‟s pork production (75%) occurs 

in Ontario, Quebec and Manitoba (“The Canadian Pork Story,” n.d.). As pork is the most heavily 

consumed meat worldwide, Canada plays a vital role in this market as the fifth largest exporter 

of pork in 2011 (Brisson 2014). Therefore, research in the improvement of pork production is 

vital. 

2.2.2 Production System  

Commercial swine are produced using a three-breed  terminal crossing system (Figure 

2.1). The three main breeds involved in commercial swine production in Canada are the 

Yorkshire and Landrace as foundation females, and the Duroc as the terminal boar. Selected 

sows from the maternal line will be used and crossed with another purebred female line 

(Simmons and Kennedy 1985). The F1 females are then crossed with a purebred boar to 

produce piglets for market.  The F1 Yorkshire X Landrace females, mated to Duroc boars are 

the most popular breeds used in Ontario. When a crossbred female is used (F1), the breeder 

can expect 28% heavier three week litter weight compared to purebreds (Simmons and 

Kennedy 1985). Crossbred pigs reach market weight at an earlier age, and have a slight 

improvement in feed efficiency as compared to purebred pigs (Simmons and Kennedy 1985). 

Therefore, heterosis for maternal traits in the F1 cross, and additional heterosis in the market 

pig from the terminal sire cross is beneficial.  
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Nucleus farms focus on the breeding and genetic improvement of purebred swine to 

feed into the crossbreeding system for commercial production. The best purebreds are kept at 

the nucleus level for breeding, and the other animals are sent to the multiplier level to produce 

the F1 maternal cross female and terminal boars. CCSI‟s role in the Canadian pig industry is to 

produce purebred pigs. Their selection is based on indexes specific to the sire line and dam 

line.   

2.2.3 Traits  

As the swine industry becomes more competitive, swine-breeding programs have been 

implemented and adjusted by producers to minimize the cost of production and maximize 

returns. Swine-breeding programs use traits measured throughout an animal‟s lifetime in order 

to make selection decisions based on what is important to the consumer. Traits that are the 

most economically important to a swine producer can be divided into three categories: growth, 

carcass and reproductive traits. The Canadian Swine Improvement Program (CSIP) records 

measurements for growth, carcass and reproduction traits. Traits that are important to a 

consumer, but are difficult to measure in practice are indirectly selected on using specific sire 

line and dam line selection indexes. The following section will discuss the economic and index 

traits.  

Economic Traits  

Focusing on the genetic improvement of economically important traits has been shown 

to reduce the cost of production by aiding in important selection decisions (Cassady and 

Robison 2002). A pig is selected for breeding based on the estimated economic worth of its 

offspring, usually calculated as a function of the predicted breeding values of economically 

relevant traits and economic weighting factors (Quinton et al. 2006). Genetic improvement 

within a herd is dependent on the producer‟s ability to select breeding stock with an appropriate 
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combination of superior breeding values for all of the economically important traits (Cassady 

and Robison 2002).  

In the past, growth and carcass traits were used for the selection of animals to be used 

for breeding across Canada. Prolonged selection emphasis placed on certain growth traits such 

as reduced backfat had a negative impact on reproductive and carcass traits (McKay 1993). 

Hog producers began to experience a noticeable increase in preweaning losses of piglets, and 

almost no change in the average daily gain (McKay 1993). Since the improvement of more than 

one trait was desired, a selection index was developed specific to the sire and dam lines.   

Index Traits  

A sire line index (SLI) was developed in the early 1990s to maximize economic returns 

for those selecting leaner and faster growing pigs (Canadian Centre for Swine Improvement 

2012). The sire line index includes growth and carcass traits. The sire line is used to produce 

terminal sires in the crossbreeding system. In Canada, the terminal sire will typically belong to 

the Duroc breed.  

In the late 1990s, a dam line index (DLI) was designed for the selection of sow 

productivity traits while continuing improvement on growth and carcass traits (Canadian Centre 

for Swine Improvement 2012). Creating a dam line index was valuable to the swine industry as 

significant improvements have been made to sow productivity traits since litter size has been 

introduced. Maternal breeds in swine are characterized by increased ovulation rate and 

mothering ability. In Canada, maternal breeds typically include the Yorkshire and Landrace.  

Index values for these traits are calculated by weighting an animals‟ genetic values for 

several traits.  In the late 1990s, the total number born estimated breeding value (EBV) made up 

more than 50% of the dam line index because an increase in the number of piglets was found to 

have an important impact on the economic value (Canadian Centre for Swine Improvement 
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2012). In 2005, new maternal traits were added to the list of traits evaluated by the CSIP 

including age at first farrowing, farrowing interval, piglet perinatal survivability, number of piglets 

weaned and litter weight at weaning (Canadian Centre for Swine Improvement 2012). These 

traits have a substantial economic value, generally low heritabilities and are correlated to each 

other. The estimated breeding values (EBVs) for these traits are provided to breeders collecting 

this information to be used in the selection of maternal lines.  

It has been difficult to decide which of the sow productivity traits are the most important 

for selection. As of November 7th 2011, some of the traits including piglet perinatal survival, 

farrowing intervals and the number of functional teats have been included in the national DLI 

(Canadian Centre for Swine Improvement 2011). With the addition of new traits into the DLI 

significant genetic improvements have been made on sow prolificacy at birth. In return, these 

improvements have made a significant contribution to the profitability of commercial production 

in Canada (Canadian Centre for Swine Improvement 2012). However, increasing litter size has 

had a negative effect on the birth weight of the piglets which is detrimental to piglet growth, 

survival and behaviour.  

2.3 Challenges for the Canadian Swine Industry 

Since the introduction of the dam line index in the late 1990s, significant improvements 

have been made on sow prolificacy at birth. Through prolonged selection on reproductive traits 

such as sow prolificacy, noticeable negative effects on the early growth performance of piglets 

have been identified. Since individual birth weights are not normally recorded in commercial 

swine production systems, selection based on early growth performance is not possible. CCSI‟s 

annual report from 2011 identified the inability to select based on early growth performance as a 

Canadian problem that should be addressed. A challenge for the Canadian swine industry is 

estimating these genetic parameters for individual birth and weaning weight, while taking into 
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account management practices such as cross-fostering. The following section will describe the 

importance of early growth performance, the importance of birth weight, factors that affect birth 

weight and the challenges of cross-fostering.  

2.3.1 Early Growth Performance  

Growth performance of piglets is of great importance to the swine industry. The growth 

rate before weaning is dependent on a combination of birth weight, age at weaning, genotype of 

the piglet and also the milk production, mothering ability and age of the sow (Hafez 1963). 

Associated with growth are feed intake, feed efficiency, fat deposition, muscle development, 

bone length, degree of maturity, and body condition (Schaeffer, n.d.). Several studies have 

suggested alternatives to pig feed to improve lean growth, feed efficiency and disease 

resistance (Fraser, Pajor, and Feddes 1994; Oksbjerg et al. 2013). Nonetheless, farrow-feeder 

farms profit on the weight of pigs at weaning, and there is evidence that higher birth weight 

results in higher weaning weight. Improving early growth performance also increases the 

chance of survival, and affects feed conversion and grading to achieve maximum returns.  

2.3.2 Importance of Birth Weight  

Birth weight is a trait of potential economic importance through its effects on preweaning 

growth. In all mammalian species, there is an „optimum‟ birth weight in which a natural delivery 

can occur and neonatal survival is maximised. This is surrounded by a „range of adequacy‟ 

where birth weight can deviate from this optimum but neonates survive to reproductive age 

(Gardner et al. 2007). In the agricultural industry, knowledge of factors that have a bearing on 

live weight at term is important. Therefore, individual birth weights are recorded in a number of 

livestock species such as sheep and cattle. In all studies, animals heavier at birth will weigh 

more at weaning time and tend to survive better than lighter animals (Beaulieu et al. 2010; Fix et 
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al. 2010; Casas, Thallman, and Cundiff 2012; Douglas et al. 2013). Therefore, an increase in 

birth weight is desirable in many livestock populations.  

Some research in pig genetics has acknowledged the importance of piglet birth weight 

even though individual weights have yet to be used in selection programs in Canada. The 

effects of birth weight have been studied on the weight of piglets post weaning, the survival and 

quality of the swine, and the behaviour of the piglet in new groupings. Thus, birth weight is an 

important record and there are several reasons that it should be considered when making 

selection decisions.   

Growth 

Birth weight should be recorded as it directly relates to the early growth performance of 

the piglet. Smith et al. (2007) examined the effect of birth weight on weights at weaning and 42 

days post weaning. The research found that the difference in body weight at birth is perpetuated 

post weaning. Therefore, pigs heavier at birth are still heavier 42 days post weaning. Since 

heavy piglets are better able to stimulate their own teats to produce milk (King et al. 1997), 

differences in body weight between light and heavy piglets are often maintained or increased 

throughout lactation (Milligan, Fraser, and Kramer 2002). Piglets with poor weight gains are 

commercially important because they require extra facility costs, eat more, produce less pork 

and complicate management (Deen et al. 1998).  

 Hales et al. (2013) found that piglets with higher birth weight resulted in higher average 

daily gain. By increasing average daily gains, heavier animals have been able to reach a target 

weight younger which slightly reduces days to slaughter. By reaching 100kg weight in fewer 

days than the average pig, the cost of raising that piglet is reduced by saving on feed and 

management. This research suggests that producers should consider alternatives for managing 
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underweight pigs, which could be accomplished by obtaining estimated breeding values through 

the proposed study.  

Survival 

Birth weight is directly correlated with the preweaning mortality of pigs (Caceres et al. 

2001; Fix et al. 2010). Smaller piglets are at an increased risk of suffering from hypothermia, 

crushing and litter competition. Litter competition excludes light litter mates from access to 

functional and productive teats (English, Smith, and Maclean 1977; English and Morrison 1984), 

increasing their chance of starvation (Oksbjerg et al. 2013). Similarly, litter competition 

increases as the litter size and the variation of piglet weight within a litter increases. In the last 

decade, swine genetic improvement programs have begun to select for sow prolificacy which 

has increased the average litter size per sow (Holl and Robison 2003). A study by Robinson and 

Quinton (2002) looked at the consequences of selecting for increased total number of piglets 

born in Ontario breeding herds and found an antagonistic relationship between the total number 

of piglets born and the number of piglets surviving. By increasing the size of the litter, we have 

decreased the average litter weight due to the fact litter size and birth weights are negatively 

correlated (Grandinson et al. 2002; Hales et al. 2013).  As the birth weight decreases, the 

likelihood of pigs being poorer quality at weaning increases (Rehfeldt et al. 2008; Bérard, 

Kreuzer, and Bee 2010; Oksbjerg et al. 2013; Miar et al. 2014). Therefore, reduced piglet birth 

weight was associated with reduced rates of quality and survival.  Dead piglets are an obvious 

loss to swine producers.  

Behaviour  

 Litten et al. (2003) found that compromised growth in-utero had a detrimental effect 

physically and socially. Birth weight is important when defining hierarchal capabilities common 

in production when piglets are grouped. For instance, during the first few hours after birth, 
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piglets take ownership of a particular teat, or pair of teats, and consistently return to this 

teat/pair at each suckling (Milligan, Fraser, and Kramer 2001; Pedersen et al. 2011). A heavy 

litter mate will be dominant when establishing its place in the group for a functional teat 

(Milligan, Fraser, and Kramer 2001; Pedersen et al. 2011). Since teat number has not increased 

in combination with litter size, there is inevitably greater competition for teats (Milligan, Fraser, 

and Kramer 2001; Andersen, Nævdal, and Bøe 2011). Therefore, light litter mates which cannot 

access a functional teat face a critical situation and typically starve to death in the first one to 

three days (Milligan, Fraser, and Kramer 2001; Andersen, Nævdal, and Bøe 2011). By 

improving the early growth performance of piglets, they may have a physical advantage in all 

stages of the production process.  

The weaning process in commercial production systems is abrupt with sudden changes 

in the piglet‟s environment, nutrition and social group (Cox and Cooper 2001). Early weaning 

has been associated with problems such as a set- back in growth (Worobec, Duncan, and 

Widowski 1999), low feed intake (Fraser, Pajor, and Feddes 1994) and depressed immune 

responses (Blecha, Pollmann, and Nichols 1983). Early weaning has also been associated with 

behavioural problems such as fighting and non-nutritive oral activities such nosing, chewing or 

sucking other piglets (Cox and Cooper 2001). Muns et al. (2013) found that birth weight of the 

piglet after farrowing was the most influential variable when determining weight gain and 

survival. Increasing the weight of the piglet from birth to weaning may give them a physical 

advantage during the weaning process.  

2.3.3 Factors Affecting Birth Weight  

As birth weight has an important impact on the early growth performance of piglets, a 

number of studies have evaluated factors that could affect the weight of the pig at birth. Some 

studies found that the nutrition levels of the sow during gestation can impact the birth weight 
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and post-weaning growth performance of the pigs. Atinmo et al. (1976) found that feeding the 

sow a protein restricted diet during the gestation period reduced the birth weight and 

subsequent growth performance of the piglets. As protein was found to affect the weight of the 

pigs, some studies began to look at the muscle fibers following birth and during development. 

Primary muscle fibers determined at birth were found to be positively correlated with postnatal 

growth (Wigmore and Stickland 1985). Hence, heavier birth weight piglets have been reported 

to have more muscle fibers than lower weight piglets (Bérard et al. 2010; Pardo 2013; Oksbjerg 

et al. 2013). Therefore, improving the nutrition of the sow during gestation would improve 

muscle fiber number, birth weight, and post-weaning growth performance.  

 
Litter size has also been shown to decrease birth weight as it results in intrauterine 

crowding. Intrauterine crowding is worse in gilt litters than older sows as they have smaller 

placentas resulting in a reduction in blood flow and nutrients to each of the fetuses. (Père and 

Etienne 2000; Rehfeldt and Kuhn 2006; Neto et al. 2009). Several studies have reported a 

reduction in average piglet birth weight as litter size increased (Milligan, Fraser, and Kramer 

2001; Quiniou, Dagorn, and Gaudré 2002; Bérard et al. 2010; Beaulieu et al. 2010). 

Surprisingly, litter size has also been shown to have no impact on post-natal growth 

performance (Bérard et al. 2010; Beaulieu et al. 2010). This disagreement regarding the 

relationship between litter size and individual birth weight within a litter and in terms of post-

natal growth should be further explored as understanding their interaction could be valuable in 

predicting early performance.  

2.3.4 Cross Fostering 

Balancing the number of pigs nursed per sow is a common practice in swine production 

and is referred to as cross-fostering. Numerous studies have shown cross fostering during the 

first few days of life to be an effective management technique in order to counter the number of 
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low birth weights, increased birthing weight variation and increased mortality (Baxter et al. 

2013). Cross-fostering is effective as it attempts to provide all piglets with access to a functional 

teat (Baxter et al. 2013). It is also used to create more homogenous suckling litters for lactation; 

ie. small piglets are grouped with small piglets and large piglets are grouped with large piglets 

(Baxter et al. 2013). By performing cross fostering correctly, piglets have an increased chance 

of survival (Cecchinato et al. 2008; Eaglen and Bijma 2009). Cross fostering also reduces the 

need for further management interventions for piglets that would normally suffer from remaining 

in a large litter (Baxter et al. 2013). The challenge involved with cross fostering is that it makes it 

difficult to model maternal effects as the mother sow provides the genetics, but the foster sow 

provides the maternal environment. Cross fostering will not be addressed in the scope of this 

study, but it is something that should be recorded and evaluated to disentangle direct and 

maternal genetic effects more accurately in the future.  

2.4 Estimating Genetic Parameters  

In order to successfully estimate genetic parameters, multiple trait models are used 

which incorporate random effects (Van Vleck 1987). Historically, only the direct additive genetic 

effect was used. More recently, maternal genetic effects have been incorporated into the 

models (Maxa et al. 2009). Maternal genetic effects are especially important for species which 

carry and raise their young in the early stages after birth as their mothering ability has a genetic 

component which contributes to the trait being measured. Common litter effects are also 

important to litter bearing species as the environment is the same for all litter mates. Common 

litter effects are currently evaluated in swine production (Bouwman et al. 2014); however, this 

study proposes that a group effect would better explain this environment for herds which 

practice cross-fostering. The group effect includes littermates as well as piglets cross-fostered 

into the litter; creating a new “grouping” of piglets (Bouwman et al. 2014). The following section 

will describe the importance of direct and maternal effects when estimating genetic parameters, 
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as well as the advantage of group effects over common litter effects when cross-fostering of 

piglets is practiced within the herd.  

2.4.1 Direct and Maternal Effects 

The growth of a pig is determined by the piglet as well as its dam, respectively through 

effects termed direct and maternal. The trait, as measured, is the phenotypic value of the 

offspring, but it is composed of at least two components: offspring growth and a maternal effect 

contributed by a related individual, the dam. In mammals, the female provides an environment 

for her offspring to survive and grow, mainly by the dam‟s milk production and mothering ability 

(Meyer 2004). Females vary in their ability to provide a good environment for their offspring, and 

this variability has a genetic basis. The genotype of the dam therefore affects the phenotype of 

the piglets by half of her direct additive genes for growth, as well as through her genotype for 

maternal effects on growth (Meyer 2004). From the standpoint of the offspring, the maternal 

effect is purely environmental. However, it has a genetic component and thus could contribute 

to a selection response (Eaglen and Bijma 2009).   

Detailed models for maternally influenced traits have been utilized in the literature for 

livestock species such as sheep and beef cattle. In sheep and cattle, estimation of genetic 

parameters due to maternal effects has generally been restricted to traits describing growth until 

weaning (Ghafouri-Kesbi and Baneh 2012; Meyer 2004). Ghafouri-Kesbi and Baneh (2012) 

estimated covariance components due to direct and maternal effects for traits related to growth 

of Makooei sheep and showed that genetic improvement through selection programs are 

possible based on the estimates of the genetic parameters. Not only is selection possible, Al-

Shorepy (2001) showed that additive maternal genetic effects are important for birth weight and 

need to be considered in any selection program. While remaining important, estimation of 

maternal effects and their covariance components has proven problematic as the effects are 
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sex-limited, occur late in life of the female, lag by one generation, and are generally confounded 

with the direct additive genetic effect (Willham 1980).  

Early works on the estimation of covariances and genetic parameters due to maternal 

effects have been reviewed by Foulley and Lefort (1978). However, there was a problem to their 

approach in calculating covariances as they ignored the fact that the same animal may have 

contributed to different covariances (Foulley and Lefort, 1978). A maximum likelihood approach, 

as outlined by Thompson (1976) overcomes these problems, but the estimates were not 

precise. The development of more powerful computers and evaluation techniques allowed for 

more complex models which used relationship information (Trus and Wilton 1988). Therefore, 

separating out direct and maternal effects for maternal traits became the focus of evaluations 

(Burfening, Kress, and Friedrich 1981; Trus and Wilton 1988). For decades now, direct and 

maternal effects have been modelled successfully. Evaluation of early growth performance traits 

in sheep found that the model that fit the data best included maternal genetic effects and 

maternal environmental effects (Boujenane 2008; Ghafouri-Kesbi and Baneh 2012). Improved fit 

of analytical models by the inclusion of maternal effects has also been reported by other 

researchers (Boujenane 2008; Dube, Mulugeta, and Dzama 2014). Therefore, direct and 

maternal effects are important and will be estimated in the scope of this study.  

Relatively few estimates of variance components for maternal effects on birth weight 

have been reported in the Canadian swine industry. Data structure has a great impact on the 

accuracy of estimating maternal effects. Small data sets with shallow pedigrees make it difficult 

to separate maternal and direct effects. It is notable that to accurately separate maternal genetic 

components and maternal permanent environmental effects from combined and direct effects 

the data structure is important. The data must be a large dataset with several well- linked 

generations of records and many relationships between relatives related to the mother are 

needed (Ghafouri-Kesbi and Baneh 2012; Notter and Hough 1997). The research conducted in 
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the current study will aim to accurately estimate direct additive genetic effects and maternal 

genetic effects to increase the number of genetic parameter estimates currently available to the 

swine industry in Canada.  

2.4.2 Common Litter vs. Group Effects 

When social interactions are considered, the group of animals that interact has to be 

defined (Bouwman et al. 2014). If there is no cross-fostering, the social interaction can be 

defined as the common litter effect. The common litter effect among littermates accounts for the 

environment in which they are raised. This environment is created by the dam and her 

mothering ability. Mothering ability has a genetic component, as well as an environmental 

component which could be a factor relating to the age of the sow or the parity of the sow. The 

common litter effect should be included in the model to account for the variance contributed by 

the environmental effect common to littermates.  

Because of cross-fostering, some dams nurse mixed litters composed of their own 

piglets and fostered piglets (Bouwman et al. 2010). Thus, a group variable should be created 

which is composed of the offspring born alive by the sow minus piglets cross-fostered to another 

sow, plus piglets fostered by the sow minus her piglets that died within 24h after birth 

(Bouwman et al. 2010). Therefore, the group effect is defined as the effect common to piglets 

raised by the same nurse sow, whether that piglet was born into that litter or not. The group 

effect differs from the common litter effect as group mates contribute to the social interaction 

whether the sow was the mother or the foster mother. The group effect will account for the 

common environment created for those piglets, while taking cross-fostering into account. Cross-

fostering will not be addressed in this study and therefore the group effect will not be estimated. 

However, it is information that could be valuable in accurately estimating the effect common to 

group mates and should be evaluated in the future.   
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2.4.3 Estimates from Literature  

Heritability estimates for individual birth weight, weaning weight and probe weight are 

summarized in Table 2.1. Overall, body weight traits have a low to moderate rate of heritability. 

Generally, the estimates of direct heritability increase and the estimates of maternal heritability 

decrease as the animal gets older (Bidanel et al. 1994; Kaufmann 2000; Arango et al. 2006; 

Tomiyama et al. 2010; Dufrasne et al. 2014). Similar trends were found for genetic parameter 

estimates in other livestock species (Koots, Gibson, and Wilton, 1994; Boujenane 2008).   

2.5 Conclusion 

As swine production is vital to Canada‟s agricultural economy, it is important that 

producers are continuously evaluating and improving their current herd. Sire and dam line 

indexes are in place in order to select and make progress in economically important growth, 

carcass and reproductive traits; however, selection in one trait can negatively impact another. 

For instance, increasing sow prolificacy has had a negative impact on birth weight resulting in 

poor growth performance, increased mortality at early stages of life, and undesirable 

behaviours. Improving early growth performance is beneficial to the producer, but our means to 

select based on early growth performance has been identified as a Canadian issue that should 

be addressed.  

Selecting based on early growth performance is difficult as producers do not currently 

record individual piglet birth weights. If genetic parameters for individual birth weight, weaning 

weight and probe weight were available to swine breeders and producers, genetic progress in 

early growth performance would be possible. The current study will aim to estimate genetic 

parameters for early growth performance. When this information becomes available, selection 

decisions will be made much more accurately on birth and weaning weight performance. 
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Understanding of the relationship between direct and maternal effects will facilitate formulation 

of optimum breeding programs and improvement of selection efficiency. 
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Table 2.1: Summary of published direct (  
  ± SE) and maternal heritability    

  ± SE) and 

common litter effect (   ± SE) estimates for individual birth weight, weaning weight and probe 

weight  

Trait1 Literature Breed2 
   

  ± SE   
  ± SE    ± SE 

BWT Dufrasne, 2014 PTxLA 0.25 ± 0.07 0.24 ± 0.06  0.19 ± 0.04 

Akanno, 2013 E 0.18 ± 0.03 0.03 ± 0.02 0.08 ± 0.04 

Tomiyama, 2010  BK 0.07 ± 0.02  0.19 ± 0.03 - 

Darfour-Oduro, 2009 GH 0.06 ± 0.01 0.75 ±0.01 - 

Arango, 2006a YO 0.04 0.15 - 

Knol, 2002 n/s 0.04 ± 0.01 0.20 ± 0.03 - 

Kaufmann, 2000b YO 0.02 0.21 0.11 

 

WWT Dufrasne, 2014 PTxLA 0.42 ± 0.08 0.24 ± 0.06  0.09 ± 0.03 

Akanno, 2013 E 0.02 ± 0.01 0.06 ± 0.03 0.06 ± 0.03 

Tomiyama, 2010  BK 0.14 ± 0.03 0.06 ± 0.02 - 

Darfour-Oduro, 2009 GH 0.14 ± 0.04 0.57 ± 0.07 - 

Kaufmann, 2000 b YO 0.08 0.16 0.23 

Zhang, 2000 b TI 0.03 0.11 0.27  

 

PWT Dufrasne, 2014 PTxLA 0.27 ± 0.05 0.05 ± 0.02 0.03 ± 0.02 

Akanno, 2013  E 0.36 ± 0.04 0.32 ± 0.001 0.06 ± 0.04 

Tomiyama, 2010  BK 0.19 ± 0.04 0.01 ± 0.02 - 

Darfour-Oduro, 2009 GH 0.08 ± 0.69 0.32 ± 01.03  - 

Bidanel, 1994a LAxYO 0.36  - - 

1BWT= birth weight; WWT= weaning weight; PWT= probe weight. 
2PT= Pietrian; LA= Landrace; E= exotic breeds (weighted Yorkshire, Landrace, Duroc and 

Hampshire); BK= Berkshire; GH= indigenous Ghanaian pig; YO=Yorkshire; TI= Tiameslan; x= 

Crossbred; n/s= not specified.  
a Standard errors not reported. 
b Standard errors could not be estimated as VCE does not provide standard errors in models 

with maternal effects. 
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Figure 2.1: Three-breed terminal cross system for Canadian swine; Adapted from Bates (1993) 

Terminal crossbreeding system. 
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Chapter 3  

Materials and Methods  

 

3.1 Analyzing and Editing the Data  

The following section will discuss the details of how the original data obtained from CCSI 

were analyzed and edited. Specifically it will discuss the original data, the variables that were 

created, how the pedigree was assessed and the statistical analyses performed.  

Description of the Original Data  

Piglet information was obtained from two large breeding herds in Quebec and Manitoba 

from CCSI. The records consisted of purebred Yorkshire, Landrace and Duroc piglets. 

Individual identification of piglet birth weights began in 2003 and continued to 2015. All birth, 

weaning and probe weights in the data set were recorded as individual weights. The original 

data reports individual piglet birth weight (BWT) records for 1,118,534 piglets. Of those pigs, 

121,879 had weaning weight records (WWT) and 337,618 had probe weight records (PWT).  

Given that Durocs are selected to be a terminal sire breed with little or no emphasis on 

maternal performance, to focus on maternal traits the Yorkshire and Landrace data were of 

primary interest. To observe trends from 2003-2015 in the total number of Yorkshire and 

Landrace piglets born and the average birth weight of the piglets, three plots were created 

which compare (1) total number born per litter to average birth weight, (2) total number born per 

litter from years 2003-2015 in the Yorkshire and Landrace breeds, (3) total number born per 

litter and the average birth weight per year from 2003-2015 in the Yorkshire and Landrace 

breeds. 
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Creating Variable IDs  

Two new variables were coded from the original data set including, (1) contemporary 

groups, and (2) litter ID. The variables were created using SAS software Version 9.2 of the SAS 

System for Unix by compressing different components of an individual record.  

The contemporary group was created to account for animals that are the same age and 

exposed to the same conditions such as management and feed. The contemporary group 

variable was defined as piglets born in the same herd, year, and season (HYS). Although a hot 

topic for debate, the contemporary groups were treated as fixed effects in the evaluation based 

on Dr. Henderson‟s selection bias theory; treating the HYS as fixed was needed to eliminate the 

bias from the model created by the relationship of the true sire genetic value with the true herd-

year-season effect (Schaeffer 2009). Evaluating the animal in the proper contemporary group is 

the key to getting accurate genetic parameter estimates as it helps separate genetic differences 

from environmental effects. Therefore, contemporary group was included in all of the models.  

The litter ID accounts for the social interactions among littermates, defined as the 

common litter effect. The litter ID was a combination of the sow ID, and parity in which that 

piglet was born; where the sow ID is the mother of the piglet, and the parity is the number of 

times that sow has farrowed. This combination creates an environmental effect common to all 

piglets born into the same litter. Since the litter ID is confounded with total number born, total 

number born was not included in the models when the common litter effect was used. The 

common litter effect was fitted as a random effect in the models.  

Assessment of the Pedigree  

The quality of the pedigree is important when estimating genetic parameters using the 

relationship matrix. The pedigree was analyzed using the program CFC developed by 

Sargolzaei, Iwaisaki, and Colleau (2006).  
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Statistical Analyses 

All of the statistical analyses performed in section 3.1 were generated using SAS 

software Version 9.2 of the SAS System for Unix. Data was edited using the PROC 

UNIVARIATE procedure of SAS 9.2. This procedure identified the inter quartile range (IQR), the 

first quartile (Q1), and the third quartile (Q3). Extreme observations (outliers) were removed 

from the data using the interquartile range test as described by Lin and Sherman (n.d.). Outlier 

limits were set 50% further away than the IQR. Acceptable data limits were defined as:   

                                       

where    is the first quartile,    is the third quartile, and   is the median of the variable. If 

records were outside of the acceptable data limits as described above, then the record was 

removed from the data set. Outliers were removed for (1) birth, weaning and probe weight, (2) 

age of recording of birth, weaning, and probe weight, and (3) total number of piglets born. After 

editing the outliers from the data, the data were sorted by the Yorkshire and Landrace breeds. 

The edited and sorted data were used for all of the following analyses. The PROC MEANS 

procedure of SAS 9.2 was performed to determine the descriptive statistics of the variables in 

the data set.  

Birth weight, weaning weight and probe weight for the Yorkshire breed were then tested 

for a Gaussian distribution (normal distribution) using the PROC UNIVARIATE procedure of 

SAS 9.2; it was assumed that the Landrace weight traits would follow the same distribution as 

the Yorkshire breed as the Landrace is also a maternal breed undergoing the same 

management and selection practices. The Kolmogorov- Smirnov test was performed, and the 

skewness and kurtosis were calculated. As described by Brown (1997), the skewness and 

kurtosis should fall within an expected range of chance that the sample is normally distributed.  
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The acceptable ranges were defined as 2 standard errors of skewness (SES), where SES was 

calculated as:  

      
 

 
 

and 2 standard errors of kurtosis (SEK), where SEK was calculated as:  

      
  

 
 

and where N is the number of records for the trait. The skewness and kurtosis obtained for birth, 

weaning, and probe weight were compared to the SES and SEK calculated as above to 

determine if they were within the expected range of chance that the traits are normally 

distributed.  

3.2 Choosing the best model  

The edited and sorted data for the Yorkshire breed were used in the following analysis to 

choose the best model to use for estimating the genetic parameters in the following sections; as 

the Landrace is also a maternal breed, the best model for the Yorkshire breed was assumed to 

also be the best model for the Landrace breed. Four linear animal models excluding or including 

a maternal genetic effect, common litter effect, or a combination thereof were used for univariate 

analyses on birth weight in the Yorkshire breed. The random terms in the models (maternal 

genetic effect and common litter effect) were entered one by one to determine their effects on 

the variance components. The fixed effects in each of the models include sex (female, male, 

castrated male, unknown), age at recording (defined as a covariate for each trait to take into 

account the variability in age at measurement), and contemporary group (herd, year, season). 
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Variance components and genetic parameters were estimated by fitting all models using the 

REML procedure in the software package ASReml 3.0 (Gilmour et al. 2009).  

The models were described as: 

Model 1: Animal model with a direct additive genetic effect 

             

Model 2: Animal model with a direct additive genetic effect and maternal genetic effect 

                   

Model 3: Animal model with a direct additive genetic effect and common litter effect 

                

Model 4: Animal model with a direct additive genetic effect, maternal genetic effect and 

common litter effect 

                      

where y is the vector of observations;  ,         are known incidence matrices relating 

observations to fixed and random effects; b is the vector of unknown fixed effects;     is the 

vector of unknown random direct additive genetic effects;     is the vector of unknown random 

maternal genetic effects;   is the vector of unknown random non genetic effects common to 

individuals born in the same litter (common litter effect);   is a vector of residuals. Assumptions 

include:  

   | A,   
   ~ N(0, A  

 ) , A is an additive relationship matrix,   
  is a direct additive 

genetic variance;  
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   | A,   
  ~ N(0, A  

 ), A is an additive relationship matrix,    
 is a maternal genetic 

variance;  

 | I,   
  ~ N(0, I  

 ), I is an identity matrix,   
  is a common litter variance;  

  ~ N(0, I  
 ), I is an identity matrix,   

  is a residual variance.  

Distributions of the random effects in the univariate models were assumed as follows:  

Var  

  

  

 
 

 = 

 
 
 
 
    

                                          

            
                                  

                                  
                   

                                                    
  
 
 
 
 

  

The model shows that the direct and maternal genetic effects have a covariance structure 

depending on the genetic relationships, and there is a correlation between the direct additive 

genetic effect and maternal genetic effect. The common litter effect is independent of the other 

random effects, and uncorrelated for different animals.  

Estimates of direct heritability (  
 ), maternal heritability (  

 ), total heritability    
  , and common 

litter effects (  ) were calculated as ratios of estimates of    
     

       and    
  respectively, to 

the phenotypic variance (  
 ). The total phenotypic variances assumed for each model were:  

Model 1:   
  =   

    
  

Model 2:   
  =   

    
          

   

Model 3:   
  =   

    
    

  

Model 4:   
  =   

    
        

    
  

where     is the covariance between the direct and maternal genetic effects.  
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To estimate the proportion of variance due to the above effects, direct heritability (  
 ), maternal 

heritability (  
 ), total heritability (  

 ) and common litter effect (  ) were calculated as:  

  
  

  
 

  
   for the direct heritability, 

  
  

  
 

  
  for the maternal heritability,  

  
  = 

  
        

         

  
  for the total heritability, and   

   
  
 

  
  for the common litter effect  

where   
  is the total phenotypic variance for the model used as described above. The 

significance of these estimates was tested using a Z-test with the null hypothesis that the 

estimates are approximately equal to zero (α=0.05).  

To determine the most suitable model for estimating the genetic parameters, the Log- 

likelihood values (LogL) for the different models were compared. The chi-square test statistic 

(  ) was used according to (Bouwman et al. 2014; Dube, Mulugeta, and Dzama 2014) and was 

calculated as follows:   

   = -2(LogLreduced model- LogLfull model),  

where LogLreduced model is the log likelihood for a simpler model and LogLfull model is the log 

likelihood for a more complete model, and    is distributed as a mixture of two chi-square 

distributions:  
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where df is the degrees of freedom equal to the difference in number of parameters (random 

effects) fitted for the two models, and α is the level of significance set at 0.05. The chi square 

distribution is so, because the likelihood ratio test is testing the variance of the models with 

differing numbers of random effects, and the variance is bounded at zero (Self and Liang 1987). 

Comparisons involved the most complex model (Model 4) with the other three models.  

 

3.3 Estimating Genetic Parameters using Univariate and Bivariate Models  

After estimating the variance components and genetic parameters for the four models 

above, the most suitable model was chosen using the    test statistic. After significance testing, 

Model 4 was determined to be the most suitable. Model 4 was then used for univariate analysis 

on birth weight, weaning weight and probe weight in the Yorkshire and Landrace breeds. All 

models were fitted using the REML procedure in ASReml 3.0 (Gilmour et al. 2009). The fixed 

effects included sex, age in days at which the trait was recorded and contemporary group; the 

random effects included additive genetic effects, maternal genetic effects and common litter 

effects. Assumptions and estimates of the proportion of variance due to the random effects were 

calculated as shown above.  

Genetic and phenotypic correlations between each pair of growth traits were estimated 

using bivariate models for the Yorkshire and Landrace breeds. The bivariate models included 

sex, contemporary group, additive genetic effects, maternal genetic effects and common litter 

effects. Distributions of the random effects in the bivariate models were assumed as follows:  
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Var  
  
  

 =   
   

     

       
 

   ⊗     =  C0 ⊗     

Var  
  
  

 =   
   

     

       
 

   ⊗     =  E0 ⊗     

where A is an additive genetic relationship for all animals; I is an identity matrix; G0 is a 4x4 

additive genetic and maternal genetic variance-covariance matrix between traits. Further,    

  is 

a direct genetic variance for trait i,    
  is the maternal genetic variance for trait i,       

 is the 

covariance between the direct genetic effect for trait i and maternal genetic effect for trait j,      
 

is the covariance between the direct genetic effects for trait i and trait j,     
 is the covariance 

between the maternal genetic effects for trait i and trait j,     
  is the common litter variance for 

trait i,      is the covariance between the common litter effect for trait i and trait j,    
   is the error 

variance for trait i, and     
 is the covariance between the errors for trait i and trait j. The model 

shows both the direct and maternal random effects have a covariance structure depending on 

the relationships. Related animals have related maternal genetic effects, and there is a 

correlation between a direct additive genetic effect and the maternal genetic effect. The 

common litter effect and residual are homogeneous and independent of the other random 

effects within and across the traits.  
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Chapter 4 

Results 

4.1 Data Preparation 

Figure 4.1 plots the relationship between the total number of piglets born per litter and 

the average piglet birth weight per litter. As the total number born increased from 6 piglets per 

litter to 22 piglets per litter, the average birth weight decreased from 1.71 kg to 1.16 kg.  

Figure 4.2.1 and Figure 4.2.2 plots the total number of Yorkshire and Landrace piglets 

born per litter from 2003-2015 respectively. Figure 4.2.1 shows a large increase in the number 

of piglets born in the Yorkshire breed from 2003-2008; this number then drops to 14.1 Yorkshire 

piglets born per litter in 2015. Figure 4.2.2 shows an increase in the number of Landrace piglets 

born from a low of 12.78 in 2003 to 13.26 in 2015.  

Figure 4.3.1 and Figure 4.3.2 show the relationship between the total number of piglets 

born per year, and the average piglet birth weight in the Yorkshire and Landrace breeds. It is of 

no surprise that as the total number of piglets born increased, the average birth weight 

decreased.  

The pedigree used contained 23 generations of ancestors, with a total of 1,140,696 

animals and 54,291 parents. Of those parents, 8,003 were sires and 44,312 were dams. For all 

animals in the pedigree 99.8% have both parents known, while 95% of the animals had no 

progeny. In the pedigree, 96% of the animals are inbred with an average inbreeding coefficient 

of 0.05.  

Values for the interquartile range (IQR), first quartile (Q1), third quartile (Q3) and the 

lower and upper limits for the weight, age and total born traits are reported in Table 4.1. After 

editing, the sorted data file for the Yorkshire breed contained 24,460 records and the Landrace 
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file contained 24,884; all of the animals in both data files had records for all of the traits 

measured. 

 The mean, standard deviation, and minimum and maximum for the weight, age and total 

born traits for the Yorkshire breed are presented in Table 4.2.1; the mean piglet birth weight was 

1.48 kg with a standard deviation of 0.32 kg at a mean age of 0.5 days; the mean weight at 

weaning was 5.06 kg with a standard deviation of 1.15 kg at a mean age of 15 days; the mean 

weight at probing was 103.45 kg with a standard deviation of 13.24 kg at a mean age of 151 

days; the mean total number of piglets born was 15 piglets/litter.  

The mean, standard deviation, and minimum and maximum for the weight, age and total 

born traits for the Landrace breed are presented in Table 4.2.2; the mean piglet birth weight was 

1.52 kg with a standard deviation of 0.32 kg at a mean age of 0.5 days; the mean weight at 

weaning was 5.14 kg with a standard deviation of 1.15 kg at a mean age of 15 days; the mean 

weight at probing was 102.49 kg with a standard deviation of 13.00 kg at a mean age of 150 

days; the mean total number of piglets born was 14 piglets/litter.  

The histograms for birth weight, weaning weight and probe weight for the Yorkshire 

breed are found in Figure 4.3. From the Kolmogorov- Smirnov test it was concluded that birth 

weight, weaning weight and probe weight were significantly different from data which is normally 

distributed (P<0.01). The skewness and kurtosis were -0.01 and -0.31, 0.17 and 0.25, and 0.18 

and -0.58 for birth weight, weaning weight, and probe weight respectively.  The acceptable 

range of skewness with 24,460 records was ±0.10; the acceptable range of kurtosis with 24,460 

was ±0.06. Although the skewness for weaning and probe weight was very close to the 

acceptable range of skewness, birth weight was the only trait that fell within the range. None of 

the traits fell within the expected range of chance for kurtosis.  

 



 

36 
 

4.2 Choosing the best model   

Estimates of variance components, genetic parameters, and log likelihood (LogL) values 

for individual birth weight in the Yorkshire breed obtained from 4 different models are shown in 

Table 4.3. The estimates of direct heritability, maternal heritability and common litter effect 

ranged from 0.16-0.62, 0.20-0.41 and 0.17-0.23 respectively (Table 4.3). The heritability and 

common litter effect estimates were significantly different from zero (P<0.05). Model 1 had a log 

likelihood (LogL hereafter) value of 7464.02; Model 2 had a LogL= 7922.65, Model 3 had a  

LogL= 7464.02, and Model 4 had a LogL= 8452.89. Fitting a common litter effect in Model 2 

(LogL= 7922.65) increased the log likelihood value compared to Model 1 (LogL= 7464.02). 

However, the increase was not as large as when the common litter effect was fit in Model 3 

(LogL= 8362.75). The log likelihood value was highest for Model 4 when all three random 

effects were fitted (LogL= 8452.89).  

The likelihood ratio test statistics (LRT) are presented in Table 4.4. According to the chi-

square test statistic, the difference between each of the reduced models and full model tested 

was significant (α=0.05). Therefore, the model including all three random terms (additive genetic 

effect, maternal genetic effect and common litter effect) was determined to have the best fit to 

the data, and was used in the following analyses.  

4.3 Estimating Genetic Parameters using Univariate and Bivariate Models 

The variance components and genetic parameters for birth weight, weaning weight and 

probe weight in the estimated using univariate models in the Yorkshire breed are reported in 

Table 4.5.1. Estimates of heritability were low to moderate, but they were all significantly 

different from zero (P<0.05). The direct genetic effect heritability (direct heritability hereafter) 

estimates were 0.16 for birth weight, 0.04 for weaning weight and 0.30 for probe weight. 

Maternal genetic effect heritability (maternal heritability hereafter) estimates were 0.20 for birth 
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weight, 0.13 for weaning weight and 0.05 for probe weight. The total heritability was 0.17 for 

birth weight, 0.07 for weaning weight and 0.25 for probe weight. The common litter effect 

explained 17% of birth weight, 17% of weaning weight and 8% of probe weight.  

The variance components and genetic parameters for birth weight, weaning weight and 

probe weight in the estimated using univariate models in the Landrace breed are reported in 

Table 4.5.2. Estimates of heritability were low to moderate, but they were all significantly 

different from zero (P<0.05). The direct heritability estimates were 0.05 for birth weight, 0.01 for 

weaning weight and 0.24 for probe weight. Maternal heritability estimates were 0.27 for birth 

weight, 0.11 for weaning weight and 0.06 for probe weight. The total heritability was 0.14 for 

birth weight, 0.06 for weaning weight and 0.28 for probe weight. The common litter effect 

explained 14% of birth weight, 17% of weaning weight and 9% of probe weight.  

Variance components and genetic parameters for birth weight, weaning weight and 

probe weight estimated using bivariate models in the Yorkshire breed are reported in Table 

4.6.1. When comparing the results from two models, estimates with the smaller standard error 

were considered more accurate (Mu 2013). The direct heritability for birth, weaning and probe 

weight was 0.15, 0.04 and 0.30, respectively. The maternal heritability for birth, weaning and 

probe weight was 0.18, 0.12 and 0.06, respectively. The total heritability was 0.18 for birth 

weight, 0.07 for weaning weight and 0.25 for probe weight. The common litter effect explained 

17% of birth weight, 17% of weaning weight and 8% of probe weight. The heritability estimates 

are significantly different from zero (P<0.05). 

Variance components and genetic parameters for birth weight, weaning weight and 

probe weight estimated using bivariate models in the Landrace breed are reported in Table 

4.6.2. The direct heritability for birth, weaning and probe weight were 0.05, 0.01 and 0.25 

respectively. The maternal heritability for birth, weaning and probe weight were 0.26, 0.11 and 
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0.07 respectively. The total heritability was 0.13 for birth weight, 0.06 for weaning weight and 

0.26 for probe weight. The common litter effect explained 14% of birth weight, 17% of weaning 

weight and 8% of probe weight. The heritability estimates are significantly different from zero 

(P<0.05). 

Estimates of direct and maternal genetic correlations for the Yorkshire breed are 

presented in Table 4.7.1. The direct genetic correlation between birth weight and weaning 

weight was 0.78 ± 0.09; between birth weight and probe weight was 0.23 ± 0.10; and between 

weaning weight and probe weight was 0.33 ± 0.15. The maternal genetic correlations were 0.71 

± 0.05 for birth and weaning weight, 0.77 ± 0.08 for birth and probe weight, and 0.78 ± 0.09 for 

weaning and probe weight. The correlation between the direct and maternal genetic effects for 

each of the traits was moderate and negative at -0.26 for birth weight, -0.37 weaning weight and 

-0.42 for probe weight. The correlations due to common litter effects were 0.59 ± 0.02 between 

birth weight and weaning weight, 0.52  ± 0.03 between birth weight and probe weight and 0.48 ± 

0.04 between weaning weight and probe weight. There was no evidence that the genetic 

correlations among the traits were significantly different from zero.  

Estimates of direct and maternal genetic correlations for the Landrace breed are 

presented in Table 4.7.2. The direct genetic correlation between birth weight and weaning 

weight was 0.74 ± n/a; between birth weight and probe weight was -0.11 ± 0.14; and between 

weaning weight and probe weight was -0.42 ± 0.36. The maternal genetic correlations were 

0.72 ± n/a for birth and weaning weight, 0.77 ± 0.06 for birth and probe weight, and 0.73 ± 0.08 

for weaning and probe weight. The correlation between the direct and maternal genetic effects 

for each of the traits was moderate to low, and negative at -0.29 for birth weight, -0.42 weaning 

weight and -0.15 for probe weight. The correlations due to common litter effects were 0.60  ± 

n/a between birth weight and weaning weight, 0.47 ± 0.04 between birth weight and probe 
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weight and 0.47 ± 0.03 between weaning weight and probe weight. There was no evidence that 

the genetic correlations among the traits were significantly different from zero.  
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Table 4.1: Quartile measurements used to identify outliers reported for the weight, age, and total 

born traits  

Trait1 Quartile Measurement2 

IQR Q1 Q3 Lower Limit Upper Limit 

BWT (kg) 0.48 1.20 1.68 0.48 2.40 

WWT (kg) 1.64 4.16 5.80 1.70 8.26 

PWT (kg) 18.20 93.80 112.00 66.50 139.30 

ageBWT (days) 1 0 1 0 2.5 

ageWWT (days) 1.64 4.16 5.80 9.5 21.5 

agePWT (days) 15 146 161 123.50 183.50 

Tborn (piglets/litter) 4 12 16 6 22 
1BWT= birth weight; WWT= weaning weight; PWT= probe weight; ageBWT= age BWT was 

recorded; ageWWT= age WWT was recorded; Tborn= total number of piglets born. 

2IQR= inter quartile range; Q1= first quartile; Q3= third quartile; lower= lower limit calculated as 

                 ; upper= upper limit calculated as                    
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Table 4.2.1: Descriptive statistics of the final data set for the Yorkshire breed (N=24,460) 

Trait1 µ2 σ3 Minimum Maximum 

BWT (kg) 1.48 0.32 0.56 2.40 

WWT (kg) 5.06 1.15 1.70 8.26 

PWT (kg) 103.45 13.24 75.00 139.00 

ageBWT (days) 0.47 0.50 0.00 2.00 

ageWWT (days) 15.46 2.38 10.00 21.00 

agePWT (days) 150.62 12.84 124.00 183.00 

Tborn (piglets/litter) 14.88 3.26 6.00 22.00 
1BWT= birth weight; WWT= weaning weight; PWT= probe weight; ageBWT= age BWT was 

recorded; ageWWT= age WWT was recorded; Tborn= total number of piglets born.  

2µ= mean of the trait. 

3  = standard deviation of the trait. 
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Table 4.2.2: Descriptive statistics of the final data set for the Landrace breed (N=24,884) 

Trait1 µ2 σ3 Minimum Maximum 

BWT (kg) 1.52 0.32 0.48 2.40 

WWT (kg) 5.14 1.15 1.70 8.26 

PWT (kg) 102.49 13.00 75.00 139.00 

ageBWT (days) 0.50 0.50 0 2.00 

ageWWT (days) 14.97 2.46 10.00 21.00 

agePWT (days) 149.92 12.68 124.00 183.00 

Tborn (piglets/litter) 13.61 2.69 6.00 22.00 
1BWT= birth weight; WWT= weaning weight; PWT= probe weight; ageBWT= age BWT was 
recorded; ageWWT= age WWT was recorded; Tborn= total number of piglets born.  
2µ= mean of the trait. 
3  = standard deviation of the trait. 
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Table 4.3: Estimates of variance components, direct (  
  ± SE) and maternal heritability    

  ± SE) and common litter effect (   ± SE) 

for individual birth weight of Yorkshire pigs using Univariate analysis.  

 

Model2 

Variance component1 

_____________________________________ 

          
                     

                                       
                       

  

 

  
  ± SE 

 

  
  ± SE 

 

   ± SE 

 

LogL 

1 0.074 - - - 0.045 0.62 ± 0.02 - - 7464.02 

2 0.045 0.052 -0.022 - 0.052 0.36 ± 0.03 0.41 ± 0.03 - 7922.65 

3 0.034 - - 0.025 0.050 0.31 ± 0.03 - 0.23 ± 0.01 8362.75 

43 0.017 0.022 -0.0061 0.019 0.058 0.16 ± 0.03 0.20 ± 0.02 0.17 ± 0.01 8452.89 
1  

 = direct additive genetic variance;   
 = maternal genetic variance;     = direct and maternal covariance;   

 = common litter 

variance;   
 = residual variance.  

2 1. Direct additive genetic effect; 2. Direct additive genetic effect and maternal genetic effect; 3. Direct additive genetic effect and 

common litter effect; 4. Direct additive genetic, maternal genetic and common litter effect. 

3 Model 4 was considered to be the best fit to the data. 
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Table 4.4: Likelihood- ratio tests of comparable models  

Models Compared1 LRT2 df3 P-value 

1 vs 4 1,977.74 2 <0.0001 

2 vs 4 1,060.48 1 <0.0001 

3 vs 4 180.28 1 <0.0001 
11. Direct additive genetic effect; 2. Direct additive genetic effect and maternal genetic effect; 3. 

Direct additive genetic effect and common litter effect; 4. Direct additive genetic, maternal 

genetic and common litter effect. 

2LRT:    test statistic for the likelihood ratio test=  -2 (LogLreduced model – LogLfull model) 

3Degrees of freedom for the     test statistic  
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Table 4.5.1: Estimates of variance components, direct (  
  ± SE), maternal    

  ± SE) and total heritability    
 ) and common litter 

effect (   ± SE) for individual weights of Yorkshire pigs using Univariate analysis.  

Trait2 Variance component1 

__________________________________ 

          
                   

                                                
                        

  

 

  
  ± SE 

 

  
  ± SE 

 

  
  

 

   ± SE 

BWT 0.017 0.022 -0.0061 0.019 0.058 0.16 ± 0.03 0.20 ± 0.02 0.17 0.17 ± 0.01 

WWT 0.040 0.13 -0.025 0.17 0.69 0.04 ± 0.01 0.13 ± 0.02 0.07 0.17 ± 0.01 

PWT 26.10 4.62 -4.04 7.38 53.76 0.30 ± 0.03 0.05 ± 0.01 0.25 0.08 ± 0.01 
1  

 = direct additive genetic variance;   
 = maternal genetic variance;     = direct and maternal covariance;   

 = common litter 

variance;   
 = residual variance.  

2BWT= birth weight; WWT= weaning weight; PWT= probe weight. 
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Table 4.5.2: Estimates of variance components, direct (  
  ± SE), maternal    

  ± SE) and total heritability    
 ) and common litter 

effect (   ± SE) for individual weights of Landrace pigs using Univariate analysis.  

Trait2 Variance component1 

__________________________________ 

         
              

                                     
                      

  

 

  
  ± SE 

 

  
  ± SE 

 

  
  

 

   ± SE 

BWT 0.005 0.03 -0.0037 0.01 0.06 0.05 ± 0.02 0.27 ± 0.02  0.14 0.14 ± 0.01 

WWT 0.006 0.10 -0.0030 0.16 0.66 0.01 ± 0.01 0.11 ± 0.02 0.06 0.17 ± 0.01 

PWT 20.41 5.43 -0.43 1.55 52.70 0.24 ± 0.03 0.06 ± 0.01 0.28 0.09 ± 0.01 
1  

 = direct additive genetic variance;   
 = maternal genetic variance;     = direct and maternal covariance;   

 = common litter 

variance;   
 = residual variance. 

2BWT= birth weight; WWT= weaning weight; PWT= probe weight. 
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Table 4.6.1: Estimates of variance components, direct (  
  ± SE), maternal    

  ± SE) and total heritability   
 ) and common litter 

effect (   ± SE) for individual weights of Yorkshire pigs using Bivariate analysis 

 

Trait2 

Variance component1 

_____________________________ 

    
                

                                       
                 

  

 

  
  ± SE 

 

  
  ± SE 

 

  
  

 

   ± SE 

BWT 0.017 0.021 -0.0048 0.019 0.058 0.15 ± 0.03 0.18 ± 0.02 0.18 0.17 ± 0.01 

WWT 0.046 0.13 -0.028 0.17 0.68 0.04± 0.01 0.12 ± 0.02 0.07 0.17 ± 0.01 

PWT 28.68 5.48 -5.31 7.26 52.67 0.30 ± 0.03 0.06± 0.01 0.25 0.08 ± 0.01 
1  

 = direct additive genetic variance;   
 = maternal; genetic variance;   

 = common litter variance;   
 = residual variance.  

2BWT= birth weight; WWT= weaning weight; PWT= probe weight. 
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Table 4.6.2: Estimates of variance components, direct (  
  ± SE), maternal    

  ± SE), and total heritability    
 ) and common litter 

effect (   ± SE) for individual weights of Landrace pigs using Bivariate analysis  

 

Trait2 

Variance component1 

_____________________________ 

    
                

                                       
                 

  

 

  
  ± SE 

 

  
  ± SE 

 

  
  

 

   ± SE 

BWT 0.0057 0.028 -0.0036 0.015 0.058 0.05 ± 0.02 0.26 ± 0.03 0.13 0.14 ± 0.01 

WWT 0.0081 0.11 -0.0022 0.16 0.66 0.01± 0.01 0.11 ± 0.01 0.06 0.17 ± 0.01 

PWT 22.45 6.47 -1.76 7.33 51.89 0.25 ± 0.03 0.07 ± 0.01 0.26 0.08 ± 0.01 
1  

 = direct additive genetic variance;   
 = maternal; genetic variance;   

 = common litter variance;   
 = residual variance.  

2BWT= birth weight; WWT= weaning weight; PWT= probe weight. 
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Table 4.7.1: Estimates and standard errors of direct genetic correlations (above diagonal), 

maternal genetic correlations (under diagonal), and genetic correlations between the direct and 

maternal effects (on the diagonal) for the Yorkshire breed 

Traits1 BWT WWT PWT 

BWT -0.26 0.78 ± 0.09 0.23 ± 0.10 

WWT 0.71 ± 0.05 -0.37 0.33 ± 0.15 

PWT 0.77 ± 0.08 0.78 ± 0.09 -0.42 
1BWT= birth weight; WWT= weaning weight; PWT= probe weight. 
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Table 4.7.2: Estimates and standard errors of direct genetic correlations (above diagonal), 

maternal genetic correlations (under diagonal), and genetic correlations between the direct and 

maternal effects (on the diagonal) for the Landrace breed  

Traits1 BWT WWT PWT 

BWT -0.29 0.74 ± n/a2 -0.11 ± 0.14 

WWT 0.72 ± n/a2 -0.42 -0.42 ± 0.36 

PWT 0.77 ± 0.06  0.73 ± 0.08 -0.15 
1BWT= birth weight; WWT= weaning weight; PWT= probe weight. 
2Standard errors not available using CORGH function of ASReml 3.0.  
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Figure 4.1: Relationship between total number of piglets born per litter and the average 

individual birth weight within each litter size  
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Figure 4.2.1: Trend of the average total number of Yorkshire piglets born per litter between the 

years of 2003-2015 
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Figure 4.2.2: Trend of the average total number of Landrace piglets born per litter between the 

years of 2003-2015 
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Figure 4.3.1: The relationship between the total number of Yorkshire piglets per litter, and the 

average Yorkshire piglet birth weight per year 
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Figure 4.3.2: The relationship between the total number of Landrace piglets per litter, and the 

average Landrace piglet birth weight per year  
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Figure 4.4: Histograms of birth weight, weaning weight and probe weight in the Yorkshire breed 
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Chapter 5 

Discussion 

 
5.1 Analyzing the Data  

As the change in total number born is estimated to increase, the average birth weight 

per litter is estimated to decrease; this negative correlation between total number born and the 

average birth weight is found in a number of studies (Grandinson et al. 2002; Hales et al. 2013). 

Thus, it is no surprise that in Figure 4.1 the average birth weight of the piglets‟ decreases as the 

number of piglets born per litter increases. Robinson and Quinton (2002) also looked at number 

of piglets born per litter in the Yorkshire and Landrace breeds in Ontario, and found that the 

number of piglets surviving farrowing decreased as the number of piglets born increased. 

Therefore, increasing the total number of piglets born is reducing piglet birth weight which is 

associated with reduced rates of survival.  

Figure 4.2.1 and 4.2.2 were created to look at whether or not the total numbers of piglets 

born in the Yorkshire and Landrace breeds were increasing from 2003-2015. It appears that in 

both breeds, the total number of piglets born increased from 2003-2008. This could be due to 

the introduction of the dam line index (DLI) in the late 1990‟s. In the late 1990‟s, the total 

number born EBV made up 50% of the DLI because an increase in the number of piglets born 

had the most economic value (Canadian Centre for Swine Improvement 2012). However in 

2005, the Canadian Swine Improvement Program added new maternal traits such as farrowing 

interval, piglet survival, and number of piglets weaned to the current list of traits that were 

evaluated (Canadian Centre for Swine Improvement 2012). Estimated breeding values for these 

newly evaluated traits were provided to breeders to be used in the selection of maternal lines. 

The emphasis on these new traits could be responsible for the decrease seen in number of 

piglets born from 2008-2011 in Figure 4.2.1 and Figure 4.2.2. In 2011, piglet survival, farrowing 
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interval and number of functional teats were added to the DLI (Canadian Centre for Swine 

Improvement 2011). Despite the reduced emphasis on the total number of piglets born in 2011, 

CCSI‟s annual report from 2014 estimates that the number born in the Yorkshire and Landrace 

breeds will continue to increase.   

The antagonistic relationship between total born and birth weight represented in Figure 

4.3.1 and 4.3.2 is a clear indicator as to why sow prolificacy is a concern to swine breeders and  

producer‟s in Canada as these figures confirm the negative correlation between the total 

number of piglets born and lower average birth weights in real swine breeding herds. By 

increasing the total number of Yorkshire piglets born from 13.7 to 15.3 from 2003-2008, the 

average piglet birth weight dropped from 1.45 kg to 1.31 kg. CCSI estimated that there has 

been an average annual gain in total number born of +0.11 from 2007-2013 in the Yorkshire 

breed, and +0.14 in the Landrace breed (Canadian Centre for Swine Improvement 2014). This 

is concerning as an increase in the number of piglets born has been shown to negatively impact 

the growth performance of the piglets within the litter (Quiniou, Dagorn, and Gaudré 2002; 

Beaulieu et al. 2010; Paredes et al. 2012).  While commercial producers may still be seeing 

benefits to increasing sow productivity as the above estimates are based on the best purebred 

pigs kept at the nucleus breeding level, negative effects in the commercial system should be 

anticipated if selection for early growth performance is not implemented. Therefore, estimating 

genetic parameters for individual growth traits is important as swine producers will continue to 

select for increased sow prolificacy. 

The goal of estimating genetic parameters is to estimate parameters as close to their 

true values as possible. Accurate estimates of the parameters are important as they provide a 

more realistic idea of the expected progress that can be made in the true population and 

suggest appropriate weightings that can be used in the selection index. The accuracy of the 

genetic evaluations will depend on the records and the relationships used. For instance, several 
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farms had recorded individual birth weights, but only 11% of those piglets had individual 

weaning weight information. Once the outliers were removed and the data were sorted, only 4% 

of the total records in the data set could be used due to the lack of recording. A complete 

pedigree is also important in genetic evaluations as estimates of the direct additive genetic and 

maternal genetic variance components are based on the relationship between the animals. The 

assessment of the pedigree used in this study suggests that it was an adequate representation 

of the animals since it traced back 23 generations, and 99.8% of the piglets had both parents 

known. Missing records and pedigree information have been shown to overestimate or 

underestimate additive genetic variance (Nilforooshan, Khazaeli, and Edriss 2008). Applying 

more complex models may improve the accuracy of the estimates, but improving the data 

quality is more effective (Nilforooshan, Khazaeli, and Edriss 2008). Swine producers should pay 

special attention to their recording system in order to benefit from the genetic evaluations being 

performed by swine improvement programs such as CCSI.  

When traits such as weight are displayed in the form of frequency histograms, they often 

approximate a bell shaped distribution (Lynch and Walsh 1998). The central limit theorem 

provides a reason as to why many traits are normally distributed, stating that the sum of a 

number of independent random variables approaches normality as the number of variables 

increases (Lynch and Walsh 1998). It is important to ensure the traits are normally distributed in 

the data being used to ensure that the estimates produced will be representative of the true 

parameters in the population. Although the Kolmogorov- Smirnov test provided evidence against 

the traits being normally distributed, these results could be unreliable due to the large sample 

size as suggested by (Kim 2013). To resolve this problem, skewness and kurtosis could be 

used to assess normality as it is reported that those measures should be relatively correct for 

both small and large samples (Kim 2013). However, the measures of skewness and kurtosis 

were not perfect, and do fall outside of the expected range of chance as defined by (Brown 
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1997). With a sample size as large as the ones used in this study, the SES and SEK are very 

small making it difficult to make conclusions on the estimates of skewness and kurtosis for the 

traits. Therefore, regardless of the fact not all of the skewness and kurtosis measurements for 

the weights fall within the expected range of chance, the „eyeball test‟ on Figure 4.4 suggests 

the response variables are fairly near normally distributed (Kim 2013). Thus, the traits are an 

adequate representation of the true population and do not need to be transformed.  

The presence of outliers in the data set can lead to inflated error rates and inaccurate 

estimates of parameters and statistics. Therefore, the outlier limits for this study were set 50% 

further away than the interquartile range (IQR) as suggested by Lin and Sherman (n.d.). The 

IQR indicates the dispersion of a data set, eliminating the influence of outliers. The interquartile 

range test is commonly used in clinical studies to reject data points. Table 4.1 reports the lower 

and upper limits for each of the traits in which outliers were removed. In each case, the lower 

and upper limits are biologically valid for the trait recorded, as summary statistics reported in 

other literature fall within the range kept for each of the traits.  

The summary statistics reported in Table 4.2.1 and Table 4.2.2 are lower than those 

reported in other studies (Dufrasne et al. 2014). Dufrasne et al. (2014) reported the mean for 

birth, weaning and probe weight to be 2.35kg, 7.85kg and 113.07kg. The difference in mean 

weights could be to the management practices as weights were taken at different ages. 

Dufrasne et al. (2014) recorded birth weight at 4 days of age, weaning weight at 26 days of age 

and probe weight at 192 days of age where as the present study had a mean age of 0, 15, and 

approximately 150 days for birth, weaning and probe weight respectively in each of the breeds. 

The change could also be due to the breeds as the current study focused on the purebred 

Yorkshire and Landrace piglets, whereas Dufrasne et al. (2014) focused on crossbred Piétrain 

and Landrace piglets. To make accurate comparisons between studies, the management 

techniques and breeds evaluated should be similar. Many of the studies used in the following 
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comparisons were from different countries and therefore records of age at measurement, 

breeds, and methods of estimating genetic parameters differed. Those differences and their 

effects on the estimates will be addressed.  

5.2 Choosing the best model   

Estimates of variance components are the most important piece of information when 

comparing two models as they are a direct product of the model being used, and are the basis 

of estimating genetic parameters. As more random terms were added to the model, more 

genetic variation was explained (Table 4.3). As a result, the additive genetic variance, maternal 

genetic variance, and common litter variance decreased. The highest direct additive genetic 

variance was obtained using Model 1, which ignored maternal genetic effects and common litter 

effects. The common litter effect variance increased when maternal genetic effect was ignored 

and vice versa. An increase in variance when the random effects were ignored is in agreement 

with other studies from literature (Arango et al. 2005; Bergsma et al. 2008; Bouwman et al. 

2014). By ignoring random effects, there is an overestimation of the direct additive genetic 

variance indicating upward bias of selection responses (Bahreini Behzadi, Shahroudi, and Van 

Vleck 2007). 

 As the random terms were successively fitted one by one into the different models, the 

direct additive genetic variance decreased (Table 4.3). Since heritability is calculated as a ratio 

of the variance components, the direct heritability also decreased (Table 4.3). Previous studies 

also reported a decrease in direct heritability estimates when maternal effects and common litter 

effects are included (Hoque et al. 2008; Kushwaha 2009; Bouwman et al. 2014; Dube, 

Mulugeta, and Dzama 2014). Therefore, fitting maternal genetic effects and common litter 

effects is important as they contribute to the variation in individual piglet birth weight. Animal 



 

62 
 

models which ignore maternal genetic or common litter effects tend to overestimate direct 

heritability.  

Fitting maternal genetic effects and common litter effects improved the models for birth 

weight. This is concluded as the likelihood ratio test for all of the comparable models were 

significant (Table 4.4). The significance of the difference between models suggests that no two 

models are the same, and including both a maternal genetic effect and common litter effect will 

impact individual piglet birth weight. When the maternal genetic effect was included, the 

covariance between direct and maternal genetic effects could be computed. Therefore, a model 

including a direct genetic and maternal genetic effect should more precisely predict the 

performance of future progeny than a model that only contains a direct genetic effect. When the 

common litter effect was included, effects common to the piglets in the same environment were 

accounted for, again resulting in more precise predictions of future performance. As a result, 

Model 4 was the best fit to the data. Model 4 was then used in the next section to estimate 

variance components and genetic parameters for individual weaning weight and probe weight.  

 

5.3 Estimating Genetic Parameters using Univariate and Bivariate Models 

Univariate analyses on birth weight, weaning weight and probe weight provided 

evidence that selection on these traits is possible. As expected, the direct genetic effect 

increased as the animal got older in both the Yorkshire and Landrace breeds (Table 4.5.1 and 

Table 4.5.2). This is because there is less maternal influence on the animal with age, and an 

increasing importance of the direct genetics of that animal on growth (Réale, Festa-Bianchet, 

and Jorgenson 1999). Consequently, maternal heritability estimates decreased as the animal 

got older. Although the maternal effect is still present at probe weight in both breeds, it would 

eventually disappear as the sow is no longer creating a maternal environment for the pig. This 

trend is reciprocated in the litter effect; ie. as the animal gets older, the litter effect decreased. 



 

63 
 

This is due to the environment common to littermates disappearing after weaning as new 

groupings are being established during the growth phase. This is demonstrated in the common 

litter effect as it drops from 17% at weaning to only 8-9% at probing in both the Yorkshire and 

Landrace.  

Bivariate analyses on birth weight, weaning weight and probe weight in the Yorkshire 

and Landrace breeds provided more accurate genetic parameter estimates (ie. lower standard 

errors) than those reported from the univariate models. The total additive variance decreased 

using bivariate models, which may suggest that failure to partition genetic variance and also 

ignoring the direct-maternal genetic correlation may overestimate the heritability of a trait (Dube, 

Mulugeta, and Dzama 2014). As reported by Dube, Mulugeta, and Dzama (2014), accounting 

for the correlation may have uncovered some gene interactions between direct and maternal 

effects, which may have been hidden when the correlation was not considered. The genetic 

parameter estimates from the bivariate models were used to compare estimates to literature as 

most of the literature estimates are also from bivariate models (unless noted otherwise).  

As a result of differences in age at measurement, breed, and method of estimation of the 

genetic parameters for growth, there is considerable variation in estimates of heritabilities in the 

literature. However, it is concluded that the parameter estimates for individual birth weight, 

weaning weight and probe weight fall within the range of the estimates reported in literature 

(Bidanel et al. 1994; Kaufmann 2000; Zhang et al. 2000; Arango et al. 2006; Darfour-Oduro et 

al. 2009; Tomiyama et al. 2010; Akanno et al. 2013; Dufrasne et al. 2014; see Figure 2.1). 

Knol et al. (2002) looked at the effect of adding random terms to the models, and found 

the direct heritability estimates were much higher when the maternal genetic effect was ignored. 

When Knol et al. (2002) included both direct and maternal genetic effects, the estimates of 

heritability were in agreement with those estimates from this study. Therefore, differences in the 
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random terms included in the model play a significant role in the value and quality of the genetic 

parameter estimates. Dufrasne et al. (2014) also estimated a higher heritability for birth weight 

than reported in literature which could have been due to the fact they recorded birth weight up 

until four days of age; this could have been an issue because as the animal gets older, the 

direct genetic effect should increase. Generally, direct heritability estimates for birth weight from 

the literature were low. This is however understandable as most of the influence on weight at 

this point is contributed by the maternal genetic component and the environment created in-

utero by the sow.  

The estimates for weaning weight in this study were based on a subset of individuals for 

whom weaning weight was available. Many more birth weights and probe weights were 

available in the dataset than weaning weights. Once the data were edited for individuals with all 

three weights for this analysis, although there were still a substantial number of records, there 

could be a bias in weaning weights due to the management decisions that resulted in recording 

weaning weights on a small portion of the total number of piglets born. The heritability estimates 

for weaning weight were lower than expected, even though they were in agreement with some 

reported in literature (Kaufmann 2000; Zhang et al. 2000; Akanno et al. 2013). This might be 

due to the different weaning ages as compared to studies with high heritability estimates. For 

instance, the average pig was weaned at 15 days in this study,  21 days by Akanno et al. (2013) 

and 28 days by Zhang et al. (2000), where as studies with high heritability estimates weaned at 

42 days (Darfour-Oduro et al. 2009).  

Maternal genetic effects are presumably caused by genetically controlled components of 

uterine nutrition, uterus capacity and milk production (Kaufmann 2000). Maternal heritabilities 

estimated in this study were in agreement with those reported in literature. Maternal heritability 

estimates from the literature ranged from 0.15-0.24 for birth weight (Kaufmann 2000; Knol et al. 

2002; Arango et al. 2006; Tomiyama et al. 2010; Dufrasne et al. 2014), 0.06-0.24 for weaning 



 

65 
 

weight (Kaufmann 2000; Tomiyama et al. 2010; Dufrasne et al. 2014), and 0.01-0.05 for probe 

weight (Tomiyama et al. 2010; Dufrasne et al. 2014). As the animal gets older, the maternal 

influence on that animal decreases. Therefore, a decrease in the maternal genetic effect as the 

animal gets older as found in this study is as expected.  

The common litter effect estimates from this study were moderate and favourable in both 

breeds, and dissipated with age. Dufrasne et al. (2014) estimated that the common litter effect 

would decrease at each age demarcation, ranging from 0.19 at birth weight to 0.09 at weaning 

and 0.03 at probe weight. Whereas, Kaufmann (2000) found that the common litter effect 

increased from 0.11 at birth to 0.23 at weaning. The finding by Kaufmann (2000) is logical as 

the common litter effect will play an important role in growth until the animals are weaned and 

new groupings are established. The trend in the common litter effect estimated by Kaufmann 

(2000) is in agreement with this study as the common litter effect for the Yorkshire and 

Landrace breeds were 0.14-0.17, 0.17 and 0.08 for birth weight, weaning weight and probe 

weight, respectively.  

 
The correlation between the direct and maternal genetic effects for birth, weaning and 

probe weight in the Yorkshire and Landrace breeds were moderate and negative. These 

moderate and negative correlations were in agreement with the results reported in literature 

(Arango et al. 2006; Roehe et al. 2010; Dube, Mulugeta, and Dzama 2014; Dufrasne et al. 

2014). The negative correlation between the direct and maternal genetic effects suggests that 

selection for improved pre-weaning growth could compromise sow related traits such as milk 

production and quality. Therefore, it is suggested that the genetic control of growth of piglets is 

different between the direct and maternal genetic effects. Biologically it does not make sense 

that the control of growth would be different between the direct and maternal effects. Therefore, 

this negative relationship between the direct and maternal effects is most likely due to the bias 
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created by ignoring environmental covariances between the dam and offspring (Bijma 2006). 

The environmental covariance may be caused by management differences in herds suggested 

by Van Vleck, Gregory, and Bennett (1996), where carry-over effects of management 

differences are being observed (Dube, Mulugeta, and Dzama 2014). Although not wrong, it is 

difficult to track an animal throughout its life and tie them back to the dam. Therefore, in 

research settings where this connection is maintained for several generations, small but positive 

correlations are likely the true value (Bijma 2006; Hoque et al. 2008; Darfour-Oduro et al. 2009). 

Despite the cancelling effects implied by the negative direct-maternal genetic correlation, the net 

effect may be improved phenotypic performance as evidenced by the improvement in 

phenotypic trends reported by Dube, Mulugeta, and Dzama (2014). If maternal ability is also 

targeted for selection, there is room for simultaneous direct and maternal genetic improvement 

(Dube, Mulugeta, and Dzama 2014).  

The highest direct genetic correlation in both the Yorkshire and Landrace breeds was 

found between birth weight and weaning weight, as also reported in literature (Darfour-Oduro et 

al. 2009; Dufrasne et al. 2014). The moderate direct genetic correlations found in the Yorkshire 

breed suggest that birth weight is a good predictor of later performance (Darfour-Oduro et al. 

2009; Dufrasne et al. 2014). Yet on the other hand, the moderate and unfavourable direct 

genetic correlations between birth weight and probe weight, and weaning weight and probe 

weight in the Landrace breed suggest otherwise. This negative correlation found in the 

Landrace breed could be due to compensatory growth post-weaning. However, the standard 

errors reported for the direct genetic correlations in the Landrace breed are high, suggesting 

that they are probably not the true value. Estimates of direct genetic correlations from literature 

are generally moderate and favourable and are likely the true value (Darfour-Oduro et al. 2009; 

Dufrasne et al. 2014). Therefore, using individual birth weight will improve performance in 

weaning and probe weights if it is included in a selection program. This finding also strengthens 
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the importance of accounting for birth weight when selecting for higher prolificacy, as current 

selection programs will increase total born and therefore influence birth weight negatively 

(Dufrasne et al. 2014).  

 

Maternal genetic correlations between traits were high and favourable in both breeds. 

Therefore, the dam providing favourable genes for high birth weight also seemed to provide 

favourable genes for growth; ie. sows that give birth to heavier piglets also wean heavier piglets. 

Other studies also estimated high maternal genetic correlations (Kaufmann 2000; Darfour-

Oduro et al. 2009). However, relatively few estimates of maternal genetic correlations were 

available in the literature for individual weight traits in swine, and some reported were also very 

low (Dufrasne et al. 2014). However, large standard errors were reported from the studies 

suggesting a low maternal genetic correlation, which could have been due to the small data set 

used (Dufrasne et al. 2013). Therefore, it is likely that the high and favorable maternal genetic 

correlations estimated in this study are closer to the true values.  

 

The correlations due to common litter effects were moderate and favourable in both 

breeds. Therefore, the environment common to littermates affected birth weight, weaning weight 

and probe weight in the same way. Dufrasne et al. (2014) had similar results between birth 

weight and weaning weight, but estimated negative correlations between the other two weights; 

again, there was a large standard error for the negative estimates. Therefore, it is likely that the 

common litter effect correlations between birth, weaning and probe weight are closer to 

moderate and favourable as found in this study.  
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Chapter 6 

General Conclusion 

 

6.1 Research Objectives Re-Stated 

This thesis aimed to estimate genetic parameters for individual birth weight, weaning 

weight and probe weight in Canadian Yorkshire and Landrace piglets to determine whether 

these traits would be useful for selection on early growth performance. Throughout the course of 

this work, the main goals were to:  

1. Determine the importance of direct genetic effects, maternal genetic effects and 

common litter effects on the phenotype 

2. Estimate genetic parameters for birth weight, weaning weight and probe weight  

3. Suggest topics for future research 

This chapter will illustrate the important findings in relation to the research objectives in a 

general conclusion to the thesis.  

6.2 Conclusions  

The objective of this study was to estimate genetic parameters for individual birth, 

weaning, and probe weight. These estimates do not currently exist in the Canadian literature, 

but it is information that can be valuable in predicting later performance and establishing 

appropriate weights for selection indices. This need to improve early growth performance is due 

to the annual gains being made in sow prolificacy, which is negatively impacting birth weight. 

This negative impact on birth weight is detrimental as several key studies have noted the 

importance of piglet birth weight on piglet growth, survival, and behaviour (Smith et al. 2007; 

McKay 1993; Litten et al. 2003).  
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Analyzing and editing the data was important to determine data and pedigree structure. 

It was concluded that more individual weaning weight measurements would have allowed for 

more accurate genetic parameter estimates and may have mitigated potential bias in the choice 

of which individuals had weaning weights recorded. Although the data structure was not ideal 

due to the number of records with missing weaning information, the pedigree was complete and 

allowed for adequate estimation of the genetic parameters using different animal models.  

As more random terms were added to the models, the log likelihood value increased. 

Therefore, the direct, maternal and common litter effects were all important to the phenotype. 

Hence, all three random effects were included in the models used to estimate the genetic 

parameters for birth weight, weaning weight and probe weight.   

Although the results from the univariate analyses on birth weight, weaning weight and 

probe weight were as expected, the bivariate analyses on the growth traits resulted in the best 

estimates of genetic parameters; ie. lower standard errors for the estimates. This is due to the 

moderate and favourable genetic and phenotypic correlations between the traits. Since the 

heritabilities are significantly different from zero, it is possible to make selection decisions based 

on them by estimating breeding values for the animals. Maternal genetic effects and common 

litter effects were also shown to be important components of the variation in growth traits. Also, 

since the correlation between birth weight with weaning weight and probe weight is moderate 

and favourable, selection decisions can be made early in the animals life, reducing costs to the 

producer. In conclusion, direct genetic effects maternal genetic effects and common litter effects 

are all important for obtaining accurate genetic parameters estimates for birth weight, weaning 

weight and probe weight.  
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6.3 Implications and Future Research  

Future genetic evaluations on individual birth weight are important for the swine industry 

to improve the growth, survival and behaviour of the piglets. To improve future evaluations, 

CCSI should implement new standards on the data collection and recording completed by swine 

producers. For instance, recording individual weaning weights and foster sow IDs could make 

the genetic parameter estimates more accurate. By not accounting for cross-fostering in the 

models due to a lack of recording of individual weaning weights, it was not possible to 

disentangle the genetic effect provided from the maternal genetics, and the environment that is 

created by the foster sow. This could have led to an underestimation of the genetic effects for 

weaning weight, as the variance is hidden within the group effect; ie. the environment common 

to group mates whether the piglet was born into the litter or not. Cross-fostering is a 

management technique practiced at all farms to balance the total number of piglets born in a 

litter, as well as the within litter birth weight variation. Therefore, cross-fostering should be 

considered in future evaluations to get the most accurate estimates of the genetic parameters. 

Another area of research that could be addressed in the future is the use of these traits 

in the current selection indices used by CCSI. Including birth and weaning weight has been 

shown to improve early growth performance in other species such as cattle and sheep (Melucci 

et al. 2009; Márquez et al. 2012), and there is no reason to think that pigs would be different. 

Predicting the change in profit would also be beneficial in order to define the “optimum” birth 

weight. A piglet that is a good size at birth but not so large as to reduce litter size or to affect 

survival should be the goal. The piglet should grow rapidly to weaning and beyond to reach 

market weight sooner. As maternal effects were estimated, the dam line index may provide the 

best framework for adding these new traits. However, modifying the sire line index should also 

be explored as it is in place to improve growth and carcass traits. This research may provide 
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evidence to further decrease our current emphasis on total number born in the dam line index to 

prevent serious losses in revenues which may occur from underweight pigs.  

This project is important as it advances knowledge in pig genetic improvement to select 

for robust piglets. Selection decisions can be made more accurately on birth and weaning 

weight performance as it is possible to estimate breeding values for birth and weaning weight. 

Selecting on early growth performance will help to increase the rate of genetic progress in 

number of weaned piglets per litter in comparison to the number of piglets born. Understanding 

the relationship between direct and maternal effects will facilitate formulation of optimum 

breeding programs and improvement of selection efficiency.  

This thesis set out to explore whether selection on individual birth weight was possible. 

The heritabilities estimated for birth weight, weaning weight and probe weight, and the 

favourable correlations between each of the traits suggests that selection decision made early in 

a piglet‟s life are possible. These implications will help to improve the pig industry by minimizing 

costs to the producer, while maximizing their returns. It will also have a far sweeping effect in 

the Canadian agricultural economy by improving the total number of piglets weaned per litter. 

While additional research will need to be conducted, the findings from this study can be used as 

a framework for future research.  
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