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SUMMARY 

This study refined artificial insemination (AI) in ostriches by conducting several studies that 

covered a range of topics. The first of these determined seasonal effects on male traits and 

suggested that sperm characteristics were compromised only around the winter solstice, while 

male libido (measured as the willingness to ejaculate in the dummy female) was at its lowest 

around the autumn equinox. Collectively, the best periods to collect semen were around spring 

equinox and summer solstice dates when sperm output and male libido were at their best. The 

second study determined the optimal sperm dose and frequency of insemination that 

maintained fertility throughout the laying period and resulted in chick production. AI with 

various sperm doses per week were used (<2.5 × 109, 2.5-5 × 109, 5-7.5 × 109 and 7.5-9.6 × 

109 sperm) and resulted in lower fertility of eggs with sperm doses less than 2.5 × 109 

sperm/week. Increasing the sperm dose to 2.5-5 × 109 sperm/week improved fertility and the 

fertile period (the number of days fertilized eggs were laid after the last AI), with the latter 

reaching an average of 12 days. However, a further increase in the sperm dose per week (5-

7.5 × 109 and 7.5-9.6 × 109 sperm) did not further improve fertility, fertile period and the rate 

of sperm loss in females. Therefore, it was suggested that the optimal sperm dose for 

insemination in ostriches was 2.5 × 109 sperm/week. This sperm dose was able to maintain 

fertility when inseminated on a weekly basis for five weeks and chicks were produced after AI. 

This highlighted the potential ability of chick production in ostriches after AI and suggests that 

this technology could be useful in breeding ostriches. Thirdly, it was established that heritability 

estimates (h²) were moderate (0.13) for monthly egg production and high (0.40) for mean egg 

weight for individually penned female ostriches (AI females). This implies that egg weight and 

production in an ostrich AI flock are heritable and could be improved by selection. Fourthly, 

significant correlations of the affordable traditional mass sperm motility scoring method with 

ostrich sperm motility traits measured by the advanced, yet expensive computer-aided sperm 

analysis system were determined. These findings suggest that screening of males for sperm 

motility could be done using the affordable traditional method. Fifthly, juvenile ostriches 

subjected to positive interactions with humans were more likely to associate and less likely to 

keep a distance from their human handlers. Likewise, birds of the South African Black (SAB) 

strain and crosses of the SAB with Zimbabwean Blues (ZB) and Kenyan Reds (KR) also 

interacted more with their human handlers than purebred ZB and KR birds. Behaviour traits 

used to identify birds for recruitment in the AI program were all heritable and should respond 

to selection. No unfavourable genetic correlations were recorded between these behavioural 

responses towards humans and most traits in the slaughter bird complex. These results 

suggest that temperament in ostriches can be improved by selecting birds willing to associate 

with humans, without compromising slaughter weight. Hence, the study demonstrated that AI 
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is a feasible and economically viable breeding alternative in ostriches whilst also pointing out 

areas that still need further research. If implemented correctly, AI is likely to benefit the genetic 

evaluation of breeder birds, while improving human occupational health and safety and animal 

welfare. Combined, these aspects are likely to contribute to ethical and sustainable ostrich 

production.   
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Opsomming 

Hierdie studie het kunsmatige inseminasie (KI) by volstruise verfyn deur etlike studies op ‘n 

verskeidenheid onderwerpe te onderneem. Die eerste studie het seisoenale effekte of 

mannetjie-eienskappe ondersoek en gevind dat sperm-eienskappe rondom die winter 

sonstilstand benadeel is, terwyl libido ‘n laagtepunt rondom die herfs dag-en-nag-ewening 

bereik het. Die beste tyd om semen te kollekteer was rondom die lente-ewening en die somer 

sonstilstand. Die tweede eksperiment het die beste spermdosis en gereeldheid van 

inseminasie om vrugbaarheid te onderhou en kuikenproduksie te bewerkstellig, ondersoek. 

KI met veranderende spermdosisse per week (<2.5 × 109, 2.5-5 × 109, 5-7.5 × 109 en 7.5-9.6 

× 109 sperme) het tot laer vrugbaarheid by spermdosisse onder 2.5 × 109 sperme/week gelei. 

Die verhoging van die spermdosis na 2.5-5 × 109 sperme/week het vrugbaarheid en die 

vrugbare periode (die getal dae waartydens vrugbare eiers produseer is na die laaste KI) 

verhoog met laasgenoemde tydperk wat ‘n waarde van 12 dae bereik het. ‘n Verdere 

verhoging in spermdosis per week (na 5-7.5 × 109 en 7.5-9.6 × 109 sperme) het nie 

vrugbaarheid, die vrugbare periode en die tempo van spermverlies beïnvloed nie. Die beste 

spermdosis vir KI by volstruise is dus op 2.5 × 109 sperme/week vasgestel. Hierdie spermdosis 

het vrugbaarheid volgehou wanneer dit op ‘n weeklikse basis ge-insemineer is, terwyl kuikens 

ook op die wyse geproduseer is. Hierdie resultate het bevestig dat KI in staat is om 

kuikenproduksie by volstruise te bewerkstellig en dat die tegnologie nuttig in volstruisteelt 

gebruik kan word. Derdens is vasgestel dat maandelikse eierproduksie matig oorerflik was by 

wyfies in individuele kampe (0.13) terwyl maandelikse gemiddelde eiergewig hoogs oorerflik 

was (0.40). Eiergewig en –produksie in die KI-kudde kan dus met seleksie verhoog word. 

Vierdens is betekenisvolle korrelasies van die bekostigbare massa-bewegingspunt met 

gevorderde, maar duur rekenaar-ondersteunde spermontledingsmetodes beraam. Die roetine 

evaluasie van sperme van mannetjies vir massa-beweging kan dus volgens die bekostigbare 

massa-bewegingsmetode uitgevoer word. Vyfdens is vasgestel dat jong volstruise wat as 

dagoudkuikens aan positiewe interaksies met mense blootgestel is, makliker met mense ge-

assosieer het en minder waarskynlik was om ‘n afstand te gehandhaaf. Ooreenstemmend het 

Suid-Afrikaanse Swart volstruise (SAS), en kruise van die SAS met die Zimbabwiese Blou 

(ZB) en Kenyaanse Rooi (KR) volstruise ook meer geredelik met mense ge-assosieer as 

suiwer ZB en KR volstruise. Gedragseienskappe wat gebruik is om volstruise vir die KI-

program te werf was almal oorerflik en sal dus op doelgerigte seleksie reageer. Daar was nie 

ongunstige genetiese korrelasies tussen hierdie eienskappe en die meeste slageienskappe 

nie. Temperament van volstruise kan dus deur die seleksie van voëls wat met mense 

assosieer verbeter word, sonder om slaggewig te benadeel. Die studie het die toepaslikheid 

van KI as ‘n moontlike en lewensvatbare teeltalternatief by volstuise uitgelig, terwyl dit ook 
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onderwerpe vir verdere studie uitgewys het. Indien KI korrek implimenteer word, kan dit die 

genetiese evaluasie van teeltvoëls sowel as beroepsveiligheid van hanteerders en die welsyn 

van volstruise bevoordeel. Hierdie bevindings kan gekombineer word on tot etiese en 

volhoubare volstruisproduksie by te dra. 
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1.1. General overview of farmed ostriches and mating system challenges 

Commercial ostrich farming has been part of the livelihood of farmers in the Klein Karoo region 

of South Africa since the mid-19th century (Smit, 1964). The ostrich industry relies mainly on 

the sale of meat, leather and feathers, while sales of live birds and infertile eggs also contribute 

but to a lesser extent (Cloete et al., 2008; Bejaei and Cheng, 2014). According to Brand and 

Jordaan (2014), the South African Ostrich industry contributes up to 70% of all ostrich products 

worldwide. Nationally, the ostrich industry contributes greatly towards job creation and the 

country’s economy representing up to 5% of the total agricultural exports. The output of these 

products depends primarily on the number of fertile eggs laid that successfully hatch, live 

chicks that grow until slaughter or breeding age to replace the previous generations. However, 

this is not always achieved as egg production is highly variable between females, coupled with 

a generally poor fertility, high embryonic mortality, low hatchability and poor chick survival 

(Cloete et al., 2001, 2008; Malecki et al., 2008). 

At present, commercial ostrich farming still has no definite breeding program. Farmers rely 

essentially on natural mating systems where birds are bred in various male:female mating 

ratios ranging from pairs (1:1), trios (1:2), quads (1:3) to large flocks (6:10) (Cloete et al., 1998; 

Lambrechts et al., 2004). Such mating ratios are not efficient for commercial farming, as they 

compel farmers to keep additional male birds for mating which inflates the feeding costs 

(Malecki and Martin, 2000). Furthermore, the ability to detect sub-fertile birds, to assess 

individual bird performance and to record parentage information in this system is difficult, 

particularly in the flock mating strategy where communal nesting behaviour is typically used 

by females (Bertram, 1992; Kimwele and Graves, 2003). Hence, the currently used mating 

systems compromise rapid genetic progress, as well as the growth and expansion of the 

ostrich industry (Cloete et al., 1998; Malecki et al., 2004). Yet there is ample evidence that 

most of the economically important traits are variable and heritable, thereby allowing genetic 

progress in a structured breeding program (Cloete et al., 2008).  

While pair breeding may appear as an alternative strategy to facilitate parentage recording 

and easy reproduction assessment of birds, it also leads to confounded random effects, as 

well as incompatibility between mates which compromise the bird welfare (Cloete et al., 2008; 

Cloete and Malecki, 2011). Random effects such as female permanent environmental effects, 

service sire and female genetic effects become confounded with mating paddocks. This can 

potentially be solved by breaking pairs after each breeding season and rotating various male 

and female combinations among paddocks (Cloete et al., 2008). However, this practice may 

be labour intensive in a commercial farming system. Since breeding female ostriches are 

known to demonstrate mate preference for the benefit of their offspring (Bonato et al., 2009), 
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mate incompatibility could compromise bird welfare as a result of fights between paired birds. 

Even a highly successful pair breeding combination can still limit rapid genetic improvement 

as one superior male can only mate with a limited number of females in a single breeding 

season (Malecki and Martin, 2000). 

1.2. Proposed solution to mitigate challenges and associated factors 

A solution to replace the natural mating system while developing a structured breeding 

program and maintaining a maximum fertility in female ostriches is Artificial Insemination (AI), 

a reproductive technology used across the world for the conservation of wild animals and for 

promoting genetic gains in domestic livestock species (Malecki et al., 2008; Blanco et al., 

2009; Łukaszewicz, 2010). Developing AI for the ostrich industry would also enable farmers 

to remove surplus and potentially aggressive male birds from their flocks, consequently 

improving the occupational health and safety of handlers, as well as the welfare of the birds 

(Lambrechts et al., 2000; Cloete et al., 2015). In accordance with this, recent data has 

revealed that males showing aggression towards females resulted in lower egg production 

(Cornwallis CK, 2018, personal communication) leading to poor productivity.  

Environmental enrichment has also been suggested as a promising tool to improve not only 

the welfare of ostriches, but also develop positive association between ostriches and humans 

(Wang et al., 2012; Bonato et al., 2013; Muvhali et al., 2018, 2020a, 2020b). Such enrichment 

involved introducing extensive human presence and regular gentle handling at an early age. 

This could in turn benefit the development of AI since this technology requires working with 

less temperamental birds. At present, it remains unclear whether temperament or any 

behavioural characteristics are heritable in ostriches but also, whether temperament can be 

improved by selecting less temperamental birds or whether temperament has any relationship 

with production traits. For instance, it has been demonstrated that temperament is heritable in 

other species like poultry and pigs (Hemsworth et al., 1990; Campler et al., 2009). 

According to previous literature, ostriches can be considered as seasonal breeders with their 

reproductive activity depending on photoperiod, or as opportunistic breeders (Degen et al., 

1994; Bronneberg et al., 2007). Seasonal breeders are stimulated by varying photoperiod 

along the year, and this could compromise gonadal activities (Dawson, 2008). However, the 

effect of changing photoperiod on male ostrich semen characteristic and male libido is not 

understood. As AI relies on the constant availability of semen, there is a need to investigate 

the effect of changes in photoperiod on sperm characteristics and male willingness to donate 

semen in order to identify periods when semen collection is likely to be successful and yield 

quality ejaculates. The seasonality of female production in the past was also poorly 

Stellenbosch University https://scholar.sun.ac.za



 

4 
 

understood, as records were mostly obtained in the traditional breeding season of May/June 

to December/January in the Southern Hemisphere. 

AI technology in ostriches may allow the development of male semen screening techniques 

for fertility to aid in selection of superior breeders. Standard semen analyses such as sperm 

concentration, motility, viability, morphology and membrane integrity have been studied and 

widely used to predict sperm quality and fertilizing potential in ostriches (Smith et al., 2016). 

However, some of these methods may require a certain level of expertise which would also 

require a highly equipped reproductive physiology laboratory set-up, incur additional 

expenses, and may not be user-friendly at a commercial farm level. Therefore, developping 

alternative, less expensive and user-friendly methods to evaluate sperm functionality is 

needed. 

1.3. Previous and recent research progress in developing AI for ostriches 

Previous attempts to introduce AI to the ostrich industry were constrained by a lack of 

understanding of ostrich behaviour, reliable methods of semen collection and an ability to keep 

females laying in the absence of males. This led to the application of semen collection 

methods that violated the animal welfare recommendations, while also yielding low quality 

ejaculates (Hemberger et al., 2001; Rozenboim et al., 2003; Cloete and Malecki, 2011). 

Because of this, comprehensive knowledge of ostrich ejaculate traits only began to accrue 

when human- and animal-friendly techniques for routine semen collection from male ostriches 

were developed (Rybnik et al., 2007). More recently, ostrich sperm characteristics were 

extensively studied, and a suitable ostrich-specific semen diluent was developed together with 

a protocol for short and prolonged semen storage in vitro (in liquid form and cryopreserved; 

Bonato et al., 2012; Du Plessis et al., 2014; Smith, 2016; Smith et al., 2018). Furthermore, 

Malecki et al. (2004) demonstrated that egg production declined significantly when females 

were separated from their mates. The development of a female flock laying eggs in the 

absence of males thus further contributed to the progress towards developing AI for ostriches 

(Bonato et al., 2017). However, genetic parameters for production performance for such a 

flock are unknown, as well as whether selection can aid in improving production. Finally, the 

storage protocol of semen at low temperature had distinct advantages for other livestock 

industries that use AI through facilitating transport of semen over long distances and the 

conservation of superior male germplasm for future use (Malecki et al., 2008; Blanco et al., 

2009; Łukaszewicz, 2010). It is therefore also expected to benefit the ostrich industry which is 

being compromised by recurrent outbreaks of avian influenza and culling of superior birds.  
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Unlike other avian species, literature on the sperm dose and the insemination frequency 

required to maximise fertility and fertile period (number of days fertilised eggs are produced 

after the last insemination – Lake, 1975) in ostrich flocks by AI is lacking, as this technology 

is not yet refined. By contrast, it is generally admitted that AI in chickens with a sperm dose of 

50 million resulted in lower fertility rate when compared to AI with 75, 100 and 150 million 

sperm (Tabatabaei, 2010). In the study of Tabatabaei (2010), fertility increased significantly 

after 100 million sperm were inseminated and remained constant even after the sperm dose 

was increased to 150 million sperm. Similar findings were reported previously in chickens 

where AI with sperm numbers above 100 million did not result in higher fertility rates (Lake, 

1983). This confirms that the minimum optimal sperm dose for AI in chicken is reached when 

100 million spermatozoa are inseminated.  

Furthermore, different processing protocols (fresh diluted, chilled and frozen-thawed semen) 

appear to influence the sperm dose needed for successful AI. In chickens, a sperm dose 

between 125-150 million was required to achieve high fertility rates when semen was stored 

at a low temperature for 6 hours (Mohan et al., 2018). By contrast, between 200 and 250 

million inseminated sperm were required to maximize fertility after storage of semen for 24 

hours at 2-5 °C, and up to 250 million when frozen thawed semen was used in hens (Van 

Wambeke, 1987). In emus, another commercially farmed ratite, studies revealed that fertilized 

eggs could be laid by females when 100, 200 and 400 million spermatozoa were inseminated, 

but a 200 million spermatozoa dose was established as the optimal sperm dose for 

inseminating emus using freshly collected semen samples (Malecki and Martin, 2004; Malecki 

et al., 2008).  

The frequency of insemination is also important in maximising fertility of the female flock. 

Separate inseminations at long intervals may fail to populate the sperm storage tubules and 

therefore compromise fertility. By contrast, too frequent inseminations may not be practical in 

large commercial enterprises due to its high labour intensity, the need to frequently collect 

semen from males and semen wastage (Malecki and Martin, 2005). In chickens, higher fertility 

rates were achieved with twice-weekly inseminations, compared to once a week insemination 

(McCartney, 1976), or 6 biweekly inseminations (Bratte and Ibe, 1989). In ostriches, 

inseminating females for 5 consecutive days with 3 billion sperm diluted 1:4 with a developed 

ostrich-specific semen diluent resulted in a fertilization rate of 42 % with females continuing to 

lay fertilized eggs for up to 18 days after the last insemination (Bonato et al., 2014). However, 

larger sperm doses were inseminated at a high frequency and semen from different males 

was pooled, making it difficult to record parentage. The inseminated females demonstrated a 

similar fertilization capability to that of naturally mated females which were physically 
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separated from their mates after mating. These naturally mated females laid fertilized eggs for 

up to 17 days after the last copulation, but sperm was detected in the egg outer periviteline 

membrane for up to 27 days after the last copulation (Malecki et al., 2004). These previous 

findings highlight the potential of AI as a breeding tool for ostriches and warrant the need for 

the technology to be refined to arrive at a feasible and commercially applicable protocol. Such 

a development could potentially revolutionise the ostrich breeding industry, by providing 

solutions to the constraints that were listed earlier. 

1.4. Study aim and objectives 

Against this background, the aim of the study was to optimize fertility in ostriches after artificial 

insemination. The specific objectives of this study were: 

1. To investigate whether time of the year in which changes in photoperiod occur, had an 

effect on ostrich semen characteristics and male libido; 

2. To establish the minimum sperm dose for optimal fertility after artificial insemination in 

ostriches; 

3. To determine the insemination frequency that maintains fertility after artificial 

insemination; 

4. To demonstrate the potential ability of artificially inseminated female ostriches to 

produce chicks and to estimate the hatchability of eggs produced after artificial 

insemination; 

5. To estimate the correlations between computer aided sperm analysis (CASA) 

technology and the traditional, yet affordable, mass sperm motility scores; 

6. To evaluate seasonality and to estimate genetic parameters for monthly egg 

production and monthly average egg weight for individually penned female ostriches; 

7. To determine the effect of environmental factors (including varying levels of human-

ostrich interactions at an early age) on and to estimate the heritability of  behavioural 

responses towards humans later in life and; 

8. To estimate genetic correlations among behavioural responses towards humans by 

juvenile ostriches as well as with slaughter weight and skin traits. 
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ABSTRACT 

The study evaluated the effect of time of the year in which changes in photoperiod occurs on 

ostrich semen characteristics and male libido. Semen was collected for five days before, on 

and five days after winter solstice (21st June 2016), spring equinox (22nd September 2016), 

summer solstice (21st December 2016) and autumn equinox (20th March 2017) in the southern 

hemisphere. Semen was collected from 10 South African Black ostrich males (mean age ± 

standard deviation: 4.5 ± 2.27 years) using a dummy female. Semen volume, sperm 

concentration, total sperm per ejaculate, sperm motility traits, percentage of normal sperm, 

head and tail abnormalities and percentage of affected sperm in the hypo-osmotic swelling 

test (HOS) were evaluated. Male libido defined as the willingness of males to mount the 

dummy female was also recorded. Semen samples collected around summer solstice, spring 

and autumn equinox were higher in sperm concentration and sperm output, compared to 

winter solstice (P < 0.05). The study periods did not influence semen volume, sperm motility 

traits, the percentage of normal sperm, head abnormalities and HOS. Sperm tail abnormalities 

were higher around winter solstice than around spring equinox (P < 0.05). Male libido and the 

success of semen collection were significantly higher around the spring equinox (P < 0.05). 

Changes in photoperiod in the southern hemisphere do not affect semen production in 

ostriches. However, high sperm output and male libido around spring equinox and summer 

solstice dates suggest that these periods may be preferred for semen collection for artificial 

insemination and storage purposes. 

Keywords: Artificial insemination, Photoperiod, Seasonal variation, Semen quality, Semen 

production, Struthio camelus 
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2.1. Introduction 

Commercial ostrich farming has been practiced in South Africa for more than 150 years and 

has gained interest worldwide (Cloete et al., 2012). Although great strides have been made in 

the development of ostrich farming, reproductive performance is still challenged by low fertility 

(Lambrechts et al., 2004). Assisted reproductive technologies such as artificial insemination 

(AI) have been suggested as a potential breeding tool to alleviate fertility challenges in 

ostriches (Malecki et al., 2008). This technology has been used successfully in the livestock 

(dairy and pig) and the poultry industries, as well as for the conservation of endangered wildlife 

species (Foote, 2002; Blanco et al., 2009). Studies on commercially farmed ostriches have 

indicated that selection of birds with desirable behaviour traits (i.e. a lack of fear and/or 

aggression; Bonato et al., 2013), allows the training of ostrich females for routine artificial 

insemination using the voluntary crouching behaviour (Rybnik-Trzaskowska, 2009; Bonato 

and Cloete, 2013). It is also possible to train males for routine, stress-free semen collection 

using the dummy female method (Rybnik et al., 2007; Bonato et al., 2012). Another 

prerequisite for a successful AI programme in ostriches is a flock of females that would lay in 

the absence of males, while showing desirable behavioural attributes. Bonato et al. (2017) 

provided evidence that this objective has also largely been met. Hence, the development of 

these techniques has demonstrated the need to characterise the ostrich ejaculates and 

established a protocol for optimum semen preservation (Rybnik et al., 2007; Malecki et al., 

2008; Bonato et al., 2010; Smith et al. 2018). However, substantial research on male and 

female ostrich reproductive performance is still required for this technology to be successfully 

implemented in the ostrich industry. 

Ostriches have been described as seasonal breeders that increase their reproductive activity 

along with increasing photoperiod, but also as opportunistic breeders, relying on food 

availability (Degen et al., 1994; Bronneberg et al., 2007). In birds, seasonal variation in 

photoperiod plays a significant role in reproductive activities as photoperiod changes can 

stimulate the secretion of gonadotropin releasing hormone, responsible for development of 

the gonads and sexual behaviour (Johnson, 2015; Vizcarra et al., 2015). Some bird species 

may cease gamete production during a certain time of the year due to the lack of synthesis of 

the gonadotropin stimulating hormone as they do not respond to photoperiod due to them 

becoming photorefractory (Dawson and Sharp, 2007). Within a commercial farming setting 

this may influence the quality and quantity of semen produced and potentially impact on 

fertility. For example, emus (Dromaius novaehollandiae), another commercially exploited ratite 

displayed a strong seasonal breeding activity in winter and a complete cessation of sperm 

production in spring and summer (Malecki and Martin, 2000).  
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Previous studies on ostriches have highlighted that traits such as sperm output, sperm 

viability, morphology and motility, as well as male libido, appear to be affected by factors such 

as season, male age and the frequency of collections (Rybnik et al., 2012; Bonato et al., 2011, 

2014). These studies however used a small number of individual animals or a subjective 

method to measure sperm motility, which may have produced less accurate results than using 

more recent objective computer assisted methods (Mocé and Graham, 2008; Smith et al., 

2016; Farooq et al., 2017, 2018). Smith et al. (2016) recently reported sperm motility 

characteristics evaluated by computer-aided sperm analysis as well as sperm membrane 

integrity during the conventional ostrich breeding season (May to December). No information 

on the above parameters is however available beyond confines of the standard breeding 

season (January-April). Therefore, the aim of this study was to evaluate the potential effect of 

time of year during which changes in photoperiod occur on ostrich ejaculate characteristics 

and male libido. It was hypothesised that semen production in ostriches will vary between 

times when seasonal changes do occur (solstice and equinox), and that ejaculate 

characteristics and male libido will be affected. 

2.2. Materials and methods 

2.2.1. Study area and animals sampled 

The study was conducted at the Oudtshoorn Research Farm of the Western Cape Department 

of Agriculture, situated outside Oudtshoorn, South Africa (33°63′ S, 22°25′ E). A total of 10 

South African Black (SAB) male ostriches aged between 3 and 10 years, kept in individual 

paddocks and trained for semen collection using the dummy female method, were used 

(Rybnik et al., 2007). The males were selected based on their desirable behavioural responses 

such as willingness to approach and associate with humans, no fear of humans and an 

absence of aggression towards humans (Bonato et al., 2013) and their cooperation during 

semen collection. Briefly, the dummy female method required male ostriches to direct their 

sexual behaviour towards humans. While the male was at display, the dummy female was 

pushed gently between its legs for it to mount, and ejaculate into a fitted artificial cloaca 

(Rybnik et al., 2007). Throughout the entire experiment, the birds were fed an ostrich breeder 

diet (10.99 MJ/kg and 180.9 g/kg protein on as-fed basis) formulated at the research farm and 

fresh water was available ad libitum. 

2.2.2. Semen collection and measurements 

Semen samples were collected once a day for five days around solstice and equinox dates 

(five days before a season ended and five days after a new season commenced and on the 

day the change occurred: n = 11 days). The study periods during which semen was collected 

were as follow: 21st June 2016 (winter solstice), 22nd September 2016 (spring equinox), 21st 
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December 2016 (summer solstice) and 20th March 2017 (autumn equinox). These dates 

corresponded to the transition of shorter to longer days in winter and from longer days to 

shorter days in summer and the period of maximum change in sunshine hours during autumn 

and spring in the southern hemisphere.  

Semen volume was measured using an automatic pipette, while sperm concentration was 

determined by means of a spectrophotometer (Spectrawave, WPA, S800, Biochrom), using a 

20 μL aliquot of semen diluted 1:400 (v/v) with a phosphate buffered saline solution containing 

10% formalin. The total number of sperm per semen sample was then calculated by 

multiplying semen volume and sperm concentration. 

2.2.3. Evaluation of sperm motility 

Sperm motility traits were measured using the Sperm Class Analyzer® (SCA) version 5.3 

(Microptic S.L., Barcelona, Spain) with a Basler A312fc digital camera (Basler AG, 

Ahrensburg, Germany) mounted on an Olympus BX41 microscope (Olympus Optical Co., 

Tokyo, Japan) equipped with phase contrast optics. An aliquot of neat semen at a 

concentration of 20 × 106 sperm cells/mL was diluted in 245 μL of standard motility buffer 

containing sodium chloride (150 mM) and TES (20 mM) with 2% male specific seminal plasma 

(Smith et al., 2016). The tube containing the diluted semen was placed in an incubator at 38°C 

for 1 min, before loading 2 μl of the diluent onto a pre-warmed slide (at 38°C), covered gently 

with a cover slip (22 × 22 mm) and allowed to settle for 20 s prior to recording. At least 300 

clearly presented motile sperm tracks per semen sample were recorded from random fields. 

Sperm motility traits evaluated were progressive motility (PMOT, %), total motility (MOT, %), 

curve-linear velocity (VCL, μm/s), straight-line velocity (VSL, μm/s), average path velocity 

(VAP, μm/s), linearity (LIN, %), straightness (STR, %), amplitude of lateral head displacement 

(ALH, μm), wobble (WOB, %) and beat cross frequency (BCF, Hz). 

2.2.4. Sperm morphology 

The procedure described by Du Plessis et al. (2014) was used to evaluate sperm morphology. 

Briefly, an aliquot from each ejaculate was fixed in 2.5% glutaraldehyde in 0.13 Millonig’s 

phosphate buffer, pH 7.4 until used. Semen smears were prepared from the fixed samples, 

air-dried for 24 h and stained with Wrights’ stain (Rapidiff®, Clinical Sciences Diagnostics, 

Johannesburg, South Africa). The number of normal sperm (filiform in appearance) and sperm 

with defects (defects classified into head or tail defects) were determined by counting 300 

sperm cells per slide from each semen sample with an Olympus BX63 light microscope 

(Olympus Corporation, Tokyo, Japan) using a 100x oil immersion objective (phase-contrast 
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illumination). The specific defects associated with the head and tail has previously been 

described and illustrated (Du Plessis et al., 2014). 

2.2.5. Evaluation of the sperm membrane integrity 

The hypo-osmotic swelling test (HOS) was used to evaluate sperm membrane integrity 

(Jeyendran et al., 1992). An aliquot of neat semen at a concentration of 20×106 sperm cells/mL 

was diluted in 250 μL of a standard saline solution (NaCl/H2O) adjusted to 25 mOsm (Smith 

et al. 2016). After dilution, 2 μl of the semen diluent was loaded onto a pre-warmed slide (at 

38°C), covered gently with a glass cover slip (22×22 mm) and allowed to settle for 20 s prior 

to recording. At least 300 clearly presented sperm per semen sample were recorded in random 

fields and the proportion of swollen sperm (Fig. 2.1) indicating HOS, was calculated. The 

recording was performed using the software and hardware described for sperm motility 

assessment. 

 

Fig. 2.1. Ostrich sperm under hypo-osmotic stress. ‘Round’ appearing are the swollen sperm 

(pointed by the white arrows) indicate live sperm with an intact membrane, responsive to the 

hypo-osmotic solution; while straight sperm (pointed by the black arrows) indicate sperm with 

damaged (compromised) membrane that ruptured when in the hypo-osmotic solution 

2.2.6. Evaluation of male libido and success of semen collections 

Male libido was defined as the willingness to mount the dummy female as described by Bonato 

et al. (2011) on a scale from 0 to 3 (0 = no reaction; 1 = approach with interest but no 

willingness to mount; 2 = no courtship but willingness to mount the dummy; 3 = courtship and 

willingness to mount the dummy). The number of attempts to successfully collect semen was 

recorded ranging from 1 to 3 attempts. The success of semen collection was determined 
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binomially (where: 1 = did collect and 0 = did not collect) and the reaction time (defined as the 

time spent by males during copulation) was recorded in seconds. 

2.2.7. Statistical analyses 

The data were analysed using SAS, version 9.3 (SAS, 2012). The Generalized Linear Mixed 

Models (GLMM) procedure was performed on the data during the study periods and male age 

as independent variables. Male age was divided in two categories, young and old, to facilitate 

the analysis. Males of 3 and 4 years old (7 males) were classified as young males while males 

older than 4 years (3 males) were classified as old males. This categorization allowed the 

analysis of the interaction between male age and semen collection periods. The number of 

days semen was collected was entered as a linear covariate. Dependent variables were 

semen volume, sperm concentration, number of sperm per ejaculate, sperm motility traits, 

sperm morphology (normal, overall sperm abnormalities, head and tail abnormalities) traits, 

HOS and reaction time to collect semen. Sperm concentration was entered as a linear 

covariate in the analysis when ejaculate characteristics were analyzed. Relationships among 

sperm traits were depicted by Pearson’s correlation coefficients. A GLMM with an ordered 

multinomial distribution model with a cumulative logit link function was performed on male 

libido (0-3) and the number of attempts to collect ejaculates (1-3). A GLMM with a binary 

distribution and a logit link function was performed for ejaculate collection success (1: 

collected; 0: did not collect). Male identity was entered as a random variable in all the models 

to account for repeated measurements on the same male. In a different analysis, male identity 

was entered as an independent variable to evaluate the differences among males. Variables 

were considered significantly different at P < 0.05. Tukey’s pairwise comparisons were used 

to test for significant difference. 

2.3. Results 

2.3.1. Descriptive statistics for semen characteristics and male responses to semen 

collection 

The results for the variables across the four studied periods were reported as means and 

standard errors (mean ± SE). The mean ejaculate volume recorded was 1.16 ± 0.04 mL, with 

a concentration of 2.08 ± 0.05 × 109 sperm/mL and a mean sperm count of 2.53 ± 0.12 × 109 

sperm per ejaculate. The mean values for the sperm motility traits were: PMOT; 40.01 ± 

0.93%, MOT; 87.85 ± 1.07%, VCL; 66.79 ± 0.89μm/s; VSL; 32.36 ± 0.53μm/s; VAP; 52.14 ± 

0.87μm/s, ALH; 2.54 ± 0.03μm, LIN; 48.07 ± 0.46%, STR; 62.38 ± 0.52%, WOB; 76.73 ± 

0.48%, BCF; 7.12 ± 0.07Hz. The mean percentages of normal sperm, abnormal sperm, head 

and tail abnormalities and HOS affected sperm were 90.00 ± 0.46%, 9.43 ± 0.54%, 3.81 ± 

0.35% and 5.32 ± 0.26% and 72.10 ± 1.21%, respectively. The means for male libido score, 
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number of attempts to collect semen, and reaction time amounted to 2.64 ± 0.03, 1.73 ± 0.04 

and 52.98 ± 0.94s. The rate of successful collection of semen amounted to 75.68%. The 

incidence of aspermia (failure to produce semen after completing the copulation process) 

represented 8% of all successful collections. 

2.3.2. Effect of study collection periods on ejaculate characteristics 

Ejaculate volume was not influenced by the study period (Table 2.1). A higher sperm 

concentration was recorded in ejaculates collected around autumn and spring equinox, and 

summer solstice, while the winter solstice recorded the lowest sperm concentration (P < 0.001; 

Table 2.1). The number of sperm per ejaculate was higher around the autumn and spring 

equinox, and summer solstice, while samples collected in winter recorded the lowest number 

of sperm per ejaculate (P = 0.004; Table 2.1). Study period did not influence any of the sperm 

motility trait (Table 2.2). Male age did not have an effect on semen characteristics; however, 

a significant interaction between study period and male age was recorded for BCF (P < 0.05). 

Ejaculates collected from younger males (< 4 years old) around the autumn equinox had a 

lower BCF (6.61 ± 0.23 Hz) than ejaculates of males of the same age collected around spring 

equinox (7.51 ± 0.18 Hz). The percentages of normal sperm, overall abnormal sperm, head 

abnormalities and HOS sperm were not affected by study periods (Table 2.2), but tail 

abnormalities were higher around the winter solstice when compared to data collected around 

the spring equinox (P = 0.011; Table 2.2). No significant interactions were recorded in these 

traits between study periods and male age. 
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Table 2.1 

Least square means and standard errors (± SE) of ejaculate volume, sperm concentration and 

number of sperm per ejaculate in ostriches during the study periods. Semen was collected 

from 10 South African Black ostrich males around the solstice and equinox dates. 

Variables Autumn 

equinox 

Winter 

solstice 

Spring 

equinox 

Summer 

solstice 

P-value 

Ejaculate volume 

(mL) 

1.20 ± 0.24 1.20 ± 0.22 1.16 ± 0.22 1.06 ± 0.23 0.575 

Sperm concentration 

(×109/mL) 

2.51 ± 0.18b 1.24 ± 0.15a 2.28 ± 0.15b 2.42 ± 0.16b <0.001 

Number of sperm 

(×109) 

2.60 ± 0.51b 1.59 ± 0.44a 2.79 ± 0.43b 2.78 ± 0.46b 0.004 

a,b Least square means with different superscript within a row differ significantly (P < 0.05). 

 

Table 2.2 

Least square means (± SE) for sperm ostrich motility traits during the study periods. Semen 

was collected from 10 South African Black ostrich males around solstice and equinox dates. 

Variables Autumn 

equinox 

Winter 

solstice 

Spring 

equinox 

Summer 

solstice 

P-value 

ALH (μm) 2.63 ± 0.10 2.74 ± 0.10 2.54 ± 0.06 2.37 ± 0.08 0.341 

BCF (Hz) 6.74 ± 0.27 7.69 ± 0.27 7.12 ± 0.16 6.82 ± 0.21 0.275 

LIN (%) 46.51 ± 1.74 50.09 ± 1.77 48.81 ± 1.09 45.38 ± 1.38 0.542 

MOT (%) 88.43 ± 4.03 85.13 ± 4.07 88.43 ± 2.57 86.12 ± 3.21 0.547 

PMOT (%) 45.53 ± 3.62 37.16 ± 3.63 39.58 ± 2.40 36.90 ± 2.94 0.087 

STR (%) 60.13 ± 1.99 65.47 ± 2.00 61.63 ± 1.30 59.45 ± 1.60 0.813 

VAP (μm/s) 56.54 ± 3.22 48.96 ± 3.25 52.84 ± 2.06 50.80 ± 2.58 0.584 

VCL (μm/s) 71.37 ± 3.28 63.58 ± 3.33 67.26 ± 2.05 65.12 ± 2.59 0.396 

VSL (μm/s) 33.91 ± 2.02 32.15 ± 2.03 32.22 ± 1.30 30.61 ± 1.62 0.377 

WOB (%) 77.09 ± 1.86 75.97 ± 1.86 77.64 ± 1.27 75.51 ± 1.46 0.466 

ALH- amplitude of lateral head displacement; BCF- beat cross frequency;  LIN-  linearity; 

MOT- total motility; PMOT- progressive motility; STR-  straightness; VAP- average path 

velocity;  VCL-  curve-linear velocity; VSL-  straight-line velocity; WOB- wobble. 
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2.3.3. Effect of study periods on male libido, number of attempts to collect semen, success 

of semen collection and reaction time to ejaculation in ostriches 

Male libido scores were highest around the spring equinox compared to the autumn equinox, 

as well as winter and summer solstice. Libido scores around the summer and winter solstices 

were higher than scores around autumn equinox (P < 0.001; Table 2.3). However, the libido 

scores around the summer and winter solstices did not differ significantly (Table 2.3). 

Consequently, the number of attempts to collect semen was high around the autumn equinox, 

compared to the other study periods, while attempts to collect semen around the summer and 

winter solstice were higher than attempts around the spring equinox (P < 0.001; Table 2.3). 

The number of attempts to collect semen around the summer solstice and winter solstice did 

not differ. Semen collection success rate was high (P = 0.005) around spring equinox 

(86.36%), compared to the success rate around summer solstice (73.63%) and autumn 

equinox (56.36%), but did not differ from the success rate around the winter solstice (86.36%). 

Moreover, the success rate for collecting semen was higher around the summer and winter 

solstices compared to around the autumn equinox. Success rate around the winter solstice 

was also higher than the summer solstice (P < 0.001). Male age did not have an effect on 

libido score, reaction time to collect semen and the number of attempts to successfully collect 

semen. Study period or the interaction between study period and male age did not influence 

the reaction time to ejaculation. However, a significant interaction between study period and 

male age was recorded for male libido and the number of attempts to collect semen (P < 0.05). 

Around the autumn solstice, younger males had higher libido scores (2.62 ± 0.15) than older 

males (1.33 ± 0.22). Likewise, more attempts to collect semen were performed on older males 

(2.67 ± 0.32) than on younger males (1.81 ± 0.21) for that specific study period. 
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Table 2.3 

Least square means (± SE) for the percentage of normal sperm, overall abnormal sperm, head 

and tail abnormalities, hypo-osmotic swelling test (HOS) affected sperm, as well as male 

libido, number of attempts to collect semen and reaction time to ejaculation around the study 

periods. Male libido was measured as the willingness to mount the dummy female and scored 

on a scale from 0 to 3 (0: no reaction; 1: approach with interest, but no willingness to mount; 

2: no courtship but willingness to mount the dummy; 3: courtship and willingness to mount the 

dummy). Number of attempts to successfully collect semen was measured on a range from 1 

to 3 attempts. Reaction time represents the time taken by males during the process of 

copulation (seconds). Semen was collected from 10 South African Black ostrich males around 

the solstice and equinox dates. 

Variables Autumn 

equinox 

Winter 

solstice 

Spring equinox Summer 

solstice 

P-value 

Normal sperm (%) 89.38 ± 3.03 89.94 ± 3.03 90.27 ± 2.92 88.83 ± 2.97 0.082 

Abnormal sperm (%) 10.47 ± 3.17 9.83 ± 3.18 9.57 ± 2.92 11.24 ± 3.02 0.211 

Head abnormality (%) 4.45 ± 2.62 2.50 ± 2.64 4.19 ± 2.38 4.61 ± 2.48 0.653 

Tail abnormality (%) 5.95 ± 1.20ab 7.31 ± 1.20b 5.38 ± 1.05a 6.63 ± 1.05ab 0.011 

HOS (%) 74.78 ± 5.05 68.12 ± 4.49 64.78 ± 4.32 67.06 ± 4.62 0.277 

Male libido 1.97 ± 0.13a 2.65 ± 0.13b 2.92 ± 0.13c 2.67 ± 0.13b <0.001 

Number of attempts 

to collect 

2.24 ± 0.19c 1.63 ± 0.19b 1.35 ± 0.19a 1.83 ± 0.19b <0.001 

Reaction time (s) 56.09 ± 5.34 47.45 ± 5.05 50.22 ± 5.00 56.73 ± 5.10 0.373 

a,b,c Least square means with different superscript within a row differ significantly (P < 0.05). 

 

2.3.4. Relationship among sperm motility traits 

There was a significant and positive correlation between PMOT and all other ostrich sperm 

motility traits (P < 0.0001; Table 2.4), except for STR. All sperm velocity traits recorded 

significant positive correlations between each other (P < 0.001), except for VCL vs STR and 

VAP vs STR where significant negative correlations were recorded (P < 0.001), and STR vs 

WOB were not correlated (Table 2.4). 
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Table 2.4  

Pearson’s correlation coefficients among ostrich sperm motility traits collected from 10 South African Black ostrich males around solstice and 

equinox dates. Ostrich sperm motility traits measured were: progressive motility (PMOT), motility (MOT), curve linear velocity (VCL), straight line 

velocity (VSL), average path velocity (VAP), linearity (LIN), amplitude of lateral head displacement (ALH), straightness (STR), wobble (WOB) and 

beat cross frequency (BCF). 

Sperm traits PMOT (%) MOT (%) VCL (μm/s) VSL (μm/s) VAP (μm/s) ALH (μm) LIN (%) STR (%) WOB (%) BCF (Hz) 

PMOT (%) 
  

        

MOT (%) 0.78*** 
 

        

VCL (μm/s) 0.91*** 0.75*** 
  

      

VSL (μm/s) 0.89*** 0.65*** 0.85*** 
 

      

VAP (μm/s) 0.89*** 0.70*** 0.97*** 0.88*** 
 

     

ALH (μm) 0.42*** 0.49*** 0.42*** 0.33*** 0.31*** 
 

    

LIN (%) 0.37*** 0.23*** 0.21*** 0.65*** 0.30*** 0.14* 
 

   

STR (%) -0.00 -0.07 -0.21*** 0.22*** -0.20*** 0.15*** 0.76*** 
 

  

WOB (%) 0.64*** 0.54*** 0.69*** 0.78*** 0.81*** 0.15*** 0.61*** 0.06 
 

 

BCF (Hz) 0.19*** 0.25*** 0.12* 0.36*** 0.13* 0.30*** 0.63*** 0.57*** 0.34*** 
 

*** P < 0.0001, ** P < 0.01,  * P < 0.05. 

Stellenbosch University https://scholar.sun.ac.za



 

24 
 

2.3.5. Effect of male on ejaculate characteristics, libido, number of attempts to collect semen 

and reaction time to ejaculation 

Variation between males was recorded for semen volume (P < 0.001; Fig. 2.2a), sperm 

concentration (P < 0.05; Fig. 2.2b) total number of sperm per ejaculate (P < 0.001; Fig. 2.2c) 

and the sperm motility traits (P < 0.05; Table 2.5) except for ALH and BCF (Table 2.5). The 

percentages of normal or abnormal sperm, head and tail abnormalities and HOS sperm also 

differed between males (P < 0.001; Table 2.6). Variation between males was also recorded 

for libido, number of attempts to collect semen and reaction time to ejaculation (P < 0.001; 

Table 2.6). The incidence of aspermia was distributed evenly across study periods. One male 

had a high occurrence of aspermia of 36%, while the other males had no incidence recorded 

(P < 0.05).  
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Fig. 2.2. Means (± SE) depicting the effect of male identity on a) semen volume; b) sperm 

concentration and; c) total number of sperm per ejaculate, as derived from 10 South African 

Black ostrich males around winter and summer solstice as well as autumn and spring equinox 

dates in the Southern Hemisphere.
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Table 2.5  

Least square means (±SE) for sperm motility traits for 10 individual South African Black ostrich males around the solstice and equinox dates. Sperm motility traits measured 

were: progressive motility (PMOT), motility (MOT), curve linear velocity (VCL), straight line velocity (VSL), average path, velocity (VAP), linearity (LIN), amplitude of lateral head 

displacement (ALH), straightness (STR), wobble (WOB) and beat cross frequency (BCF). 

 

a,b,c Least square means with different superscript within a column differ significantly (P < 0.05). 

 

 

 

Male 

identity 

PMOT (%) MOT (%) VCL (μm/s) VSL (μm/s) VAP (μm/s) LIN (%) ALH (μm) STR (%) WOB (%) BCF (Hz) 

1 35.68 ± 3.38ab 88.33 ± 3.9ab 62.94 ± 3.27ab 31.46 ± 1.92abc 49.97 ± 3.14ab 49.74 ± 1.72ab 2.45 ± 0.1 60.81 ± 1.94ab 78.46 ± 1.72cb 7.00 ± 0.28 

2 26.60 ± 3.38a 71.05 ± 3.90a 53.15 ± 3.27ab 26.16 ± 1.92a 39.61 ± 3.14a 45.47 ± 1.72ab 2.35 ± 0.10 63.15 ± 1.94ab 70.04 ± 1.72c 6.55 ± 0.28 

3 46.77 ± 4.29b 94.18 ± 4.96b 74.40 ± 4.15b 36.46 ± 2.44abc 60.74 ± 4.00b 49.35 ± 2.18ab 2.57 ± 0.12 60.87 ± 2.46ab 81.38 ± 2.19c 6.91 ± 0.35 

4 40.79 ± 2.42b 89.98 ± 2.79b 69.46 ± 2.34b 32.70 ± 1.37abc 55.44 ± 2.25b 47.07 ± 1.23ab 2.55 ± 0.07 59.83 ± 1.39a 78.97 ± 1.23cb 7.04 ± 0.20 

5 41.45 ± 2.39b 94.23 ± 2.76b 68.15 ± 2.31b 32.03 ± 1.36abc 51.87 ± 2.22ab 46.78 ± 1.21ab 2.62 ± 0.07 62.08 ± 1.37ab 75.43 ± 1.22abc 7.34 ± 0.20 

6 41.76 ± 3.55ab 86.14 ± 4.10ab 65.75 ± 3.44ab 33.24 ± 2.02abc 48.12 ± 3.30ab 49.66 ± 1.80ab 2.67 ± 0.10 68.19 ± 2.04d 72.05 ± 1.81bc 7.71 ± 0.29 

7 45.46 ± 3.03b 89.11 ± 3.51b 68.67 ± 2.94b 33.43 ± 1.72abc 55.28 ± 2.82b 48.35 ± 1.54ab 2.37 ± 0.09 61.11 ± 1.74ab 78.67 ± 1.55ab 7.07 ± 0.25 

8 38.39 ± 2.78ab 88.13 ± 3.21b 66.45 ± 2.69ab 31.42 ± 1.58abc 49.61 ± 2.59ab 47.08 ± 1.42ab 2.71 ± 0.08 63.81 ± 1.42ab 73.80 ± 1.42bc 7.35 ± 0.23 

9 45.01 ± 2.39b 88.09 ± 2.76b 70.29 ± 2.31b 36.68 ± 1.36c 56.95 ± 2.22b 52.12 ± 1.21b 2.53 ± 0.07 65.40 ± 1.37ab 79.82 ± 1.22c 7.31 ± 0.20 

10 36.62 ± 2.39ab 85.18 ± 2.76ab 65.27 ± 2.31ab 29.97 ± 1.36bc 50.81 ± 2.22ab 46.16 ± 1.21a 2.49 ± 0.07 60.11 ± 1.37a 76.91 ± 1.22ab 6.84 ± 0.20 

P-value 0.006 0.002 0.002 0.002 0.003 0.019 0.05 0.012 <0.001 0.118 
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Table 2.6 

Least square means and standard errors (±SE) of percentage normal sperm, overall abnormal sperm, head and tail abnormality, hypo-osmotic swelling test (HOS), male libido, 

number of attempts to collect semen and reaction time to ejaculation during the study periods. Male libido was measured as the willingness to mount the dummy female and 

scored on a scale from 0 to 3 (0: no reaction; 1: approach with interest but no willingness to mount; 2: no courtship but wil lingness to mount the dummy; 3: courtship and 

willingness to mount the dummy). Number of attempts to successfully collect semen was measured on a range from 1 to 3 attempts. Reaction time represents the time taken by 

males during copulation. Semen was collected from 10 South African Black ostrich males around the solstice and equinox dates. 

Male 

identity 

Normal sperm 

(%) 

Abnormal sperm 

(%) 

Head abnormality 

(%) 

Tail abnormality (%) HOS (%) Male libido Attempts to 

collect 

Reaction time to 

ejaculate (s) 

1 94.32 ± 0.95de 5.66 ± 1.48ab 1.90 ± 0.59ab 3.82 ± 0.74abc 72.79 ± 4.41ab 2.45 ± 0.08b 2.18 ± 0.11b 24.95 ± 2.70b 

2 90.70 ± 0.95cd 8.34 ± 1.84abc 2.73 ± 0.59ab 6.18 ± 0.74cd 62.22 ± 4.41a 2.59 ± 0.08bc 2.20 ± 0.11b 81.76 ± 2.53c 

3 86.50 ± 1.21bc 12.74 ± 1.89bc 2.55 ± 0.75ab 10.42 ± 0.94ef 85.36 ± 5.61b 1.73 ± 0.08a 2.45 ± 0.11b 43.23 ± 3.52a 

4 93.05 ± 0.68d 7.19 ± 1.14ab 3.74 ± 0.42b 3.25 ± 0.53ab 76.87 ± 3.15ab 2.91 ± 0.08cd 1.43 ± 0.11a 55.14 ± 1.96ab 

5 96.35 ± 0.67e 3.55 ± 1.06c 1.75 ± 0.42a 1.73 ± 0.52a 73.94 ± 3.15ab 2.98 ± 0.08d 1.14 ± 0.11a 56.88 ± 1.93b 

6 68.77 ± 0.97a 31.15 ± 1.52d 23.50 ± 0.61c 7.74 ± 0.76de 63.57 ± 4.52ab 2.45 ± 0.08b 2.30 ± 0.11b 47.86 ± 2.87ab 

7 93.92 ± 0.87de 6.57 ± 1.48ab 2.59 ± 0.54ab 3.53 ± 0.68abc 80.03 ± 4.12ab 2.93 ± 0.08cd 1.30 ± 0.11a 48.51 ± 1.98ab 

8 86.38 ± 0.8b 13.55 ± 1.31c 2.04 ± 0.49ab 11.58 ± 0.62f 67.93 ± 3.69ab 2.41 ± 0.08b 1.60 ± 0.11a 55.67 ± 2.21ab 

9 91.93 ± 0.68d 9.92 ± 1.08bc 2.15 ± 0.42ab 5.92 ± 0.53cd 71.21 ± 3.12ab 2.95 ± 0.08cd 1.27 ± 0.11a 53.17 ± 1.96ab 

10 93.36 ± 0.67de 6.63 ± 1.05ab 2.09 ± 0.42ab 4.55 ± 0.52bc 69.43 ± 3.20ab 2.98 ± 0.08d 1.48 ± 0.11a 52.04 ± 1.93ab 

P-value <0.001 <0.001 <0.001 <0.001 0.009 <0.001 <0.001 <0.001 

a,b,c,d,e,f Least square means with different superscript within a column differ significantly (P < 0.05).
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2.4. Discussion 

This study demonstrated no variation in semen production around the time of the year when 

daylength changes occur, suggesting that semen production in ostriches is not a seasonal 

trait. However, ejaculate characteristics and male libido were affected by the study periods. 

These findings corroborate the results of a previous study which revealed that male ostriches 

produce semen throughout the year (Bonato et al., 2014). Ecological studies on ostriches also 

indicate that ostriches are opportunistic breeders whose reproduction relies on forage quality 

and quantity (Cooper et al., 2010). Ejaculates collected around the summer solstice, as well 

as spring and autumn equinoxes were highly concentrated and contained a higher number of 

spermatozoa than those collected around the winter solstice. This finding is consistent with 

previous studies that reported that semen samples collected during the spring, summer and 

autumn months contain a higher sperm concentration than samples collected in winter (Bonato 

et al., 2014, Smith et al., 2016, 2018). This suggests that sperm output in ostriches may be 

influenced by a range of environmental variables such as day length, rainfall and temperature 

(Ball and Ketterson, 2008). Furthermore, an increase in the sperm output during this study 

period may result from an increase in gonadal size as stimulated by increasing photoperiod 

as reported in other bird species (Dixit and Singh, 2011; 2020). Although the overall sperm 

concentration recorded in this study appeared low compared to the literature (Bonato et al., 

2011, 2012, 2014; Smith et al., 2016), the sperm concentration value in this study was within 

the range recorded for ostriches (1.73 - 4.73 × 109sperm cells/mL) as reported by Smith et al. 

(2016). Furthermore, a yearly variation in ostrich sperm concentration has also been recorded 

(Bonato et al., 2014). 

This study revealed that sperm motility traits did not vary across the study periods. This lack 

of differences between study periods is inconsistent with a previous study by Smith et al. 

(2016) on ostrich semen, which reported higher PMOT, MOT and VAP values in summer, 

compared to spring and winter. The inconsistency between studies on sperm motility traits 

may be due to the fact that Smith et al. (2016) investigated the effect of an ostrich specific 

diluent on sperm traits, while the present study evaluated the quality of raw semen soon after 

collection, a critical variable for successful semen processing in AI protocols. Positive 

significant correlations were recorded between several sperm motility traits such as PMOT, 

MOT, sperm velocity traits (VAP, VCL and VSL) and LIN, WOB and BCF. These correlations 

are similar to what has been reported previously for ostriches and Japanese quail (Smith et 

al., 2016; Farooq et al., 2018). Such positive correlations are important, as they disclose linked 

sperm motility traits. The lack of a significant correlation between PMOT and STR reported in 

this study confirms that sperm considered as progressive does not need to be swimming in a 
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linear path. In that sense, sperm swimming in a large circular motion have been considered 

as progressive sperm in cockatiels (Nymphicus hollandicus; Fischer et al., 2014).  

The present study could not find any effect of study period on the percentage of normal sperm, 

overall sperm abnormalities, and head abnormalities. However, a higher incidence of tail 

abnormalities were recorded around the winter solstice, compared to other study periods. 

Even though sperm tail abnormalities varied with study periods, BCF, a measure of the 

frequency at which the sperm track crosses the mean path and the flagellar beat cycle around 

its longitudinal axis, was not affected (Hong et al., 1993). This might indicate that BCF was 

measured for the whole sperm specimen and not only for the flagellum section of the sperm 

(Hong et al., 1993; Chen et al., 1998). The HOS test, which evaluates the functional integrity 

of the sperm membrane under hypo-osmotic conditions (Jeyendran et al., 1992; Santiago-

Moreno et al., 2009), revealed no variation in sperm membrane integrity during the different 

study periods. This suggests that male ostriches produce good quality sperm around the 

solstice and equinox, which may still be effective in achieving fertilization. It is however 

noteworthy to mention that the study periods were composed of only five days around solstice 

and equinox when seasonal changes take place. Thus, the seasonal variation in some 

variables reported in previous studies (Bonato et al., 2014; Smith et al., 2016) might indicate 

that the differences/changes in sperm characteristics may only become apparent as the 

season progressed. 

Male libido was high around spring equinox, winter and summer solstice, but decreased 

around the autumn equinox. This result is consistent with previous studies on ostriches 

(Bonato et al., 2011, 2014). In addition, the number of attempts to collect ejaculates was lower 

during the spring equinox, and the winter and summer solstice compared to the autumn 

equinox. This resulted in a higher rate of success in semen collection during these three study 

periods. A lower libido around the autumn equinox may be attributed to photorefractoriness, 

which is known to set in the long day breeding birds after the summer solstice (Dixit and Singh, 

2011). During photorefractoriness, a decrease in the synthesis of the hypothalamic 

gonadotropin-releasing hormone production is commonly observed, which results in lower 

testosterone production and consequently lower male libido (Garamszegi et al. 2005; Dawson 

and Sharp, 2007; Vizcarra et al., 2015). When the photorefractory birds are exposed to shorter 

daylength (around winter solstice in the southern hemisphere), photorefractoriness may 

dissipate rending the birds sensitive again to stimulatory effects increasing daylength (Dawson 

and Sharp, 2007; Dixit and Singh, 2011, 2020). The dissipation of photorefractoriness then 

stimulates the synthesis of the hypothalamic gonadotropin-releasing hormone which in turn 

leads to increase in testosterone production and therefore high male libido around the winter 

solstice compared to the autumn equinox (Dawson and Sharp, 2007; Dixit and Singh, 2011, 
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2020). Lower libido indicated in the current study did however not lead to a longer reaction 

time prior to ejaculate into the artificial cloaca, which is in contrast to that reported for emus 

(Malecki et al., 1997). However, the lower libido scores around the autumn equinox increased 

the number of attempts to collect semen at a lower success rate of 43%. This lower rate of 

collection success outside of the conventional breeding season (around the autumn equinox) 

reported in this study is consistent with experience on the red-winged tinamou (Rhynchotus 

rufescens), where semen collection success outside the breeding season was compromised 

(Paranzini et al., 2018). This highlight greater difficulty in obtaining ejaculates during autumn 

and implies that semen collection in ostriches should be restricted to periods when higher 

chances of semen collection success are maximized. 

Contrary to previous studies (Rybnik et al., 2012; Bonato et al., 2011, 2014), no effect of male 

age on ejaculates characteristics or male libido were recorded. However, these three studies 

included two-year-old males, which could have potentially contributed to these differences in 

sperm output and libido with regards to age. Two-year-old male ostriches may still be in a 

transition to full sexual maturity and thus have not reached their optimum reproductive 

potential. This corresponds well with the findings that female ostriches mated to younger 

males (two-year-olds) produced a higher proportion of infertile eggs than when mated to males 

older than two years (Bunter, 2002). The lack of differences in male age on semen 

characteristics in the present study may suggest that males of 3 years and older have reached 

optimum sexual maturity and may be reliable for breeding purposes (Bunter, 2002). Significant 

variations between males were recorded for most ejaculate characteristics as well as male 

libido. Similar observations were reported for ostriches (Bonato et al., 2010, 2011, 2014; Smith 

et al., 2016), as well as in broiler chickens (Floyd and Tyler, 2011). The differences between 

males in these traits may stem from genetic variation, variation in body weight and hormonal 

regulation between individual birds (Malik et al., 2013). The variation between males indicates 

the potential to identify and select for superior males for future breeding purposes, an 

observation supported by repeatable male performance in a previous study (Cloete et al., 

2015). It is therefore a priority to establish indicator traits that reflect superiority in sperm quality 

and output. Incidents of aspermia were recorded several times in this study and were 

distributed evenly across the study periods. Although it was frequently recorded in one male, 

compared to the others, aspermia has not yet been reported in ostriches. However, this 

condition has been observed in other bird species such as the Northern pintail duck (Anas 

acuta) and broilers (Penfold et al., 2000; Tyler et al., 2011). The description of aspermia in 

ostriches is particularly important as it may partly explain the high proportion of infertility in 

naturally mated flocks (Lambrechts et al., 2004). This also highlights the need to screen 

individual males before selection for AI programs in this species.  
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2.5. Conclusions 

Semen production did not vary across study periods indicating that changes in daylight in the 

southern hemisphere do not have any effect on semen production in ostriches. However, 

sperm output and male libido were affected by study periods. It can be recommended to collect 

semen during spring and summer when sperm output, male libido and the success of semen 

collection are optimum. The variation between males in most ejaculate characteristics, as well 

as male libido in this study suggests that some males produce quality semen and cooperate 

better than others during semen collection. It thus might be possible to identify and select for 

superior males of high sperm production and libido for breeding purposes. 

2.6. Compliance with ethical standards 

Ethical approval The study was conducted following the recommendations of the 

Western Cape Department of Agriculture’s Departmental Ethical Committee for Research on 

Animals (Ref No.: R9/24). 
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ABSTRACT 

Artificial insemination (AI) in ostriches may present potential solutions to high proportions of 

infertile eggs commonly recorded on commercial farms and assist in reducing the number of 

males for breeding purposes leading to a more economically and efficient farming system. 

Although non-invasive methods to collect semen and to artificially inseminate female ostriches 

have been developed, the insemination dose for maximum fertility of eggs remains unknown. 

This study was thus conducted to determine the minimum sperm dose that would promote 

fertility of eggs following AI in female ostriches. A total of 22 South African black ostriches (7 

males and 15 females) aged between 2-9 years were used. Semen samples were collected 

using the dummy female method and diluted 1:4 (semen:diluent) with an ostrich specific 

semen diluent. Females were inseminated with various doses of diluted semen from the same 

male three times a week, every second day resulting in a total of A: <2.5 × 109, B: 2.5-5 × 109, 

C: 5-7.5 × 109 and D: 7.5-9.6 × 109 sperm/week. Eggs produced after insemination were 

opened to determine the fertilization status of the germinal disc (GD) with an unaided eye. The 

fertile period was then calculated as days fertilized eggs were laid after the last AI. 

Furthermore, the number of sperm trapped in the outer perivitelline membrane (spermOPVL) 

above the GD region were counted under fluorescence light following staining with 4′,6-

diamidino-2-phenylindole to determine the rate of sperm loss and the number of days up to 

when the last egg containing sperm was laid. On average, a mean (± SD) of 35.34 ± 25.72% 

eggs produced after AI were fertilized. Fertility was lower (mean ± SE) when sperm dose A 

was used (6.71 ± 9.40%), as compared to sperm dose B (46.01 ± 6.71%), C (37.34 ± 6.60%) 

and D (37.75 ± 8.36%) (P < 0.05). No significance difference was recorded in the latter three 

doses (P > 0.05). Furthermore, the length of the fertile period and the rate of sperm loss did 

not differ significantly between sperm doses (P > 0.05). Hence, a sperm dose of between 2.5-

5 × 109 sperm/week is recommended to optimize fertility after AI in ostriches, as increasing 

sperm doses would not benefit fertility. Further studies are, however, needed to determine the 

frequency of insemination that would maintain fertility throughout the breeding season as well 

as hatchability of eggs laid after AI. 

Keywords: Fertile period, semen collection, sperm loss, sperm storage, Struthio camelus  
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3.1. Introduction 

In commercial ostrich farming, achieving fertility is reliant on natural mating where birds are 

bred in various male to female mating ratios ranging from pairs (1:1) to trios (1:2), quads (1:3) 

and colonies (6:10) (Lambrechts et al., 2004). These types of mating systems are however 

inefficient, since they provide the potential risk associated with the inclusion of sub-fertile birds 

for breeding purposes (Lambrechts et al., 2004; Cloete et al., 2012). Furthermore, selection 

of economic traits of importance such as high egg and chick production may be difficult in a 

system where several females are kept in one camp due to communal nesting behaviour by 

female ostriches (Kimwele and Graves, 2003). Furthermore, where pair breeding is utilized as 

a breeding method, mating incompatibilities between paired mates may result in welfare 

issues due to aggression towards unwanted mates (Cloete and Malecki, 2011). Although the 

pair-breeding strategy enables easy recording of production performance and pedigree data, 

this method may impair genetic improvement of the flock, as males with superior genes will 

pass on genetic superiority only to offspring produced by one female throughout the breeding 

period. 

Artificial insemination (AI) may thus provide a viable solution to improve fertility while reducing 

the number of males on farms by inseminating a larger number of females with semen from 

fewer strongly selected males (Malecki et al., 2008). Recent research reported marked 

advances in the fundamental elements of ostrich AI, including; stress-free non-invasive and 

reliable methods of semen collection and insemination (Rybnik et al., 2007; Bonato et al., 

2014a); females laying eggs in the absence of males (Bonato et al., 2017); the development 

of an ostrich specific semen diluent (Smith et al., 2018a), adaption of methods for semen 

quality assessment (Smith et al., 2016) and the production of fertilized eggs after AI (Smith, 

2016). However, the minimum sperm dose for AI that optimizes fertility and length of the fertile 

period (i.e. the number of days after insemination fertilized eggs are laid; Lake, 1975) in 

ostriches remains unknown. 

In any commercial enterprise, the determination of sperm dose for optimal fertility after AI is 

of utmost importance and, as such, has been studied in various poultry and other bird species. 

For instance, the fertility of the Ross 308 broiler breeder hen was optimized with 100 million 

spermatozoa, whilst increasing the sperm dose to 150 million did not improve fertility further 

(Tabatabaei, 2010). Interestingly, fertility rates and the fertile period of Isa brown pullets 

artificially inseminated with 50, 100 and 150 million sperm did not differ, suggesting that 50 

million sperm may be sufficient to optimize fertility in these chickens (Saleh et al., 2012). 

Similarly, fertility in Japanese quails did not differ after insemination with a sperm dose range 

of 15-60 million (Thélie et al., 2019). However, in the emu, another commercially farmed ratite, 
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the fertile period after AI was found to be strongly dose-dependent, with higher sperm doses 

resulting in a longer fertile period when inseminated a day after oviposition and a shorter fertile 

period when inseminated 2 or more days after oviposition (Malecki and Martin, 2004). 

Under naturally mated conditions, female ostriches can store semen for several weeks and 

produce, fertilized eggs for up to 17 days after prevention of copulation with their paired mates 

(Malecki et al., 2004). Furthermore, a fertility rate of 42% was achieved using artificial 

insemination with 3 billion sperm diluted with the ostrich specific semen diluent in female 

ostriches, while fertile eggs were laid on average 8 days after the last insemination (Bonato et 

al., 2014b). However, this insemination protocol used pooled semen from different males, at 

a high dose and frequency (i.e. on 5 consecutive days), which would not be practical on a 

commercial scale and would also not allow for pedigree recording. Therefore, the aim of this 

study was to determine the minimum sperm dose that would optimize fertility and the fertile 

period after AI using semen from individual males. It was hypothesized that when female 

ostriches are inseminated with various sperm doses, their fertility and fertile periods will 

increase linearly with the sperm dose inseminated. 

3.2. Materials and methods 

3.2.1. Study area and animals 

This study was conducted at the Oudtshoorn Research Farm of the Western Cape Department 

of Agriculture, situated outside Oudtshoorn, South Africa (33°63′ S, 22°25′ E) from August to 

December 2018. A total of 22 South African Black (SAB) ostriches; 7 males (mean age ± SD: 

4.57 ± 2.23 years) and 15 females (4.47 ± 2.17 years) kept in individual paddocks were used. 

All birds were fed a similar ostrich breeders’ diet (10.99 MJ/kg and 181 g/kg protein), 

formulated at the research farm and fresh water was available ad libitum. 

Prior to the present study, birds were selected on their positive behavioural responses towards 

humans (Bonato et al., 2013), high breeding value for egg and chick production, as well as 

their cooperation during semen collection and insemination protocols. As such, males were 

trained for semen collection using the dummy female method and females were trained for 

artificial insemination using voluntary crouching behaviour towards humans (Rybnik et al., 

2007; Malecki et al., 2008). Briefly, the dummy female was made of a wooden structure 

covered with dense foam for male support and wrapped in a hessian bag. The structure 

contained an opening at one end where a 40 cm long fixed PVC pipe was inserted to 

accommodate an artificial cloaca (Rybnik et al., 2007). The dummy female method for semen 

collection required male ostriches to direct their sexual behaviour towards humans. Therefore, 

while the male was displaying, the dummy female was pushed gently between its legs to 

mount and ejaculate inside the artificial cloaca (Rybnik et al., 2007). This method of semen 
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collection in ostriches has been used successfully in several previous studies (Rybnik et al., 

2007, 2012; Bonato et al., 2010, 2011, 2012, 2014a, 2014b; Smith et al., 2016, 2018a, 2018b; 

Chapter 2).  

For the insemination procedure, a female would voluntarily crouch for the inseminator. The 

inseminator would then approach the female from the back and carry out the insemination by 

gently inserting a 40 cm straw in the cloaca (Fig. 3.1) until reaching the entrance of the vagina 

where the semen would be deposited (Malecki et al., 2008). Ethical approval for this study 

was granted by the Western Cape Department of Agriculture’s Departmental Ethical 

Committee for Research on Animals (Ref No.: R9/24). 

 

Fig. 3.1. The straw (length: 40 cm) and syringe used for artificial insemination of ostriches. 

3.2.2. Semen collection and insemination 

Semen samples were collected in the morning of the day of insemination, diluted 1:4 

(semen:diluent) with an ostrich specific semen diluent at ambient field temperature. This 

diluent was developed to promote ostrich sperm viability and functionality (Smith et al., 2018a). 

Sperm concentration was then determined using a spectrophotometer (Spectrawave, WPA, 

S800, Biochrom), from an aliquot of 20 μL semen diluted 1:400 (v/v) with a phosphate buffered 

saline solution, which contained 10% formalin. 

Females were inseminated approximately 30 minutes after collection of semen samples three 

times a week (once every second day), with sperm doses calibrated to yield a total of dose 

per week ranging from 1 × 109-9.6 × 109 sperm from an individual male. Sperm dose per week 

were categorized as follows: A: <2.5 × 109 sperm; B: 2.5-5 × 109 sperm; C: 5-7.5 × 109 sperm 

and D: 7.5-9.6 × 109 sperm per week. A female was inseminated with the semen from the 

same male during the three days of inseminations and was switched to a different male if three 
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consecutive unfertilized eggs were laid, with no sperm in the outer periviteline membrane 

(spermOPVL). In the end sperm doses A, B, C and D were inseminated to 6, 10, 14 and 7 

females respectively. All inseminations were performed by the same individual throughout the 

study. 

3.2.3. Fertility determination and quantification of spermOPVL 

The egg breakout technique was used to evaluate the fertilization status of the germinal disc 

(GD) of eggs laid after insemination. For this purpose, the egg was broken gently and any 

albumen around the area overlaying the GD was cleaned off with a soft tissue paper. The 

fertilization status was determined with an unaided eye: fertilized eggs contained a blastoderm 

(Fig. 3.2A) and unfertilised eggs (Fig. 3.2B) contained a blastodisc (Malecki and Martin, 2003). 

      

Fig. 3.2. Illustration of an ostrich germinal disc (GD) A) fertilized germinal disc; B) unfertilized 

germinal disc. Images of the GD were taken using a ColourView IIIu Soft Imaging System 

GmbH camera (Olympus Corporation, Münster, Germany) mounted on a stereo microscope 

(Olympus Corporation, Tokyo, Japan). 

The perivitelline membrane overlying the GD was collected on a filter paper (Sigma-Aldrich®, 

Inc.), designed in a ring shape, and cleaned of any yolk residual with 1 % phosphate-buffered 

saline (PBS) until it appeared transparent. The ring filter paper with the membrane was then 

deposited onto a microscope slide and the exposed side (cleaned with PBS) was treated with 

1 μg/mL of 4’, 6-diamidino-2-phenylindole (DAPI; Sigma-Aldrich®, Inc.) to visualize the 

spermOPVL under fluorescence (Wishart, 1987). The membrane was then left to dry on the slide 

before counting the spermOPVL. This was done by counting the number of sperm on five 

consecutive fields of the membrane, starting from the centre of the GD using a 40× microscope 

objective (Olympus Corporation, Tokyo, Japan) (Malecki and Martin, 2003). The fertile period 

was defined as the number of days fertilized eggs were laid after the last insemination (Lake, 

1975). Lastly, the rate of sperm loss was estimated as the decline in spermOPVL over time of 

eggs laid, consecutively after the last insemination. 

A) B) 
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3.2.4. Sperm motility assessment 

After insemination, sperm motility was measured for each diluted semen sample using the 

method previously described by Smith et al. (2016, 2018a). Briefly, an aliquot of neat semen 

containing 20 × 106 sperm cells was transferred into a tube containing 245 μl of standard 

sperm motility buffer composed of sodium chloride (150 mM) and TES (20 mM) and 2% male 

specific seminal plasma (Smith et al., 2016). The tube was then gently shaken to mix the 

combination properly and placed in an aerated incubator (BL°CKICE Cooling Block, Techne) 

set at 38°C for 1 min. An aliquot of 2 μl mixture was taken and placed onto a pre-warmed slide 

(38°C) covered gently with a cover glass (22 × 22 mm) and placed under an Olympus 

BX41microscope (Olympus Optical Co., Tokyo, Japan). The motility of at least 300 sperm was 

then traced and recorded on different fields using the Sperm Class Analyzer® (SCA) version 

5.3 (Microptic S.L., Barcelona, Spain) and a Basler A312fc digital camera (Basler AG, 

Ahrensburg, Germany), mounted on the microscope. Sperm motility traits evaluated included 

motility (MOT, %), progressive motility (PMOT, %), curve-linear velocity (VCL, μm/s), straight-

line velocity (VSL, μm/s), average path velocity (VAP, μm/s), amplitude of lateral head 

displacement (ALH, μm), linearity (LIN, %), straightness (STR, %), wobble (WOB, %), and 

beat cross frequency (BCF, Hz). 

3.2.5. Statistical analyses 

Data on egg fertility between sperm doses were compared using the Generalized Linear Mixed 

Models (GLMM) of SAS version 9.3 (SAS, 2012). Sperm dose and female age (young: ≤ 4-

year-old; older: ≥ 5-year-old) were entered as fixed factors, while female identity was entered 

as a random variable. Another GLMM was performed with the length of the fertile period as a 

response variable. Correlations between fertility, spermOPVL and CASA sperm motility traits 

were calculated. To compare the differences between fertilized eggs and infertile eggs on the 

amount of spermOPVL, the data was log transformed for analysis (untransformed means were 

reported unless indicated) and fitted a GLMM model with the number of days after the last 

insemination entered as a linear covariate. ASReml was used to fit a cubic spline to model 

changes in spermOPVL and days after insemination for various sperm doses (Verbyla et al., 

1999; Gilmour et al., 2015). Repeatability for fertility and fertile period was determined using 

sperm concentration as a covariate after comparing between female variations in these traits. 

The data was considered statistically significant at P < 0.05 and differences between fixed 

effects were further investigated using the adjustment of Tukey’s pairwise comparison. 

3.3. Results 

3.3.1. Descriptive statistics and correlations 
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35.34 ± 25.72% of eggs (mean (± SD) laid after the last insemination were fertilized. The mean 

(± SD) fertile period and spermOPVL for eggs laid after AI was of 10.76 ± 6.49 days and 4.89 ± 

19.83 sperm/mm2, respectively. Fertilized eggs laid after insemination contained on average 

8.72 ± 2.91 sperm/mm2, while unfertilized eggs contained 0.41 ± 0.08 sperm/mm2 (P < 

0.0001). A total of 169 eggs were laid after insemination of which 14, 63, 64 and 28 were laid 

after insemination with sperm dose A, B, C and D, respectively. The mean values (± SD) for 

the sperm motility traits recorded were: PMOT (54.01 ± 11.22%), MOT (85.71 ± 12.30%), VCL 

(73.92 ± 9.51μm/s), VSL (45.19 ± 7.18μm/s), VAP (61.33 ± 9.72μm/s), ALH (2.59 ± 0.24μm), 

LIN (61.34 ± 6.91%), STR (74.42 ± 8.14%), WOB (82.64 ± 4.57%) and BCF (8.14 ± 0.74Hz). 

There was no significant correlation recorded between fertility and any of the CASA sperm 

motility traits (Table 3.1; P > 0.05). However, a significant correlation was recorded between 

spermOPVL and VSL, STR and BCF (Table 3.1; P < 0.05). The linear relationship between 

spermOPVL and VSL, STR and BCF is depicted in Fig. 3.3. 
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Table 3.1 

Correlations (r) between sperm motility traits, fertility of eggs and spermOPVL (number of sperm 

quantified in the outer perivitelline membrane-log transformed) after artificial insemination (n 

= 7 males, 15 females). Traits recorded included progressive motility (PMOT), motility (MOT), 

curve-linear velocity (VCL), straight-line velocity (VSL), average path velocity (VAP), 

amplitude of lateral head displacement (ALH), linearity (LIN), straightness (STR), wobble 

(WOB), and beat cross frequency (BCF). 

Sperm motility traits Fertility (%) 

r 

SpermOPVL (sperm/mm2) 

r 

PMOT (%) 0.25 0.12 

MOT (%) 0.11 0.05 

VCL (μm/s) 0.29 0.08 

VSL (μm/s) 0.22 0.19* 

VAP (μm/s) 0.21 0.05 

ALH (μm/s 0.11 0.14 

LIN (%) 0.01 0.15 

STR (%) 0.03 0.21* 

WOB (%) -0.01 -0.07 

BCF (Hz) 0.26 0.20* 

*P < 0.05. 
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Fig. 3.3. Scatterplot depicting the linear relationship between spermOPVL (number of sperm 

quantified in the outer perivitelline membrane) and a) straight-line velocity (VCL), b) sperm 

straightness and c) beat cross frequency (n = 7 males and 15 females). 
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3.3.2. Sperm dose effects on fertility, fertile period and the rate of sperm loss 

Overall mean (± SD) fertility of eggs after the last insemination with sperm dose A was 

relatively low (6.71 ± 9.40%) but increased markedly with sperm dose B to 46.01 ± 6.71% (F3, 

40 = 4.87, P = 0.006). Additional increases of sperm dose to C (37.34 ± 6.60%) and D (37.75 

± 8.36%) did not benefit fertility above that of dose B. Furthermore, no difference in the length 

of the fertile period or rate of sperm loss was recorded across sperm dose classes (P > 0.05; 

Fig. 3.4 and Fig.3.5, respectively), as well as for female age (P > 0.05; data not shown). 

 

Fig. 3.4. Least square means with standard error bars showing the fertile period of 12 female 

ostriches after insemination with different sperm doses. Sperm dose A: <2.5 × 109; B: 2.5-5 × 

109; C: 5-7.5 × 109 and D: 7.5-9.6 × 109 sperm/week. 
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Fig. 3.5. Trends showing the effect of sperm dose at insemination on the rate of sperm loss 

after the last insemination of 12 female ostriches. Sperm dose A: <2.5 × 109; B: 2.5-5 × 109; 

C: 5-7.5 × 109 and D: 7.5-9.6 × 109 sperm/week. 

3.3.3. Female variation in fertility rate and the fertile period 

Females varied significantly for the fertility rate of their eggs across males (F12, 30 = 3.79; P = 

0.001) and the length of their fertile periods (F12, 30 = 3.41; P = 0.03) after AI (Fig. 3.6 and 3.7). 

Fertility rate between females ranged from 0% to 82%, while the maximum fertile period lasted 
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Fig. 3.6. Between-female variation in fertility rate after insemination in 12 South African Black 

ostrich females across sperm doses. 

 

Fig. 3.7. Between-female variation in the fertile period after insemination in 12 South African 

Black ostrich females across sperm doses. Sperm dose for insemination; A: <2.5 × 109; B: 

2.5-5 × 109; C: 5-7.5 × 109 and D: 7.5-9.6 × 109 sperm/week. Bars with different superscripts 

(a,b,c) differ significantly (P < 0.05). 
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3.4. Discussion 

The present study revealed that, although female ostriches layed fertilized eggs after AI with 

various sperm doses, inseminating sperm doses between 2.5 to 5 × 109 sperm per week 

resulted in an improved fertility of eggs compared with inseminating lower sperm doses. Doses 

exceeding 2.5 to 5 × 109 sperm per week did not further improve fertility. Furthermore, while 

the length of the fertile period and the rate of sperm loss did not vary between AI sperm doses, 

substantial differences were recorded between individual females for both variables.  

Previous studies in poultry similarly showed that lower sperm doses at insemination resulted 

in a lower fertility, but concomitant increases in sperm dose and fertility were observed until a 

plateau was reached (Lake, 1983; Tabatabaei, 2010). The latter researchers demonstrated 

that insemination with sperm doses below 100 million sperm resulted in lower fertility rates in 

hens, compared to an insemination dosage of 100 million sperm. However, sperm doses 

above 100 million sperm did not benefit fertility any further. The lower fertility rate recorded 

with sperm doses below 2.5 × 109 sperm per week in the present study may indicate that the 

sperm storage tubule capacity was not reached. The presence of sperm storage tubules in 

the reproductive tract of mature ostrich females has been clearly described (Bezuidenhout et 

al., 1995), and confirmed by the capacity of females to lay fertilized eggs for several days after 

the last copulation (Malecki et al., 2004). Considering that no increase of fertility for sperm 

doses higher that this threshold was observed, it is fair to assume that a cumulative dose of 

2.5-5×109 sperm per week was adequate to populate the sperm storage tubules for maximum 

fertility. 

The length of the fertile period between sperm doses did not differ significantly in the present 

study. This finding is inconsistent with results reported for emus (another commercially farmed 

ratite) where the sperm dose inseminated affected the fertile period (Malecki and Martin, 

2004). However, the lack of significant differences between sperm doses on the fertile period 

recorded in the present study might be due to the large standard error associated with the 

mean fertile period on sperm dose A (<2.5 ×109 sperm per week) - as a result of fewer fertilized 

eggs being achieved after AI for that sperm dose. The length of the fertile period is an 

important feature of the breeding management of female avian species since it allows for the 

prediction of the number of eggs that may be fertilised after the last insemination without any 

repeated inseminations (Malecki and Martin, 2002). 

Egg fertility was unrelated to all CASA characteristics recorded in this study. The lack of a 

correlation between egg fertility and CASA characteristics was similar to that recorded in 

Japanese quail for data not adjusted for age and strain (Farooq et al., 2018). However, a 

significant correlation was recorded in this study between straight line velocity (VSL), sperm 
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straightness (STR), beat cross frequency (BCF) and sperm storage by females (spermOPVL). 

These correlations, except for STR are similar to results previously reported for a specific 

strain in Japanese quail (Farooq et al., 2018), and suggests that sperm binding in the outer 

perivitelline membrane and fertility may be affected by different oviduct environmental factors 

or egg characteristics. Fertilized eggs contained a significantly higher number of spermOPVL 

than infertile eggs. The correlation of spermOPVL with VSL, STR and BCF implies that these 

traits can potentially be used to predict the spermOPVL of fertilized eggs laid after insemination. 

However, more data is required to directly corroborate the link between these sperm motility 

parameter and fertility. 

Studies have also indicated that the timing of AI plays an important role in optimizing fertility 

and the length of the fertile period following insemination (Christensen and Johnston, 1975; 

Malecki and Martin, 2004). Timing of AI may refer to hours or minutes after which an egg is 

laid or time of the day in which insemination was performed, regardless of when the previous 

egg was laid. In this study, AI was performed in the mornings to avoid complications with hard-

shelled eggs in the reproductive tract since ostriches lay between late afternoons and early 

morning (Van Schalkwyk et al., 1999). Furthermore, according to extensive behavioural 

observations of mating flocks, most successful matings under natural conditions occur in the 

mornings when females are more willing to cooperate and sit for copulation than in the 

afternoon (Bonato M, personal communication – based on behavioural observations 

conducted from 2009 to 2018). In accordance with this, morning inseminations at 10H00 

resulted in higher fertility of eggs, compared to inseminations performed in the afternoon at 

15H00 in Shikabrown hens (Obidi et al., 2008). In emus, Malecki and Martin (2004) indicated 

that females need to be inseminated a day after oviposition (24 hours later) to achieve a 

prolonged fertile period. Inseminating a large flock of ostriches that does not lay eggs 

simultaneously may however be impractical under commercial farming conditions. Therefore, 

synchronising the laying process may facilitate studies on the effect of timing insemination 

(after oviposition or before oviposition) on fertility, the fertile period and the rate of sperm loss 

in ostriches. 

It was evident from our results that female ostriches differed in their fertility rate and fertile 

period after insemination while these traits were also repeatable. Repeatability of fertility rate 

in this study (0.44) is consistent to that reported previously (0.41) for naturally mated ostriches 

(Lambrechts, 2004). A previous study by Bonato et al. (2017), reported between-female 

variation in ostriches kept in individual paddocks on multiple traits of economic importance 

such as egg production and egg weight. Therefore, the variation between individual birds, as 

well as the repeatability of certain traits may imply that current flock gains may be achieved 

for high egg production, also linked to a high fertility and a longer fertile period. Selection in 
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the current flock may thus assist in improving the overall fertility of eggs after insemination as 

viewed against the moderate fertility achieved in this study. 

Polyspermy is a common physiological feature in birds and is considered important for egg 

activation during fertilization, embryo development and survival at early stages (Mizushima et 

al., 2014; Hemmings and Birkhead, 2015). Studies on birds indicated that insemination with 

limited spermatozoa numbers can guarantee fertility but might affect the survival of embryos 

(Mizushima et al., 2014; Hemmings and Birkhead, 2015). Thus, further studies are required to 

evaluate ostrich embryo survivability after incubation of eggs produced with AI at the minimum 

sperm dose that optimize fertility. 

It is worth noting that, although ostriches can be successfully inseminated, the risks associated 

with disease transfer from mates may not be totally eliminated. This is because semen of birds 

does carry pathogens that may be transmitted during insemination (Lierz and Hafez, 2008; 

Dhama et al., 2014). In turkeys, pathogens in semen survived cryopreservation and thawing 

procedure although a reduction in their contamination concentration was reported (Iaffaldano 

et al., 2010). Furthermore, the use of antibiotics to eliminate pathogens in turkey semen was 

ineffective (Donoghue et al., 2004).  The prevalence of pathogens in ostrich semen may 

explain low fertility observed in these birds and remains to be investigated. Also, it needs to 

be determined whether pathogens can survive dilution, cryopreservation and thawing 

processes needed for successful AI. Therefore, it is a prerequisite to evaluate the health of 

males to be used as semen donors and to determine whether semen processing and 

antibiotics treatment eliminate pathogens present in ostrich semen. 

3.5. Conclusions 

AI with fresh diluted semen was optimized at a minimum sperm dose of 2.5 to 5×109 

sperm/week. Higher doses did not result in improved fertility rates. The minimum amount of 

sperm to populate the sperm storage tubules was reached. As the minimum sperm dose to 

achieve fertility has been established, the next step would be to estimate the frequency at 

which this dose should be inseminated to ensure fertile eggs throughout the breeding period. 

The hatchability of eggs after AI should also be improved.  
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Chapter 4 

Artificial insemination frequency for maintaining fertility in ostriches 

Muvhali, P.T., Bonato, M., Malecki, I.A., Cloete, S.W.P. 
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ABSTRACT 

This study investigated the potential ability of weekly artificial inseminations to maintain fertility 

of eggs in female ostriches. A total of 17 South African black ostriches (5 males and 12 

females) aged 2-8 years were used. Semen for insemination was collected using the dummy 

female method and diluted 1:4 (semen:diluent) with an ostrich specific semen diluent. Two 

consecutive boost inseminations (week 1) were performed followed by single dose 

insemination for 4 weeks resulting in 5 weeks of inseminations. Each insemination contained 

2.5 × 109 sperm cells from an individual male for the duration of the 5 insemination weeks. 

Eggs produced after inseminations were opened to determine the fertilization status of the 

germinal disc with an unaided eye. The fertile period, which is the number of days fertilized 

eggs are laid after the last insemination, was determined after the final week of insemination. 

The overall fertility rate of eggs after insemination was 38.97 ± 41.34 % (mean ± SD). The 

average fertile period recorded was 6.32 ± 7.13 days. No significant difference in fertility rate 

of eggs was recorded between the insemination weeks (P > 0.05). This lack of differences in 

fertility between weeks of insemination suggests that fertility was maintained by single weekly 

insemination using the optimal sperm dose for insemination in female ostriches. Further 

studies should investigate the hatchability and chick production of female ostriches after 

insemination using this frequency. 

Keywords: Semen collection, Sperm quality, Repeated insemination, Egg fertility, Struthio 

camelus  
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4.1. Introduction 

The use of artificial insemination (AI) as a reproductive tool in commercially farmed ostriches 

may improve fertility and genetic progress within a short period of time. The principle of AI for 

ostriches has been confirmed as feasible since most integral aspects to this technology have 

been established (Malecki et al., 2008; Smith et al., 2018; Chapter 3). Specifically, the 

underlying established aspects of ostrich AI include reliable non-invasive methods of semen 

collection and insemination, semen quality assessment, dilution and optimum sperm dose for 

insemination (Rybnik et al., 2007; Smith et al., 2016, 2018; Chapter 3). However, the 

frequency of insemination that maintains fertility throughout the laying period in ostriches has 

not been established. 

The frequency of insemination is a critical element of AI since it ensures that sufficient and 

continuous availability of sperm in the sperm storage tubules of the female is maintained. In 

most avian species, the male and female mate several times either before the initiation of 

laying or continuously throughout the laying period (Lake, 1975; Török et al., 2003). Female 

avian species contain specialized tubules embedded in a section of their reproductive tract for 

sperm storage (Brillard, 1993; Sasanami et al., 2013). These sperm storage tubules store and 

release parts of inseminated sperm to fertilize subsequent eggs during the laying period. 

Therefore, extra copulations or inseminations may not be necessary during the period in days 

when sperm storage tubules are still populated with sperm and secreting enough sperm to 

fertilize eggs (fertile period) (Lake 1975). 

In ostriches, the frequency of insemination and the resulting fertility rate between recurring 

inseminations remains unknown. While inseminating females for each and every egg to be 

laid may be impractical in a commercial ostrich farming environment, irregular schedules for 

insemination may lead to poor egg fertility as sperm may be depleted completely in the sperm 

storage tubules after longer periods without insemination. In a previous study, we established 

a minimum sperm dose of 2.5 billion sperm per week to optimize fertility in female ostriches 

with an average fertile period of approximately 10 days (Chapter 3). Therefore, the aim of this 

study was to evaluate whether fertility of eggs will be maintained between recurring 

inseminations with the optimal sperm dose. We also hypothesised that fertility of artificially 

inseminated female ostriches will be maintained between repeated insemination bouts within 

the period corresponding to the average fertile period after insemination. 
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4.2. Materials and methods 

4.2.1. Study area and animals used 

This study was conducted at the Oudtshoorn Research Farm of the Western Cape Department 

of Agriculture between July and December 2019 (winter, spring and summer) when egg 

production is optimal (Bonato et al., 2017; Chapter 7). The farm is located outside Oudtshoorn, 

South Africa (33°63′ S, 22°25′ E). The sampled birds in this study were composed of 12 South 

African black (SAB) female ostriches of a mean age of 4.50 ± 1.73 years (± standard deviation) 

and 5 SAB ostrich males (5.40 ± 1.67 years of age) kept in individual paddocks. The birds in 

this study were fed the same ostrich breeder diet containing 10.99 MJ/kg energy and 181 g/kg 

protein ad libitum throughout the entire study period.  

The males were trained for semen collection using the dummy female method and females 

were trained for artificial insemination using voluntary crouching behaviour towards humans 

(Rybnik et al., 2007; Malecki et al., 2008). The birds were pre-selected for inclusion in this 

study based on their positive behavioural responses towards humans, as well as high breeding 

values for egg and chick production (Bonato et al., 2013), and their cooperation during semen 

collection and insemination. Briefly, the dummy female method for semen collection requires 

male ostriches to direct their sexual behaviour towards humans. While the male is at display, 

a dummy female was pushed gently between the legs of the male to mount and ejaculate 

inside a fitted artificial cloaca (Rybnik et al., 2007). For the insemination procedure, a female 

voluntarily crouches as the inseminator approaches from behind. A 40 cm straw was then 

inserted in the cloaca and guided through the vaginal entrance with fingers of the right hand, 

while the left hand gently pushes the straw inside (Malecki et al., 2008) to deposit the semen 

at the entrance of the vagina. Ethical approval for this study was granted by the Western Cape 

Department of Agriculture’s Departmental Ethical Committee for Research on Animals (Ref 

No.: R9/24). 

4.2.2. Semen collection and artificial insemination 

Semen samples were collected on the morning of the day of insemination and diluted 1:4 

(semen:diluent) with an ostrich specific semen diluent at ambient field temperature. This 

diluent was recently developed to promote ostrich sperm viability and functionality (Smith et 

al., 2018). Sperm concentration was determined using a spectrophotometer (Spectrawave, 

WPA, S800, Biochrom), from an aliquot of 20 μL semen diluted 1:400 (v/v) with a phosphate 

buffered saline solution which contained 10% formalin. 

In a pilot study, females were inseminated once for three consecutive days in a week and 

once after every second day in a week with various sperm doses, but no significant differences 
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were recorded (results not presented in this study). These frequencies of inseminations 

together with the five consecutive days of insemination by Smith (2016) were however 

impractical within routine commercial ostrich farm management practices. Therefore, for the 

present study the females were inseminated twice a week for two consecutive days in the 

morning with a sperm dose containing 2.5 billion sperm. A follow-up single insemination was 

performed after 6 days for 4 more weeks resulting in 5 weeks of inseminations. A female was 

inseminated with sperm from the same male for the period of 5 weeks. Eggs produced after 

inseminations were collected and opened to evaluate the fertilisation status of the germinal 

disc. After the last insemination, a female was switched to a different male once 3 infertile 

eggs without sperm trapped in the outer perivitelline membrane (spermOPVL) were produced. 

4.2.3. Fertility determination and spermOPVL quantification 

The egg breakout technique was used to evaluate the fertilization status of the germinal disc 

(GD) of eggs produced after insemination. For this purpose, the egg was gently broken and 

any albumen around the area overlaying the GD was cleaned with a soft tissue paper. The 

fertilization status was determined with an unaided eye, with fertilized eggs containing a 

blastoderm and unfertilised eggs containing a blastodisc (Malecki and Martin, 2003; Chapter 

3). SpermOPVL was quantified under a fluorescent microscope (40× objective; Olympus 

Corporation, Tokyo, Japan) after treating the cleaned membrane overlaying the GD with a 

4′,6-diamidino-2-phenylindole (DAPI; Sigma-Aldrich®, Inc.) stain. SpermOPVL were counted 

from five consecutive fields of the membrane starting from the centre of the GD. The fertile 

period was defined as the number of days fertilized eggs were laid after the last insemination 

(Lake, 1975). 

4.2.4. Sperm motility assessment 

After insemination, sperm motility was measured for each diluted semen sample using the 

method previously described by Smith (2016) and Smith et al. (2018) with the Sperm Class 

Analyzer® (SCA) version 5.3 (Microptic S.L., Barcelona, Spain) and a Basler A312fc digital 

camera (Basler AG, Ahrensburg, Germany), mounted on an Olympus BX41microscope 

(Olympus Optical Co., Tokyo, Japan). A proportion of neat semen containing 20 × 106 sperm 

cells was transferred into a tube containing 245 μl of standard sperm motility buffer containing 

sodium chloride (150 mM) and TES (20 mM) and 2% male specific seminal plasma (Smith et 

al., 2016). The tube was then gently shaken to mix the combination properly and placed in an 

aerated incubator (BL°CKICE Cooling Block, Techne) set at 38°C for 1 min. An aliquot of 2 μl 

mixture was placed onto a pre-warmed slide (38°C) covered gently with a cover glass (22 × 

22 mm), followed by capturing of at least 300 sperm at different fields. Sperm motility traits 
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measured were motility (MOT, %), progressive motility (PMOT, %), curve-linear velocity (VCL, 

μm/s), straight-line velocity (VSL, μm/s), average path velocity (VAP, μm/s), amplitude of 

lateral head displacement (ALH, μm), linearity (LIN, %), straightness (STR, %), wobble (WOB, 

%), and beat cross frequency (BCF, Hz). 

4.2.5. Statistical analyses 

The data on fertility rate between weeks of inseminations was analysed using ASReml 

software (Gilmour et al., 2015) by fitting weeks of insemination, female age and their 

interactions as fixed factors, while sperm motility traits were entered as linear covariates. 

Furthermore, female identity was entered as a random variable in the analysis. The log 

transformation was applied on the spermOPVL data for the analyses using a linear mixed model, 

while the critical level for significance was set at P < 0.05. Pearson’s correlation coefficients 

among spermOPVL fertility as well as CASA sperm motility traits were estimated using the SAS 

version 9.3 (SAS, 2012). 

4.3. Results 

The overall fertility rate of eggs after insemination was 38.97 ± 41.34%. The average fertile 

period and spermOPVL was 6.32 ± 7.13 days and 14.60 ± 71.34 sperm/mm2, respectively. 

Fertilized eggs contained an average of 36.39 ± 12.61 sperm/mm2, while infertile eggs 

contained 0.25 ± 0.05 sperm/mm2 (P < 0.0001). These findings were supported by significant 

and positive correlations recorded between fertility rate of eggs and spermOPVL, implying that 

the higher the spermOPVL the higher the fertility rate (r = 0.47; P < 0.0001; Fig. 4.1a).The mean 

(± sd) for the sperm motility traits recorded were: PMOT (42.95 ± 12.28%), MOT (69.22 ± 

14.43%), HYP (13.63 ± 7.23%), STAT (30.77 ± 14.43%), VCL (77.29 ± 9.66μm/s), VSL (45.15 

± 7.52μm/s), VAP (64.11 ± 10.85μm/s), ALH (2.61 ± 0.30μm), LIN (58.39 ± 6.99%), STR 

(70.81 ± 7.65%), WOB (82.56 ± 5.71%) and BCF (7.54 ± 0.69Hz). Negative significant 

correlations were recorded between ALH (r = -0.26; P = 0.014, Fig. 4.1b) and BCF (r = -0.28; 

P = 0.0081, Fig. 4.1c) with the fertility rate of eggs. These negative correlations denote that 

the higher the ALH and BCF values of an ejaculate sample, the lower the fertility rate of 

subsequent eggs. 
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Fig. 4.1. Scatter plots and a regression line depicting the relationship between fertility of eggs 

produced after artificial insemination in ostriches and a) spermOPVL, b) amplitude of lateral head 

and c) beat cross frequency (n = 12 females) 

No significant correlations were recorded between CASA traits and spermOPVL (P > 0.05). 

There was also no significant effect of insemination week on fertility of eggs (P > 0.05; Fig. 

4.2). Moreover, age or the interaction between age and insemination week did not have any 
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significant effect on fertility (P > 0.05). Due to an irregular egg laying pattern, the rate of sperm 

loss between weeks of insemination was not estimable. Lastly, fertility rate between females 

ranged between 0 and 60.55% in absolute terms. However, no significant difference between 

females in fertility was recorded (P > 0.05) even with this large range.  

 

Fig. 4.2. Weekly fertility rate of eggs produced after artificial insemination in ostriches (n = 12 

females). 

4.4. Discussion 

The current study recorded no significant difference between weeks of insemination on fertility 

of eggs produced after AI. In addition, fertilised eggs contained more spermOPVL than infertile 

eggs, a finding complimented by the significant positive correlation between spermOPVL and 

fertility. The lack of significant differences in fertility between weeks of insemination in the 

present study suggest that fertility of female ostriches was maintained between weeks of 

insemination after two consecutive inseminations followed by repeated single weekly 

insemination with the minimum sperm dose previously established. These results are 

consistent with previous findings in Dwarf broiler breeder hens where a duplicate sperm dose 

boost on the first week of insemination - followed by single weekly inseminations being 

beneficial for maintaining fertility for weeks of insemination (Brillard and McDaniel, 1986). 

Furthermore, such a frequency of insemination was practical in a broiler breeding setting and 

benefitted not only fertility but also embryo survival rate (Brillard and McDaniel, 1986). 
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Most bird species mate several times before and during the egg laying period (Petrie, 1992; 

Török et al., 2003) to ensure constant availability of sperm in the reproductive tract and thus 

fertility of the subsequently produced eggs (Török et al., 2003). So for instance, female 

collared flycatchers (Ficedula albicollis), that received repeated inseminations by males during 

the clutch laying process had a higher fertilization rate of eggs than females that did not receive 

repeated inseminations (Török et al., 2003). Although the study by Török et al. (2003) used 

birds that were mated naturally, it is important to highlight that the principle and benefit of 

repeated inseminations within the fertile period is similar to the current study where female 

ostriches were artificially inseminated. The frequency of insemination used in the present 

study may also be more practical provided that females are synchronised to initiate egg laying 

simultaneously and that intense management practices of inseminating different females each 

day are avoided. Therefore, an investigation on the ability to synchronize egg laying in female 

ostriches is needed.  

A correlation between fertility of eggs and spermOPVL was recorded in this study with fertilized 

eggs containing more spermOPVL than infertile eggs. This finding is similar to that reported 

previously in domestic fowls where a decline in spermOPVL led to a decline in fertility (Wishart, 

1987). SpermOPVL is considered as an indication of the proportion of sperm present in the area 

of fertilization when the egg was fertilized. Therefore, it is essential that accumulation of sperm 

in the area of fertilization is maintained (for instance by repeated inseminations) to constantly 

fertilize subsequent eggs. It is essential to highlight that the overall moderately lower fertility 

results in this study may be due to a combination of factors such as the timing of insemination 

(before or after oviposition) during the first week of insemination. In other species, such as 

broilers and emus, it affected fertility and length of the fertile period (Brillard and McDaniel, 

1986; Malecki and Martin, 2004). Moreover, the variation between females in fertility could 

have impacted on the average fertility, since birds used in this study were not selected on their 

merit for fertility, but behaviour and breeding values for egg and chick production. Although 

the current study could not establish between-female variation in fertility rate, a previous report 

on artificial insemination of the same flock recorded between-female variation in fertility of 

eggs after AI (Chapter 3). Furthermore, the discrepancies between studies could be attributed 

to limited data set and the small sample size. Therefore, accumulation of a larger data set is 

required to confirm this finding. 

Among the sperm motility traits, only ALH and BCF were negatively correlated to fertility, while 

other traits showed no relationship. The lack of correlations of other sperm motility traits with 

fertility as well as negative correlations in this study is similar to those reported in different 

strains of Japanese quail (Farooq et al., 2018). The relationship between some sperm motility 

traits could therefore be strain/breed specific in other species, but most importantly the lack of 
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correlations could also imply that fertility in ostriches is determined by a combination of multiple 

sperm characteristics such as sperm morphology and seasonal effects, as reported previously 

in broilers and ostriches (Wilson et al., 1979; Du Plessis et al., 2018). According to Du Plessis 

et al. (2018), spermatozoa with larger heads than that of normal spermatozoa in ostriches 

revealed higher BCF values which might explain the poor fertility, as they tend to swim slowly. 

Furthermore, inconsistencies between studies in the relationship between fertility and sperm 

motility could also be linked to the method used for sperm motility assessment. So for instance, 

Wishart and Palmer (1986), used the spectrophotometric technique to measure sperm motility 

and reported a high positive correlation between sperm motility and fertility in broilers.  

4.5. Conclusion 

It can be concluded that fertility after AI using the minimum sperm dose for optimal fertility was 

maintained in female ostriches after two consecutive boost inseminations followed by single 

weekly insemination. This suggests that single weekly inseminations were capable of 

replenishing enough sperm in the sperm storage tubules to maintain fertility. Future studies 

should however determine the efficiency of this frequency in maintaining embryo 

development, hatchability and chick production. 
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Chapter 5 

Fertility and hatchability of ostrich eggs after artificial insemination 
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ABSTRACT 

The fundamentals of artificial insemination in ostriches have been developed previously; but, 

sustained chick production from artificially inseminated female ostriches has not yet been 

demonstrated. The aim of this study was to demonstrate the possibility of chick production 

from artificially inseminated female ostriches and compare fertility, hatchability and chick 

production between artificially inseminated females (AI females) and South African Black 

(SAB) females paired-off with males (BP females; SAB). A total of 12 SAB ostriches (3 males 

and 9 females) in individual camps with an average age of 5.83 ± 1.64 years old were used 

for artificial insemination. Semen was collected using the dummy female method and diluted 

1:4 (semen:diluent) with the ostrich specific semen diluent. On the first week of insemination, 

AI females received two consecutive inseminations, each containing 2.5 billion sperm followed 

by single weekly inseminations for four weeks. Eggs produced after insemination and by BP 

females were collected daily, stored for a week maximum, and incubated weekly as batches, 

totalling 10 batches. Eggs that showed embryo development at candling (day 21 and 35 of 

incubation) were labelled as fertilized. Hatchability (HB1 – calculated on incubated eggs that 

hatched; HB2 – calculated on fertile eggs determined at candling) was estimated. The study 

revealed that AI females produced fewer eggs per female per batch than BP females (AI vs 

BP: mean; 1.56 ± 0.30 vs 2.89 ± 0.09; P < 0.001). Furthermore, AI females produced eggs 

with a lower mean weight (1337 ± 37.92 g vs 1431 ± 13.51 g; P = 0.007) and a lower chick 

production than BP females (0.06 ± 0.35 vs 1.55 ± 0.11; P < 0.001) respectively. Furthermore, 

there was a significant difference between AI and BP females for the fertility of eggs per batch 

(31.08 ± 6.28% vs 69.83 ± 1.58 %; P = 0.005), HB1 (5.90 ± 3.12% vs 53.42 ± 1.51%; P < 

0.001) as well as HB2 (8.33 ± 4.03 vs 59.54 ± 1.60%; P < 0.001). Although AI females 

performed worse than BP females, the findings of this study indicated that chick production 

using AI in ostriches is feasible. Further studies are however still needed to improve this 

technology as well as making use of frozen-thawed semen. 

Keywords: Semen collection, Embryo development, Chick production, Natural mating, Struthio 

camelus 
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5.1. Introduction 

Ostriches have been commercially farmed in South Africa for over one-and a half century 

(Douglass, 1881). The major products of interest in ostrich farming are feathers, meat and 

leather. Achieving maximum production largely depends on high production of chicks that 

survive to slaughter age. However, production in the ostrich industry is still not remarkable as 

high losses due to problems such as high infertility of eggs, embryo mortality, poor hatchability 

and chick mortality are common (Cloete et al., 2001; Malecki et al., 2008). 

Various systems for ostrich mating exist, ranging from pair to flock mating at different male to 

female ratios, but problems still prevail, and genetic gains are slow (Lambrechts et al., 2004; 

Malecki et al., 2008). This shows the inefficiency of relying entirely on natural mating in this 

species for commercial farming and suggests the need to explore alternatives such as 

assisted reproductive technology, specifically artificial insemination (AI) (Malecki et al., 2008). 

AI technology has been used to develop several livestock industries such as poultry, pig and 

dairy, with the turkey and dairy industries relying almost entirely on this technology (Foote, 

2002; Di Iorio et al., 2020). In artificially inseminated Shikabrown breeder hens, fertility rates 

of up to 85% and hatchability of up to 72% were achieved (Obidi et al., 2008). AI technology 

has also been used to breed wild endangered bird species and assisted in reviving wild 

population of birds such as the Peregrine falcon (Blanco et al., 2009). AI in the St. Vincent 

amazon parrot resulted in an approximately 20% fertility rate and the production of one chick 

out of three eggs that showed embryo development (Fischer et al., 2020). Evidence of AI 

resulting in higher fertility rates than natural mating or yielding comparable results to natural 

mating have also been reported in poultry (Stotts and Darrow, 1955; Ghanem et al., 2017). 

Previous studies aiming at improving the reproductive performance of ostriches were 

constrained by the poor and variable quality of semen collected from males by the manual 

massage technique (Hemberger et al., 2001; Rozenboim et al., 2003; Lambrechts, 2004). 

Moreover, the interruption of egg production by females after separation from males was a 

challenge, as well as the relatively wild behaviour of ostriches (Cloete et al., 1998; Malecki et 

al., 2004). Research progress in understanding ostrich behaviour led to a major breakthrough 

in the ability to develop reliable human-ostrich friendly methods for quality semen collection 

and artificial insemination without compromising their welfare (Rybnik et al., 2007; Malecki et 

al., 2008; Malecki and Rybnik-Trzaskowska, 2011). Using recently developed methods such 

as the dummy female method for semen collection (Rybnik et al., 2007), quality semen has 

been collected routinely and studied (Bonato et al., 2011, 2014; Smith et al., 2016), leading to 

further developments such as an ostrich specific semen diluent for short- and long-term 

storage of semen (Smith et al., 2018). The establishment of a female only flock producing 
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eggs without males and voluntarily allowing to be inseminated further complemented the 

recent research progress in attempting to improve the reproductive performance of farmed 

ostriches (Bonato et al., 2017). 

More recently, the minimum sperm dose of insemination and the frequency of insemination 

that maintained fertility in female ostrich flock has been established (Chapter 3 and 4). 

However, no information on hatchability and chick production has been reported in those 

studies as all eggs were opened to assess fertility status of the germinal disc and to quantify 

sperm numbers reaching the area of fertilisation after AI. Although minimum sperm dose for 

optimal fertility in ostriches capable of maintaining fertility after AI has recently been 

established, it is not known whether this sperm dose is capable of maintaining embryo 

development. Previous studies indicated that when fewer sperm are inseminated, poor early 

embryo development became problematic (Hemmings and Birkhead, 2015).  

Therefore, the aim of this study was to demonstrate the potential ability of chick production in 

farmed ostriches after artificial insemination by comparing reproductive traits (fertility, 

hatchability and chick production) between artificially inseminated females and naturally 

mated females in a breeding pair mating system. 

5.2. Materials and methods 

5.2.1. Study area and animals used 

This study was conducted at the Oudtshoorn Research Farm of the Western Cape Department 

of Agriculture between July and September 2021. The farm is located outside Oudtshoorn, 

South Africa (33°63′ S, 22°25′ E). The study population was composed of 9 South African 

black (SAB) female ostriches of mean age (± SD) of 5.44 ± 1.67 years and 3 SAB ostrich 

males of an average age of 7 ± 1 years of age kept in individual paddocks. The birds in this 

study were fed the same ostrich breeder diet containing 10.99 MJ/kg energy and 181 g/kg 

protein ad libitum throughout the study period. 

The males were trained for semen collection using the dummy female method whereas 

females were trained for artificial insemination using voluntary crouching behaviour towards 

humans (Rybnik et al., 2007; Malecki et al., 2008). The birds were pre-selected for inclusion 

in this study based on their positive behavioural responses towards humans (Bonato et al., 

2013), high estimated breeding values for chick and egg production and their cooperation 

during semen collection and insemination. Briefly, the dummy female method for semen 

collection requires male ostriches to direct their sexual behaviour towards humans. While the 

male is at display, a dummy female was pushed gently between the legs of the male to mount 

and ejaculate inside a fitted artificial cloaca (Rybnik et al., 2007). For the insemination 
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procedure, a female voluntarily crouches as the inseminator approaches from behind, allowing 

the insemination. A 40 cm straw was inserted in the cloaca and guided through the vaginal 

entrance with fingers of the right hand, while the left hand gently pushed the straw inside 

(Malecki et al., 2008) to deposit the semen at the entrance of the vagina.  

A total of 94 comparable SAB pairs were used to accumulate data on reproductive 

performance of naturally mated female ostriches. The mean age (± SD) for the females was 

5.08 ± 2.08 years, while the average age of paired-off males was 5.41 ± 2.17 years. The 

management of the breeding pairs (BP), as well as the diet has been described previously 

and was no different from that of the artificial insemination (AI) females (Bunter and Cloete, 

2004; Cloete et al., 2008a). Ethical approval for this study was granted by the Western Cape 

Department of Agriculture’s Departmental Ethical Committee for Research on Animals (Refs 

No.: 05/2020 and 12/2021).  

5.2.2. Semen collection and artificial insemination regime 

Semen samples were collected on the morning of the day of insemination, diluted 1:4 

(semen:diluent) with an ostrich specific semen diluent at ambient field temperature. This 

diluent was recently developed to promote ostrich sperm viability and functionality (Smith et 

al., 2018). Sperm concentration was determined using a spectrophotometer (Spectrawave, 

WPA, S800, Biochrom), from an aliquot of 20 μL semen diluted 1:400 (v/v) with a phosphate 

buffered saline solution which contained 10% formalin. Females were inseminated for two 

consecutive days a week, followed by a single insemination 6 days later for 4 weeks with 

semen from the same male then switched to another male after laying 3 consecutive infertile 

eggs. Each insemination dose contained 2.5 billion sperm, which was established to be the 

optimal sperm dose from a previous study (Chapter 3). 

5.2.3. Sperm motility assessment 

Objective sperm motility traits were recorded using the Sperm Class Analyzer® (SCA) version 

5.3 (Microptic S.L., Barcelona, Spain) with a Basler A312fc digital camera (Basler AG, 

Ahrensburg, Germany), mounted on an Olympus BX41microscope (Olympus Optical Co., 

Tokyo, Japan). A volume of neat semen containing 20 × 106 sperm cells was pipetted into a 

tube filled with 245 μl of standard sperm motility buffer made of sodium chloride (150 mM), 

TES (20 mM) and 2 % male specific seminal plasma (Smith et al., 2016). The tube was then 

placed in an aerated incubator (BL°CKICE Cooling Block, Techne) set at 38°C for 1 min. A 

volume of 2 μl of this solution was then placed onto a pre-warmed slide (38°C) and gently 

covered with a cover glass (22 × 22 mm).  At least 300 sperm were then video captured in 

different fields. The subsequent sperm motility traits derived were total motility (MOT, %), 
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progressive motility (PMOT, %), curve-linear velocity (VCL, μm/s), straight-line velocity (VSL, 

μm/s), average path velocity (VAP, μm/s), amplitude of lateral head displacement (ALH, μm), 

linearity (LIN, %), straightness (STR, %), wobble (WOB, %), and beat-cross frequency (BCF, 

Hz). 

5.2.4. Egg incubation and hatching chicks 

All eggs laid after insemination and by BP females were collected twice a day in the morning 

and afternoon, identified by camp number of the occupant female and date of lay - a procedure 

followed by 20 minutes of disinfection using an ultraviolet light. Eggs were then weighed using 

an electronic weighing scale (Precisa XT). Eggs with the following defects were removed from 

the analysis for the breeding flock, as they could not be incubated: dull shell, broken eggs and 

small eggs (< 1200 g). In contrast, eggs from the AI females with any defects were opened to 

determine the fertility status of the germinal disc. Eggs were stored for not more than 6 days 

in a cold room at a temperature of 17ºC and 75% relative humidity to be incubated collectively 

as a batch (Brand, 2012). A total of 10 batches in this study were assessed. Subsequent to 

storage, eggs were incubated for 42 days at a temperature of 36ºC and 24% relative humidity 

and rotated hourly by an angle of 60º. On day 35 of incubation, the eggs were transferred to 

a hatcher, under similar temperature and humidity conditions as the incubator. The hatcher 

contained individual compartments to avoid chicks from different camps mixing as they hatch. 

All eggs were candled at days 21 and 35 of incubation. Eggs from the AI females showing no 

signs of embryonic development were opened to assess the fertility status or the stage of 

embryo mortality (Van Schalkwyk et al., 1994). At hatching, the weight of the chicks was 

recorded in grams, using an electronic weighing scale (Precisa XT). Fertility and hatchability 

were determined per female per batch for both AI and BP females.  Hatchability based on 

incubated eggs (HB1) and fertilized eggs per batch (HB2) were determined. Furthermore, 

chick production was also estimated for both the AI and BP females. 

5.2.5. Statistical analyses 

Comparisons between fertility, hatchability and chick production were performed using a linear 

model in ASReml (Gilmour et al., 2015), after arcsine transformation of the percentage 

dependent variables (fertility, hatchability and chick production per female per batch). The 

fixed effects entered were mating system (AI and BP), batch of incubation (1 -10) as well as 

female age (2 – 10 years old). Female identity was entered as a random variable in the 

analysis. The untransformed means and standard errors were evaluated. Fisher protected 

least significant difference was used for mean separation at P < 0.05. Correlations between 

sperm motility and fertility, as well as hatchability (HB1 and HB2) were estimated using SAS 
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version 9.3 (SAS, 2012) for eggs from the AI females since this sperm trait was measured on 

individual ejaculates. Lastly, repeatability for fertility and hatchability were estimated. 

5.3. Results 

5.3.1. Descriptive statistics 

A total of 2,199 eggs were produced in this study (ART: n = 73 eggs; BP: n = 2126 eggs), 

generating 735 female by batch records. An overall average (± SD) egg weight of 1438 ± 

146.76 g was recorded. The overall percentage fertility, hatchability (HB1 - calculated on 

hatched eggs to incubated eggs) and hatchability (HB2 – calculated on hatched eggs to fertile 

eggs) was 67.30 ± 42.53%, 50.32 ± 40.40% and 56.20 ± 43.14%, respectively. The produced 

eggs resulted in a total of 1183 chicks hatched and weighing on average 861.03 ± 114.6 g. 

The average number of chicks per female per batch was 1.61 ± 1.50 chicks. The overall 

embryonic mortality for AI females was 21.05%. The average day of incubation at which 

embryo deaths occurred as, determined from opened eggs from AI females showing a lack of 

development at candling was 17.73 ± 15.92 days. Moreover, among the eggs produced after 

AI, 8% had an inaccurate infertility status determined at candling. In these eggs, embryonic 

development ceased at mean incubation period of 5.20 ± 0.75 days. No information was 

available on age of embryo death from BP females’ eggs that were removed from the incubator 

at candling after showing a lack of development, since these eggs were not opened. The 

overall average values for sperm motility traits for inseminated samples were PMOT = 46.05 

± 10.15%, MOT = 78.70 ± 9.84%, VCL = 81.89 ± 8.42μm/s; VSL = 42.44 ± 3.70μm/s; VAP = 

71.31 ± 7.94μm/s, ALH = 2.38 ± 0.22μm, LIN = 52.31 ± 5.91%, STR = 60.16 ± 6.97%, WOB 

= 87.01 ± 2.18%, BCF = 6.84 ± 0.55Hz. 

5.3.2. Treatment effects 

A significant difference was recorded between AI and BP females for the average number of 

eggs produced per batch (F1, 118 = 19.89, P < 0.001), average egg weight (F1, 220 = 7.25, P = 

0.008) and chick production per batch (F1, 130 = 17.67, P < 0.001). AI females produced fewer 

eggs per batch than BP females (1.56 ± 0.30 vs 2.89 ± 0.09, respectively; F1, 113 = 17.76; P < 

0.001). Furthermore, eggs produced by AI females were lighter than eggs of the BP females 

(1337 ± 37.92 g vs 1431 ± 13.51 g, respectively; F1, 204 = 7.53; P = 0.007). Similarly, AI females 

produced fewer chicks per female per batch than BP females (0.06 ± 0.35 vs 1.55 ± 0.11, 

respectively; F1, 123 = 14.86; P < 0.001), respectively. Comparisons between treatments for 

average chick weight could not be estimable due to the low number of chick records for AI 

females. 
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There was a significant difference between AI and BP females on fertility of eggs per female 

per batch (F1, 134 = 8.04, P = 0.005; Fig. 5.1a), hatchability based on incubated eggs (F1, 123 = 

18.87, P < 0.001; Fig. 5.1b) as well as hatchability based on fertilized eggs (F1, 121 = 17.74, P 

< 0.001; Fig. 5.1c). BP females outperformed AI females in all these variables. 
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Fig. 5.1. The effect of mating treatment on a) fertility and hatchability: b) HB1 - calculated on 

hatched chicks to incubated eggs) and hatchability b) HB2 – calculated on hatched chicks to 

fertile eggs) of eggs produced during the experimental period (AI: n = 9 females; BP: n = 94 

females). 

A significant difference between batches was recorded in fertility and hatchability (HB1 and 

HB2) (P < 0.05; Fig. 5.2). Fertility and hatchability showed a longitudinal wave incidence with 
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increasing batch (Fig. 5.2). Among all the traits, a significant interaction was recorded between 

treatment and batches (P = 0.01, Fig 5.3).  

 

Fig. 5.2. Means (± SE) representing the batch effect on fertility, hatchability (HB1 - calculated 

on hatched chicks to incubated eggs) and hatchability (HB2 – calculated on hatched chicks to 

fertile eggs) of eggs produced during the experimental period (n = 103 females). 

 

Fig. 5.3. Means (SE) showing the significant interaction between batches and reproductive 

treatment on the fertility of eggs (AI: n = 9 females; BP: n = 94 females). 

Overall, female age did not have an effect on any variable measured in this study (P > 0.05). 

A positive significant correlation was recorded between fertility and hatchability (HB1) only (r 

= 0.34, P = 0.02, Fig. 5.4). Repeatability estimates for fertility, HB1 and HB2 amounted to 0.61 
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± 0.04, 0.47 ± 0.05 and 0.44 ± 0.05, respectively. The fertility rate of individual AI females per 

batch ranged from 0 to 100%, similar to that of BP females. 

 

Fig. 5.4. The relationship between fertility and hatchability (HB1 – calculated on incubated 

eggs that hatched) (n = 103 females). 

5.4. Discussion 

This study compared fertility and hatchability of artificially inseminated female ostriches to that 

of naturally mated females in a pair-breeding system. Generally, the results of the current 

study demonstrated that overall, fertility and hatchability in farmed ostriches are still low. 

According to Malecki and Martin (2005), hatchability of naturally mated ostriches amounted to 

55%, while Van Schalkwyk et al. (2000), reported hatchability results ranging between 27% 

and 80% determined as the proportion of fertile eggs that hatched. In addition, Cloete et al. 

(2006), recorded hatchability of 51% based on eggs that were produced by pair-mated 

females. The previously recorded hatchability of ostrich eggs covers the range of this study 

(50 – 55%). Specifically, AI females demonstrated lower fertility, hatchability and chick 

production per batch compared to BP females. Although AI females in this study showed lower 

fertility, hatchability and chick production than BP females, this study has shown that chick 

production after artificial insemination in ostriches is possible. 

The result that AI females performed poorer than BP females is consistent to a previous study 

by Bonato et al. (2017), who first demonstrated that AI females produced fewer eggs per 

month compared BP females but followed the same basic pattern in egg production. However, 

fertility and hatchability, as well as chick production, were not assessed in this study, since AI 

females were not inseminated for the incubation of eggs. Lower fertility and hatchability of 
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eggs produced by AI females, compared to naturally mated female ostriches in the current 

study are however inconsistent with a study on American kestrel (Falco sparverius), where no 

significant differences were recorded between the two mating systems (Bird et al., 1976). By 

contrast, artificial insemination seemed to result in improved chick production compared to 

natural mating in broilers and turkeys (Shaheen et al., 2020). However, artificial insemination 

in broilers and turkeys is more common and has been studied extensively. It is thus better 

developed as these birds have been commercially farmed for a long period of time (Stotts and 

Darrow, 1955; McCartney et al., 1959; Bakst and Dymond, 2013). Nevertheless, the present 

study is the first to report on the hatchability of reasonable numbers of eggs produced after 

artificial insemination in ostriches. 

According to Robinson and Wilson (1996), avian female body weight is considered a critical 

factor for fertility and hatchability. Fertility and hatchability of full-fed (fed ad libitum) broilers 

was reduced, accompanied by large multiple ovarian follicles which interrupted the normal 

ovarian cycle (Robinson and Wilson, 1996). Although the current study did not measure bird 

weight for the AI females during the experimental period, the AI females may have been 

heavier than the BP females - which could result in compromised reproductive potential for 

these birds. Although AI and BP females were fed in the same container size and same 

amount per week, BP females had a male in their camp which might have competed for feed, 

thereby maintaining a lower body weight than AI females that could access feed without 

competition. Furthermore, BP females were in larger camps than AI females, providing larger 

space to walk around. Chasing done by males for mating purposes or fights could have also 

contributed in less body weight gain. Ostriches generally lay one egg every other day 

(Bronneberg et al., 2007), but some females can produce an egg for two consecutive days, or 

on rare occasions even two eggs in a day (Personal observation). Such unstable laying 

patterns may indicate abnormal ovarian cycles. In a study investigating the relationship 

between body measurement and reproductive traits in ostriches, inconclusive relationships 

have been reported (Cloete et al., 2006). Therefore, future studies are needed to investigate 

the effect of female body weight on ovarian cycle and blastoderm viability in ostriches, as well 

as responses to artificial insemination. 

A significant positive relationship between fertility and hatchability (HB1) was recorded in this 

study. This relationship highlights the importance of ensuring that eggs are fertile, considering 

that a reduction in fertility compromised the hatchability of eggs in each batch incubated during 

this study (Fig 5.2). Fertility and hatchability are considered fundamental aspects in achieving 

a high proportion of chick production in poultry, although these traits are also influenced by 

genetic and environmental variation (King’ori, 2011). A study by Bouba et al. (2021) indicated 

that hatchability was affected by strain in layer breeders. Generally, environmental effects 
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such as instability of incubation conditions and candling inconsistency may also impair 

hatchability and chick production (King’ori, 2011). This study recorded a proportion of 8% 

candling errors in eggs from AI females where fertile eggs were labelled as infertile). In 

addition, training of candling personnel may also aid in improving production or offer 

conclusive indications of poor hatchability. It can be further suggested that all eggs that are 

casted out at candling are opened to directly evaluate the accurate causes of lack of 

development. Inaccurate candling decisions without opening eggs may be detrimental in a 

sense that valuable breeders may be falsely labelled with poor performance resulting in the 

culling of valuable birds. 

Embryonic mortality for eggs produced by the AI females amounted to 21.05%. Embryonic 

mortality for the BP females could not be accurately reported in this study since eggs that did 

not hatch were not opened. However, previous studies from breeding pairs of the same flock 

reported embryonic mortalities of up to 50% after all eggs were opened (Van Schalkwyk et al., 

2000). Female age had a negligible effect on fertility and hatchability in this study, while a 

significant interaction was recorded between incubation batches and mating treatment. The 

lack of female age effect on fertility and hatchability in this study is inconsistent to previous 

reports in ostriches that recorded female age effects on reproductive performance (Cloete et 

al., 2006; Brand, 2012). The significant interaction between incubation batch and treatment 

reported in this study may, however, result from the appreciably smaller number of AI females 

allowing coincidence to also play a role. This is also demonstrated by the larger standard 

errors associated with AI females (Fig 5.3). 

This study recorded high repeatability estimates for fertility and hatchability. The recorded 

repeatability of fertility (0.6) was higher than that recorded in Chapter 3 (0.44), while 

repeatability for hatchability (0.44-0.47) was higher than that reported previously for ostriches 

(0.38) by Van Schalkwyk et al. (1996). The higher repeatability estimate for fertility as 

compared to Chapter 4 is probably due to the increase in sample size and the inclusion of BP 

females. Hatchability in this study was also higher than previously reported. This could be an 

indication of slight improvement in hatchery management or a result of selection as this study 

used birds from the same flock used by Van Schalkwyk et al. (1996). 

5.5. Conclusions 

The results of this study demonstrated that artificial insemination for chick production in female 

ostriches is feasible. Although AI females performed worse than BP females, the findings in 

this study are important as they highlight that artificial insemination could be a useful tool in 

ostrich breeding in principle. Furthermore, these results indicate that embryo development 

could be maintained after insemination with the minimum sperm dose for optimal fertility, 
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although the hatchability of fertile eggs in AI females is still low. Further studies need to utilise 

birds screened for their performance under AI conditions to improve group performance. The 

reported repeatability estimates should support current flock gains to accrue in this manner. It 

is also important to understand the variable performance of females under AI conditions, as 

well as the poorer hatchability of the eggs they produced. Lastly, the economic benefits of AI 

technology as a breeding tool for ostriches as compared to natural mating need to be 

evaluated when these issues have been resolved. 
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ABSTRACT 

Semen analyses has gained momentum in various livestock industries. However, in farmed 

ostriches semen analyses is still in its experimental stage and the cost associated with this 

technology may limit its application by resource constrained famers in evaluating the breeding 

potential of males. This study investigated correlations between computer aided sperm 

analysis (CASA) technology and the traditional, yet affordable, mass sperm motility score. 

Semen was collected from 9 South African Black ostrich males (mean age ± sd: 5.25 ± 1.21 

years old), using the dummy female method for 5 consecutive days monthly, for 8 months. 

Mass sperm motility scores were recorded on a scale of 1-5 (1: little to no sperm movement; 

5: rapid sperm movement). CASA traits recorded were: total motility (MOT), progressive 

motility (PMOT), curve-linear velocity (VCL), straight-line velocity (VSL), average path velocity 

(VAP), amplitude of lateral head displacement (ALH), linearity (LIN), straightness (STR), 

wobble (WOB), and beat-cross frequency (BCF). Results revealed positive correlations 

between mass sperm motility and PMOT, MOT, VCL and VAP ranging from 0.34 to 0.59 (P < 

0.0001). In contrast, negative correlations were recorded between mass sperm motility and 

LIN, STR and BCF with correlations ranging from -0.20 to -0.39 (P < 0.0001). VSL, ALH and 

WOB were not correlated to mass sperm motility (P > 0.05). Ostrich farmers may thus be able 

to evaluate sperm motility reliably and potentially select breeding males by using the affordable 

mass sperm motility scoring method. Correlation between these methods and fertility after 

artificial insemination or natural mating is however needed. 

Keywords: Sperm motility, Semen assessment, CASA technology, Struthio camelus, Sperm 

quality 
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6.1. Introduction 

Semen evaluation is of paramount importance in determining male fertility and thus 

reproductive potential (Aitken et al., 1982). In commercially farmed ostriches, semen 

evaluation is currently in its analytical stages and does not form part of selection for breeder 

males (Cloete et al., 2008). Fertility of eggs in commercially farmed ostriches is however still 

compromised, possibly due to the inclusion of sub-fertile males in the breeding flock. One 

sperm quality trait of interest is sperm motility, which is a measure of sperm functionality and 

movement ability. The ability of sperm to move through the female reproductive duct is a 

fundamental aspect of achieving fertility, as only fully functional sperm have the capability to 

reach the sperm storage site and subsequently the area of fertilization. 

Computer Aided Sperm Analysis (CASA) technology and mass sperm motility scoring are the 

two main methods currently used in a wide range of livestock species for the assessment of 

sperm motility. CASA uses quantitative records of individual sperm cell motility (Blesbois et 

al., 2008; Broekhuijse et al., 2011; Farooq et al., 2018; Luther et al., 2020). However, this 

technology presents various challenges to resource limited farmers: the instrument and 

software for this technology is costly, requires a certain expertise and need to be validated for 

quality assurances (Verstegen et al., 2002; Amann and Waberski, 2014). Furthermore, 

because of species-variation in sperm characteristics, the CASA technology requires species-

specific calibration of the measurements linked to accurate preparation of samples prior to 

analysis and validation based on female fertility (Verstegen et al., 2002; David et al., 2015). 

Mass sperm motility therefore represents an alternative, user-friendly and affordable method 

to assess sperm motility. This method only requires a phase-contrast microscope objective 

with which mass sperm motility is scored based on the vigour of sperm movement (David et 

al., 2015). However, this method is regarded as subjective, with results often varying between 

and within laboratories, as well as being dependent on the assessor’s experience. 

Interestingly, mass sperm motility was correlated to reproductive efficiency in sheep (David et 

al., 2015) and poultry (Allen and Champion 1955; Blesbois et al., 2008). Furthermore, sperm 

motility was highly correlated to fertility in poultry when determined by using the 

spectrophotometric technique (Wishart and Palmer, 1985). More recently, sperm motility traits 

measured by CASA such as straight-line velocity (VSL), average path velocity (VAP), beat-

cross frequency (BCF) and progressive sperm motility (PMOT) of Japanese quail was 

correlated to egg fertility traits such as sperm trapped in the outer perivitelline membrane of 

the egg blastodisc (Farooq et al., 2018). These studies revealed the usefulness of both 

methods for assessment of sperm quality to aid in selecting quality ejaculates for insemination 

or for selecting specific males for breeding. 
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In ostriches, sperm analysis recently started after reliable stress-free methods of semen 

collection were developed (Rybnik et al., 2007). Remarkably, several studies have applied 

either mass sperm motility scoring (Rybnik et al., 2007, 2012; Bonato et al., 2011, 2014) or 

the CASA method (Ciereszko et al., 2010; Smith et al., 2016, 2018a, 2018b; Chapter 2) to 

investigate sperm motility in ostriches. However, there is currently no information on the 

relationship between these two methods. Should these methods be correlated, ostrich farmers 

could benefit from adopting the mass sperm motility scoring method as the cheaper and 

quicker method to evaluate breeder males for high sperm motility before using them for 

breeding purposes. Therefore, the aim of this study was to investigate the relationship 

between the mass sperm motility scores and CASA traits. In addition, the repeatability of the 

variables assessed by both methods was also determined. 

6.2. Materials and methods 

6.2.1. Study animals 

This study was conducted at the Oudtshoorn Research Farm of the Western Cape Department 

of Agriculture, situated outside Oudtshoorn, South Africa (33°63′ S, 22°25′ E). A total of 9 

South African Black (SAB) ostrich males with a mean (± SD) age of 5.25 ± 1.21 years were 

used. These males were kept in individual paddocks and trained for semen collection using 

the dummy female method (Rybnik et al., 2007). The birds were pre-selected for inclusion in 

this study based on their behavioural responses towards humans (Bonato et al., 2013), 

breeding values for egg and chick production and were further evaluated for their cooperation 

during semen collection. The dummy female method for semen collection requires male 

ostriches to direct their sexual behaviour towards humans. While the male is at display, the 

dummy female (a wooden structure covered with sack and contained an opening where the 

artificial cloaca is fitted) is pushed gently between the legs of the male to mount and ejaculate 

inside the fitted artificial cloaca (Rybnik et al., 2007). Ethical approval for this study was 

granted by the Western Cape Department of Agriculture’s Departmental Ethical Committee 

for Research on Animals (Ref No.: R9/24). 

6.2.2. Semen collection and measurements 

During an 8 months period in 2019 (February, March, July, August, September, October, 

November and December), semen was collected once from each male for 5 consecutive days 

starting from February until December. Semen volume was measured using an automatic 

pipette, while sperm concentration was determined using a spectrophotometer (Spectrawave, 

WPA, S800, Biochrom), from an aliquot of 20 μL semen diluted 1:400 (v/v) with a phosphate 
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buffered saline solution which contained 10% formalin. The total number of sperm in each 

semen sample was determined as the product of semen volume and sperm concentration. 

6.2.3. Sperm motility assessment 

Objective sperm motility traits were recorded using the Sperm Class Analyzer® (SCA) version 

5.3 (Microptic S.L., Barcelona, Spain) with a Basler A312fc digital camera (Basler AG, 

Ahrensburg, Germany), mounted on an Olympus BX41microscope (Olympus Optical Co., 

Tokyo, Japan). A volume of neat semen containing 20 × 106 sperm cells was pipetted into a 

tube filled with 245 μl of standard sperm motility buffer made of sodium chloride (150 mM), 

TES (20 mM) and 2% male specific seminal plasma (Smith et al., 2016). The tube was then 

placed in an aerated incubator (BL°CKICE Cooling Block, Techne) set at 38°C for 1 min. A 

volume of 2 μl of this solution was then placed onto a pre-warmed slide (38°C) and gently 

covered with a cover glass (22 × 22mm).  At least 300 sperm were then video-captured in 

different fields. The subsequent sperm motility traits derived were total motility (MOT, %), 

progressive motility (PMOT, %), curve-linear velocity (VCL, μm/s), straight-line velocity (VSL, 

μm/s), average path velocity (VAP, μm/s), amplitude of lateral head displacement (ALH, μm), 

linearity (LIN, %), straightness (STR, %), wobble (WOB, %), and beat cross frequency (BCF, 

Hz). 

Parallel to this, mass sperm motility was assessed using the method described by Allen and 

Champion (1955) and Sontakke et al. (2004). Briefly, a drop of 20 μL neat semen was loaded 

on a glass slide less than 20 minutes after collection and assessed using the 20x microscope 

phase-contrast objective at 38°C. Sperm motility was scored from 1 to 5 as follows: a score of 

1 indicated < 20% motile sperm distinguished by a very slight to no movement of sperm; 2: 

between 20-40% sperm showing slow movement but not fast; 3: 40-60% sperm showing slow 

motile whirls with few immotile sperm visible; 4:  60-80% sperm showing a formation of rapid 

moving whirls; 5: 80-100% sperm showing a formation of extremely rapid moving whirls. For 

consistency, scoring was performed by the same operator throughout. 

6.2.4 Statistical analyses 

The data was analysed using SAS version 9.3 (SAS, 2012). A point biserial correlation was 

performed to evaluate the correlation between mass sperm motility and CASA traits. 

Generalized linear mixed models (GLMM) were performed to evaluate the differences in mass 

sperm motility scores, semen characteristics (semen volume, sperm concentration and sperm 

output) and CASA traits between months of semen collection. Sperm concentration was 

entered as a linear covariate in the analysis for semen characteristics, as well as CASA traits 

while male age (young males: ≤ 4 years; older males: ≥ 5 years) was entered as a fixed effect. 
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For mass sperm motility, a similar GLMM was performed with a multinomial distribution and a 

logit link function. Semen variables that were not normally distributed were transformed using 

the square root transformation, while percentages were arcsine transformed. The significance 

level was set at P < 0.05 and differences between means were compared using Tukey 

pairwise comparisons. 

Repeatability estimates across years (pe2 - long term/permanent environmental effects) and 

within years (te2 - short term/temporary environmental effects) for mass sperm motility, CASA 

traits and semen characteristics were derived using ASReml software (Gilmour et al., 2015). 

For the mass sperm motility scores, data from the present study were combined with those of 

Bonato et al. (2011, 2014), resulting in 1074 records and 28 males being used. For the CASA 

traits, data from the present study were combined with those of Chapter 2, resulting in 480 

records and a total of 18 males. 

6.3. Results 

6.3.1. Descriptive statistics 

The mean (± SD) semen volume, sperm concentration and total number of sperm per semen 

sample was 1.49 ± 1.04 mL, 2.68 ± 0.70 × 109 sperm/mL and 4.14 ± 3.03 × 109 sperm cells 

per sample, respectively. The mean mass sperm motility score was 3.75 ± 1.52. The mean 

PMOT and MOT recorded was 45.37 ± 14.84% and 78.73 ± 22.90%. Other CASA traits such 

as VCL, VSL, VAP, ALH, LIN, STR, WOB and BCF recorded mean of respectively 75.72 ± 

10.74μm/s, 41.58 ± 5.89μm/s, 63.98 ± 19.28μm/s, 2.39 ± 0.39μm, 55.53 ± 8.26%, 66.03 ± 

10.36%, 84.32 ± 4.21% and 7.13 ± 1.04Hz. 

6.3.2. Effect of month and male age on semen characteristics 

There was no significant effect of month of semen collection on semen volume and total 

number of spermatozoa per ejaculate (P > 0.05; Table 6.1). However, ejaculates collected in 

February, July, August and November had a higher sperm concentration than ejaculates 

collected in September, October and December (P < 0.05; Table 6.1). Semen characteristics 

were independent of male age and its interaction with month (P > 0.05). 
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Table 6.1 

Least square means (± SD) of semen volume, sperm concentration and total sperm output 

per ejaculate in relation to month of semen collection from 9 South African Black ostrich males. 

Month Semen volume 

(mL) 

Sperm concentration 

(×109/mL) 

Total number of 

sperm (×109) 

February 1.27 ± 0.19 2.88 ± 0.14bc 3.85 ± 0.58 

March 1.91 ± 0.35 - - 

July 1.52 ± 0.19 2.91 ± 0.17bc 4.92 ± 0.64 

August 1.51 ± 0.21 3.12 ± 0.17c 4.78 ± 0.73 

September 1.53 ± 0.19 2.21 ± 0.10a 4.16 ± 0.70 

October 1.44 ± 0.19 2.43 ± 0.11a 3.51 ± 0.45 

November 1.53 ± 0.24 2.75 ± 0.09b 4.61 ± 0.69 

December 1.55 ± 0.31 2.34 ± 0.08a 3.67 ± 0.73 

P value 0.9517 < 0.0001 0.4531 

a,b,cLeast square means with different superscripts within a column differ significantly (P < 

0.05). 

6.3.3. Correlations between CASA traits and mass sperm motility scores 

Significant positive correlations were recorded between mass sperm motility scores and 

PMOT, MOT, VCL and VAP (P < 0.0001; Table 6.2). In contrast, mass sperm motility scores 

were negatively correlated to LIN, STR and BCF (P < 0.05). Finally, no correlation was 

recorded between mass sperm motility and VSL, ALH and WOB (P > 0.05). 
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Table 6.2 

The correlation between mass sperm motility scores and CASA traits (n = 180, 9 males). Mass 

sperm motility was measured on a scale from 1-5 (1 < 20% motile sperm distinguished by a 

very slight to no movement of sperm; 2 between 20-40% sperm showing slow movement but 

not fast; 3: 40-60% sperm showing slow motile whirls with few immotile sperm visible; 4: 60-

80% sperm showing a formation of rapid moving whirls and 5: 80-100% sperm showing a 

formation of extremely rapid whirls movement). 

CASA traits Mass sperm motility 

ALH (μm)                      0.13 

BCF (Hz) -0.20** 

LIN (%)  -0.29*** 

MOT (%)  0.59*** 

PMOT (%)  0.54*** 

STR (%)  -0.33*** 

VAP (μm/s)  0.34*** 

VCL (μm/s)  0.34*** 

VSL (μm/s)                     0.04 

WOB (%)                     0.15 

*** P < 0.0001, **P < 0.05. 

ALH, amplitude of lateral head displacement; BCF, beat cross frequency; LIN, linearity; MOT, 

total motility; PMOT, progressive motility; STR, straightness; VAP, average path velocity; VCL, 

curve-linear velocity; VSL, straight-line velocity; WOB, wobble. 

6.3.4. Repeatability estimates for CASA traits, mass sperm motility and semen 

characteristics 

Repeatability estimates for mass sperm motility and the CASA traits are indicated in Table 

6.3. CASA traits had estimates ranging between 0.02 (BCF) to 0.14 (WOB) for permanent 

environmental effects (pe2), while temporary environmental effects (te2) estimates ranged from 

0.01 (PMOT) to 0.10 (BCF). However, estimates for mass sperm motility were higher (0.17) 

for pe2 than estimates for te2 (0.03). Semen characteristics (semen volume, sperm 

concentration and total number of sperm per ejaculate) depended more on pe2 ranging from 

0.11 (semen volume) to 0.46 (sperm concentration), compared to te2 (ranging from 0.09 to 

0.11; Table 6.3). 
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Table 6.3  

Repeatability estimates (± SE) for mass sperm motility, CASA traits and semen characteristics 

(semen volume, sperm concentration and total number of sperm per ejaculate). CASA traits 

and semen characteristics n = 480 and mass sperm motility scores: n = 1074. These results 

were derived from up to 28 male ostriches from a combination of data from the present study 

and those of Bonato et al. (2011, 2014) and Chapter 2. 

Variables pe2 te2 

Mass sperm motility 0.17 ± 0.06 0.03 ± 0.02 

ALH (μm) 0.11 ± 0.05 0.07 ± 0.04 

BCF (Hz) 0.02 ± 0.03 0.10 ± 0.04 

LIN (%) 0.04 ± 0.03 0.01 ± 0.03 

MOT (%) 0.04 ± 0.03 - 

PMOT (%) 0.09 ± 0.05 0.01 ± 0.03 

STR (%) 0.07 ± 0.04 0.05 ± 0.04 

VAP (μm/s) 0.07 ± 0.04 0.07 ± 0.04 

VCL (μm/s) 0.06 ± 0.04 0.08 ± 0.05 

VSL (μm/s) 0.06 ± 0.04 0.05 ± 0.04 

WOB (%) 0.14 ± 0.06 0.06 ± 0.04 

Semen volume (mL) 0.11 ± 0.06 0.09 ± 0.04 

Sperm concentration (×109/mL) 0.46 ± 0.10 0.09 ± 0.04 

Total number of sperm (×109) 0.37 ± 0.10 0.11 ± 0.04 

pe2 - long term/permanent environmental effects, te2 - short term/temporary environmental 

effects. 

ALH, amplitude of lateral head displacement; BCF, beat cross frequency; LIN, linearity; 

MOT, total motility; PMOT, progressive motility; STR, straightness; VAP, average path 

velocity; VCL, curve-linear velocity; VSL, straight-line velocity; WOB, wobble. 

6.3.5. The effect of month on CASA traits and mass sperm motility 

Monthly means for mass sperm motility and CASA traits are presented in Table 6.4. Mass 

sperm motility did not differ significantly between months of collection (P > 0.05). Among CASA 

traits, PMOT was the highest in October and lowest in November while MOT was the highest 

in September and lowest in November (P < 0.05). Other CASA traits were independent of 

month of semen collection (P > 0.05). 
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Table 6.4  

Least square means (± SE) of mass sperm motility and CASA traits for the duration of the study period in semen collected from 9 South African 

Black ostrich males. 

Sperm 

motility traits 

February March July August September October November December P value 

Mass motility 3.54±0.31 4.40±0.43 3.40±0.29 3.91±0.29 3.90±0.26 4.13±0.30 3.36±0.38 3.90±0.33 0.234 

ALH (μm) 2.49±0.10 - 2.44±0.10 2.25±0.11 2.37±0.11 2.51±0.11 2.27±0.11 2.49±0.13 0.5658 

BCF (Hz) 7.32±0.26 - 7.18±0.25 7.41±0.29 7.08±0.29 6.63±0.28 7.25±0.27 7.11±0.35 0.8584 

LIN (%) 56.78±1.57 - 52.48±1.58 57.52±1.83 52.52±1.84 45.50±1.73 61.52±1.67 56.77±2.26 0.1985 

MOT (%) 69.70±4.35ab - 85.70±4.41bc 78.92±5.10abc 90.13±5.14c 87.98±4.82bc 61.02±4.63a 72.50±6.35abc 0.0004 

PMOT (%) 41.09±3.32abc - 45.95±3.28abc 39.46±3.34ab 51.71±3.70bc 52.10±3.58c 36.70±3.49a 43.31±4.45abc 0.001 

STR (%) 68.92±2.11 - 63.56±2.10 69.10±2.39 61.06±2.38 53.27±2.29 72.84±2.22 66.27±2.87 0.1707 

VAP (μm/s) 60.39±2.16 - 62.80±2.15 55.22±2.46 68.45±2.45 74.0±2.35 61.64±2.27 69.12±2.98 0.1097 

VCL  (μm/s) 72.38±2.15 - 75.67±2.16 66.05±2.48 79.66±2.49 86.41±2.36 72.65±2.28 80.77±3.05 0.0762 

VSL (μm/s) 40.56±1.14 - 39.72±1.17 38.31±1.35 41.39±1.37 38.70±1.27 44.66±1.22 45.74±1.69 0.8375 

WOB (%) 82.35±1.35 - 82.57±1.33 82.92±1.43 85.75±1.41 84.99±1.40 84.08±1.38 85.20±1.58 0.3668 

a,b,c Least square means with different superscripts within a row differ significantly (P < 0.05) 

ALH, amplitude of lateral head displacement; BCF, beat cross frequency; LIN, linearity; MOT, total motility; PMOT, progressive motility; STR, 

straightness; VAP, average path velocity; VCL, curve-linear velocity; VSL, straight-line velocity; WOB, wobble.
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6.4. Discussion 

Mass sperm motility was positively correlated to the CASA traits PMOT, MOT, VCL and VAP 

and negatively correlated to LIN, STR and BCF. No significant correlations were recorded for 

VSL, ALH and WOB. Furthermore, month of collection appeared to affect some of the 

quantitative and qualitative attributes of the ejaculate collected. While semen volume and 

sperm output per ejaculate were not affected by month of collection, sperm concentration was 

higher in ejaculates collected in February, July, August and November compared to other 

months. Among the CASA traits, only PMOT and MOT were affected by month of semen 

collection: they were both higher in September and lowest in November. However, mass 

sperm motility scoring did not differ between months of semen collection. Lastly, sperm motility 

traits recorded by both methods were found to be slightly to moderately repeatable between 

males across years, estimates ranging from 0.02 for BCF to 0.46 for sperm concentration 

(Table 6.3). It is notable that estimates for the CASA traits were mostly below 0.10, barring 

ALH (0.11) and WOB (0.14). Selection of males on these traits for performance in the following 

year would thus be met with limited success. In contrast, mass sperm motility had a 

repeatability of 0.17, while the repeatability of ejaculate traits ranged from 0.11 for semen 

volume to 0.46 for sperm concentration. Estimates of te2 (or unique animal between months 

within years) ranged from 0.01 to 0.11.  

The finding that mass sperm motility scoring was positively correlated to CASA traits is 

consistent with previous studies on pigeon and cockatiels, where sperm motility as measured 

by conventional methods was correlated with CASA traits (Klimowicz et al., 2008; Fischer et 

al., 2014). The positive correlations in the present study indicate that semen samples with 

higher mass sperm motility scores will also record higher sperm motility when assessed by 

CASA methods, VCL and VAP values. Interestingly, some CASA traits such as VSL, VAP, 

BCF and PMOT have also been correlated with fertility (Blesbois et al., 2008) or egg fertility 

traits (i.e. sperm quantified in the outer periviteline membrane and holes made by sperm in 

the inner perivitelline membrane of an egg) in various strains of Japanese quail (Farooq et al., 

2018). This suggests that although mass sperm motility scoring is a subjective scoring method, 

it can be used to assess ostrich sperm motility accurately and to a similar extent when using 

CASA technology. Furthermore, CASA traits such as BCF, STR and VSL were positively 

correlated to egg fertility traits (i.e. sperm trapped in the outer perivitelline membrane of the 

egg) but not to fertility after artificial insemination of ostriches (Chapter 3). However, it remains 

crucial to establish whether a correlation exists between mass sperm motility and fertility of 

eggs after artificial insemination, as demonstrated in poultry species (Allen and Champion, 

1955). 
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Mass sperm motility did not differ significantly between months of semen collection. This result 

is consistent with the study of Rybnik et al. (2012). The average score for mass sperm motility 

in this study (3.75) was, however, lower than those reported by Rybnik et al. (2007; 2012) and 

Bonato et al. (2011, 2014), which ranged from 4.24 to 4.56. These differences between studies 

might be explained by the human operator’s variation, subjectivity of the scoring method, year 

and laboratory variations - as well as by the 30-60% variation in results for traditional methods 

of sperm motility assessment previously reported (Verstegen et al., 2002; Rybnik et al., 2012). 

However, since mass sperm motility is commonly measured in undiluted semen, care should 

be taken to score the semen sample soon after collection to avoid agglutination and 

subsequent deterioration of semen quality (Ciereszko et al., 2010). Among the CASA traits, 

only PMOT and MOT were affected by month of semen collection. This finding is consistent 

with previous results that these traits have higher means in the spring and summer seasons 

(Smith et al., 2016). 

This study did not record a monthly effect on semen volume and sperm output which is 

inconsistent with the previous report by Bonato et al. (2014). Bonato et al. (2014) revealed 

that highest semen volume to be collected in October and November, as well as in April. While 

a higher sperm output was evident in September and October. Sperm concentration in the 

current study was affected by month of collection and was high in February, July, August and 

November. The result that sperm concentration was high in spring-summer months concurs 

with that of Bonato et al. (2014) who recorded high sperm concentration around those periods. 

Furthermore, Chapter 2 recorded high sperm concentration recorded around autumn and 

spring equinox, and summer solstice months than during the winter solstice. The current study 

recorded high PMOT and MOT in semen collected in September. The latter findings on sperm 

motility are inconsistent with previous literature where no effect of collection month was 

recorded on sperm motility as measured by the CASA system (Chapter 2). Although there are 

moderate discrepancies across studies in semen characteristics, it seems that semen 

characteristics are a product of a degree of variation throughout months and years which could 

also be influenced by environmental variation. This is supported by the finding that semen 

characteristics varied between years of collection (Bonato et al., 2014). 

The repeatability estimates derived in this study for CASA sperm traits were low but 

comparable with the preliminary estimates reported for semen volume and sperm 

concentration by Cloete et al. (2015). Furthermore, pe2 (0.11) predominated for semen volume 

although the derived estimate was lower than the estimate of 0.38 reported by Cloete et al. 

(2015). No repeatability estimates for either mass sperm motility or CASA traits were, 

however, available for ostriches to compare with the results of the present study. Finally, most 

variables recorded in this study showed variation between individuals, suggesting that careful 
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screening of males for superior semen characteristics may be possible (Bonato et al., 2010, 

2011, 2012, 2014; Rybnik et al., 2012; Chapter 2). Such traits could therefore respond to 

selection, leading to current flock gains. 

6.5. Conclusions 

This study demonstrated that mass sperm motility was positively correlated to some sperm 

motility and sperm velocity traits derived from the CASA technology. Since the CASA 

technology may present financial and expertise challenges, resource limited ostrich farmers 

may utilise the traditional mass sperm motility scoring method to evaluate males for breeding 

purposes with relative accuracy. Moreover, the repeatability of mass sperm motility was higher 

than for CASA traits. Further research is required to investigate the correlation between these 

methods and fertility of eggs after artificial insemination and/or natural mating. The potential 

fertility of an ejaculate sample could then be estimated by measuring sperm motility. Finally, 

mass sperm motility and CASA traits were low-moderately repeatable, while semen 

characteristics were moderately repeatable and depended mostly on between-animal effects 

across years. These findings suggest that current-flock selection for high semen 

characteristics may be possible in male ostriches trained for artificial insemination purposes. 

Future studies need to ascertain what proportion of between-animal variation are heritable to 

give an indication of gains across generations. 
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ABSTRACT 

The establishment of a flock of females that could produce eggs in the absence of males was 

a major breakthrough for the development of an artificial insemination protocol in ostriches. 

However, genetic and environmental components of such a unique flock of ostriches are 

unknown and we do not know whether selection for improved egg production and egg weight 

would be beneficial for the ostrich industry. This study thus evaluated monthly egg production 

and monthly average egg weight in 71 female ostriches penned individually without males 

from 2009 to 2020 and estimated the genetic parameters for these traits. The coefficient of 

variation was at least 10-fold greater for monthly egg production (125%) than for mean egg 

weight (10%). Female ostriches were also capable of producing eggs throughout the year with 

maximum monthly egg production recorded in July to December and minimum monthly egg 

production recorded in February and May. Female age had a curvilinear effect on monthly egg 

production: lower number of eggs per month was obtained from 2-year-old females, while 

maximum production per month was attained by females between 5 and 7 years of age, which 

was followed by a slight decline until 9 years of age. Estimated heritability was low for monthly 

egg production (h2 = 0.13) but was moderately high for mean egg weight (h2 = 0.4). No 

significant genetic correlation was recorded between monthly egg production per female and 

mean egg weight. Positive and significant correlations between monthly egg production per 

female and mean egg weight were however recorded for animal temporary effects (0.44), 

environmental variance (0.16) and phenotypic variance (0.11). Collectively, these results 

suggest that improvement in egg production and egg weight for individually penned female 

ostriches in the absence of males is possible through selection. Further studies are thus 

required to estimate genetic parameters for other reproductive traits of economic importance 

such as chick production, chick weight and hatchability after artificial insemination in 

individually penned ostriches. 

Keywords: Egg production, Egg weight, Genetic parameters, Correlation, Struthio camelus 
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7.1. Introduction 

Artificial insemination (AI) technology has been recommended as a viable method to eliminate 

factors such as poor egg fertility in commercially farmed ostriches while also improving genetic 

gains (Malecki et al., 2008). Previous studies attempting to develop AI technology for ostriches 

were challenged by the absence of reliable methods for collection of quality semen, which 

made it difficult to study ostrich semen characteristics (Hemberger et al., 2001). In addition, 

the decline in egg production of up to 50% after separation of males and females observed by 

Malecki et al. (2004) was considered a major obstacle to the development of an AI program 

in this species. 

However, several primary aspects of ostrich artificial insemination were achieved recently after 

the development of reliable semen collection methods (Rybnik et al., 2007), which prompted 

studies on ostrich semen output, semen characteristics and the development of an ostrich 

specific semen diluent (Bonato et al., 2011, 2014; Smith et al., 2016, 2018). Another 

breakthrough was the development of a female only flock kept in individual camps and laying 

eggs in the absence of males (Bonato et al., 2017). These females were selected on desirable 

behaviour towards humans and a propensity to be trained for an ostrich- and human-friendly 

artificial insemination procedure without being restrained (Bonato et al., 2013). Furthermore, 

these individually penned female ostriches exhibited a similar monthly egg laying pattern as 

their pair-mated contemporaries (Bonato et al., 2017) and their monthly egg production and 

average egg weight were repeatable both within and across seasons (Cloete et al., 2015). 

However, these previous studies on egg production performance by individually penned 

ostriches’ utilized data produced only within the conventional breeding season to allow 

comparisons with the breeder females which were paired mostly between May and December 

(Bonato et al., 2017). In addition, the statistical power of the study by Cloete et al. (2015) did 

not allow the partitioning of the animal permanent environment from the additive genetic 

effects, while the between-animal correlation with female mean egg weight was not estimated. 

In a year-long study, Degen et al. (1994) reported that egg production ceased between 

October and February (autumn to winter) in the Northern Hemisphere for flock-mated ostriches 

which correspond with shorter daylight length - while increasing daylength has been reported 

to stimulate reproduction in several avian species (Dawson and Sharp, 2007; Ball and 

Ketterson, 2008). In the Southern Hemisphere, Lambrechts (2004) reported a continuous egg 

production outside of the conventional breeding season with a cessation of egg production in 

February for females paired off with males. Egg production throughout the year and outside 

of the conventional breeding season has however not been quantified for individually penned 

female ostriches. Furthermore, estimates such as heritability and genetic correlations between 
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egg weight and egg production may be useful in predicting the potential effect of selection, yet 

this has not been evaluated in such a unique flock of ostriches. Egg weight is a valuable trait 

since it affects chick survival up to one month post hatch (Cloete et al., 2001; Bonato et al., 

2009), while egg production is generally accepted to be a genetically similar trait to chick 

production (Cloete et al., 2008). 

Against this background, this study investigated total monthly egg production and mean egg 

weight of individually penned ostrich females throughout the year. Secondly, it linked repeated 

hen-month records to pedigree information in an attempt to partition the permanent between-

female variance in its genetic and permanent environmental components. Thirdly, it also 

estimated the relevant correlations between egg production as a quantitative trait and mean 

egg weight as a qualitative trait. 

7.2. Material and methods 

7.2.1. Study site and animals 

Egg production data were obtained from a resource flock of 71 female South African Black 

ostriches aged between 2 and 9 years (mean ± SD: 4.34 ± 1.99 years). Females were 

maintained in individual camps without males from 2009 to 2020 at the Oudtshoorn Research 

Farm of the Western Cape Department of Agriculture (33°63′ S, 22°25′ E). The purpose of the 

flock was to contribute towards the development of a viable artificial insemination (AI) protocol 

in ostriches. As such, most eggs from the flock were either unfertilised while the protocols for 

collecting and storing ostrich semen were developed (Bonato et al., 2011, 2014; Smith et al., 

2016, 2018), or sacrificed to obtain semen numbers in the outer periviteline membrane 

(Malecki et al., 2004; Smith, 2016) to study the effects of sperm dose and insemination 

frequency. The birds were supplied with clean drinking water and an ostrich breeder diet 

(10.90 MJ/kg dry matter and 180.9 g/kg protein) ad libitum during months corresponding with 

the conventional breeding season (May to December) and a maintenance diet (9.1 MJ/kg dry 

matter and 133 g/kg protein) during the so-called “rest period” (January to April; Lambrechts, 

2004). Ethical approval for this study was granted by the Western Cape Department of 

Agriculture’s Departmental Ethical Committee for Research on Animals (Ref No.: R9/24). 

These females were descendants of a larger pair-mated resource flock on the same farm 

whose pedigree information had been recorded for an extended period. Performance levels 

and genetic variation of this flock was reviewed by Cloete et al. (2008), while Fair et al. (2012) 

provided information on its population structure and inbreeding. The pedigree file used to 

partition the variances in this study mostly include the animals from the pair-mated flock, as 

very few progenies were produced from the females kept to develop the AI protocol for 

reasons alluded. For inclusion in the unique cohort of single-penned females producing eggs 
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in the absence of males, birds were pre-selected based on their expression of desirable 

behavioural responses towards humans such as lack of aggression and fear which are major 

prerequisites for cooperative artificial insemination in ostriches (Bonato et al., 2013). Eggs 

were collected daily from each camp throughout the years, identified by a camp number 

corresponding to the unique identity of the occupant female and weighed using an electronic 

weighing balance (Precisa, XT 6200 C). Approximately 77% of the available females were 

retained in the camps from year to year when selection of new young females was done. An 

annual replacement rate of 23% with eight female age groups differs from the flock statistics 

reported by Fair et al. (2012) but is consistent with recommendations that the number of 

female age groups need to be reduced (Cloete et al., 2006; Brand et al., 2007). Monthly egg 

production for each female and average egg weight per month was then determined and used 

for analysis. Monthly average ambient temperature during the study was calculated from daily 

records provided by the local weather station while daylight length in hours at the study site 

was acquired from Time and Date AS (Kanalsletta 4, NO-4033 Stavanger, Norway). The 

average minimum and maximum temperature for each month across years was: January (min: 

12.18°C; max: 31.73°C), February (min: 11.73°C, max: 34.18°C), March (min: 10.27°C; max: 

33.36°C), April (min: 7.91°C; max: 33.55°C), May (min: 6.19°C; max: 23.19°C), June (min: 

3.78°C;  max: 18.88°C), July (min: 3.02°C; max: 18.87°C), August (min: 4.14°C; max: 

20.85°C), September (min: 6.91°C; max: 23.36°C), October (min: 10.61°C; max: 26.24°C), 

November (min: 12.18°C; max: 27.91°C), and December (min: 15.05°C; max: 30.70°C). 

7.2.2. Statistical analyses 

Fixed effects and variance components for monthly egg production and mean egg weight for 

individually penned females were estimated using ASReml software (Gilmour et al., 2015). 

Fixed effects fitted in the analysis were month, female age, and production year. The year x 

month interaction could not be fitted for monthly egg production and mean egg weight - as 

some of the months did not have records in certain production months in a year. The records 

were missing owing to the movement of the females to a flock camp while their individual 

camps were being renovated (2012, January to April). These missing cells in the year x month 

interaction rendered the fixed effects non-estimable in preliminary analyses. Based on these 

results, this specific interaction was omitted from the final runs to obtain an operational model. 

The impact of fixed effects was considered significant at P < 0.05 and Fisher protected least 

significant difference was employed for multiple comparisons. Various random terms were 

then added to operational model to establish a mixed model that best fitted the data. The 

random models that were fitted were as follows (in matrix notation): 

y = Xb (operational model)  (1) 
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y = Xb + Z1a + e   (2) 

y = Xb + Z2PE + e   (3) 

y = Xb + Z3TE + e   (4) 

y = Xb + Z1a + Z2PE + e  (5) 

y = Xb + Z1a + Z3TE + e  (6) 

y = Xb + Z2PE + Z3TE + e  (7) 

y = Xb + Z1a + Z2PE + Z3TE + e  (8) 

where y was a vector of observations; b, a, PE and TE were respectively vectors of fixed 

effects, additive genetic effects, permanent environmental effects (unique female across 

years) and temporary environmental effects (unique female across months within years) of 

the 71 females recorded; X, Z1, Z2, and Z3 were the corresponding incidence matrices relating 

to the data to the effects; and e was the random vector of residuals that summed to zero. 

It was assumed that: 

V(ANIM) = Aσ²ANIM ; V(PE)= Iσ²PE ; V(TE) = Iσ²TE; V(e) = Iσ²e 

where A was the numerator relationship matrix, I identity matrixes relating the data to the 

random source of variation; and σ²ANIM, σ²PE, σ²TE and σ²e were respectively the additive animal 

genetic variance, animal permanent environmental variance, animal temporary environmental 

variance and environmental (residual) variance.  

Log likelihood ratio tests were performed to determine the model best fitting the data for both 

egg production and mean egg weight and provide estimates of the respective variance 

components. A two-trait animal model was then fitted to estimate genetic, phenotypic and 

environmental correlations between monthly egg production and monthly mean egg weight. 

The choice of random effects fitted in the two-trait model was based on the outcomes of the 

single-trait analyses performed. Lastly, a pedigree file containing 14,642 individuals, as the 

progeny of 783 sires and 860 dams, was used in all analyses. 

7.3. Results 

7.3.1. Descriptive statistics  

A total of 6,852 eggs was produced during the study. The data they provided were used to 

generate 2,625 female by month egg production records, including zero records for months 

where a specific female did not produce any eggs (n = 1,187). Monthly egg production was 
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highly variable between females as indicated by a standard deviation exceeding the mean and 

a high coefficient of variation (Table 7.1). In contrast, mean egg weight had a much lower 

coefficient of variation of 10.3% (Table 7.1). 

Table 7.1 

Descriptive statistics for the monthly egg production and mean eggs weights of 71 ostrich 

females penned in the absence of males. 

Descriptive statistics 
Traits 

Egg production Mean egg weight (g) 

Number of records 2625 1430 

Mean ± standard deviation 2.61 ± 3.26 1334 ± 137 

Range 0-16 655-1889 

Coefficient of variation (%) 124.90 10.27 

 

7.3.2. Fixed effects 

The levels of significance for those fixed effects fitted to the data in the trait-specific operational 

model are indicated in Table 7.2. Significant (P < 0.01) effects of month and female age were 

recorded both for monthly egg production and monthly mean egg weight. Production year only 

had a significant effect on mean egg weight (P < 0.01), but not on monthly egg production (P 

> 0.05). Female ostriches kept in individual camps without males are thus capable of 

producing eggs throughout the whole year, although there was a marked variation between 

months (Fig. 7.1). Monthly egg production by individually penned females across years 

revealed a first peak in July with a slight drop in August followed by another wider peak 

between September and November (Fig. 7.1). A slight drop in monthly egg production became 

evident in December and even more pronounced in January (Fig. 7.1). As a result, egg 

production by individually penned female ostriches was at its lowest in February and May 

before starting to increase again in June (Fig. 7.1). Reasonably high levels of production were 

maintained from the winter solstice, while daylight length and temperature increased up to the 

summer solstice in December. 
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Table 7.2  

Significance for the fixed effects fitted to monthly egg production and mean egg weight data 

of ostrich females penned in the absence of males as derived from single-trait ANOVA 

tables. 

Traits Statistics 
Fixed effects 

Month Female age Production year 

Egg production 

F-value 6.94 7.11 1.08 

DF 11 7 11 

P-value < 0.001 < 0.001 0.37 

Egg weight 

    

F-value 7.41 23.19 4.69 

DF 11 7 11 

P-value < 0.001 < 0.001 < 0.001 

DF- Degree of freedom. 

 

Fig. 7.1. Predicted means (± SE) for total egg production per month across years for female 

ostriches kept in individual camps in the absence of males, as well as average monthly 

daylight length and temperature at the study site. Data were collected from 71 females. 
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Fig. 7.2 illustrates the effect of female age on egg production per month. Monthly egg 

production increased (P < 0.01) with female age from 2-year-old females to a peak at 7 years 

of age, before declining again to lower levels at higher ages. Mean monthly egg weight was 

at its lowest between April and June when daylight length was shortening, and temperatures 

were lower. It then increased to peak in November with an increase in daylight length and 

temperature (Fig. 7.3). The pronounced standard errors for mean egg weight between 

February and May indicated that fewer females could be assessed for mean egg weight during 

this period (Fig. 7.3). Female age had a significant effect on mean egg weight (P < 0.01), with 

2-year-olds producing lighter eggs, while peak mean egg weight was attained by 4- and 5-

year-old females followed by a drop at a higher age (Fig. 7.4). 

 

Fig. 7.2. Predicted means (± SE) displaying the effect of female age on total egg production 

per month for ostrich females kept in individual camps in the absence of males. The results 

were based on data obtained from 71 females. The number of birds per age group was: 2 (n 

= 41); 3 (n = 52); 4 (n = 42); 5 (n = 28); 6 (n = 19); 7 (n = 16); 8 (n = 11) and 9 (n = 6). 
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Fig. 7.3. Predicted means (± SE) displaying the effect of month on egg weight for female 

ostriches kept in individual camps in the absence of males, as well as the average monthly 

daylight length and temperature at the study site. Data were collected from 71 females. 
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Fig. 7.4. Predicted means (± SE) displaying the effect of female age on mean egg weight for 

ostrich females kept in individual camps in the absence of males. The results were based on 

data obtained from 71 females. The number of birds per age group was: 2 (n = 41); 3 (n = 52); 

4 (n = 42); 5 (n = 28); 6 (n = 19); 7 (n = 16); 8 (n = 11) and 9 (n = 6). 

7.3.3. Log likelihood ratios and genetic parameters   

The log likelihood ratio test indicated that a model with at least one random effect was 

consistently superior (P < 0.05) to the fixed effect operational model without any random effect 

for both traits. As such, the model that best fitted the data for the estimation of variance 

components included additive animal genetic effects and temporary environmental effects for 

both monthly egg production and mean egg weight (Table 7.3). Variance components and 

ratios for total egg production and mean egg weight are contained in Table 7.4. Based on the 

similarity of log likelihood values for models analysing monthly egg production in Table 7.3, it 

is evident that additive animal (Models 2 and 7) and animal permanent environment (Model 3 

and 6) vied for largely the same variation. The statistical power to partition these effects were 

therefore arguably limited. 
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Table 7.3 

Log-likelihood ratios for random effects fitted to monthly total egg production and mean egg 

weight (g) for ostrich females penned in the absence of males. The best model is in bold text. 

Models Egg production Mean egg weight 

Fixed effects (1) -2330.38 -7545.37 

ANIM (2) -2273.84 -7195.21 

PE (3) -2273.37 -7196.89 

TE (4) -2270.43 -7135.34 

ANIM+PE (5) -2273.37 -7195.21 

ANIM+TE (6) -2258.99 -7133.49 

PE+TE (7) -2258.77 -7135.34 

ANIM+PE+TE (8) -2258.77 -7133.49 

ANIM – Additive animal genetic effect, PE – Animal permanent environmental effect, TE – 

Temporary environmental effects. 

Table 7.4 

Variance components and ratios for total egg production and mean egg weight in females 

maintained in the absence of males. 

Traits Egg production Egg weight 

σ²A - 6624.51 

σ²PE 1.305 - 

σ²TE 0.917 3127.45 

σ²e 7.357 6696.73 

h2 - 0.40 ± 0.06 

PE² 0.14 ± 0.04 - 

TE2 0.10 ± 0.03 0.19 ± 0.03 

σ²A – Additive genetic variance; σ²PE – Animal permanent environmental variance; σ²TE – 

Temporary environmental variance; σ²E – Environmental variance; h² – H Heritability; PE² 

– Animal permanent environmental ratio; TE² – Temporary environmental ratio. 

 

Lastly, (co)variance estimates of genetic parameters for the two-trait analysis are presented 

in Table 7.5. Monthly egg production was low-moderately heritable, while mean egg weight 

had a substantially higher heritability. On the genetic level, monthly egg production and mean 
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egg weight were negatively correlated. In contrast, positive correlations were estimated for 

animal temporary effects, as well as between the environmental and phenotypic variances. 

Table 7.5 

(Co)variance components and ratios for the two-trait analysis of ostrich females penned in the 

absence of males. 

Traits Egg production Egg weight 

h² in bold on the diagonal and the genetic correlation above the diagonal 

Egg production 0.13 ± 0.04 -0.20 ± 0.19 

Egg weight (g) 
 

 0.40 ± 0.06 
   

Animal temporary effects (TE²) in bold on the diagonal and the TE correlation above 

the diagonal 

Egg production 0.10 ± 0.03 0.44 ± 0.13 

Egg weight (g) 
 

0.19 ± 0.04 

   

Environmental variance (σ²E) in bold on the diagonal and the environmental 

correlation above the diagonal 

Egg production 7.352 0.16 ± 0.03 

Egg weight (g) 
 

6697.56 

 

Phenotypic variance (σ²P) in bold on the diagonal and the phenotypic correlation 

above the diagonal 

Egg production 9.634 0.11 ± 0.05 

Egg weight (g)  16385.70 

 

7.4. Discussion 

7.4.1. Descriptive statistics 

The mean monthly egg production and the mean monthly egg weight as demonstrated in 

Table 7.1 were lower than the only comparable means of respectively 5.5 eggs per month and 

1,405 g reported by Fair et al. (2011). It should be remembered that the latter study only 

included egg production during the conventional breeding season, when average performance 

was higher than in the “rest period” in the present study (Fig. 7.1). This result, as well as the 

mean for mean egg weight should be seen in relation to results reported by Bonato et al. 

(2017) that single-penned females produced fewer eggs for the period from July to November 
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than their contemporaries paired off with males. The mean egg weight in the latter study was 

accordingly lower than in pair-mated contemporaries for the period from August to December. 

The observed coefficient of variation for monthly egg production in Table 7.1 was higher than 

the comparable figure of 93% reported by Fair et al. (2011). This result is understandable, 

given the lower egg production during the “rest period” observed in the present study. In 

contrast, the coefficient of variation for mean egg weight in Table 7.1 was similar to the value 

of 10% obtained by Fair et al. (2011). 

7.4.2. Fixed effects 

This study indicated that female ostriches kept in individual camps without males are capable 

of producing eggs throughout the whole year, although there was a marked variation between 

months (Fig. 7.1). The present results coincided with a previous study involving a part of the 

data, indicating that the monthly egg production of individually penned female ostriches in the 

absence of males increased markedly from May to a peak in July (Bonato et al., 2017). This 

study used data of 40 individual females for the period from 2009 to 2014 and involved only 

data collected during the conventional breeding season. In the study by Bonato et al. (2017), 

monthly egg production declined from the July peak to December. In contrast to these results, 

monthly egg production slightly decreased from the July peak in August and increased again 

in September and remained at the same level until November-December (Fig. 1). The marked 

decrease in monthly egg production in January to February until May could have resulted from 

the change from a production to a maintenance diet at the end of the conventional breeding 

season in mid-December. 

Nutritional effects on egg production, but not egg weight were reported in a previous study. 

Ostrich females fed a lower energy diet of 7.5 MJ/kg ME and 105 g/kg protein feed on an as-

is basis produced fewer eggs within a conventional breeding season than females receiving 

more energy-dense diets of 8.5 and 9.5 MJ/kg ME (Brand et al., 2003). However, support for 

a reduction in monthly egg production during summer was also found in females mated all-

year-long in the study of Lambrechts (2004). Peak egg production in the latter study was 

recorded from August to October. Mature pair-mated breeding females in the study of Fair et 

al. (2011) also exhibited a peak in egg production during the months of August and September, 

followed by a decline to slightly lower levels during the months from October to December. 

Peak egg production in 2-year-old females in the latter study was at lower levels from August 

to December. As in the present study, monthly egg production of both mature and 2-year-old 

females declined from December to January. This result may indicate that the decline in egg 

production from December to January (Fig. 7.1) could have been driven by a combination of 
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the change in diet, as well as a seasonal effect such as initial shortening in daylength following 

the summer solstice in the Southern Hemisphere. 

Monthly egg production of individually penned female ostriches without males in the present 

study increased from 2- to 7-year-old females, followed by a decline to 9 years of age (Fig. 

7.2). This trend is very similar to the age effect reported by Bonato et al. (2017) for individually 

penned female ostriches without males, although peak egg production in this study was found 

at an earlier age of 6 years. Initial studies on the annual egg production of pair-mated SA Black 

females reported similar age effects on egg production (Cloete et al., 1998; Bunter, 2002). 

However, in later years this age effect on pair-mated females was reduced to a significant 

increase from 2- to 3-year-old females, followed by little further change up to 9 years of age 

(Cloete et al., 2006). Quite a similar trend was observed for pair-mated females by Bonato et 

al. (2017) in their study that contrasted the effect of age of individually penned female ostriches 

without males with conventional pair-mated females. The general increase in mean egg weight 

as the conventional production season progressed from June to December (Fig. 7.1) was very 

similar in shape to the trend previously reported by Bonato et al. (2017) for individually penned 

female ostriches without males. The peak for mean egg weight in the current study was 

attained at an earlier age (4 years old) but extended to accommodate the previously reported 

peak (at 5 years old) for individually penned female ostriches without males (Bonato et al., 

2017).  

7.4.3. Log likelihood ratios and genetic parameters 

Log likelihood ratios indicated that monthly egg production as well as monthly mean egg 

weight were best represented by a random effects model that fitted a term to account for 

female effects across (i.e. additive genetic and/or animal permanent environmental effects) 

and within years (i.e. temporary environmental effects). Whereas the preferred model for mean 

egg weight conclusively relied on additive genetic effects as the best indicator of animal effects 

across years, the choice was less evident for monthly egg production, where additive and 

permanent environmental effects appeared to vie for the same variation. The choice eventually 

fell on additive effects, but with a relatively slender margin (Table 7.3). Two literature sources 

provided comparable estimates (Fair et al., 2011; Cloete et al., 2015). Fair et al. (2011) used 

13,876 monthly egg production records of pair-mated females to derive corresponding 

parameter estimates of h² at 0.04, animal permanent environmental effects (PE) at 0.08 and 

animal temporary environmental effects (TE) at 0.15. The sum of h² and animal PE (0.12) was 

consistent with the present h² estimate of 0.10, while animal TE was also close to the present 

attained estimate of 0.14. It should also be noted that Fair et al. (2011) also reported a service 

sire effect of 0.05 - which was not applicable in the present study where males were absent. 
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The other study of Cloete et al. (2015) used 664 female-month records of 36 females penned 

without males to derive a substantially higher animal PE variance ratio of 0.21 and a 

comparable animal TE variance ratio of 0.11 without attempting to partition h² and animal PE. 

The h² of monthly egg production in this study was moderately low, compared to previous 

studies - but still within the range (0.04 – 0.29) reported for ostrich breeding pairs (Bunter, 

2002; Cloete et al., 2004, 2005, 2006; Lambrechts, 2004; Brand et al., 2008; Fair et al., 2011). 

It should be noted that the low values were mostly from the earliest studies when it was still 

difficult to separate the h² and animal PE effects, as was also experienced in this study. 

Estimates for h² of mean monthly egg weight in this study were considerably higher at 0.40-

0.41 with an animal TE effect of 0.19 (Table 7.4 and 7.5). Fair et al. (2011) correspondingly 

used 9,446 monthly mean egg weight records to determine an h² of 0.44, animal PE of 0.09 

and animal TE of 0.13. These estimates were broadly consistent with the present values. 

Cloete et al. (2015) similarly reported estimates of 0.44 for animal PE and 0.15 for animal TE. 

These estimates correspond closely to the comparable values of the present study. On the 

other hand, h² estimates for seasonal mean egg weight were mostly substantially higher, but 

nevertheless still within the range (0.19 – 0.72) reported previously (Bunter, 2002; Bunter and 

Cloete, 2004; Cloete et al., 2004, 2006).  

Genetic correlation between monthly egg production and mean monthly egg weight was not 

significant but tended to be negative (Table 7.5). This correlation was higher than the estimate 

of -0.03 reported by Fair et al. (2011). Data based on seasonal production per female initially 

yielded positive genetic correlation between egg production and egg weight (Bunter, 2002; 

Cloete et al., 2004), suggesting that selection for egg production would not compromise egg 

weight. Cloete et al. (2008) suggested that the genetic correlation between egg production 

and egg weight as a female trait may become negative as ostrich females are selected to egg 

production levels closer to their biological potential. Animal TE, environmental and phenotypic 

correlations between monthly egg production and mean egg weight were positive, a finding 

which has been reported previously for ostriches (Bunter, 2002, Cloete et al., 2004; Fair et al., 

2011). 

Overall, it seems that genetic parameters of monthly egg production and mean egg weight for 

ostriches kept in individual camps does not diverge from those already estimated from females 

paired off with males. It is further expected that genetic parameters of other production traits 

of economic importance such as hatchability, chick production and chick weight from 

individually penned females without male after artificial insemination would similarly not be 

compromised. Further studies are needed to estimate the genetic parameters of other traits 
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of economic importance from individually penned female ostriches without males once data of 

sufficient numbers of chicks hatched from artificial insemination become available. 

7.5. Conclusions 

Female ostriches kept in individual camps without males were capable of producing eggs 

throughout the year. It was evident that monthly egg production and mean egg weight of 

individually penned female ostriches is variable and heritable, as was previously reported for 

pair-mated females. These results suggest that within-flock genetic gains can thus be 

achieved through selection in such a flock. This is an important stepping-stone in the quest to 

further develop an ostrich genetic resource population amenable to artificial insemination. 
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Chapter 8 

Environmental effects, breed effects and variance estimates for behavioural 

responses towards humans in farmed ostriches 

Muvhali, P.T., Bonato, M., Engelbrecht, A., Malecki, I.A., Cloete, S.W.P. 

  

Stellenbosch University https://scholar.sun.ac.za



 

124 
 

ABSTRACT 

This study investigated the effect of environmental effects such as levels of human-ostrich 

interactions at an early age, sex and the familiarity of the handler on behavioural responses 

towards humans later in life, as well as genetic parameters for behavioural responses towards 

humans. Ostrich chicks were exposed to 4 treatments with varying levels of human presence 

and interactions (Human Presence 1- HP1; Human Presence 2- HP2; standard and foster) for 

3 months after hatch. HP1 chicks were exposed to human voice, gentle touch and visual 

interactions while HP2 chicks were exposed to human voice and visual interaction, but without 

touch interactions. Foster chicks were raised by foster parents, while the standard treatment 

entailed chicks being raised using the standard chick rearing practice at the research farm. In 

the latter two treatments human-chick interactions were limited to daily supply of feed and 

water. Behavioural responses to humans were later investigated for a total of 1,092 juvenile 

ostriches. Responses recorded included willingness to approach a human handler, allowing 

touch interactions with the handler, keeping a distance from the handler, wing flapping and 

excessive pecking directed at the handler. Results of this study showed that HP1 and HP2 

birds were more inclined to approach the handler and allow touch interactions. A lower number 

of birds from these treatments distanced themselves from the handler, compared to those 

raised through standard husbandry practices and by foster parents. Males were more likely to 

approach, allow touch interactions, and engage in wing flapping, while they were also less 

likely to keep their distance from the handler than females. HP1 and HP2 birds were more 

likely to interact with, and less likely to distance themselves, from a familiar than an unfamiliar 

handler. Heritability estimates for willingness to approach the human handler, allow touch 

interactions, keep a distance, wing flapping and excessive pecking were substantially high at 

0.56, 0.55, 0.56, 0.33 and 0.39, respectively. These results suggest that the human-ostrich 

relationship can be improved by integrating extensive human presence and regular gentle 

handling in the husbandry practices for ostrich chicks. Furthermore, selection of breeder birds 

that demonstrate willingness to associate with humans may increase offspring with a 

favourable temperament, suggesting that domestication might be fast-tracked in this recently 

domesticated species. 

Keywords: Human-animal relationship, Animal welfare, Animal behaviour, Ostrich, Heritability 
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8.1. Introduction 

Commercial ostrich farming is popular in the Klein Karoo region of the Southern Cape in South 

Africa, documented as the origin of this unique farming practice for more than one and a half 

centuries (Douglass, 1881). Previously, commercial ostrich farming was mainly centred on 

feather production until the collapse of the feather trade when new products such as meat and 

leather (derived from ostrich skin) became economically important (Dingle, 1996; Cloete et al., 

1998). Nowadays, the income from farmed ostriches is derived mainly from the sales of these 

three products (meat, leather and feathers), with South Africa being the elite producer 

worldwide (Brand and Jordaan, 2011). 

Given a very short history in a commercial farming environment, coupled to their unique “wild” 

behaviour and a lack of scientific information on management and handling, it is indisputable 

that the relationship between ostriches and their handlers has been inconsistent (Malecki and 

Rybnik-Trzaskowska, 2011). However, the interactions between livestock and their handlers 

are of paramount importance as they have been reported to affect not only animal welfare, but 

also productivity (Waiblinger et al., 2006; Mota-Rojas et al., 2020). Such interactions are 

classified as positive, neutral or negative, depending on how they are perceived by the subject 

animal (Mota-Rojas et al., 2020). So for example, negative humans-livestock interactions such 

as hitting and slapping have been reported to be stressful as illustrated by increased blood 

cortisol concentrations and reduced willingness of dairy heifers to approach their handlers 

(Breuer et al., 2003). Furthermore, negative interactions with animals by stockmen negatively 

affected milk yield and nutrient composition, while also increasing milk cortisol concentrations 

(Hemsworth et al., 2000). By contrast, additional human-bird contact during routine husbandry 

practice in chickens was associated with less withdrawal responses and reduced avoidance 

distance in an approaching human test, compared to minimal human-bird contact (Barnett et 

al., 1994). In addition, chickens that received additional human contact had a lower blood 

corticosterone level after exposure to humans and higher egg production than hens exposed 

to minimal human contact (Barnett et al., 1994). Lastly, mulesed sheep kept a greater distance 

in an arena test from a handler who handled them during the operation than non-mulesed 

sheep (Fell and Shutt, 1989). 

In ostriches routine handling may be stressful and may impair the welfare and production of 

the birds (Malecki and Rybnik-Trzaskowska, 2011; Muvhali et al., 2018). So for instance, birds 

may injure themselves, their handlers or their mates as a result of avoiding capture due to 

fearfulness of humans (Malecki and Rybnik-Trzaskowska, 2011). In their review on the welfare 

of breeder birds, Cloete and Malecki (2011) noted that trauma, inflicted either by their mates 

or by routine husbandry, were mostly implicated in the exit of breeder birds from the flock 

Stellenbosch University https://scholar.sun.ac.za



 

126 
 

before the end of the breeding season. However, while some birds exhibit fearfulness of 

humans and/or aggressiveness, some are calm and friendly towards humans (Lambrechts et 

al., 2000; Malecki and Rybnik-Trzaskowska, 2011). The willingness of ostriches to interact 

with humans may be further improved by slightly changing the husbandry practices through 

introducing positive human-ostrich interactions at an early age (Bonato et al., 2013). According 

to Bonato et al. (2013) ostriches that were exposed to extensive human presence and regular 

gentle handling as chicks appeared to be more willing to approach and interact with humans 

than birds raised by foster parents. Furthermore, Muvhali et al. (2018) demonstrated that birds 

that received extensive human presence and regular handling had the ability to distinguish 

between a familiar and unfamiliar human who cared for them when they were chicks and 

adjust their behaviour accordingly. Survival, growth and immune responses of ostrich chicks 

reared using extensive human presence and regular gentle handling were also shown to be 

improved during the critical phase of ostrich chick rearing (< 3 months of age) (Muvhali et al., 

2020a). These findings therefore indicate the importance of conditioning ostriches to positively 

reinforced human contact and gentle interactions. 

Genetic selection for tame and less fearful animals that demonstrate willingness to interact 

with humans could be a vital strategy to facilitate ease of handling, and in turn improve 

management practices and animal welfare. According to Hemsworth et al. (1990), the time 

taken by gilts to interact with the handler was moderately heritable. Furthermore, Campler et 

al. (2009) reported that White Leghorns exhibited less fearfulness of humans than their red 

junglefowl ancestors, suggesting that selection for a reduced fearfulness is crucial for 

domestication. Ostriches are however still classified as recently domesticated and three types 

of breeds (South African Black - SAB, Zimbabwean Blue - ZB and Kenyan Redneck - KR) and 

their crosses dominate the South African ostrich industry (Cloete et al., 2012). The KR and ZB 

were reported to possess the largest genetic similarities, while a high genetic distance exists 

between the SAB and KR (Kawka et al., 2007; Davids et al., 2012). The SAB ostriches have 

been documented to be highly selected for quality feather production previously. While the 

other breeds were introduced later and are characterised by a nervous behaviour (Petitte and 

Davis, 1999). As Lambrechts (2004) demonstrated that aggressive behaviour in these birds is 

heritable, tameness as a behavioural trait may also be heritable in ostriches. Therefore, there 

is a need to measure temperament in ostriches to aid in selecting for tame lines that adapt 

well to the commercial farming environment (Cloete and Malecki, 2011). Early work on ostrich 

behaviour and interactions with humans reported moderate repeatability estimates for 

willingness to approach humans, allow touch interactions and keeping a distance from humans 

(Bonato et al., 2013). However, the data set used in the previous study was relatively small 

and collected over a short period of time, which prohibited the partitioning of repeated 
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between-animal variances into its heritable and animal permanent environmental 

components.  

Against this background, it was hypothesized that socialized ostrich chicks will demonstrate 

willingness to associate with humans at a later stage in life, and that these behavioural 

responses towards humans are heritable. Therefore, the impact of environmental enrichment, 

breed effects (as a proxy for genetic differences) as well as variance estimates and the 

heritability of behavioural responses of juvenile ostriches towards their human handlers were 

studied. 

8.2. Materials and methods 

8.2.1. Study area and animals 

This study was conducted at the Oudtshoorn Research Farm of the Western Cape Department 

of Agriculture, situated outside Oudtshoorn, South Africa (33°63′ S, 22°25′ E). Ethical approval 

was granted by the Western Cape Department of Agriculture’s Departmental Ethical 

Committee for Research on Animals (Ref No.: R13/81). The birds used in this study were 

hatched from a pair breeding resource flock at the farm composed of South African Black 

ostriches (SAB), Zimbabwean Blue (ZB), Kenyan Redneck (KR) and the reciprocal crosses 

between SAB × ZB and SAB × KR. The management of the breeding flock has been described 

previously by Bunter and Cloete (2004), Cloete et al. (2008) and Engelbrecht et al. (2018). A 

total of 1092 ostriches hatched over 6 years (2010, 2013, 2015, 2016 2017 and 2018) that 

survived to juvenile age (8 months) were used in the analysis up to 12-13 months of age. 

8.2.2. Treatments 

Birds hatched in 2010, 2013 and 2015 were divided into groups and exposed to various rearing 

treatments for 3 months post-hatch (Wang et al., 2012; Bonato et al., 2013, Muvhali et al., 

2018, 2020a, 2020b). The chicks hatched in 2010 (n = 400) were exposed to 4 treatments 

(foster, n = 100; standard, n = 97; human presence 1: HP1, n = 100 and human presence 2: 

HP2, n = 103). Chicks in the foster treatment were raised by a breeder pair with limited human 

intervention except for routine management (a common practice used to raise ostrich chicks 

by some ostrich farmers – Bunter, 2002). Standard treatment chicks were raised using the 

standard ostrich chick rearing practice at the Oudtshoorn Research Farm, where human 

contact and interactions were limited to routine management such as feed and water supply. 

HP1 chicks were exposed to standard husbandry practices with a combination of extensive 

human presence, gentle vocal and tactile interactions, while HP2 chicks were exposed to 

standard husbandry practices with a combination of extensive human presence with gentle 

vocal interactions, but without tactile interactions (Bonato et al., 2013; Muvhali et al., 2018, 
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2020a, 2020b). Chicks hatched in 2013 (n = 860) and 2015 (n = 728) were divided into groups 

and allocated to standard husbandry practice, HP1 and HP2, while all chicks hatched in 2016 

(n = 474), 2017 (n = 426) and 2018 (n = 505) were exposed to only standard husbandry 

practices. Birds in HP1 and HP2 groups were extensively exposed to humans and interactions 

with a specific schedule: 100% of daylight hours for the first week after hatch (week 0) and 

reduced gradually until week 8 of the experiment when they were only visited for 1 hour in the 

morning and another hour in the afternoon. In years where these treatments were applied, the 

HP1, HP2 and foster rearing treatments were terminated at week 12, where chicks from 

different treatments were combined in a single group. 

8.2.3. Behavioural responses evaluated 

Two human handlers, familiar or unfamiliar to the birds conducted the tests assessing the 

behavioural responses of birds towards a human keeper. The familiar human keeper 

interacted gently with the birds (HP1 and HP2) visually, vocally and physically while they were 

still in treatments, while an unfamiliar human keeper did not interact with the birds during 

treatment stages. All handlers wore the same clothing throughout the behavioural test 

duration, while the familiar humans used the same clothing worn when interacting with birds 

during treatment stages. The behavioural response test was previously described by Bonato 

et al. (2013). In short, the behavioural responses recorded were the willingness to approach 

the human observer, allowing touch interactions with the observer, wing flapping and 

excessive pecking. These behavioural responses were measured on juvenile birds available 

at the farm between the age of 8 and 13 months (2010: n = 177, 2013: n = 214, 2015: n = 212, 

2016: n = 144, 2017: n = 162 and 2018: n = 183). Birds that did not approach the human 

observer were recorded as keeping a distance from the observer. Other behavioural traits 

(kicking, hissing, kantling, crouching) were also recorded, but not included in the analysis due 

to their very low incidences during the preliminary observation stage. All behavioural 

responses were recorded in a binomial format (i.e. 1: a bird exhibited a behavioural trait; 0: a 

bird did not exhibit a behavioural trait). The birds were tested in their home pen at flock level 

and 20 birds (10 males and 10 females) were chosen for testing at random per session. 

8.2.4. Statistical analyses 

Fixed effects for the binomially recorded behavioural traits (approach, touch, distance, wing 

flapping and excessive pecking) were estimated using ASReml software (Gilmour et al., 2015). 

The binomial data was linked to the normal distribution by using the logit link function. Fixed 

effects in the model were treatment (HP1, HP2, Foster and standard), sex (male or female), 

breed (SAB, ZB, KR, SAB × ZB and SAB × KR), familiarity of the handler (familiar or unfamiliar) 

and hatch year (2010, 2013, 2015, 2017 and 2018). The fixed effect analyses were performed 
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by fitting fixed effects and the interactions between them where quantifiable. Non-significant 

effects and interactions were dropped from the final operational model. Bird identity was 

included in the model as a random variable to control for repeated observations on the same 

individual bird. Fixed effects were considered significant at P < 0.05 and the Fisher’s protected 

least significant difference test was used for multiple comparisons.  

After operational models were obtained as described above, parameter estimates were 

derived from the following random model: 

y = Xb + Z1a + Z2PE + e  (1) 

where y was a vector of observations; b, a and PE were respectively vectors of fixed effects, 

additive genetic effects and animal permanent environmental effects; X, Z1 and Z2 were the 

corresponding incidence matrices relating the data to the effects; and e was the random vector 

of residuals that summed to zero. 

 It was assumed that: 

V(ANIM) = Aσ²ANIM ; V(PE)= Iσ²PE ; V(e) = Iσ²e 

where A was the numerator relationship matrix, I identity matrixes relating the data to the 

random source of variation; σ²ANIM, σ²PE, and σ²e were the additive animal genetic variance, 

animal permanent environmental variance and the environmental (residual) variance, 

respectively. 

8.3. Results 

8.3.1. Fixed effects 

There was a significant treatment effect on all recorded behavioural traits (P < 0.001). 

Specifically, Human Presence 1 (HP1) and Human Presence 2 (HP2) birds were more inclined 

to approach the human handler, keep less distance from the handler and allow for more touch 

interactions than standard rearing practice birds and birds raised by foster parents (Fig. 8.1). 

Furthermore, HP1 and HP2 birds demonstrated more wing flapping and excessive pecking 

towards the handler than the other treatment groups that were more reluctant to approach the 

human (Fig. 8.1). No significant differences were recorded between HP1 and HP2 for all 

behavioural traits (P > 0.05; Fig. 8.1). 
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Fig. 8.1. Means (± SE) showing the effect of treatment on bird willingness to a) approach 

human, b) allow touch interactions, c) keep a distance, d) wing flapping and e) excessive 

pecking behaviour at the human observer. Means with different superscripts differ significantly 

(P < 0.05). 
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Across all groups, there was a significant influence of bird sex and familiarity of handler on 

willingness to approach the human, keep a distance, allow touch and wing flapping (P < 

0.001), but not for excessive pecking at the human observer (P > 0.05) (Table 8.1). Male 

ostriches were more likely to approach the handler, allow touch interactions and display wing 

flapping towards the handler than females. Furthermore, HP1 and HP2 were more inclined to 

approach, allow touch interactions and display wing flapping towards a familiar handler than 

to an unfamiliar handler (Table 8.1). Interestingly, excessive pecking was directed more 

towards an unfamiliar handler than a familiar handler (Table 8.1). 

Table 8.1 

Means (± SE) in showing the effect of sex and familiarity of human observer on ostrich 

responses towards humans. 

Traits 
Sex 

P-value 
Familiarity 

P-value 
Male Female Familiar Unfamiliar 

Approach 0.15 ± 0.01b 0.07 ± 0.01a < 0.001 0.13 ± 0.01b 0.09 ± 0.01a < 0.001 

Touch 0.11 ± 0.01b 0.05 ± 0.01a < 0.001 0.09 ± 0.01b 0.06 ± 0.01a < 0.001 

Distance 0.85 ± 0.01a 0.93 ± 0.01b < 0.001 0.87 ± 0.01a 0.91 ± 0.01b < 0.001 

Wing 

flapping 
0.04 ± 0.01b 0.02 ± 0.00a < 0.001 0.04 ± 0.01b 0.019 ± 0.00a < 0.001 

Excessive 

pecking 
0.01 ± 0.00 0.00 ± 0.00 0.117 0.00 ± 0.00a 0.00 ± 0.00b 0.024 

a,b Means with different superscripts within a row differ significantly (P < 0.05). 

A significant breed effect was recorded for all the traits recorded (P < 0.001). Purebred birds 

of the ZB and KR breeds were less likely to approach and allow touch interactions with the 

human observer than the purebred SAB, SAB × ZB and SAB × KR genetic groups (Fig. 8.2). 

Furthermore, the crosses were more inclined to approach and allow touch interactions with 

the human observer than purebred SAB breed (Fig. 8.2). The SAB × ZB genetic group 

demonstrated more wing flapping towards the handler than the purebred SAB genetic group 

while the other genetic groups had intermediate responses (Fig. 8.2). Lastly, crosses of the 

SAB with the ZB and KR (the SAB × ZB and SAB × KR breed combinations) appeared to peck 

excessively more at the handler than purebreds (Fig. 8.2).  
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Fig. 8.2. Means (± SE) showing the effect of treatment on breed willingness to a) approach 

human, b) allow touch interactions, c) keep a distance, d) wing flapping and e) excessive 

pecking behaviour at the human observer. Means with different superscripts differ significantly 

(P < 0.05). 

0

0,05

0,1

0,15

0,2
A

p
p
ro

a
c
h

aa

b

c
ca)

0

0,05

0,1

0,15

T
o
u
c
h b

a
a

c cb)

0,75

0,8

0,85

0,9

0,95

1

D
is

ta
n
c
e aab

c
cc)

0

0,02

0,04

0,06

W
in

g
 f
la

p
p
in

g a
ab

ab
ab

b
d)

0

0,002

0,004

0,006

0,008

0,01

SAB ZB SABxZB KR SABxKRE
x
c
e
s
s
iv

e
 p

e
c
k
in

g

Treatment

b b

c c

a

e)

Stellenbosch University https://scholar.sun.ac.za



 

133 
 

8.3.2 Variance components and ratios 

Variance components and ratios as well as heritability and repeatability estimates (where 

applicable) for the behavioural traits recorded in this study are presented in Table 8.2. The 

additive animal genetic variance (σ²ANIM) ranged from 0.15 for excessive pecking to 0.42 for 

willingness to approach and keeping a distance from humans. The animal permanent 

environmental effects (PE²) ranged from 0.14 for willingness to approach and keeping a 

distance from humans to 0.24 for excessive pecking and allowing touch interactions with 

humans. The permanent environmental variance (σ²PE) ranged from 4.89 for wing flapping to 

7.53 for willingness to approach and keeping a distance from the human observer. Lastly, high 

h² estimates were derived and ranged from 0.33 for wing flapping to 0.56 for willingness to 

approach the handler and keeping a distance from humans. 

Table 8.2 

Variance components, ratios and heritability for behavioural responses of ostriches exposed 

to various levels of human presence and interactions as chicks for 3 months post hatch over 

a period of six years. The behavioural responses were evaluated when birds were juveniles 

(8-13 months of age). 

Traits Anim  

(σ²ANIM) 

PE² σ²PE Heritability 

(h²) 

Approach 0.42 ± 0.06 0.14 ± 0.05 7.53 ± 0.32 0.56 ± 0.02 

Touch 0.31 ± 0.06 0.24 ± 0.05 7.31 ± 0.30 0.55 ± 0.02 

Distance 0.42 ± 0.06 0.14 ± 0.05 7.53 ± 0.31 0.56 ± 0.02 

Wing flapping 0.17 ± 0.05 0.16 ± 0.05 4.89 ± 0.17 0.33 ± 0.02 

Excessive pecking 0.15 ± 0.09 0.23 ± 0.08 5.36 ± 0.27 0.39 ± 0.03 

σ²ANIM - additive animal genetic variance; PE² - animal permanent environmental ratio; σ²PE - 

animal permanent environmental variance. 

8.4. Discussion 

8.4.1. Fixed effects 

The results of this study revealed that extensive human presence and regular gentle handling 

at an early age improved the relationship between humans and ostriches at a later stage. This 

was demonstrated by the willingness of birds to interact with humans by approaching and also 

allowing touch interactions with humans when compared to birds that had limited human 

presence and interactions as chicks. These findings are consistent with that of Bonato et al. 

(2013) who reported that ostriches exposed to human presence and regular gentle handling 
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as chicks were more likely to approach the human handler and allow touch interactions than 

those reared using foster parents and standard husbandry practices with limited human 

interactions. 

Farmed ostriches are routinely subjected to handling during their lifespan in practices such as 

tagging, vaccination, blood collection, transportation and inclusion or exclusion in the mating 

paddocks during the initiation and termination of breeding. According to Cloete and Malecki 

(2011), commercially farmed ostriches were domesticated relatively recently and 

consequently still exhibit fearful and aggressive behaviour towards humans. These behaviour 

patterns may lead to handling difficulties, which could result in stress, discomfort and 

subsequently injuries, either to the birds or to their handlers. Hence, the welfare of the birds 

can be compromised, as well as the occupational health and safety of the handlers. Several 

studies have reported that once the welfare of an animal is compromised by encountering 

stressful traumatic events, production performance, animal health and product quality are also 

affected (Hemsworth et al., 1994, 2000; Lensink et al., 2001; Hemsworth, 2003; Tallet et al., 

2018; Mota-Rojas et al., 2020). In accordance with this, ostriches exposed to extensive human 

presence and regular gentle handling showed better immune responses and an improved 

survival rate during the critical early stage of their lives (< 3 months of age) and exhibited an 

improved early growth rate in comparison to birds that had limited human interactions (Wang 

et al., 2012; Muvhali et al., 2020a). Furthermore, those ostriches exposed to extensive human 

presence and regular gentle handling appear to respond better to stressful encounters such 

as handling and feather harvesting, which are common husbandry practices throughout the 

lifespan of commercially farmed ostriches (Muvhali et al., 2018). These results therefore 

suggest that fearfulness of humans in farmed ostriches can be alleviated by incorporating such 

husbandry treatments in ostrich rearing practices, while simultaneously improving the welfare 

of these birds. 

Birds that were exposed to extensive human presence and regular gentle handling 

demonstrated the ability to discriminate between a familiar and unfamiliar handler during the 

behavioural observations and used this to adjust their behavioural responses. Accordingly, 

the birds were more inclined to approach and allow touch interactions with a familiar handler, 

while keeping a distance from an unfamiliar handler. Furthermore, excessive pecking, which 

is an undesirable behaviour (Bonato et al., 2013), was directed more towards an unfamiliar 

handler than a familiar handler, while wing flapping (a desirable behaviour- showing birds 

calmness and inquisitiveness towards the handler) was directed towards the familiar handler. 

The findings that ostriches possess the ability to discriminate between a familiar and an 

unfamiliar handler is consistent with previous reports from other farmed animals such as pigs, 

cattle, poultry, as well as ostriches (Davis and Taylor, 2001; Koba and Tanida, 2001; Breuer 
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et al., 2003; Muvhali et al., 2018). The inclination towards a familiar handler demonstrated by 

the birds in this study may imply that the birds are less fearful of the familiar handler, thus 

suggesting that handling may be facilitated by using familiar rather than unfamiliar handlers. 

Male birds were more likely to approach the familiar handler, allow touch interactions and 

display wing flapping more often. In contrast, females were more likely to keep their distance 

from unfamiliar handlers. Excessive pecking behaviour did not differ between sexes. The 

difference between sexes for some behavioural traits in this study is in contrast with previous 

reports (Bonato et al., 2013; Muvhali et al., 2018). So for instance, Bonato et al. (2013) did not 

report a sex effect in any of the behavioural traits recorded in this study. Alternatively, Muvhali 

et al. (2018) only reported a sex effect for willingness to approach handlers, which was 

exhibited more by females, while excessive pecking was exhibited more by males. The 

differences in results between studies may be due to the variation in data size. The inclination 

of males to interact more with humans is interesting as male ostriches are known to be 

territorial and aggressive during the breeding period (Lambrechts et al., 2000; Lambrechts, 

2004). So the willingness to approach handlers exhibited by males could be linked to the 

boldness associated with territorial guarding instincts, while the females’ lack of willingness to 

approach handlers could imply a shy temperament (Deeming and Bubier, 1999). However, 

birds in this study had not yet reached sexual maturity and were in a flock paddock. It is 

important to highlight that behavioural responses at the individual level with visual contact with 

cohorts in a separate paddock has been evaluated and no treatment effects were recorded 

(Muvhali et al., 2018). Furthermore, it has been demonstrated that habituating ostriches to 

human has no consequences on production performance at maturity (Muvhali et al., 2020b). 

Therefore, it is of paramount importance to further investigate the behavioural response of 

birds exposed to extensive human presence and regular gentle handling as chicks towards 

handlers when ostriches reach sexual maturity and are also under various stocking density 

regimes, since ostriches are commonly mated at different male to female ratios in flock camps 

(Lambrechts et al., 2004). 

A significant breed effect was recorded for behavioural responses towards humans in this 

study. All crossbred birds approached the human observer and allowed touch interactions 

more than purebreds. This is interesting as it might be an indication of heterotic effects and 

suggests that crossbreeding could be a rapid method to improve temperament in ostriches. 

Among purebreds, the SAB had a greater inclination to associate with humans compared to 

the KR and ZB breeds, which maintained the greatest avoidance distance. This could be 

attributed to the genetic distance between the purebred ostriches which has been reported 

previously (Kawka et al., 2007; Davids et al., 2012). Furthermore, the SAB ostrich is known to 

be calm and of a smaller body frame than the other breeds, which are larger in body frame 
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and characterised by their nervous behaviour (Brand, 2006). Crossbred birds appeared to 

peck more than purebreds, while the SAB × ZB cross group demonstrated wing flapping more 

than the SAB ostriches. A breed effect on recorded behavioural traits in ostriches has been 

reported previously and was inconsistent to the current findings. According to Muvhali et al. 

(2018), wing flapping was exhibited more by the SAB birds than by the other breed groups, 

except for the SAB × KR ostriches. Breed variation in their responses towards human handlers 

suggests that inclination towards humans in ostriches may be manipulated by farming with a 

specific breed that is likely to prefer association with human handlers. Variation among breeds 

can also be considered as a proxy for genetic variation to be exploited in a farmed species 

(Groeneveld et al., 2010). 

8.4.2. Variance components and ratios 

This study recorded considerable variation across generations and within the current flock for 

behavioural responses of ostriches directed at humans. Estimates of repeatability for all the 

behavioural responses towards humans in this study were higher than previously reported 

(Bonato et al., 2013), probably due to variation in data size. According to Bonato et al. (2013), 

repeatability estimates for willingness to approach, keeping a distance and allow touch 

interactions with humans ranged between 0.29 and 0.32, while wing flapping and excessive 

pecking were the least repeatable, at 0.08 and 0.07, respectively. The current study recorded 

repeatability estimates ranging from 0.39 for excessive pecking to 0.75 for their willingness to 

approach and keep a distance from humans. Derived estimates for their willingness to 

approach the human handler and keeping a distance in this study were similar probably 

because these traits are genetically very similar, but the opposite of one another. No 

information on heritability of behavioural responses towards humans by ostriches was found 

in the literature. However, Lambrechts (2004) reported a heritability estimate of 0.30 for 

another behaviour trait, namely male aggression in sexually mature males paired off with 

females during the breeding period. In gilts, Hemsworth et al. (1990) reported a moderate 

heritability of 0.38 for time taken to physically interact with the human observer. Nonetheless, 

the derived estimates in this study are an indication that through proper behavioural 

observations and selection, temperament may be improved in ostriches by selecting for birds 

that demonstrate willingness to associate with humans and show less fear, and possibly 

aggression, towards humans. Such a selection strategy will improve the welfare of 

commercially farmed ostriches and improve the occupational health and safety of their human 

handlers. 
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8.5. Conclusions 

Exposing ostrich chicks to extensive human presence and regular gentle handling as chicks 

improved their inclination to associate with humans at a later stage. This suggests that the 

ease of ostrich handling and welfare can be manipulated by integrating extensive human 

presence and regular gentle handling in chick rearing practices. The minimum level of such 

an intervention to be successful, however, still needs to be ascertained. Behavioural 

responses of ostriches were considerably heritable, suggesting that such behavioural 

responses towards humans may be improved in future generations and in the current flock by 

selecting for birds that demonstrate an inclination to associate with humans. However, birds 

used in this study were still young and sexually immature. It is therefore important to 

investigate these behavioural responses at maturity since the interaction between ostriches 

and humans extends beyond sexual maturity. Nevertheless, these results hint at the possibility 

of fast-tracking the domestication of ostriches as a species. 
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Chapter 9 

Genetic parameters and correlations for behavioural traits towards humans with 

slaughter weight and skin traits in juvenile ostriches 
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ABSTRACT 

Behavioural responses of animals towards humans in livestock industries are vital to improve 

animal welfare, productivity and occupational health and safety standards through the 

selection of less temperamental animals. In the ostrich industry it is unknown if selection of 

animals based on their willingness to associate with humans influence productivity and other 

traits of economic importance on a genetic level. The aim of this study was to estimate genetic 

correlations, first among behavioural responses of juvenile ostriches towards humans and 

then of behavioural responses of juvenile ostriches towards humans with slaughter weight and 

skin traits. Behavioural traits such as willingness of the birds to approach humans, keeping a 

distance away from the human observer, allowing touch interactions with a human, excessive 

pecking, beak clapping and wing flapping were recorded. The results of this study revealed 

moderate to high heritability estimates ranging from 0.12 for excessive pecking to 0.48 for 

willingness to approach and keeping a distance from the human observer. In addition, 

significant genetic correlations among behavioural traits of juvenile ostriches towards humans 

were recorded. In contrast, no unfavourable genetic correlations between behavioural traits 

and slaughter traits were recorded. However, there was some indications of unfavourable 

genetic correlations of behavioural traits with the prevalence of hair follicles. The underlying 

biology of such unfavourable correlations needs to be fully understood. In conclusion, results 

of this study suggest that temperament of ostriches could be improved by selection for birds 

that demonstrate willingness to associate with humans in future generations without 

compromising slaughter weight and skin traits. 

Keywords: Genetic correlations, Ostrich behaviour, Skin quality, Slaughter weight 
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9.1. Introduction 

Farmed ostriches have had a very much shorter period to adapt to the commercial farming 

environment compared to other livestock which have been domesticated for centuries (Cloete 

and Malecki, 2011). In addition, the husbandry and management practices for these birds 

differ among farms and have not been well understood - which may explain poor productivity 

in terms of fertility, variable egg production and growth, poor chick production and chick 

survival, as well as overt aggression towards handlers (Verwoerd et al., 1999; Lambrechts et 

al., 2000; Verwoerd, 2000; Cloete et al., 2001; Bunter, 2002; Cloete and Malecki, 2011; 

Snyders, 2020). Aggression demonstrated by ostriches towards human handlers does not 

only render management practices difficult and labour intensive (Lambrechts et al., 2000), it 

is also an occupational health and safety risk to handlers (Malecki and Rybnik-Trzaskowska, 

2011). Furthermore, since aggressive and fearful animals are difficult to handle, their welfare 

might be compromised as they attempt to evade handling - resulting in stress and causing 

injuries or poor productivity in general (Waiblinger et al., 2006; Hemsworth, 2003; Hemsworth 

et al., 2011; Zulkifli, 2013). In ostriches, damage to skins (converted to leather – a major 

product derived from ostriches) could be a result of handling fearful animals or be inflicted 

during transportation or other stressful management procedures (Hoffman and Lambrechts, 

2011). 

Human-animal interactions have been suggested as a model to manipulate animal behaviour 

and responses towards humans in a farming environment (Hemsworth, 2003). These 

interactions can be classified as neutral, positive and negative, and influence how an animal 

react towards humans (Breuer et al., 2003; Hemsworth, 2003; Waiblinger et al., 2006; 

Hemsworth et al., 2011; Zulkifli, 2013). So for instance, aversive handling in dairy cows 

reduced milk production, milk nutrient content, as well as an impaired milk let-down reflex - 

leading to increased residual milk (Rushen et al., 1999; Hemsworth et al., 2000). In the pig 

industry, more piglets per litter were born from positively handled sows than negatively 

handled sows (Hemsworth et al., 1994). In poultry, additional attention and gentle handling 

resulted in optimal egg production, when compared to hens that received less attention 

(Barnett et al., 1994). Ostrich chicks exposed to positive human interactions had stronger 

immune responses, growth and survival rate and lower levels of feather corticosterone - as an 

indication of stress than ostriches that had limited interactions with humans (Muvhali et al., 

2018; 2020a; 2020b). It is clear that by improving the relationship between humans and 

animals, productivity and welfare were also enhanced. In cattle farming, animal behavioural 

attributes towards humans such as temperament have now been included in the genetic 

selection programme for breeding resources (Phocas et al., 2006). This suggests that 
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behavioural responses towards humans could be improved genetically through selection for a 

desirable temperament. 

In most livestock industries, a variety of arena tests are applied to evaluate the behavioural 

responses of animals towards humans (Waiblinger et al., 2006; Mazurek et al., 2011; Bonato 

et al., 2021). These tests require an animal to be isolated and guided into the test arena to 

have their behavioural responses evaluated. In ostriches, such tests resulted in inconclusive 

responses probably because ostriches are flock animals; separating them from their peers as 

well as handling them physically into the test arena might have been stressful (Muvhali et al., 

2018). A test to evaluate the behavioural responses towards humans at flock level was 

therefore developed and applied successfully (Bonato et al., 2013; Muvhali et al., 2018; 2020b; 

Chapter 8). However, since these responses were recorded in a binomial format, it is 

challenging to obtain genetic correlations among behavioural traits and productivity as well as 

other traits of economic importance even after applying the logit function to link the binomial 

data to the normal distribution. Therefore, data of the expression of behaviour recorded across 

a number of observation sessions were totalled to obtain a total number of times a specific 

behaviour was expressed in specific individuals forming part of the available group of 

replacement animals. These data were needed to assess correlated responses among 

behavioural traits, as well as with other important trait complexes, that would result from 

selection for a specific behavioural trait. 

Against this background, this study aimed to obtain genetic (co)variances among behavioural 

traits recorded for SAB ostriches. Secondly, genetic correlations of behavioural responses 

towards humans with other trait complexes were derived to give an indication of correlated 

responses expected to result from selection for desirable behaviour. 

9.2. Material and Methods 

9.2.1. Study area, the environment and genetic resources 

The study took place on the Oudtshoorn Research Farm, the property of the Western Cape 

Department of Agriculture. The farm is situated at 33°63′ S and 22°25′ E in the Klein Karoo 

region of the Western Cape province of South Africa. The study site is characterised by a 

relatively arid climate with an expected average precipitation of 172 mm per annum. Summer 

temperatures may increase to levels above 40˚C, averaging above 30˚C during the months of 

February. Winters are relatively mild with a minimum average temperature of 6.8˚C during 

July, but frost may occasionally occur during winter. 

The birds used in this study were descendants of a well-known pair-mated ostrich resource 

flock on the farm. The management of this breeding flock has been described previously 
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(Bunter and Cloete, 2004; Cloete et al., 2008). Although the genetic resource on the farm 

included other breeds as well, the present analysis was limited to the South African Black 

(SAB) ostrich strain, which is by far the dominant genetic group on the farm. A total of 1012 

ostriches that were hatched artificially during the 2010, 2013, 2015, 2016, 2017 and 2018 

calendar years and that survived to juvenile age (8 months) were assessed over a 4-5 month 

period up to 12-13 months of age. Ethical approval was granted by the Western Cape 

Department of Agriculture’s Departmental Ethical Committee for Research on Animals (Ref 

No.: R13/81 and 12/2021). 

9.2.2. Traits recorded 

The behavioural responses assessed were previously reported by Bonato et al. (2013) and 

were classified as desirable and undesirable behaviour. The desirable behavioural responses 

included the willingness of individuals to approach a human observer, the allowance of touch 

interactions with the observer, beak clapping as well as the occurrence of wing flapping. 

Undesirable behavioural responses recorded were keeping distance from the observer and 

excessive pecking. Birds that kept a considerable distance and that could not be recorded 

were derived from the known identities within the cohort tested. Allowance was made to record 

other behavioural traits (kicking, hissing, kantling, crouching). However, the incidence of these 

traits was too low for meaningful analyses. The raw behavioural responses were initially 

recorded on the binomial scale, namely: when a bird did not express a specific behavioural 

trait, a score of 0 was allocated in contrast to a score of 1 when a bird exhibited the trait. The 

birds were tested at the flock level in a familiar environment. Twenty birds (10 males and 10 

females) were recorded per session. Two human handlers, one familiar to the birds and the 

other one unfamiliar recorded the behavioural responses of birds towards them. All the 

handlers used wore the same standard clothing during the tests. 

In contrast to the earlier study of Bonato et al. (2013), which focused on the repeatability of 

specific behavioural attributes, the counts for specific behavioural expressions of individuals 

in this study were totalled across all recording sessions for that specific cohort. As the number 

of sessions varied from 5 to 36 per cohort, the derived totals had to be divided by the number 

of recording sessions to be comparable. The proportions so derived were subjected to the 

arcsine transformation to render them more suitable to analyses by conventional statistical 

methods. 

Additional traits that were correlated with the behaviour traits described above were in the 

slaughter bird and female reproduction complexes. Quantitative slaughter traits recorded 

between 1995 and 2018 included slaughter weight and skin size (Engelbrecht et al., 2007; 

Engelbrecht, 2013), while qualitative slaughter traits included subjective scores for nodule 
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size, nodule shape and the presence of hair follicles (Engelbrecht et al., 2009a, 2009b; 

Engelbrecht, 2013). Since a weight analogous to slaughter weight was also recorded in 

replacement birds, these weights were also included in the analyses. As the nature and 

recording of these traits are well-described in the literature cited, it is not detailed here. 

9.2.3. Statistical analyses 

The data were subjected to single- and multi-trait analyses by using ASReml4 (Gilmour et al., 

2015). Fixed effects modelled for the behavioural traits included hatching year, sex and 

treatment group. The latter effect was as described by Bonato et al. (2013). Genotype (only 

SAB’s being used) and the familiarity of handlers (records were a mixture of data recorded by 

both familiar and unfamiliar handlers) were excluded from the analyses. Predicted means for 

the fixed effects analysed were not presented, as it was consistent with previous studies 

(Bonato et al., 2013; Chapter 8). The only random factor that was added to the operational 

fixed effect models in single-trait analyses for the behavioural traits was the additive genetic 

variance. Log Likelihood ratio tests (Bunter and Cloete, 2004) indicated that the inclusion of 

the genetic variance resulted in a model that fitted the data better (P < 0.05) than the fixed 

effect operational model for all the behavioural traits. The single-trait models were followed by 

a six-trait model to include all six behaviour traits in a single analysis and to compute genetic 

and phenotypic correlations between traits.  

Apart from the effect of additive animal as a single random effect, analyses on the slaughter 

trait complex also included hatch year and sex for slaughter weight and slaughter group and 

sex for the other traits. Age at weighing or at slaughter was included as linear covariates, 

depending on the trait. The more relevant behaviour traits, namely: 1. willingness to approach 

the handler; 2. keeping a distance from the handler, and; 3: allowing touch interactions by the 

handler were first analysed in a five-trait analysis with the two quantitative slaughter traits 

(slaughter weight and skin size) and then in a six-trait analysis with the three subjectively 

scored qualitative slaughter traits (scores for nodule size, nodule shape and hair follicles). 

9.3. Results 

Despite of the application of the arcsine transformation to the behaviour data analysed, the 

standard deviation for all traits, with the exception of keeping a distance from the handler, 

exceeded the corresponding mean (Table 9.1). All traits, except for beak-clapping, occupied 

the full range of possible values from 0 to 90 on the arcsine scale. When the frequency of zero 

values was considered, it was notable that the only two traits fell in the 0.3 to 0.7 range where 

the normal scale usually approach the binomial scale (Harvey, 1982) were allowing touch 

interactions with the human handler and approaching the human handler. 
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Table 9.1 

Descriptive statistics for the six ostrich behavioural traits, namely a willingness to allow touch 

interactions, the keeping of a distance, a willingness to approach the handler, as well as the 

occurrence of wing-flapping, beak-clapping and excessive pecking, that were analysed in 

1012 SAB juvenile ostriches. 

Trait Mean ± SD Range Frequency of zeroes 

Touch 17.5 ± 25.6 0 – 90 543 

Distance 67.6 ± 29.7 0 – 90 130 

Approach 23.5 ± 29.4 0 – 90 436 

Flapping 6.3 ± 14.1 0 – 90 742 

Clapping 1.1 ± 4.9 0 – 51 957 

Pecking 2.4 ± 8.2 0 – 90 899 

   

All traits were moderately to highly heritable. Derived estimates ranging from 0.24 for beak-

clapping to 0.48 for the willingness to approach the handler and keeping a distance from the 

handler (Table 9.2). As a matter of fact, when the variance components and heritability of the 

latter two traits were compared, it was evident that they were very similar, but opposite, traits. 

The only trait that had a low heritability was the occurrence of excessive pecking.  

Table 9.2 

Additive genetic (σ²A), residual (σ²E) and phenotypic (σ²P) variance components for single-trait 

analyses on the ostrich behavioural traits, namely the willingness to allow touch interactions, 

the keeping of a distance, the willingness to approach the handler, as well as the occurrence 

of wing-flapping, beak-clapping and excessive pecking, that were analysed on 1012 SAB 

juvenile ostriches. 

Trait σ²A σ²E σ²P h² ± SE 

Touch 258.2 334.8 592.1 0.44 ± 0.05 

Distance 345.5 374.3 719.8 0.48 ± 0.05 

Approach 340.7 370.3 710.9 0.48 ± 0.05 

Flapping 67.1 124.6 191.7 0.35 ± 0.06 

Clapping 5.8 17.9 23.7 0.24 ± 0.05 

Pecking 7.4 53.5 60.9 0.12 ± 0.05 

 

When the derived 6-trait heritability estimates and variance components were considered, it 

was evident that they closely resembled the corresponding single-trait estimates (Table 9.3). 
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Analyses among the other traits only resulted in a somewhat higher h² of 0.19 for excessive 

pecking. Furthermore, the contention that keeping a distance and approach were very similar 

traits, but in an opposite direction, was confirmed by a genetic correlation of 0.99 that did not 

differ from unity. The genetic correlations of touch with all the other traits, except the keeping 

of a distance, were positive (Table 9.3). In contrast, genetic correlations of these traits with 

keeping a distance from the handler were negative (Table 9.3). Only three genetic correlations 

did not reach a level of twice the corresponding standard error - namely those between 

approach and beak-clapping, beak clapping and excessive pecking and wing flapping and 

excessive pecking (Table 9.3). In general, phenotypic correlations were similar to genetic 

correlations in trend, but often somewhat lower (Table 9.3). 

Table 9.3 

Additive genetic (σ²A), residual (σ²E) and phenotypic (σ²P) variance components for the six-trait 

analyses in ostrich behavioural traits, namely the willingness to allow touch interactions, the 

keeping of a distance, the willingness to approach the handler, as well as the occurrence of 

wing-flapping, beak-clapping and excessive pecking, that were analysed on 1012 SAB 

juvenile ostriches. 

Component 

and trait 
Touch Distance Approach Flapping Clapping Pecking 

Variance components 

σ²A 244.5 345.5 341.9 62.9 6.1 11.6 

σ²E 342.3 373.9 369.2 126.8 17.7 49.9 

σ²P 586.8 719.4 711.1 189.7 23.8 61.5 

(Co)variance ratios, h² in bold on the diagonal, rg below and rp above the diagonal*  

Touch 0.42 ± 0.05 -0.82 ± 0.01 0.82 ± 0.01 0.34 ± 0.03 0.23 ± 0.03 0.38 ± 0.03 

Distance -0.87 ± 0.03 0.48 ± 0.05 -0.99 ± 0.01 -0.42 ± 0.03 -0.18 ± 0.03 -0.32 ± 0.03 

Approach 0.87 ± 0.03 -0.99 ± 0.01 0.48 ± 0.05 0.43 ± 0.03 0.19 ± 0.03 0.33 ± 0.03 

Flapping 0.38 ± 0.11 -0.51 ± 0.09 0.51 ± 0.09 0.33 ± 0.06 0.13 ± 0.03 0.17 ± 0.03 

Clapping 0.26 ± 0.12 -0.16 ± 0.11 0.19 ± 0.11 0.03 ± 0.15 0.26 ± 0.05 0.10 ± 0.03 

Pecking 0.78 ± 0.12 -0.63 ± 0.12 0.64 ± 0.12 0.49 ± 0.18 0.35 ± 0.18 0.19 ± 0.06 

h² - Direct heritability; rg – genetic correlations; rp – phenotypic correlations 

  

Genetic correlations involving slaughter traits with the respective behaviour traits were mostly 

low, not significant and variable in sign (Table 9.4). The exception was for hair follicle score 

where the correlations were more than double the corresponding standard error and 

unfavourable. Phenotypic correlations were low and rarely exceeded 10%. With the exception 
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of hair follicle score, there was thus limited evidence of strong genetic antagonisms of 

behaviour traits with slaughter traits of economic relevance. 

Table 9.4 

Genetic (rG) and phenotypic (rP) correlations of traits in the slaughter bird complex (slaughter 

weight, crust skin size, nodule size score, nodule shape score and hair follicle score) with 

ostrich behavioural traits, namely the willingness to allow touch interactions, the keeping of a 

distance and the willingness to approach the handler were analysed on 1012 SAB juvenile 

ostriches. 

Slaughter trait and correlated trait  rG rP 

Slaughter weight (kg)   

Touch -0.04 ± 0.19 0.07 ± 0.04 

Distance 0.11 ± 0.18 -0.08 ± 0.04 

Approach -0.11 ± 0.18 0.08 ± 0.04 

Crust skin size (dm²)   

Touch 0.01 ± 0.23 0.07 ± 0.07 

Distance 0.19 ± 0.22 -0.04 ± 0.08 

Approach -0.18 ± 0.22 0.05 ± 0.08 

Nodule size score (n)   

Touch -0.20 ± 0.27 0.07 ± 0.11 

Distance 0.38 ± 0.24 -0.02 ± 0.11 

Approach -0.35 ± 0.23 0.05 ± 0.11 

Nodule shape score (n)   

Touch -0.12 ± 0.28 0.10 ± 0.09 

Distance 0.32 ± 0.27 -0.10 ± 0.10 

Approach -0.35 ± 0.26 0.11 ± 0.10 

Hair follicle score (n)   

Touch 0.49 ± 0.24 -0.02 ± 0.10 

Distance -0.49 ± 0.23 0.03 ± 0.10 

Approach 0.48 ± 0.23 -0.04 ±0.10 

 

9.4. Discussion 

This study demonstrated that behavioural traits of juvenile ostriches towards humans are 

moderate to highly heritable. The variance components and heritability estimates for 

behavioural traits such as approach and keeping a distance were similar but opposite in 
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direction. In addition, genetic correlations between the two traits (distance and approach) also 

confirmed the similarities. Genetic correlations of all traits recorded with the keeping of the 

distance from the handler were negative. Phenotypic correlations were similar to genetic 

correlation in trend, but often lower.  

The results that behavioural responses of juvenile ostriches towards humans were heritable 

are consistent to those reported in Chapter 8, even though the data was analysed in a binomial 

format and not arcsine transformed as in this study. The heritability of behavioural reactivity 

towards humans in other farmed species has been recorded in gilts as time to physically 

interact with the handler and was found to be moderately heritable (Hemsworth et al., 1990). 

Results of this study imply that temperament in ostriches would respond to selection and can 

therefore be improved by selection practices over generations. As repeatability is often 

regarded as an upper boundary for heritability, it is also notable that Bonato et al. (2013) 

reported significant repeatability estimates in a previous study that used part of the data 

available for this study for the same traits. 

The genetic correlations of touch with all the other traits, except for keeping of a distance were 

positive, possibly implying that the occurrence of the wing flapping, beak clapping, and 

excessive pecking was more easily assessed in birds that approached the handler and 

allowed touch interactions. In contrast, the negative correlations between other traits and 

keeping a distance could be a reflection of these behaviours not being observed in distant 

individuals. There is a possibility that the observed genetic correlations of touch, keeping a 

distance and approaching the handler with the recorded behaviour traits reflected ease of 

recording rather than a true biological relationship. These traits were obviously easier to score 

in those birds that approached the handler and allowed touch interactions than in those that 

kept a distance. 

Genetic and phenotypic correlations of behavioural traits towards humans and slaughter 

weight were low and mostly not significant. Unfavourable correlations between behavioural 

traits towards humans and hair follicles were recorded. A lack of genetic correlations of 

behavioural traits towards humans with slaughter weight as well as skin traits imply that 

outcomes of slaughter weight, could not be predicted by behavioural responses towards 

humans exhibited at juvenile stage. No comparable studies on ostriches were found. Selection 

for willingness to associate with humans in ostriches should thus not compromise slaughter 

weight and skin traits at slaughter, with the possible exception of hair follicle score. Data on 

reproductive traits (egg and chick production) still need to be subjected to the estimation of 

genetic correlations with behavioural responses towards humans. 
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9.5. Conclusions 

Behavioural responses of juvenile ostriches towards humans revealed moderate to high 

heritability estimates. In addition, genetic correlations between behavioural responses towards 

humans and slaughter traits were mostly not significant. Collectively, these results suggest 

that habituation of ostriches towards humans as chicks along with selection of birds 

demonstrating willingness to associate with humans could speed up development of less 

temperamental ostriches in the future. Also, selecting for birds that demonstrate willingness to 

associate with humans appeared not to impair slaughter weight and skin traits. Further 

analyses are required to estimate genetic correlations of behavioural responses towards 

humans with reproductive traits such as egg and chick production. 
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Chapter 10 

General conclusions and recommendations 
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The aim of this study was to optimize fertility in farmed ostriches after artificial insemination 

(AI) by establishing an optimal sperm dose for insemination and the frequency of insemination 

that maintains fertility after AI. The current study established the optimal sperm dose for 

insemination after AI, as well as an insemination frequency that maintains fertility in ostriches. 

Specifically, this study revealed that inseminating a sperm dose lower than the optimal sperm 

dose impaired fertility, while sperm doses above the optimal sperm dose did not result in 

further benefits. Furthermore, fertility was maintained by inseminating female ostriches 

repeatedly at a frequency within the fertile period obtained after AI. Associated factors in 

setting up a viable AI protocol for ostriches at this stage were also studied and discussed. 

Broad conclusions have been made on each individual chapter, however, in this section 

attention will be directed to major elements of the study. 

10.1. Ejaculate characteristics, male libido and photoperiod 

Male ostriches could produce semen around days corresponding to changes in photoperiod 

(winter solstice, spring equinox, summer solstice and autumn equinox). Semen samples 

collected around summer solstice, spring and autumn equinox were characterised by high 

sperm concentration and sperm output, compared with samples collected around the winter 

solstice. Ejaculate characteristics such as semen volume, sperm motility traits, percentage of 

normal sperm, head abnormalities and hypo-osmotic swelling were not influenced by changes 

in photoperiod. However, sperm tail abnormalities were higher around winter solstice. This 

result suggests that semen collection for the purpose of artificial insemination should be 

performed around the spring equinox, summer solstice and autumn equinox when quality is 

optimal. The majority of the sperm motility traits measured by the computer-aided sperm 

analysis software (CASA) revealed positive significant correlations. On the other hand, males 

varied in ejaculate characteristics and sperm motility traits. The positive correlations between 

sperm motility characteristics indicate a link between these traits, while male variation suggest 

that selection of superior males for breeding could be possible by screening semen quality. 

Male libido was influenced by changes in photoperiod with males exhibiting higher libido 

around winter solstice, spring equinox and summer solstice than around autumn equinox. As 

such, the lack of libido during autumn equinox led to an increase in the number of attempts to 

collect semen. These findings highlight the period in which a successful semen collection is 

likely to happen. Therefore, in order to avoid culling potentially superior males in terms of 

semen quality due to what resembles low libido, training of males for semen collection should 

not be performed around the autumn equinox when the libido is low. 
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10.2. Optimal sperm dose for insemination in ostriches 

In order to establish an effective AI protocol, an optimal sperm dose for fertility following AI 

have to be determined to avoid reproductive wastage of sperm by inseminating a full ejaculate 

while fertility could still be achieved with lower sperm numbers. Furthermore, establishing an 

optimal sperm dose for insemination implies that single ejaculates could be shared among 

several females suggesting a rapid dissemination of superior genetic material. After 

inseminating various sperm doses per week (< 2.5 × 109, 2.5-5 × 109, 5-7.5 × 109 and 7.5-9.6 

× 109 sperm), female ostriches demonstrated lower fertility rate of eggs after AI with < 2.5 × 

109 sperm per week. Increasing the sperm dose to 2.5-5 × 109 sperm per week significantly 

increased fertility of eggs up to 46%. However, a further increase of sperm inseminated per 

week to 5-7.5 × 109 and 7.5-9.6 × 109 sperm did not benefit the fertilisation rate. Therefore, it 

was concluded that the optimal sperm dose for fertility after AI in ostriches is 2.5 × 109 sperm 

inseminated per week. The lack of an increase in fertility for sperm doses greater than this 

dose suggests that the sperm storage tubules were fully populated with sperm and could not 

further influence fertility. Although overall fertility seems moderately low, the results of this 

study highlight that AI could be suitable alternative for breeding ostriches to natural mating 

and that there is scope for further improving fertility. 

 An average overall fertile period of 10.76 ± 6.49 days was recorded in this study. Within the 

fertile period, females may not require any insemination as it is expected that sperm will still 

be present in the sperm storage tubules. This study demonstrated a lack of differences in the 

fertile period after AI for all sperm doses inseminated. The rate of sperm loss between sperm 

doses also did not vary between AI sperm doses. Sperm motility traits measured using CASA 

revealed no significant correlations with fertility. However, among the CASA parameters, 

straight-line velocity, straightness and beat cross frequency were positively correlated to egg 

fertility traits such as the sperm trapped in the outer periviteline membrane. This suggests the 

potential to acquire a high proportion of sperm in the outer periviteline membrane of an egg 

after AI - with ejaculates demonstrating a high straight-line velocity, straightness and beat 

cross frequency. Since fertilized eggs incorporated high sperm numbers trapped in the outer 

periviteline membrane compared to infertile eggs, AI with semen characterised by high 

straight-line velocity, straightness and beat cross frequency could improve the chances of 

fertility. 

10.3. Maintenance of fertility after repeated inseminations 

Ostriches mate repeatedly throughout the breeding period to maintain fertility of subsequent 

eggs. However, some of the mating may be unnecessary (and lead to reproductive wastage) 

if the sperm storage tubules of the female still contain sufficient sperm numbers that can 
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fertilise. Inseminations were thus performed repeatedly at a frequency within the fertile period 

after AI (i.e. 6 days apart) for 5 weeks with the established optimal sperm dose. No significant 

differences in fertility between weeks of insemination were recorded, suggesting that the 

minimum sperm dose of insemination could potentially maintain fertility throughout the egg 

laying period. As such, the insemination frequency of 6 days apart could be considered 

practical, provided a greater proportion of females are inseminated at the same time. 

10.4. Fertility, hatchability and chick production after AI 

Fertility and hatchability of commercially farmed ostriches are still low resulting in poor chick 

production. In this chapter, it was demonstrated that inseminating female ostriches using the 

optimal sperm dose of insemination and frequency that maintain fertility resulted in the 

production of chicks. Fertility, hatchability and chick production from AI females was lower 

than that of naturally mated females. This study suggests that AI could be further developed 

into a useful tool for breeding ostriches. Selection of birds with high reproductive performance 

and improvement of hatchery management could also result in a reduced incubation failure 

and promote a higher hatchability and improved chick production. 

10.5. Relationship between mass sperm motility and CASA parameters 

The costs and expertise of using computer-aided sperm analysis software may prohibit the 

use of this instrumental technology in evaluating ostrich sperm motility. Studies in other 

livestock industries revealed positive correlations between sperm motility traits measured by 

computer-aided sperm analysis software and the traditional mass sperm motility scoring 

method. A similar positive correlation between the two methods was estimated for ostriches. 

Specifically, positive correlations between mass sperm motility scores and sperm motility 

(progressive and total sperm motility) and velocity (curvilinear velocity and average path 

velocity) were recorded. This suggests that male sperm motility can also be evaluated reliably 

using a method that require less expertise and a smaller capital outlay. In a commercial 

farming environment, farmers could therefore screen males for quality sperm using this 

method resulting in using males of known sperm quality for breeding purposes. 

10.6. Genetic parameters estimate for egg production and egg weight for AI females 

The development of a flock of females that produce eggs in the absence of males was one of 

the major breakthroughs towards developing a feasible AI for ostriches (Bonato et al., 2017). 

In this chapter, it was demonstrated that female ostriches in individual camps without males 

can produce eggs throughout the whole year with peak egg production from July to December, 

while lower monthly egg production was recorded in February and May. Monthly egg 
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production and average monthly egg weight appeared to increase with increasing daylight 

length, as well as temperature. Similarly to females paired off with males, both monthly egg 

production and average monthly egg weight were heritable (Bunter, 2002; Cloete et al., 2004; 

2005; 2006; Lambrechts, 2004; Brand et al., 2008; Fair et al., 2011). The results of this study 

therefore suggest that within-flock genetic gains can be achieved through selection in such a 

flock. 

10.7. Parameter estimates for behavioural responses towards humans in farmed 

ostriches 

Ostriches have been commercially farmed for a short period of time compared to other 

commercially farmed livestock. According to Cloete and Malecki (2011), ostriches could be 

classified as recently domesticated and challenges such as poor productivity could be 

attributed to inability to adapt to commercial farming environment. Handling and routine 

management practices could be stressful to these birds since optimal management practices 

and their behaviour was not fully explored, thus their welfare is negatively impacted. Some 

birds demonstrate extreme aggression towards humans, while some are calm and willing to 

associate with humans. Slight changes in the chick rearing practices such as enriching the 

environment by integrating extensive human presence and regular gentle handling could 

assist in promoting positive association between ostriches and humans, leading to improved 

welfare. 

Ostriches exposed to extensive human presence and regular gentle handling as chicks 

appeared to demonstrate desirable behaviour such as willingness to associate with humans 

and maintained a shorter distance from humans than ostriches reared by foster parents or 

with limited human intervention. These results suggest that the relationship between ostriches 

and humans could be improved by integrating extensive human presence and regular gentle 

handling to the current chick rearing methods. These desirable behavioural traits were 

heritable, suggesting that environmental enrichment along with selection could lead to 

improved temperament in ostriches. Breed differences in terms of willingness to associate with 

humans demonstrated by birds in this study indicate that temperament could be improved by 

farming specifically with the “domestic” breed, the South African Black (SAB) or crossbred 

birds with the SAB ostrich as parent. 
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10.8. Genetic correlations between behavioural traits towards humans and slaughter 

weight 

Ostrich willingness to associate with humans in a farming environment is imperative to 

promote occupational health and safety standards, improve welfare, ease of handling and 

management as well as productivity. This chapter demonstrated that behavioural responses 

of juvenile ostriches towards humans are genetically correlated with each other implying that 

measuring one behavioural response could assist to predict the outcome of the other 

behavioural traits on a genetic level. These behavioural responses appeared to be heritable 

and no unfavourable genetic correlations between them and objective slaughter traits were 

found, with the exception of the prevalence of hair follicles. These findings suggest that the 

relationship between ostrich and humans can be improved by selection of birds that 

demonstrate a willingness to associate with humans without genetically affecting most traits 

in the slaughter bird complex. 

10.9. Future recommendations 

This study established an optimal sperm dose as well as the frequency of insemination for 

fertility and maintaining a fertile period in ostriches. Combined, these interventions allowed the 

hatching of chicks at the flock level. However, fertility and incubation outcomes can be 

improved further if the following elements could be addressed in the future: 

Firstly, timing of the insemination (before or after oviposition) has revealed to influence fertility 

as well as the fertile period. In this study, birds were inseminated only if they had produced at 

least one egg in the season. Testing the effect of timing of insemination on fertility, the fertile 

period and the rate of sperm loss will require inspecting birds to determine when an egg was 

laid. Thereafter, females can be inseminated on the day after laying or the morning during 

which an egg was collected in the camp, by assuming the egg was laid the previous night or 

in the early hours of the morning. 

Secondly, the synchronization of laying may be beneficial and override the typical irregular 

laying pattern of females. This will ensure that a greater number of females are inseminated 

during the same period and aid the application of the technology in the commercial farming 

environment. A stimulant for egg production in ostriches must be identified accompanied with 

ultrasonography to verify the development and maturity of follicles. 

Thirdly, AI using short-term stored semen as well as frozen-thawed semen is also 

recommended for future studies. A freezing protocol for semen allows indefinite storage of 

germplasm and allows longer distance propagation of semen without transporting a live bird. 
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AI with frozen-thaw semen will also allow inseminations to be carried out with quality semen 

even in periods when males are producing poor quality sperm or demonstrating low libido. 

Fourthly, according to Malecki and Martin (2005), female ostriches produce blastoderms of 

different viability which might compromise fertility after artificial insemination. Therefore, 

identifying females that produce viable blastoderms is needed to aid in improving the results 

of artificial insemination reported in this study. 

Fifth, given that the average live normal sperm per ejaculate ranges between 75 - 90% (Bonato 

et al., 2014; Smith et al., 2016; Chapter 2), future studies need to account for abnormal sperm 

by adding an estimable standard percentage equivalent to the average abnormal sperm per 

ejaculate to the optimal sperm dose for insemination. This will indicate that the optimal sperm 

dose of insemination will be made up of greater proportion of live normal sperm expected to 

result in improved fertility. 

Sixth, AI is well known to improve production and as an economic tool in animal production as 

demonstrated in broilers by Shaheen et al. (2020). The economic benefits of using AI as a 

chick production method compared to natural mating is needed to ascertain the potential 

benefits of this technology in the ostrich industry. This will require evaluating the feeding cost 

of AI birds, compared to natural breeding birds; space needed for camps, labour requirements 

as well as the chick price will determine the cost efficiency of these breeding strategies. It 

needs to be conceded, though, that at the present levels of infertility and hatching failure of AI 

females, it will be difficult to compete with natural mating. Considerable effort should thus be 

directed at identifying and eliminating these sources of reproductive wastage. 

Seventh, the estimation of the correlation between mass sperm motility scores and fertility 

after AI is required in the future. This will allow for the prediction of fertility outcomes after AI 

using semen of certain sperm motility scores, as assessed by the traditional and affordable 

subjective method. 

Eighth, Bubier et al. (1998) suggested that ostriches displaying sexual behaviour towards 

human could have their reproductive capacity compromised due to a lack of interest in their 

female companions. Therefore, it is necessary to investigate if males trained for semen 

collection using the dummy female could mate successfully in a natural mating system with 

females. Although farmers may not be willing to use AI as a breeding tool due to a lack of 

expertise and equipment to execute this technology, they may still need to know the 

reproductive potential of their breeding birds. This could be accomplished if the dummy female 

could be use for routine collections to screen for quality ejaculates. 
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Finally, studies on the inheritance of ostrich behaviour and its relationships with traits in other 

complexes should continue. While an agreeable temperament is a prerequisite for successful 

AI, it is also important for occupational health and safety of ostrich handlers, as well as the 

welfare of breeder birds and the sustainability of ostrich farming. Introduction of genomic 

selection for favourable temperament and other traits of economic importance should also be 

considered. 

This study demonstrates that marked progress has been made with the development of a 

viable AI protocol for ostriches. If the relatively few issues that still remain could be 

successfully resolved, the technology could in future play an important role in placing ostrich 

breeding on a solid foundation, thereby ensuring economic viability and environmental 

sustainability for the industry. 
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