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Chapter 1

General introduction

Ostrich farming in South Africa started as early as 1863, and the commercial population amounted
to 253 463 ostriches by the end of the 19" century (Van Zyl, 1996). Initially, ostrich feathers were
the main commercial product and ranked fourth in value, next to gold, diamonds and woo!, as a
South African export product (Smit, 1964; Wagner, 1986). The recognition of the commercial
potential of ostrich leather and meat led to the establishment of a commercial ostrich abattoir and
tannery in 1965 and 1970, respectively, in Qudtshoorn, which was considered as the headquarters
of the ostrich industry. Today, South Africa is the largest ostrich producer in the world, producing
approximately 60% of the world’s 560 000 birds slaughtered annually. Ostrich leather and meat
contribute approximately 65% and 27% respectively, to the total GDP of approximately ZAR 5.6

million generated from slaughter birds (Ostrich Section 7 Committee Report, 2003).

The emphasis on producing primarily for the export market and high input costs, together with a
fluctuating exchange rate, necessitates that commercial ostrich farmers produce slaughter birds as
cost-efficient as possible. The profitability of commercial ostrich production systems is largely
determined by the number of eggs produced and chicks hatched per female, feed costs, and the
type of production system used. In contrast to commercial poultry production systems, commercial
ostrich production systems are characterised by a relatively low reproductive performance, a large
variation in the number of eggs produced per female, and high chick mortalities (Van Zyl, 2001). In
South Africa, the commercial ostrich industry average of 40 eggs produced per female during an 8-
month breeding season (Van Zyl, 2001), a hatchability of 46.2% (Cloete et al., 1998) and a chick
survival rate of 95% during the first two days after hatching (Van Zyl, 2001), thus implies that only

18 viable chicks are produced per female during an 8-month breeding season.

Almost 80% of the national ostrich breeding population is maintained as breeding flocks, which can
range from 50 to 100 birds in size, at a ratio of 5 to 6 males for every 10 females. Identification of
poor or non-producing individuals is complicated by the fact that eggs are laid in communal nests,
i.e. more than one ostrich female may lay in a given nest, and an ostrich female may also lay in
more than one nest (Lambrechts et af, 2002). The reproductive performance of breeding ostriches
may be influenced by the timing of the breeding season, the long interval between pairing and the
first oviposition, irregular egg laying sequences, age of breeding birds, nutrition, genetics, breeding

behaviour of ostrich males and females, breeding environment, and management procedures.

Feed costs represent almost 83% of the total input costs of a breeding system (Van Zyl, 2001), and
the maintenance of poor or non-producing individuals is thus clearly uneconomical. Methods to
identify poor or non-producing individuals in commercial ostrich breeding systems, however, are

scarce and based on historical performance and observations over time, rather than descriptive



predictions of a breeding ostrich’s reproductive potential for future breeding seasons. Such
techniques need to be developed to assist commercial ostrich farmers in selecting against low or
non-producing ostrich males and females to improve the production performance of the overal!

farming operation.

The studies were conducted in the arid Kiein Karoo region of South Africa, at longitude 22° 15’ E
and latitude 33° 38’ S and at an altitude of 301 m above sea level. The long-term precipitation
averages 230 mm, with 54 % of the total rainfall occurring during winter (April to September). The
experimental site is characterized by hot summers, with the average maximum temperature

exceeding 25°C for the period October to April.

Management aspects (practices) to synchronise and improve overall reproduction efficiency
under intensive conditions that were addressed in the study, included the following:

1. Flush feeding and teasing

2. Timing of breeding, and forced breeding rest periods

3. Stocking rate and male:female ratio of breeding ostriches

Behavioural and physiological aspects that were considered as indirect selection criteria for

reproduction efficiency of ostriches under commercial conditions were:

4. Shin colour and aggression of male ostriches and its influence on the reproductive
performance of companion females

5. Reproductive hormones and their relationship to behavioural and reproductive parameters in
breeding ostriches

6. The extent of follicular development before the onset of reproduction, as determined by
ultrasound scanning

7. Live weight and body measurements of breeding ostrich females and the relationship with their

reproductive performance

8. Semen quality in relation to fertility under commercial breeding conditions

Improving the reproductive performance of ostrich males and females through management
strategies and selection for reproductive performance without increasing input costs will directly
affect the production cost of day-old chicks. Based on costs calculated during 2000, Van Zyl
(2001) concluded that a 10% increase or decrease in the number of day-old chicks hatched per
female will amount to a 9.1% decrease or increase in the costs of producing a day-old chick.
Similarly, a 10% increase or decrease in feed costs will amount to a 8.3% increase or decrease in
the costs of producing a day-old chick (Van Zyl, 2001). The ability to manipulate the reproductive
cycles of breeding ostriches, i.e. onset and cessation of breeding, as well as the reinitiation of
reproductive activities, may enable the commercial ostrich farmer to manage a breeding flock

optimally to ensure the timely production of slaughter birds according to market demand.



With the implementation of the various management, behaviour and physiological aspects
addressed in this study, it is hoped that a contribution can be made to increase the overall

reproduction efficiency of commercial ostrich production systems.
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Chapter 2

Flush feeding, teasing, and a mid-season breeding rest
as management practices to improve the reproductive
performance of ostriches (Struthio camelus var.

domesticus) in commercial farming systems

Abstract

Flush feeding, teasing, and a mid-season breeding rest were investigated as management practices to synchronise
and improve the overall reproductive performance of ostrich breeding pairs (n=136) during breeding seasons.
Teasing significantly improved (P<0.05) egg production performance of ostrich females. Maintaining breeding
ostriches as single-sex flocks and visually isolating them during the pre-breeding period, and the re-introduction of
the ostrich males to neighbouring camps two weeks before being joined, could thus have illicit neuro-endocrine
responses in ostrich females that resulted in the initiation of ovulation and an earlier onset of egg production. Joining
breeding ostriches after the winter solstice may be necessary to ensure the use of flushing and teasing as
management practices to synchronise the reproductive cycles of breeding ostriches for an early onset of
reproduction. A mid-season breeding rest improved (P<0.05) the egg production performance and consequent chick
production of the breeding pairs. A mid-season breeding rest was however, only effective in decreasing the time to
onset of production when the breeding pairs were separated before the photoperiod started to decrease, i.e. when
birds were still photosensitised enough to react to this management practice. Subjecting breeding ostriches to a
breeding rest during the middle of Spring in the Southern Hemisphere (i.e. mid-October), when ostriches have
already started to become photorefractory, will most probably limit the effectiveness of this management practice to
reinitiate reproduction in ostrich males and females. It is thus advisable to separate breeding ostriches for a mid-
season breeding rest before daylight length starts to decrease to ensure the effectiveness of this management

practice to overcome the seasonal quiescence in reproduction that is characteristic of breeding ostriches.

INTRODUCTION

Timing of breeding in temperate-zone birds is determined by the minimum photoperiod or critical
day length, and the development of photorefractoriness (Leitner et al., 2003). Photoperiod is
considered as the most reliable and predictive cue that can exert an influence weeks to months
before the onset of a breeding season. Photoperiodic stimulation has to attain a certain threshold
before gametogenetic development is initiated and achieved, and additional factors bring the
gonads to full functional maturity, with subsequent nest-building and egg production A lack of
appropriate environmental stimuli may prevent reproduction from occurring.  This differs from
tropical and opportunistic breeders where the reproductive system remains in a ‘ready to breed'

state for a large part of the year, with non-photoperiodic cues determining the onset of
reproduction.



Ostriches can be regarded as temperate-zone breeding birds that have developed a rigid form of
proximate control of their reproductive cycles to ensure the survival of their offspring during the
time of the year when conditions are favourable (Shanawany, 1995). The timing and the duration
of ostrich breeding seasons may vary with latitude and altitude (Shanawany, 1994). In birds,
melatonin is mainly used as a ‘circadian clock’, and plays a role in the regulation of diurnal activities
(Siopes, 1983; Lumineau et al, 2002). At the molecutar level, the avian circadian clock functions in
a similar manner to that of the mammalian clocks. In birds, however, photoperiodic responses
appear not to involve an interaction between the eyes and the pineal gland, but a direct interaction
between photoreceptors and GnRH neurons (Saldanha et al, 2001). It is unsure whether

melatonin occurs in ostriches (Skadhauge and Dawson, 1999).

An emphasis towards the cost-effective production of ostrich leather and meat requires that
commercial ostrich farmers produce slaughter ostriches as cost-effectively as possible
{Huchzermeyer, 1998; Van Zyl, 2001). The characteristic low egg production performance of, and
large variation in numbers of eggs produced in ostrich breeding systems necessitate the
establishment of management practices to assist the ostrich farmer to manage his/her breeding
flock to improve and optimize reproductive performance under commercial conditions (Cloete et al.,
1998; Bunter, 2002). Several factors may contribute to the low reproductive performance reported
for ostriches under commercial breeding conditions, and may include a long interval between
pairing and the first oviposition, irregular egg laying sequences, the age of breeding birds, nutrition,
genetics, breeding environment, and management. During a breeding season, ostrich males and
females may experience a period of quiescence that may last as long as 3-4 weeks. This
quiescent period is characterised by a break in production and a loss of shin colour in the males
(Stewart, 1989). Separation of ostrich males and females during this quiescent period is said to
improve overall seasonal fertility and reproductive performance. Contradicting results, however,
exist on the influence of a mid-season breeding rest period on the production and fertility of

ostriches. Soley et al. (1991) found a positive relationship between good semen quality and fertility
of birds not subjected to a breeding rest.

Flush feeding (flushing) and the use of teaser rams are two management practices used in sheep
to overcome the seasonal limitation of lamb production (Martin et al., 1986; Signoret, 1990; Nowers
et al., 1994; Smith et al., 1996; Yildiz et al, 2001). Fiushing refers to the management practice
where feed quantity and quality is increased before the onset of a breeding season, with a
stimulatory effect on the reproductive system of especially the female (McDonald, 1980). In some
sheep breeds, ewes are preconditioned during spring, with the rams being isolated from the ewes.
Introduction of the rams will then illicit a neuro-endocrine response that results in estrus, ovulation
and conception (Lishman and De Lange, 1975; Martin et al., 1986). Ovulation rate can also be
increased by subjecting ewes to flushing for at least one estrous cycle before being mated -

providing that the ewes are in a moderate body condition (Lishman and De Lange, 1975; Haresign,
1981; Gunn et al., 1991).



Management practices that can aid in the synchronization of breeding ostriches in order to identify
and select early producing females will possibly contribute to the improvement of the overall
performance of ostrich breeding birds under intensive breeding conditions. Flushing and teasing,
and a mid-season breeding rest, were consequently investigated as potential management
practices to synchronize and improve the overall seasonal production of breeding ostriches under

commercial conditions.

MATERIALS AND METHODS

Experimental animals

An ostrich breeding flock consisting of breeding pairs (n=136) maintained at the Little Karoo
Agricultural Development Centre outside Qudtshoorn, South Africa, were used for the study. The
management of the- breeding flock was documented by Van Schalkwyk et al. (1996) and Bunter

and Graser (2000). The ages of the males and females used in the study varied between 2 and 12
years.

Experimental design

The influence of flushing, teasing, and a mid-season breeding rest, was investigated in a 2X2X2
factorial design trial, with breeding pairs allocated to their respective treatments groups at the
beginning of each pre-season rest period. The treatment groups for the flushing and teasing
management practices were as follows:

* Control-group: Breeding maies and females not subjected to either flushing or teasing

e FT-group: Breeding males and females subjected to both flushing and teasing

* F-group: Breeding males and females subjected to flushing only

» T-group: Breeding males and females subjected to teasing only

In addition to the above-mentioned treatments, approximately half of the number of breeding pairs

allocated to each respective treatment group, was also subjected to a mid-season breeding rest.
Management practices investigated

Nutritional flushing:

During each pre-season rest period of 4 months, males and females received a maintenance diet
(8.5 MJ ME/kg DM and 9.1% protein) that satisfied the daily maintenance requirements of the
breeding birds. Two weeks before a breeding season, the diet of the breeding males and females
was changed to an ad /ib flushing diet (9.5MJ ME/kg DM and 16% protein) to prepare both males

and females for the increased physiological stress experienced during the breeding season.



Teasing:

During each pre-season rest period of 4 months, the males and females were pre-conditioned by
visually isolating the males from the females, i.e. males and females were not allowed any visual
contact. Two weeks before being joined for the breeding season, the males were introduced to

camps neighbouring that of the females, and maintained in these camps until being joined.

During the 2000/2001 breeding season, the ostrich males and females allocated to the FT and T-
groups were maintained as single-sex flocks during the pre-season and mid-season rest periods.
During the 2001/2002 breeding season, the ostrich males and females allocated to the Control-
and F-groups, i.e. not subjected to teasing, were maintained as mixed-sex flocks during the pre-

season and mid-season rest periods.
A mid-season breeding rest

Breeding pairs that were experiencing a decline in egg production were separated for a mid-season
breeding rest approximately in the middle of each breeding season, i.e. when ostriches are said to
experience a natural quiescence in production. Each mid-season rest period lasted 6 weeks. The
first 4 weeks of the breeding rest simulated a stage where the production cycles of the breeding
birds were completely arrested by removing the breeding birds from their breeding territories, and
by placing them on a maintenance diet. No visual contact was allowed between the breeding
males and females during this period. During the remaining 2 weeks of the breeding rest, the

males and females were again subjected to the flushing and/or teasing practices, as set out above.

During the 2000/2001 breeding season, the breeding pairs were removed from their breeding
camps at the end of October 2000, angd joined again for breeding at the beginning of December
2000. During the 2001/2002 breeding season, the breeding pairs were removed at the beginning
of October 2001, and joined again for breeding in mid-November 2001.

Reproductive parameters recorded

Data recorded during the 2000/2001 and 2001/2002 breeding seasons, included the following:
* Number of days from being paired to the first oviposition - recorded for the pre- and mid-
season rest periods
* Daily and total egg production
Egg production performance (EPP) - expressed as percentage, and calculated on a fortnightly
basis by using the following equation (Van Schalkwyk et al., 1996).
EPP = [total number of eggs produced/(0.5 X number of breeding days)] X 100
Number of clutches — a clutch being defined as a set of eggs laid, where each set of eggs are
laid within 4 days of each other: recorded for pre- and mid-season rest periods
* Egg weight on day of production (9)



¢ Day-old chick weight (g)
¢ Number and percentage of chicks hatched. The percentage of chicks hatched was calculated
by using the following equation:
Percentage of chicks hatched = [Number of chicks hatched / number of eggs set] X 100

Statistical analysis

Fixed effects in the analysis on the overall performance of females during the breeding seasons
included treatment and female age. least squares procedures were used to account for uneven
subclasses (Harvey, 1990). The interaction of treatment with female age was included in the

analysis, but found to be not significant.

Random animal effects were computed to account for the covariance introduced by the repeated
sampling of the same animal when the fortnightly egg production performance data were analysed.
ASREML, computer software that is capable of computing random effects in animal breeding,
whilst also predicting least squares estimates of fixed effect means, was used for this purpose
(Gilmour et al, 1999). Owing to the fact that typical seasonal patterns were expected for the
fortnightly production means, these trends were modeled using cubic splines (Verbyla ef al., 1999).
The splines consisted of a fixed linear component, as well as random deviations from linearity
conforming to a smooth trend. Random deviations from linearity not following a smooth trend were
also included in initial runs, but were found to be insignificant (P=0.05), as judged by the likelihood

ratio test. These trends were interacted with treatment and female age where applicable, and the
results were presented graphically.

Various measures of performance were assessed in the 4 treatment groups that were subjected to
a mid-season breeding rest period during the breeding seasons. As these analyses were also
based on the same animals being sampled repeatedly, the same basic analyses used for the
fortnightly egg production data were also applied. The fixed effects in this case included treatmient,
the production period involved (before or after breeding rest) and female age. The interactions
between these main effects were computed where significant (P<0.05). Between female and
residual variance ratios were obtained from the data sets subjected to the latter two sets of
analyses. These estimates were used to obtain variance ratios depicting the within season

repeatability estimates for the respective femaie traits considered (Turner and Young, 1969).

RESULTS

Flushing interacted with teasing during the second year of the study, thus complicating the
separation of the respective influences of the two management practices. Therefore, the influence

of flushing and teasing on the reproductive performances of the breeding pairs during both
breeding seasons are presented in Tables 1 ang 2.



Influence of flushing and teasing

The reproductive performances of the breeding pairs were not influenced by either flushing or
teasing during the 2000/2001 breeding season. The reproductive cycles of the breeding males and
femaies allocated to the FT-group tended (P<0.10) to be more synchronised, with time to first

oviposition being shorter than that of the Control-, F- and T-groups (Table 1).

Table 1. The influence of flushing and teasing on the reproduction traits (mean + SE) of ostrich breeding pairs

during the 2000/2001 breeding season.

MANAGEMENT PRACTICE TREATMENT

Flushing (F) Controf Control Treatment (F) Treatment (F)
Teasing (T) Control Treatment (T) Control Treatment (T)
TRAIT

Number of breeding pairs 31 33 32 35
Days to first oviposition 546 +11.0 58.6 £10.8 66.7 £ 10.9 4581105
Total EPP (%) 356140 36.8+39 358139 4281338
Number of clutches 53+06 52+06 57 +06 541086
Egg weight (g) 14261 +20.2 14321 £204 1450.1 £ 201 1464.8 + 18.4
Number of chicks hatched 218136 249+36 266+36 311134
Chicks hatched (%) 19.5+3.2 224132 235+32 279+ 31
Chick weight (g) 877.7+17.3 883.4 £ 175 8857 +17.2 916.7 £ 15.8

When the egg production performance (EPP) of the breeding pairs not subjected to a mid-season
breeding rest is considered, neither flushing nor teasing significantly influenced the fortnightly EPP
of the breeding pairs (Figure 1). Although not significant, the T-group had a lower EPP throughout
the breeding season. The FT- and F-groups tended (P<0.10) to have higher EPP's throughout the

breeding season, with the Control-group being intermediate to the above-mentioned three groups.
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Figure 1. The influence of flushing (F) and teasing (T) on the fortnightly egg production performance (EPP;
mean + SE) of ostrich breeding pairs not subjected to a mid-season breeding rest during the 2000/2001

breeding season.



Similar to observations in the 2000/2001 breeding season, almost all reproductive parameters were

unaffected by either flushing and/or teasing during the 2001/2002 breeding seascn

The only

exception was the teasing management practice that improved (P<0.05) the EPP of the ostrich

breeding pairs (Table 2).

Tabie 2. The influence of flushing and teasing on the reproduction traits (means + SE) of ostrich breeding

pairs during the 2001/2002 breeding season.

MANAGEMENT PRACTICE TREATMENT

Flushing (F) Control Control Treatment (F) Treatment (F)
Teasing (T) Control Treatment (T) Control Treatment (T)
TRAIT

Number of breeding pairs 32 34 33 35
Days to first oviposition 56189 40.2 £ 91 549187 615+86
Total EPP (%) 356 +3.8" 48.9+3.9° 477 £3.7° 443137°
Number of clutches 4106 46106 43106 351206
Egg weight (g) 1450.7 £20.9 1474.4 £ 206 14519 +£20.76 1456.3 £ 187
Chick production (number) 222+35 314%35 263+34 31.8+33
Chicks hatched (%) 19430 28.8+3.1 233+29 298+29
Chick weight (g) 890.7 £16.2 903.8+ 159 8906+ 159 886.5 14.4

* P Columns with different superscripts differ significantly (P<0.05)

Flushing and/or teasing did not influence the fortnightly EPP of the breeding pairs not subjected to
a mid-season breeding rest during the 2001/2002 breeding season (Figure 2). There was a
tendency (P<0.10) for the breeding pairs subjected to flushing, teasing, or a combination thereof, to
have higher EPP’s. However, the relative advantage of flushing and teasing decreased as the

breeding season progressed.
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Figure 2. The influence of flushing (F) and teasing (T) on the fortnightly egg production performance (EPP;
mean = SE) of ostrich breeding pairs not subjected to a mid-season breeding rest during the 2001/2002

breeding season.
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The mid-season breeding rest also had no detrimental influence on the reproductive performance
of the rested breeding pairs during the 2001/2002 breeding season. The rested breeding birds
recovered swiftly from the forced break in production, and tended (P<0.10) to have improved EPP’s
for the remainder of the production period, when compared to the non-rested breeding pairs

(Figure 5).

7—-—0——:&3 rest
... - - Rest

EPP (%)

_5 e —n N o
1t 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Production period (fortnightly)

Figure 5. The influence of a mid-season breeding rest on the fortnightly egg production performance (EPP;
mean * SE) of ostrich breeding pairs during the 2001/2002 breeding season.

The beneficial influence of flushing and teasing became evident when the reproductive
performances of the treatment and control groups were considered. The EPP of the breeding pairs
was quickly restored to levels observed during the pre-rest period, and the FT-, F-, and T-groups
producing significantly (P<0.01) more eggs than the Control-group during the post-rest period
(Figure 6).
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Figure 6. The influence of a mid-season breeding rest on the fortnightly egg production performance (EPP;
mean + SE) of ostrich breeding pairs subjected to flushing (F) and teasing (T) management practices during

the 2001/2002 breeding season.
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The mid-season breeding rest improved (P<0.01) the post-rest EPP of the FT-group during the
2000/2001 breeding season (Table 3). The breeding rest also synchronized the reproductive
cycles of the FT males and females, resulting in an increase (P<0.01) in clutch size, i.e. a higher

EPP together with a lower number of clutches produced, during the post-rest period (Table 3).

Table 3. The effect of a mid-season breeding rest on the reproduction traits (means + SE) of ostrich breeding

pairs subjected to flushing and teasing during the 2000/2001 breeding season.

TRAIT Before rest After rest

EPP (%)

Control 344170 477+70

Flushing only 322166 36.3+6.9

Teasing only 413741 421741

Flushing and teasing 36.5+6.4° 56.2 £ 6.7
Chick production (%)

Controi 194161 29.8 6.1

Flushing only 20757 2131259

Teasing only 253+6.2 28.2+6.2
Flushing and teasing 244155 367158
Days to first oviposition 73.3+14.2 69.8 £ 14.5
Number of clutches 3.3+£0.3% 19+03°

*P Rows with different superscripts differ significantly (P<0.01)

A mid-season breeding rest significantly (P<0.01) improved the post-rest EPP of the F-, T-, and FT-
groups during the 2001/2002 breeding season. A combination of flushing and teasing had to effect
that fertility and hatchability was improved, resulting in more chicks (P<0.01) being hatched for the
FT-group during the post-rest period. The interval between being joined and the first oviposition

during the post-rest period was also significantly (P<0.01) decreased (Table 4).

Table 4. The effect of a mid-season breeding rest on the reproduction traits (means + SE) of ostrich breeding

pairs subjected to flushing and teasing during the 2001/2002 breeding season.

TRAIT Before rest After rest
EPP (%)

Contro! 209+6.8 329168
Flushing only 424 166° 57216.6°
Teasing only 44.8 +6.4° 60.8 £6.4°
Flushing and teasing 295 +6.5° 62.1+6.5"
Chick production (%)

Control 11.4+62 18.3+6.2
Flushing only 18.3+6.0 249160
Teasing only 253158 325158
Flushing and teasing 23.0+59" 413+59°
Days to first oviposition 54.9 + 4.5 10.9+44°
Number of clutches 27103 22+£03

%P pows with different superscripts differ significantly (P<0.01)
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DISCUSSION

The peak production period observed for ostriches in this study confirms the photoperiod
dependent reproduction pattern of ostriches (Jarvis ef al, 1985; Hicks, 1992; Mellett, 1993;
Horbavezuk and Sales, 1999). Results in this study are in agreement with Hicks-Aldredge (1993),
i.e. that ostrich breeding seasons are characterised by two production peaks. The first production
peak occurred in late September to late October (spring in the Southern Hemisphere) and the
second less pronounced production peak during late December (summer in the Southern
Hemisphere). However, the peak breeding season reported in the study differs from the peak
production season reported for Kenyan Red ostriches (Struthio camelus massaicus), i.e. from July
to October (Bertram, 1979), or from September to December, with a peak in November (Hurxthal,
1979). This supports the contention that the length and timing of ostrich breeding seasons may
vary with latitude and altitude (Shanawany, 1994). Results also support the studies of Sauer
(1972), Leuthold (1977), Jarvis et al. (1985), Cloete et al. (1998) and Bunter and Graser (2000), in
that peak egg production occurred during August to December. A quiescent period in egg
production that lasted approximately 4 weeks during the 2000/2001 and 6 weeks in the 2001/2002
breeding season, respectively, was characterised by a decline in egg production. This period of

quiescence is longer than the 3 to 4 week period of quiescence described by Stewart (1989).

Average egg production of ostrich females during this study varied between 44 and 61 eggs for an
8-month breeding season. This is considerably higher than the average egg production reported
by Jarvis et al. (1985) for ostriches in Zimbabwe (16-17 eggs) under commercial farming conditions
but falls well within the range of 0 to 120 reported by Van Schalkwyk et al. (1996) and Cloete et al.
(1998). Egg weights reported in the present study fall within the range of 963-1827.8g reported by
Bunter and Graser (2000). Chick production percentages in this study ranged from 19.37% to
36.71%, which falls within the range of 0-78.2% reported by Bunter {2002). Another ratite species
in which reproduction is influenced by photoperiod, the geater rhea (Rhea americana), produce on
average 24-40 eggs, and 18 eggs per female under captive and natural breeding conditions,
respectively (Navarro and Martella, 2002), which is lower in both cases than the egg production

reported for ostrich females in this study.

Onset of egg production, i.e. days from pairing to first laying, ranged from 40.2 to 66.7 days. This
differed from the mean of 35.9 days, and the range of 0 to 230 days reported by Bunter (2002).
The number of clutches during a breeding period ranged from 3.5 to 5.7, which is less than the
average of 6.3 clutches reported by Bunter and Graser (2000). The average clutch size reported in
this study ranged between 7.7 to 15.3 eggs/clutch, which supports the clutch sizes reported by
Leuthold (1970), Jarvis et al. (1985) and Horbavczuk and Sales (1999). Jarvis et al. (1985)
reported clutch sizes of 12-13 eggs /clutch and 16 eggs/clutch for Zimbabwean ostriches in the wild
and under commercial farming conditions, respectively. Horbavczuk and Sales (1999) reported
clutches of 12-16 eggs, and Leuthold (1970) a clutch size of 22 eggs under naturai breeding

conditions for a single female in Tsavo National Park, Kenya. In emus (Dromaius
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novaehollandiae), artificially inseminated females layed on average 6.7+1.6 eggs per clutch
(Malecki and Martin, 2002).

The influence of flushing and teasing

Flushing, teasing, or a combination of flushing and teasing did not have a significant influence on
most of the reproductive traits recorded during the study. Teasing was the only management
practice that significantly influenced the egg production performance of the breeding pairs. Visually
isolating of ostrich males and females during the pre-breeding rest period, and by allowing visual
contact two weeks prior to being paired for breeding, elicited a significant physiological response in
the ostrich females that resulted in an improved egg production performance. The visual presence
of the male, together with a display of reproductive behaviour, stimulated the females to lay sooner
after pairing and to produce larger clutches. Total egg and chick production, as well as egg and

day-old chick weight, were not significantly influenced by flushing and/or teasing.

Ostrich males and females may differ in terms of their response to proximal stimuli, in this case the
presence of the opposite sex and the availability of feed with a higher nutritional value. It has been
found in birds that mere light stimulation may induce complete spermatogenesis in males, whereas
a female’'s complete reproductive state may only be achieved under the influence of various
complementary factors (immelman, 1972). In many bird species, it has been found that a female
will ovulate only after being together with the male for some time, which indicates that the male
stimulates the female by means of for example courtship and other behavioural interactions. The
behavioural activities of an ostrich male may thus aid in synchronizing the reproductive cycles of a
breeding pair. In Houbara bustards (Chlamydotis undulata macqueenii: C. u. undulata) that breed
in arid to semi-arid areas in Saudi Arabia, males displayed reproductive behaviour well in advance
of the onset of egg production (Saint Jalme ef al., 1996). The stimulatory effect of male courtship
behaviour and vocalization has been confirmed in several studies for a variety of species
(Lehrman, 1965; Brockway, 1965; Hinde, 1967). Tactile stimulation as well as auditory signals
have been proven to be of great significance in stimulating female starlings (Sturnus vulgaris), with
female courtship influencing spermatogenesis in the male starling to a lesser extent than visa versa
(Burger, 1953).

Although contradictory results were obtained during the two breeding seasons, it stands to reason
that the omission of flushing and teasing will have a retarding effect on the development and
synchronization of ostrich males and females. In sheep, the omission of flushing and teasing
management practices adversely affected the breeding performance of spring mated ewes
(Nowers et al., 1994). In chickens, auditory and visual contact with males accelerated the sexual
maturation of hens reared adjacent to or in mixed-sex flocks. Hens came into lay earlier and had
larger combs than isolated females (Widowski ef al, 1998). Egg production was significantly
higher in turkey hens under natural mating conditions than in females visually exposed to turkey
males or completely isolated from males. Females visually exposed to males also laid more eggs

than those completely isolated from males (Jones and Leighton, 1987).
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The influence of a mid-season breeding rest

The return of reproductive viability can be regarded as a parameter for determining the successful
recycling of turkey breeder hens (Moore and Siopes, 2003). In ducks, forced moulting is often
used to stimulate egg production after a senescence in production (Olver, 1995). Arresting egg
production in laying chickens by means of a forced moulting had a stimulatory effect on the post-
arrest egg production (Hurwitz et al, 1975). A mid-season breeding rest did not appear to
negatively influence the EPP of the ostrich breeding pairs, with reproductive activity following the
rest quickly restored during both years. The extent to which post-rest production was improved,
however, differed between the two breeding seasons. The breeding rest seemed to have a more
beneficial effect during the 2001/2002 breeding season, with rested breeding pairs tending to have
an improved EPP for the remainder of the post-rest period. This tendency was not observed during
the 2000/2001 mid-season breeding rest; the EPP of the rested breeding pairs appeared improved
for only a short period and then declined to reach almost the same leve! as that of the non-rested

groups.

This difference in the effect of the breeding rest could be ascribed to the time of the breeding
season when the breeding rest was enforced. A decreased sensitivity of the pituitary during the
photorefractory state results from a decreased LHRH output from the hypothalamus (Wingfield et
al., 1979; Storey and Nicholls, 1983). When the ostrich breeding pairs were separated for a
breeding rest in 2000/2001, photoperiod was possibly still fong enough to support reproduction
when the breeding pairs were separated. The ostrich males and females, however, had already
possibly started to enter a state of photorefractoriness due to a gradual decrease in day length.
During 2001/2002, the breeding rest was enforced one month earlier. The rested breeding pairs
were possibly still under strong photoperiodic contro!, and thus still photosensitized.  Turkey
breeder hens showed varying degrees of relative photorefractoriness early in a breeding season,
with photorefractoriness increasing in severity as the breeding season progressed (Siopes and
Proudman, 2003). Kumar and Kumar (1991, 1993) concluded that the time to onset of gonada!
recrudescence and subsequent regression in brahminy myna (Sturnus pagodarum) depended on
the length of the photophase as well as the time of year when exposed to stimulatory photoperiods.
Season had a significant effect on the sensitivity of turkey hens to become photorefractory, with
winter delaying the onset of photorefractoriness (Siopes, 2002). Age did not influence the mean
time to become photorefractory, with second cycle turkey hens more inclined to become

photorefractory than younger first cycle hens (Siopes, 2002).

CONCLUSIONS

Teasing of breeding ostriches significantly improved the egg production performance of the
breeding ostrich females. It is possible that the effectiveness of flushing and teasing to
synchronise the reproductive cycles of breeding ostriches is limited by pairing breeding ostriches

before the winter solstice. Joining breeding ostriches after the winter solstice, i.e. when
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photoperiod has increased sufficiently to initiate reproduction, may be necessary to ensure the
successful implementation of flushing and teasing to synchronise the reproduction cycle of
breeding ostriches. A mid-season breeding rest proved successful in reinitiating and synchronising
the reproductive cycles of both the ostrich males and females, and also to recycle the ostrich
females that were experiencing a decline in egg production. The extent to which the reproductive
cycles of both sexes can be manipulated are most probably influenced by the state of

photorefractoriness that the birds have reached during that specific stage of the breeding season.
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Chapter 3

The influence of season and breeding rest periods on the
reproductive performance of breeding ostriches (Struthio
camelus var. domesticus) under commercial farming

conditions

Abstract

Breeding ostriches were paired for breeding at different times of the year to investigate the influence of onset of
breeding on the reproductive performance under commercial farming conditions. Breeding was also interrupted at
different times during the breeding season to determine the potential of forced rest periods to reinitiate reproduction
and thus improve overall reproductive performance and fertility of breeding ostriches. Peak egg production was
recorded during July and January, with fower production recorded during February to June. The time ot the year
when the ostriches were paired for breeding had a significant influence on the reproductive traits, with pairing off
after the winter solstice positively influencing almost all of the reproduction parameters. A pre-season rest period
was beneficial in terms of all reproductive traits, with breeding pairs subjected to a continuous breeding season
performing worse throughout the entire breeding period. Forced rest periods during breeding significantly improved
egg production but not fertility in the treatment groups. This implies that reproduction could be successfully
reinitiated in ostrich females, and maintained in ostrich males. Although fertility was not improved by the forced rest
periods, the ostrich males had to successfully fertilize the higher number of eggs produced by their companion
females and accomplished this without a compromise in fertility. The time of year when the forced rest period was
applied determined the extent to which reproductive activities could be reinitiated in ostriches. The fact that the
reproductive activities of the breeding pairs that were paired before the winter solstice were synchronised to a higher
degree than breeding pairs joined after the solstice, implies that the inhibitory effect of a short photoperiod, i.e.
insufficient to stimulate reproduction, may be overcome by subjecting breeding ostriches to enforced breeding rest
during a time of the year when the birds are still photosensitive enough to respond to this management practice.
This may enable commercial ostrich farmers to manipulate the reproductive cycles of their breeding ostriches in

order to ensure the timely production of slaughter birds according to market demand.

INTRODUCTION

Reproductive cycles of birds breeding in temperate regions are regulated by the seasonal change
in photoperiod, and these species have become almost completely dependent on a change in
photoperiod to initiate gonad development and reproductive activities (Immelman, 1972).
Photoperiod is by far the most reliable and predictive factor that can exert its influence weeks to
months before the onset of breeding, with timing of breeding determined by the minimum

photoperiod or “critical day length" and the development of photorefractoriness (Leitner ef al,
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2003). Critical day length varies between seasons and are a dynamic characteristic of

photoperiodic processes (Siopes, 1994).

An increase in photoperiod is thought to initiate two processes, firstly the secretion of the
gonadotrophic hormones and subsequent gonadal maturation and reproduction, and secondly the
development of photorefractoriness (Dawson et al., 1986; Foster ef al., 1987). Photorefractoriness
represents a period where the reproductive system becomes insensitive to photoperiod, with
subsequent gonadal regression to a pre-breeding state (Nicholls ef al, 1988, Rani et al., 2001;
Leitner et al., 2003; Siopes and Proudman, 2003). Photorefractoriness represents almost the most
highly developed termination scheme, and is a special adaptation to prevent birds from maintaining
production when environmental conditions become unfavourable to the rearing of young, which
usually takes place during the months after the summer solstice (Lofts and Murton, 1968). Once in
a state of photorefractoriness, exposure to short day lengths is necessary to render birds sensitive
to photoperiod again, thus initiating gonadal recrudescence and steroid synthesis and secretion
(Wingfield and Farner, 1980; Farner, 1986; Kumar and Kumar, 1991).

Photoperiodic responses in birds appear to involve direct interaction between photoreceptors and
GnRH neurons, with the photic cues that regulate the timing of seasonal reproductive cyclicity
detected by non-retinal, non-pineal deep brain photoreceptors. These photoreceptors
communicate directly with GnRH-neurons, and represents a means by which photoperiodic
information reaches the reproductive axis (Saldanha et al., 2001). In mammals, photoperiod also
serves as an important proximate cue to initiate the onset of breeding, with the pineal gland and
melatonin being an integral part in the regulation of the breeding cycle of e.g. ewes (Bittman, 1984
Kennaway et al, 1982; Nowers et al, 1994; Bentley et al, 2000). In birds, however, melatonin
does not fulfill the same role and is mainly used as a circadian ‘clock’ to regulate diurnal or daily
activities (Siopes, 1983; Lumineau et al., 2002). It is unsure whether melatonin occurs in ostriches

(Skadhauge and Dawson, 1999).

Ostriches are generally regarded as seasonal breeders, with breeding seasons coinciding with an
increase in photoperiod (Hicks, 1992 Mellett, 1993; Horbavczuk and Sales, 1999). Timing and
duration of ostrich breeding seasons can also vary with latitude and altitude (Shanawany, 1994;
Bertram, 1979; Sauer and Sauer, 1966a, 1969b). In southern Africa, ostrich breeding seasons are
normally from June to January, with some seasons extending to the end of February (Jarvis et al.,
1985; Mellett, 1993). Deeming and Ar (1999), however, postulated that because ostriches occur in
arid areas on both sides of the equator that their laying season is opportunistic rather than

determined by daylength, they are good candidates for domestication and all-year round laying.

The cost-effectiveness of a commercial ostrich enterprise is hampered by the low number of eggs
produced and chicks hatched per female, and chick mortalities (Van Zyl, 2001). When compared
to commercial poultry production systems, ostrich production systems are characterised by a low

reproductive performance and large variation in egg and chick production, and consequently
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slaughter bird production. Commercial ostrich producers need to manage their commercial
breeding flocks optimally to ensure the cost-effective production of staughter birds. The present
study had a dual purpose, firstly to determine the influence of onset of breeding on the reproduction
performance of ostriches over a breeding season, and secondly to determine the potential of rest
periods during the breeding season to reinitiate reproduction in ostrich males and females. The
ability to manipulate the reproductive cycles of breeding ostriches, i.e. onset and cessation of
breeding, as well as the reinitiation of reproductive activities, may enable the commercial ostrich
farmer to manage his or her breeding flock to ensure the timely production of slaughter birds

according to market demand.

MATERIALS AND METHODS

Experimental animals

An ostrich breeding flock maintained at the Little Karoo Agricultural Development Centre outside
Oudtshoorn, South Africa, were used for the study. The management of the breeding flock is
documented by Van Schalkwyk ef al. (1996) and Bunter and Graser (2000). The ages of the males
and females used in the study varied between 2 and 12 years.

Experimental procedure

Influence of season

Continuous breeding (CS): At the end of the 2001/2002 breeding season, 24 randomly selected
breeding pairs were treated for external and internal parasites, vaccinated for the Newcastle
Disease virus, and returned to their breeding camps. These breeding pairs were not subjected to
either a pre-season rest period, or fiushing and teasing management practices (Materials and
Methods, Chapter 2). The breeding pairs were paired on 1 March 2002 and separated on 8 April
2003.

Early season (ES): Fifty-one randomly selected breeding pairs were subjected to a 3-month rest
period, as well as flushing and teasing management practices, before being paired for a 10-month
breeding season. The breeding pairs were joined on 2 May 2002 and separated on 19 February

2003.

Late breeding season (LS): Fifty-three randomly selected breeding pairs were subjected to a 5-
month rest period, as well as flushing and teasing management practices, before being paired for a

10-month breeding season. The breeding pairs were joined on 1 July 2002 and separated on 8

April 2003.
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Influence of forced rest periods

Twenty five breeding pairs of the ES group, and 26 breeding pairs of the LS group, respectively,
were subjected to a series of forced rest periods throughout their respective breeding seasons.

The time table for the separation and re-joining of the breeding pairs is set out in Table 1.

Table 1. Time table of the forced breeding rest periods implemented during the 2002/2003 breeding season.

Early breeding season Late breeding season
Number of breeding pairs 25 26 ]
First forced rest period
Start 10 July 2002 16 September 2002
End 21 August 2002 21 October 2002
Second forced rest period
Start 30 October 2002 20 December 2002
End 11 December 2002 28 January 2003

The management of the breeding pairs during the rest periods consisted of the ostrich males and
females being visually isolated during the first 4 weeks, and the males and females being fed a
standard maintenance diet. Two weeks before being joined again with their respective breeding
companions, the breeding pairs were subjected to standard flushing and teasing management
practices (Materials and Methods, Chapter 2).

Data recorded

Data recorded for all breeding pairs included:
» Time to first lay - defined as the number of days between the pairing of a breeding pair and the
production of the first egg; recorded for each production period.
e Number of clutches - defined as groups of eggs laid, where each set of eggs comprises of eggs
laid within four days of each other; calculated for each production period
¢ Daily egg production
e Number of chicks - defined as number of chicks hatched from eggs set
e Egg production performance (EPP) — to standardize for the difference in the number of
production days, the total number of eggs produced was expressed as a percentage by using
the following equation (Van Schalkwyk et al., 1996):
EPP = [total number of eggs produced/(0.5 X number of production days)] X 100
o Fertility — fertility of eggs produced by the companion female was regarded as the fertility of the
breeding pair; expressed as a percentage and calculated by using the following equation:
Fertility = [(number of eggs set - number of infertile eggs) / number of eggs set] X 100
e Male teritorial aggression - territorial aggression exhibited by the ostrich males was evaluated

on a monthly basis (Materials and Methods, Chapter 5).
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Statistical analysis

The fixed effects in the analyses on the egg production performance (EPP) of the ostrich females
over the entire breeding season included treatment and female age. lLeast squares procedures
were used to account for uneven subclasses (Harvey, 1990). The interaction of treatment with
female age was included in the analyses, but was found to be insignificant. The results pertaining
to female age were consistent with literature reports (Bunter, 2002; Cloete et al., 1998), and are
thus not reported. Selected linear contrasts were estimated between treatments to assist in the

interpretation of the results.

The analyses of monthly EPP, as well as male aggression and shin colour were complicated by the
fact that the same animals were sampled repeatedly. These observations could thus not be
considered as independent, as required by analysis of variance. Random animal effects were
computed to account for the covariance introduced by the repeated sampling of the same animal.
ASREML, computer software that is capable of the computation of various random effects in
animals breeding, while also predicting least squares estimates of selected treatment means, was
used for this purpose (Gilmour et al., 1999). The fixed effects included in the analyses were
treatment, female age and month of production. Owing to the fact that typical seasonal patterns
were expected in monthly production means, these trends were modeled using cubic splines
(Verbyla et al, 1999). The splines consisted of a fixed linear component, as well as random
deviations from linearity conforming to a smooth trend. Random deviations from linearity not
following a smooth trend were also included in initial runs, but were found to be insignificant, as
judged by the likelihood ratio test. These trends were interacted with treatment and female age

where applicable.

Various measures of performance were assessed in the two treatment groups that were subjected
to three forced rest periods during the breeding season. Since these analyses were also based on
the same animals being sampled repeatedly, the same basic analyses used for the monthly data
were applied. Fixed effects in this case included the timing of the commencement of breeding
(early or late), the production period involved (first, second or third) and female age. Interaction
between these main effects were computed where significant (P<0.05). Between female and
residual variance ratios were obtained from the data sets subjected to the latter two sets of
analyses. These estimates were used to obtain variance ratios depicting the within season

repeatability of the respective female traits considered (Turner and Young, 1969).

RESULTS

The time when the breeding pairs were joined for breeding had a significant influence on almost all
of the reproduction traits. The time from being joined to the first laying was significantly (P<0.01)
shorter for the breeding pairs paired for a late breeding season (LS), compared to the breeding

pairs joined for an early breeding season (ES), and with a continuous breeding season (CS) (Table
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2). When the ES females were compared to the CS females, the onset of production was not
stimulated (P=0.26) by the time when the breeding pairs were paired for breeding (Table 2). The
number of clutches was also not influenced by the time when the breeding pairs were paired for
breeding. However, the LS females produced more eggs per clutch (P<0.05) than either the ES or
CS females. The ES and CS females, on the other hand, produced clutches of similar sizes (Table
2).

When egg and consequent chick production are considered, the CS breeding pairs performed
worse (P<0.01) than the ES and LS breeding pairs that were subjected to a pre-season rest period
(Table 2). The CS breeding pairs also had lower (P<0.01) egg production performances (EPP's)
than the breeding pairs subjected to, and not subjected to forced breeding rest periods,
respectively (Table 2). Chick production was similarly affected. Average egg weight and average
day-old chick weight was not influenced (Pz0.15) by the onset of breeding or the forced breeding
rest periods (Table 2). The fertility of eggs produced by the CS breeding pairs was significantly
(P<0.05) lower than that of breeding pairs subjected to a pre-season rest (Table 2). The fertility of
the ES breeding pairs were improved (P<0.01) to a higher degree, when compared to the CS
breeding pairs. The fertility of the LS breeding pairs tended (P<0.10) to be higher than that of the
CS breeding pairs. The fertility of the breeding pairs not subjected to forced breeding rest periods
was significantly higher than that of the CS (P<0.01) and rested (P<0.05) breeding pairs.

Table 2. Reproduction and egg traits (means + SE) of ostrich breeding pairs with a continuous breeding
season (CS), and breeding pairs paired before (early) or after (late) the winter solstice, and

subjected to forced breeding rest periods.

TREATMENT

Continuous Early breeding season Late breeding season
TRAIT season Not rested Rested Not rested Rested
No. of breeding pairs 24 26 25 27 26
Days to first egg 85+ 11 60 £ 12 79+12 24 +13 2013
Number of clutches 57+0.8 59108 52+08 55x09 57+09
Eggs/clutch 6.6+ 13° 7.3241.4° 78+1.3" 98+ 15° 9.9+15°
EPP (%) 16.9+36 302£4.0 33.5+38 342144 457 +4.3
Chick production 66+30 17.9+3.3 188 £3.1 20.0+£3.6 23.0+£36
No. of observations 20 25 22 27 26
Egg weight (g) 1392 + 39 1430 £ 27 1428 + 32 1372+ 29 1446 + 29
Water loss (%) 120109 117106 12.0+0.8 12107 114107
Chick weight (g) 852 427 881+ 19 869 + 22 843 + 20 893 + 20
Fertility (%) 663+44" | 86.9+50"%9 | 780+46>%° | 841£563%% | 692153"°

a, b and d, e: Rows with different superscripts differ significantly (P<0.05)

a, ¢: Rows with different superscripts differ significantly (P<0.01)

When the average monthly EPP’s of the treatment groups are considered, it is evident that
treatment interacted with the linear and non-linear components of the spline for month (Figure 1).

The breeding pairs subjected to a continuous breeding season performed on average worse than
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the ES and LS breeding pairs. The EPP of CS breeding pairs oscillated between 16.4% and
31.8% for the first 8 months of the breeding season, before declining to below 10%. Joining
breeding pairs two months later had to effect that the EPP of ES females not rested, increased
from 16.8% to 39.0% in the month after being joined. The EPP of the ES, not rested group,
continued to be higher than that of the CS group, and ranged between 42.4% and 48.9% in the
following 4 months, declining to 2.4% at the end of their 10-month breeding season. The LS
breeding pairs had an average higher EPP of 45.9% in the month of joining, which increased to
between 52.6% and 60.5% for the following 3 months of their breeding season. Although their EPP
declined in the following month, it continued to be higher than that of the CS and ES females during
the 11" month of the study (Figure 1).
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Figure 1. The influence of timing of breeding on the egg production performance (EPP) of ostrich breeding
pairs with a continuous breeding season (CS), and breeding pairs joined before (ES) and after (LS) the winter

solstice.

The response curves for the ES and LS females subjected to forced rest periods were initially
similar to ES and LS females not rested (Figure 2). The forced rest periods had a stimulatory
influence on the EPP of the ES and LS females, for their EPP was elevated to levels generally
exceeding those of the corresponding groups of females not subjected to resting. For example, the
average EPP of rested ES females 1 month after the first rest period was 61.4%, compared to
42.4% of the non-rested ES females. However, the relative advantage of the time when the
breeding pairs were joined for breeding, and forced breeding rest periods, disappeared almost at
the end of the study period (Figure 2). The EPP of the rested ES females was on average 33.8%,
compared to 26.4% of the rested LS females.
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Figure 2. The influence of forced breeding rest periods on the monthly egg production performance (EPP) of

ostrich breeding pairs joined before (ES) and after (LS) the winter solstice.

The benefit of a pre-season rest on the reproductive behaviour of ostrich males became evident
during the later half of the breeding season, when the CS males exhibited territorial aggression to a
lesser extent than the males with a pre-season rest period. The males subjected to forced
breeding rest periods tended (P<0.10) to exhibit lower levels of territorial aggression than their non-

rested contemporaries (Figure 3).
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Figure 3. The influence of season and forced breeding rest periods on the territorial aggression of ostrich
males with a continuous breeding season (CS), and ostrich males joined before (ES) and after (LS) the winter

solstice.
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The time when the breeding pairs were joined for breeding generally interacted with the first,
second and third productive periods following the forced break in production of the breeding pairs
(Table 3). The interval between pairing and the first laying of the breeding pairs paired after the
winter solstice were shorter (P<0.01) than that of the breeding pairs paired before the winter
solstice. The same effect was observed after the second forced rest period. The reproductive
behaviour of the ES males and females, however, tended to be more synchronised after the
second forced rest, with the number of days from being joined tilf the first laying being shorter than
that reported for the LS males and females. The number of clutches produced, as well as eggs

produced per clutch, followed roughly the same trend (Table 3).

The EPP and consequent chick production of the LS females was, respectively 4.7 and 5.1 higher
(P<0.01) than that of the ES females during the first production period (Table 3). The beneficial
influence of joining the breeding pairs after the winter solstice seemed to disappear as the season
progressed, for no significant differences were found in terms of the egg and chick production of
the ES and LS breeding pairs during the second production period (Table 3). A second forced
breeding rest had a significant (P<0.01) influence on the reproductive performance of the ES
females, for the EPP of the ES females was almost double that of the LS females (Table 3). Chick
production of the ES breeding pairs was similarly affected, and was 3.5 times higher than that

reported for the LS breeding pairs.

Table 3. The influence of timing of breeding and forced breeding rests on the reproduction traits (means t

SE) of ostrich breeding pairs during the 2002/2003 breeding season.

TRAIT AND TREATMENT PRODUCTION PERIOD

First Second Third
Days to laying
Early breeding season 737 +4.1*7 15.5 + 4.5' 18.0+4.7"
Late breeding season 16.4 £ 4.3%"2 125 + 4.3 25.3+5.0°
Number of clutches
Early breeding season 12403 2.2+03° 1.9 +£0.3"?
Late breeding season 25+0.3"2 1.9+0.4" 2 1.4 203"
Eggs/clutch
Early breeding season 32+16"" 97+16° 771162
Late breeding season 122+16% 2 88+1.7° 36+1.7™"
EPP (%)
Early breeding season 13.7 £ 5.0*" 516+50° 39.3 £5.0%7
Late breeding season 64.1+5.0™° 49.8 +5.2° 20.1+5.2""
Fertility (%)
Early breeding season 852+50 859146 89.4+438
Late breeding season 723+46 765146 772+£50
Chick production
Early breeding season 5.8+ 4.3 30.2 + 4.3% 26.4 £ 4.3%2
Late breeding season 29.3+4.4™2 24.8 + 4.4 7.614.4>"

25 Values in columns differ significantly (P<0.01)

123, yalues in rows differ significantly (P<0.01)
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The repeatabilities of intra-season EPP and chick production were low to moderate, i.e. 0.20 and
0.41. The repeatability of the number of days from joining to the first oviposition, number of
clutches and clutch size was weakly repeatable at 0.11, 0.24, and 0.10, respectively. Fertility and
male aggression were highly repeatable, 0.41 for fertiity and 0.56 for male aggression,

respectively.

DISCUSSION

The influence of time of season when joined for breeding

A delicate balance exists between a variety of environmental factors that protect and regulate the
gametogenetic activity in birds (Lofts, 1975). Only after the reproductive system has been
activated by photoperiod can it be sensitive to additional stimuli such as food availability and rainfall
that then exert an influence on the hypothalamo-pituitary-gonad axis (Wingfield, 1983; Wingfield et
al, 1992). An increase in photoperiod leads to a so-called neuro-endocrine cascade that is
initiated by the secretion of the gonadotrophic releasing hormones from the hypothalamus (Murton,
1975; Hau, 2001). This in turn stimulates the secretion of the pituitary hormones such as FSH and

LH, which in turn stimulates gonadal growth and steroid hormone production (Ball, 1993).

The extent to which the production traits of ostriches responded clearly illustrates their photoperiod-
dependent breeding strategy. This differs from the general breeding strategy of birds in arid or
desert environments, where breeding tends be dissociated from photoperiodic control, and
breeding may be more opportunistic (Immelman, 1972; Lofts, 1975; Vieck, 1993) in the present
study. Peak production of ostriches in the study occurred between the winter and summer solstice,
with lower production observed between April and June. This was supported by the findings of
Jarvis et al. (1985), but not that of Leuthold (1977). Jarvis et al. (1985) reported that for
Zimbabwean ostriches, peak production occurred between July and end December-mid January.
Leuthold (1977) speculated that ostriches in the Tsavo National Park in Kenya were more
opportunistic in their breeding strategy, with rainfall playing a role in triggering reproductive
activities. According to Vieck (1993), breeding schedules of birds in arid areas do not operate

uniformly over all regions, and may differ in breeding periodicity.

In the present study, onset of reproductive activity was significantly influenced by the time of year
when the birds were paired for breeding. Pairing the birds after the winter solstice, i.e. after
daylength starts to increase, had a beneficial influence on aimost all the reproductive traits
considered. The reproductive cycles of the ostrich males and females joined after the winter
solstice were synchronized to a greater degree, with time to first laying being significantly shorter.
Clutch size was also larger for birds paired after the winter soistice. The number of clutches

produced, however, were unaffected by the time when the birds were paired for breeding.
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The EPP and consequent chick production were significantly higher for breeding pairs joined after
the winter solstice. This supports various studies that reported on the photoperiodic nature of
ostrich reproduction (Smith et al., 1995; Bertram, 1979; Sauer and Sauer, 1996a, 1966b). The
earlier onset to egg production and the higher EPP of the birds paired after the winter solstice must
have resulted from the gonads that were fully matured because the breeding ostriches were in a
fully photosensitized state when they were paired for breeding. This is in contrast to the breeding
pairs joined before the winter solstice that were still presumably in a photorefractory state, and
daylight length was too short to allow birds to react to the stimulating influence of the long
daylengths, and thus allow the gonads to undergo recrudescence. The incubation parameters, i.e.

egg weight and day-old chick weight, were not influenced by the timing of pairing.

Short days, i.e. less than twelve hours of daylight can terminate the photorefractory state in birds
and lead to the restoration of the photosensitive state (Wilson, 1992). This was clearly observed in
this study for the birds paired before the winter solstice. The gradual increase in photoperiod had
the effect that birds pairs paired off before the winter solstice gradually recovered from being
photorefractory, with egg production gradually increasing after being paired for breeding. The
decrease in egg production before the summer solstice is a result of the breeding pairs becoming
less photosensitive and entering a photorefractory state, even though photoperiod was still
sufficiently long enough to support production. In brahminy myna (Sturnus pagodarum), it appears
that birds do not enter a refractory state unless full gonadal maturation is achieved and that
photorefractoriness develops in advance of gonadal regression. However, it was unsure whether
photorefractoriness was fixed by daylength before the gonads have developed fully or whether it is
fixed by the available daylight at the end of the gonadal growth period, as in starlings (Kumar and
Kumar, 1991).

The fertility of the breeding ostriches joined before the winter solstice, was significantly higher than
breeding pairs with a continuous breeding season. The fertility of breeding pairs joined after the
winter solstice, however, only tended to be higher than breeding pairs with a continuous breeding

season.
The influence of a pre-season rest period

The beneficial influence of a pre-season rest period became evident when the reproductive
performance of the breeding flock are considered. The CS males and females performed worse in
terms of almost all reproductive traits. The CS breeding pairs had significantly lower EPP’s than
their ES and LS contemporaries. The physiological stress of the previous breeding season
presumably depleted the reserves of the CS breeding pairs. The absence of a pre-season rest
period, in which the ostrich males and females could restore their body reserves, possibly
contributed to the lower EPP's observed.  The EPP of the CS females oscillated between
approximately 16 and 32% for the first two thirds of the breeding season, and declined and
remained below 20% for the remainder of the season. The ES females performed better, with EPP
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increasing from 16.4% to 39.0% in the first month after being joined. The LS females, however,
outperformed the CS and ES females, with egg production 17.5% higher than that observed for the
ES females during the first month after being paired for breeding. Although the EPP of the LS

females declined as the season progressed, it was found to be higher than that of the CS and ES

females.
The influence of forced breeding rest periods

The production curves of the ES and LS females subjected to forced breeding rest periods initially
followed the same pattern as that of their non-rested contemporaries. When the production curves
after each respective rest period are considered, however, it was found that the EPP of the rested
breeding pairs generally exceeded that of their non-rested contemporaries. The advantage of the

forced rest periods seemed to be almost absent at the end of the breeding period.

The breeding males not subjected to forced breeding rest periods had significantly higher fertilities
than males without a pre-season rest and males subjected to breeding rests. Fertility of the males
subjected to forced breeding rests however, were maintained or even improved, for the breeding
males joined before the winter solstice had to fertilize the higher number of eggs produced by their
breeding companions during the post-rest periods. This was not the case for the ostrich males
paired after the winter soistice, where fertility was unaffected by, and the EPP of their companion
females not improved by the forced breeding rests. The maintenance and even potential
improvement in the fertility of the breeding birds paired for an early breeding season, is
contradictory to findings of Van Schalkwyk (1991). In the latter study, egg production was
significantly improved for breeding birds paired before the winter solstice. The fertility of the
breeding pairs, however, was compromised in the latter study, because more infertile eggs were

reported for the post-rest period.

The effectiveness of forced breeding rest periods and degrees to which the respective reproductive
traits were affected, were influenced by the time of the breeding season when the forced breeding
rest was implemented. A forced breeding rest period before the traditional quiescent period, i.e.
from middle August to September, had a more pronounced effect on the reproductive traits than a
forced breeding rest implemented later during the breeding season. This can be explained by the
fact that daylight length was still sufficiently long to ensure that the breeding birds remained in a
photosensitive state, and that the gonads have not yet started to regress. Forced rest periods had
the effect that aimost all of the reproduction traits of ES breeding pairs were improved in the
second and third production periods. Reproductive traits that were further improved after the first
forced rest, included days to nest, days to first egg, EPP, and number of clutches. Forced rest
periods did not have a beneficial influence on the reproductive traits of the LS breeding pairs. The
onset of a decrease in daylength had the effect that the LS males and females presumably entered
a photorefractory state, and were becoming less sensitive to photoperiod that was still long enough

to ensure and support reproduction.
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The development of photorefractoriness (PR) is not an ‘all-or-nothing’ response. It can be
considered as a complex interaction of age and previous experience, and may possibly be
influenced by genotype (Siopes and Wilson, 1981). The incidence and onset of PR were found to
be highly variable in first-year turkey hens. Turkey hens also differed in terms of becoming
absolutely or relatively photorefractory (Siopes, 2001). The incidence of PR was influenced by age
of female turkey breeders, with 100% of recycled hens expressing PR, and 89% of first year
breeders expressing PR (Siopes, 2002). First and second year hens did not differ in terms to the
time to onset of PR (Siopes, 2002). The onset of PR is influenced by season, with hens stimulated
in winter, taking longer to becoming photorefractory, when compared to hens stimulated in spring
(Siopes, 2002). Varying degrees of PR may be experienced throughout a breeding season, with
incidence and severity increasing as a breeding season progresses (Siopes and Proudman, 2003).
Relative PR is experienced early in a breeding season, and increases in incidence as well as
severity as a breeding season progresses. At the end of a breeding season when the photoperiod
is still long enough to support the reproductive system, birds become refractory, with a subsequent
decrease in gonadal steroid secretion and an decreased sensitivity of the reproductive system to
long day lengths (Nicholls et al., 1988). Itis thus possible the gonads of the LS males and females
were less likely to respond to any changes in the steroid hormones that might have resulted from
the potential stimulatory influence of the flushing and teasing management practices. The second
forced rest, applied when photoperiod was progressively decreasing, had no significant influence
on production, for the LS birds had already entered a relative to absolute refractory state, rendering
them insensitive to any efforts to reinitiate reproduction. In turkey hens, longer intervals between
and greater variation in LH surges were found late in the breeding season when compared to
earlier in the season. This increase in intervals and variation in LH surges were also associated
with lower egg production (Liu et al., 2002). Baseline LH levels were found to be low at the end of
a long laying period, and exposure to long day photoperiod (14h:10h) had the effect that overall

and baseline LH concentrations were increased (Bacon and Long, 1996).

Light management is used in poultry species to stimulate reproduction and can be used to identify
females of superior laying ability during the first cycle of lay (Lewis and Perry, 1995). The
application of such lighting programs however, is impractical in the case of ostriches given their
physical size as well as their specific behavioural requirements (Lambrechts et al, 1998).
Selecting for responsiveness in broiler males and females resulted in a positive influence on egg
production in females, and selection for early sexual maturity has potential for positively affecting
reproductive performance and photosensitivity of female broilers (Eitan and Soller, 2000).
Selecting for ostrich males and females that comes into production earlier may result in improving

the overall performance of a commercial breeding flock.
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CONCLUSIONS

The study confirms the photoperiod-dependent breeding strategy of ostriches. Peak production
occurred between July (winter in the southern hemisphere) and January (late summer in the
southern hemisphere). Given the absence of reproductive performance-related selection in the
ostrich industry, it is advisable that ostrich breeding flocks are joined after the winter solstice, when
breeding birds have achieved full gonadal maturation. Subjecting breeding birds paired before the
winter solstice to forced breeding rest periods, however, provided a means to overcome the
influence of photoperiod on the reproductive activities of breeding ostriches. This may enable
commercial ostrich farmers to manipulate the reproductive cycles of their breeding birds in order to
ensure the timely production of slaughter ostriches. Forced breeding rest periods, however, were
only effective in reinitiating reproductive activities during the time of season when ostriches are still

photosensitive and have not yet entered a relative to absolute state of photorefractoriness.
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Chapter 4

The influence of stocking rate and male:female
ratio on the reproductive performance of breeding
ostriches (Struthio camelus spp.) under commercial

farming conditions’

Abstract

The reproductive performance of breeding ostriches, as influenced by stocking rate and male:female (M:F) ratio,
were investigated under intensive breeding conditions. The stocking rates for large flocks ranged from 114 to 210
birds per hectare, and the stocking rates for smaller flocks ranged between 9 and 13 birds in 0.13ha (1250 m?) and
0.30ha (3000 m?) camps, respectively. The different M:F ratios investigated were 1M:1F (pairs), 1M:2F (trios) and
1M:3F (quads), for breeding systems maintained in 0.06ha (625 m? camps. Total and average egg production,
fertility, and hatchability were compromised when the stocking rate was increased in almost all the breeding
systems. High stocking rates were detrimental to the reproductive performance and reproductive behaviour of the
flocks. Increasing the number of females per male had no negative influence on the reproductive traits, with a
significantly higher production observed for breeding quads. These findings indicated that ostrich breeding fiocks
can be maintained at stocking rates higher than those presently used on commercial ostrich farms. Ostrich
breeding pairs, trios and guads can also be maintained on smaller areas, with acceptable production levels.
Increasing the stocking rate of breeding flocks will potentially have a inhibitory effect on the establishment of
territories and use of space by breeding ostriches, thereby impacting negatively on the reproductive behaviour of

ostrich females and males in large flocks, respectively,

INTRODUCTION

Ostriches are the main farming interest in the Little Karoo region of South Africa, and used to
occur in areas of the Little Karoo that are used mainly for agricultural purposes today. At present,
almost 65% of the South African ostrich breeding population is found in the Little Karoo region
(Van Zyl, 2001). On commercial ostrich farms where the entire or part of the production cycle, i.e.
breeding birds, artificial incubation and raising of chicks and slaughter birds are represented,
ostriches are concentrated on relatively small areas (South African Ostrich Business Chamber,
2003). The natural vegetation in the Little Karoo is of low nutritional quality and natural veld areas
are most often used only as holding areas for breeding flocks, which are then fed commercial
breeder diets. This practice differs from those employed for other livestock farming systems, e.g.

sheep and beef cattle, where natural vegetation serve as the main food source.

" Published in the S. Afr. J. Anim. Sci. 34(2): 87-96
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The maintenance of breeding ostriches in large flocks is a well-known practice in South Africa and
israel. Breeding flocks can range in size from 50 to 200 birds, respectively (Deeming and Bubier,
1999). Flocks are usually maintained in camps several hectares in size, with no clear guidelines
on the optimal stocking rate for ostriches under free-range conditions. Male:female ratios (M:F) in

South African breeding flocks are 5-6 males for every ten females, which is similar to the 1M:2F

ratio in Israel (Deeming and Bubier, 1999). Guidelines of the South African Ostrich Business

Chamber (2003) require a maximum camp size of 0.25 ha for breeding pairs or trios when birds
are fed a breeding diet. In the case of larger breeding flocks, the minimum stocking rate is one
breeding bird/10ha for an 8-month breeding season. Breeding pairs, trios and guads are used in
breeding systems in Australia, with the breeding quads consisting of 2M:2F (More, 1997). In
Poland, ostriches are bred as pairs, trios or small flocks and most farmers pay special attention to
the space requirements of breeders to create optimum exercise conditions (Horbariczuk, 2002).
According to the draft recommendations of the Standing Committee of the European Convention
for the Protection of Animals Kept for Farming Purposes, the minimum space requirement for the
maintenance of ratite breeding birds is 1200 m* per bird, with larger areas recommended to
ensure well-being and proper exercise conditions (Horbaficzuk, 2002). According to the Code of
Conduct for animal welfare in New Zealand (Animal Welfare Advisory Committee, 1998), the
stocking rate for ostrich breeding pairs in open conditions should not exceed 20 birds per ha for
breeding flocks. The minimum camp size required for breeding pairs and trios is 0.06 ha and 0.20

ha, respectively. No status in terms of percentage vegetation cover was mentioned in this

document.

The intensive nature of ostrich farming presents both the commercial farmer and the
conservationist with a challenge to ensure that conservation of natural resources can co-exist
together with commercial ostrich farming. Scientific research on the production of ostriches in
large commercial breeding systems are scarce, and this complicates the development of best
practice techniques to enable producers to farm as cost-effectively as possible {Adams and
Revell, 2003). Most of the available literature on the egg production performance of ostriches
under intensive farming and wild conditions are compiled for breeding pairs, breeding trios, and
small flocks (Hurxthal, 1979; Jarvis et al., 1985; Foggin and Van Niekerk, 1995; Hicks-Aldredge,
1996; More, 1997; Deeming and Bubier, 1998; Bunter and Graser, 2000, Lambrechts ef al.,
2002). This study presents results on the reproductive performance of a large commercial

breeding population, and the influence of different stocking rates and male:female ratio on

reproductive traits.

MATERIALS AND METHODS

Experimental animals

Production data was obtained from an ostrich breeding flock of 4500 birds during two consecutive

breeding seasons. The breeding flock were maintained as a single breeding operation near
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Ladismith, in the Western Cape Province of South Africa. The breeding flock consisted of birds
maintained continuously on the farm, and breeding birds translocated from another commercial
breeding farm in the North-Western Province of South Africa. The North-Western birds were
translocated to the Ladismith breeding farm approximately two months before the onset of the

2000/2001 breeding season.,

Experimental design

The different stocking rates and M:F ratios studied during the two consecutive breeding seasons

are presented in Table 1.

Table 1. Stocking rates and male:female (M:F) ratios implemented in the breeding program of a commercial

ostrich breeding operation maintained near Ladismith in the Western Cape, South Africa.

Stocking rate | M:F ratio . . 2 Breeding season studied
. Camp size (ha) Camp size (m®)

(breeding system)

Breeding pair 11 0.06 and 0.13 625 and 1250 2000/2001 & 2001/2002

Breeding trio 1:2 0.06 and 0.13 625 and 1250 2000/2001 & 2001/2002

Breeding quad 1:3 0.06 625 2000/2001

9-bird flock 1.2 0.13 and 0.30 1250 and 3000 2000/2001 & 2001/2002

13-bird flock 1:2.25 0.35 3500 2000/2001

114 bird flock 1:2 1 10 000 2001/2002

120-bird flock 1.2 1 10 000 2000/2001

130-bird flock 1.2 1 10 000 200172002

141-bird flock 1:2 1 10 000 2001/2002

150-bird flock 1.2 1 10 000 2000/2001

210-bird flock 1.2 1 10 000 2000/2001 ]

During the 2000/2001 breeding season, the breeding birds maintained continuously on the
Ladismith farm were allocated to only large breeding units, and the imported breeding birds were
allocated to both large and small breeding units. The breeding birds were joined in July 2000 for
a 7-month breeding season. At the end of August 2000, 40 females and 20 males were removed
from each of four 210-bird flocks to establish two 120-bird and four 150-bird flocks. As a result of
the shorter breeding season for the 120-bird and 150-bird flocks, only reproductive data for the

remaining 5 months of the 2000/2001 breeding season are presented.

Based on the results of the 210-bird flocks during the 2000/2001 breeding season, three breeding
systems, i.e. 114-bird, 130-bird, and 141-bird flocks, were established. The breeding quads and
210-bird flocks did not form part of the experimental groups in 2001/2002 breeding season. Due
to the allocation of a larger number of birds to large breeding flocks (results not presented here)
that were maintained in approximately 40-70ha camps, only 114 and 141 birds were allocated to
the 120-bird and 150-bird breeding systems, respectively. The breeding birds were joined in July
2001 and results presented here represent data recorded for the entire 7-month breeding period.

40



During both breeding seasons, the breeding birds received a complete balanced breeder diet at
2.5kg/bird.day and had free access to fresh, clean water. Eggs were collected daily and identified
by means of camp number and date of production. Production was recorded individually for each
breeding system. After collection, the eggs were cleaned by dry wiping and disinfected by
fumigation (80g potassium permanganate in 130ml 40% formaldehyde solution per m? for 20min;
Smith et al, 1995). All eggs not suitable for incubation were noted for each breeding system and
removed from storage. Reasons for rejection included broken/cracked eggshells, chalky

eggshells and loose air cells (i.e. where the air cell was damaged during transport to the

incubation facilities).

All eggs were stored in an upright position with the air cell uppermost for a maximum of 10 days at
17-18 °C and 75% relative humidity, and were turned once daily through an angle of 45°. The
eggs were artificially incubated in Buckeye® electronic incubators at 36°C and 28% relative
humidity for a period of 38 days before being transferred to the hatchers for the remainder of the
incubation period. Eggs were candled on day 14 to establish early embryonic deaths and fertility,
and on day 38 to establish late embryonic deaths. After hatch, chicks were kept in the hatcher for
a period of 24h to allow sufficient time for the navel to close, before being dispatched to contract

growers. All eggs and reasons for not hatching during incubation were noted throughout the

study.

Definitions for reproduction traits are as follows:

e Total egg production = total number of eggs produced per breeding system during the
production period

e Chicks (number) = number of day-old chicks hatched

Average EP/female = average number of eggs produced per female during the production

period

Fertility (%) = [(Total eggs set — number of infertile eggs)/total eggs set] x 100

Hatchability (%) = (Number of chicks hatched/Total number of eggs incubated) x 100

Statistical analysis

The influence of stocking rate and malefemale ratio were assessed by one-way analysis of
variance procedures. In cases where trends were expected and where degrees of freedom for
treatments exceeded one, the degrees of freedom for the number of birds were partitioned in
orthogonal polynomials depicting linear tendencies. The LSMLMW computer program (Harvey,
1990) was used for this purpose. When more than two means were compared, least significant
differences were computed, provided that the comparisons were protected by a significant value
in the ANOVA table (Snedecor and Cochran, 1967)). When only two means were compared,

differences between means were tested for significance by using the F-test derived from the

ANOVA table (Snedecor and Cochran, 1967).
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RESULTS

The 210-bird flocks had on average a higher total egg production during the 2000/2001 breeding
season, when compared to the 150-bird and 120-bird flocks (Table 2). Although the F-value for
treatment (flock size) in the analysis of variance table did not reach statistical significance
{P=0.13), there was a suggestion of a linear increase (P<0.05) in total egg production per camp
with an increase in colony size. This increase in egg production amounted to 11.9+5.4 eggs per
female, and accounted for 99.6% of the variation associated with treatments. The same tendency
was observed for the number of chicks hatched, with an increase of 3.11+1.86 chicks hatched per
breeding bird (P20.12). However, fertility and hatchability declined significantly P<0.05) with an
increase in stocking rate. The linear regression coefficient for fertility amounted to -0.06+0.02%
per bird (R2=O.99), and for hatchability to -0.11+£0.03% per bird (R2=0.96). Average egg

production was independent of stocking rate.

Table 2. Influence of stocking rate on the reproductive traits (means + SE) of ostriches maintained in 1 ha

camps during the 2000/2001 breeding season.

SIZE OF BREEDING FLLOCK (1M:2F)

PARAMETER 120 birds 150 birds 210 birds
Number of breeding systems 2 4 8
Total EP 1748 £ 515 2181 + 364 2859 £ 257
Number of chicks hatched 515+ 176 707 + 124 844 1 88
Average EP/female 20.0 +4.1 229129 209120
Fertility (%) 85.8 + 1.9% 83.2 +1.4° 79.9+0.9°
Hatchability (%) 70.1 £2.6 64.6 £1.9" 59.4 + 1.3°

abec Columns with different superscripts differ significantly (P<0.05)

During the 2001/2002 breeding season, egg production was compromised with an increase in
stocking rate in the 1 ha camps. Total egg production for the 141-bird flock declined significantly
(P<0.01) by 21.3% and 20.2%, when compared to the 130-bird and 114-bird flocks, respectively.
Chick production was similarly affected, and declined by 21.2% and 22.0%, when compared to
the 130-bird and 114-bird flocks, respectively (Table 3). The average egg production declined
significantly (P<0.01) by 0.44 + 0.01 eggs per bird as flock size increased (R®=0.94). Fertility and
hatchability did not differ between the respective treatments (P=0.13 and P=0.29, respectively).
However, when the degrees of freedom were partitioned in orthogonal polynomials, a linear
regression coefficient amounting to —0.15 * 0.07% per breeding bird were observed for fertility

(P<0.05; R?=0.99). Hatchability similarly tended to decline (-0.09 + 0.05%, P=0.10; R*=0.99) with

an increase in stocking rate.
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Table 3. Influence of stocking rate on the reproduction traits (means £ SE) of breeding ostriches maintained

in 1 ha camps during the 2001/2002 breeding season.

PARAMETER

SIZE OF BREEDING FLOCK

114 birds (38M:76F)

130 birds (43M:87F)

141 birds (47M:94F)

Number of breeding systems
Total EP

Number of chicks hatched
Average EP/female

Fertility (%)

Hatchability (%)

8
2793 + 121
1938 + 87°
343+ 1.4
83.6+1.3
784110

4
2834 £ 171°
1917 + 123
3056+ 1.97
81.2+1.9
773+15

8
2230 £ 121"
1510 + 87°
221+1.4°
796113
76.0£1.0

. Columns with different superscripts differ significantly (P<0.05)

Under a constant male to female ratio of 1:2, fertility was improved by 9.5% for the 9-bird flocks
maintained in the 0.13 ha camps, when compared to the 9-bird flocks maintained in 0.30ha camps
(Table 4). A similar tendency was observed for hatchability, which was 6.0% higher for the 9-bird
Nine-bird flocks maintained in 0.13ha camps

produced on average 23.5 more chicks (P<0.05) than the 9-bird flocks maintained in the larger

flocks maintained in the smaller 0.13ha camps.

0.30 ha camps.

Table 4. Reproduction traits (means + SE) for 9-bird breeding flocks (1M:1F) maintained in 0.13 ha and 0.30
ha camps during the 2001/2002 breeding season.

CAMP SIZE
PARAMETER 0.13 ha 0.30 ha
Number of breeding systems 50 50
Total EP 256+ 11° 233+ 11°
Number of chicks hatched 182.6 + 8.4° 1478 +8.4°
Average EP/female 341114° 297 +1.4°
Fertility (%) 81.6 +1.4° 74.5+1.4°
Hatchability (%) 75.1+1.0° 70.6 £1.0°

3P, Columns with different superscripts differ significantly (P<0.05)

Average egg production per female was 68% higher (P<0.01) for breeding trios, when compared
to the 9-bird flocks (Table 5). However, fertility and hatchability of eggs produced by 9-birds
flocks was significantly improved by 19.6% and 28.9%, respectively (Table 5). When the average
egg production per female are compared on a per trio basis, i.e. the 9-bird flock can be
considered equivalent to two breeding trios, the 9-bird flocks produced on average 15.8% more

eggs on a per trio basis than did the breeding trios.
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Table 5. Influence of stocking rate on the reproductive traits (means + SE) of breeding ostriches maintained

in 0.13 ha camps during the 2001/2002 breeding season.

FLOCK SIZE (M:F)
PARAMETER Trios (1M:2F) 9-bird colony (3M:6F)
Number of breeding systems 83 50
Total EP 1147+ 58" 2556 +7.4°
Number of chicks hatched 67.7 4.6 182.6 +5.9°
Average EP/female 57.4 1 1.8° 341+24°
Fertility (%) 68.2 + 1.3 816+1.7°
Hatchability (%) 58.2 1.3 75.1¢1.6"

, b: . . .
* % Columns with different superscripts denote significance (P<0.05)

As can be expected, total egg and chick production increased linearly (P<0.01) with an increase in
the number of females per breeding system (Table 6). Average egg production per female, and

fertility of eggs produced, however, did not differ between the different treatments. Hatchability

was significantly higher (P<0.05) for eggs produced by the breeding quads (Table 6).

Table 6. Influence of maleffemale ratio on the reproduction traits (mean + SE) of breeding ostriches
maintained in 0.06ha breeding camps during the 2000/2001 breeding season.
BREEDING SYSTEM (M:F)
PARAMETER Pairs (1M:1F) Trios (1M:2F) Quads (1M:3F)
Number of breeding systems 50 125 8
Total EP 25.9+2.3° 52.1+1.4° 92657°
Number of chicks hatched 21.9+20° 426+1.3° 80.55.0°
Average EP/female 216+£11 217107 258+27
Fertility (%) 743 1 2.1 776113 83.8+5.2
Hatchability (%) 70.0 £ 2.2° 735+1.4° 81.1+£54° |
a, b, c:

Columns with different superscripts differ significantly (P<0.05)

Although maintained in slightly larger camps (0.30 vs. 0.35 ha) and at a higher stocking rate, the
13-bird flocks performed on average better in terms of all reproduction traits, when compared to
the 9-bird flocks (Table 7). Total egg production was significantly (P<0.01) increased for the 13-
bird flocks. A similar tendency (P<0.007) was observed for average egg production per female.
Thirteen-bird flocks produced on average 233.7 + 8.6 eggs in total and 21.7 + 0.9 eggs/female,
compared to 129.7 + 8.6 eggs in total and 18.0 + 0.9 eggs/female for the 9-bird flocks. Fertility

and hatchability was also improved (P<0.01) in the 13-bird flocks.
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Table 7. Reproduction traits (means + SE) recorded for 9-bird and 13-bird breeding flocks maintained in

0.30 and 0.35 ha camps, respectively, during the 2000/2001 breeding season.
FLOCK SIZE (M:F)

PARAMETER 9-birds (1M:2F) 13-birds (1M:2.25F)
Number of breeding systems 25 25

Total EP 129.7 +8.6° 2337 +8.6"
Number of chicks hatched 107.97.4° 1983 +7.4°
Average EPffemale 18.020.9° 216+09°
Fertility (%) 84.9 +1.3° 90.3+1.3°
Hatchability (%) 79.4  1.4° 86.1+1.4°

B — . 5 —
% Columns with different superscripts differ significantly (P<0.01)

DISCUSSION

The influence of stocking rate

During the 2000/2001 breeding season, egg production was higher for the 210-bird per hectare
stocking rate, with egg production increasing linearly as the stocking rate was increased. There
also was a tendency for the number of chicks hatched per bird to be increased as stocking rate
was increased. Fertility and hatchability, however, decreased as stocking rate increased. The
respective stocking rates did not influence average egg production. During the 2001/2002
breeding season, however, egg production was compromised when stocking rate was increased.
Total egg production decreased in the 130-bird and 141-bird flocks, when compared to the 114-
bird flocks maintained in the 1 ha camps. Average egg production decreased by 0.4410.007 eggs

per bird as stocking rate was increased. Fertility was lower and hatchability tended to decrease

for the higher stocking rates.

The contradictory results obtained during the two breeding seasons can be explained by the
translocation of a proportion of the breeding population to a new breeding environment two
months before the onset of breeding during 2000/2001 breeding season. These newly imported

birds were allocated to a number of the 210-bird flocks. These breeding birds may not have had
sufficient time to adapt to their new environment. Translocation to a new and unfamiliar
environment results in disorientation and the consequent manifestation of abnormal behavioural
patterns (Lambrechts et al, 1998b). Results from this study suggest that the respective flocks
were still acclimatizing to the new breeding environment that differed in terms of vegetation,
climate and management. With the onset of breeding during the 2001/2002 breeding season, the
imported birds had sufficient time to acclimatize and this was reflected in the production figures of

the flock at the lower 114 birds per hectare stocking rates.

The tendency for fertility and hatchability to be negatively influenced in the larger flocks during
both breeding years, support the reasoning that too high a stocking rate adversely affects the
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reproductive performance of ostriches, It is also possible that corticosterone levels were higher in
females housed at the higher stocking rates and this may have had a negative influence on

ovulation and subsequent oviposition. Corticosterone levels were found to be higher in laying

hens housed in higher rates (Mashaly et al., 1984). Abnormal doses of corticosteroids resulted in

premature LH release and an irregular laying patterns in laying hens (Gilbert, 1971).

The negative influence of the higher stocking rates on normal reproductive behaviour also
possibly contributed to the lower fertility observed for the large flocks during both years.
Courtship and mating behaviour of ostriches have been well-documented, with reproductive
behaviour in captive environments closely resembling that observed in natural environments
(Bolwig, 1973; Stewart, 1994; Berendsen, 1995; Hicks-Aldredge, 1996; Deeming, 1997; Bubier et
al., 1998). Any change in the immediate environment may disrupt normal reproductive behaviour
(Lambrechts et al., 1998b). The establishment of a male’s territory is usually initiated by the
making of a nest, and borders of males' territories seldom overlap (Sauer and Sauer, 1966b;
McKeegan and Deeming, 1997). During breeding seasons, males spend most of their daily
activity budget on territorial defense, and this is more pronounced in small breeding groups. The
high stocking rates prevented males from establishing clear territories, which may resulted in
them spending relatively more time on aggressive interactions with other males and less time on
territorial defense and reproductive interaction with females. Although no behavioural study was
done to substantiate this, instances were observed where more dominant males interrupted
mating sessions by chasing or running a copulating male off a female. Aggressive displays
between males and towards onlookers were also observed. The aggressive encounters that were
more prevalent in the 210-bird flocks during the study period may be indicative that the defense
and maintenance of territories were more difficult in the larger flocks. The increase in fighting
bouts between males also possibly disturbed the laying activity of females in these flocks.
Wechsler and Schmid (1998) found that aggressive interactions were significantly increased in
multiple-male groups of Japanese quail (Coturnix japonica). Aggressive encounters between

females, as observed by Sauer and Sauer (1966a, 1966b), were seldom observed during the

present study.

The high stocking rates of 150 birds, 141 birds and 210 birds per hectare represented stressful
conditions that had a negative influence on the normal behaviour of the breeding ostriches.
Cases were observed where females and males displayed abnormal homosexual behaviour and
this was more prevalent at the highest stocking rate of 210 birds per hectare. Homosexual
behaviour was also observed during the non-breeding season, when males and females were
separated and maintained in separate-sex flocks at a rate of approximately 150 birds per hectare.
Feather pecking was observed for both genders maintained at the higher stocking rates. with
females being pecked to a greater extent than males. McKeegan and Deeming (1997),
Lambrechts and Cloete (1998) and Lambrechts et al. (1998a) indicated that ostriches tend to
have rather conservative behavioural patterns and maintaining breeding ostriches in large flocks,
may give rise to certain behavioural problems (Stewart, 1994; Hicks-Aldredge, 1996; Deeming,
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1997). Abnormal homosexual behaviour in female ostriches in captive environments (Sambraus,
1994) and imprinting on humans (Bubier et al., 1998) have also been reported. Our observations
in this study lend support to suggestions of Stewart (1994), Hicks-Aldredge (1996), Deeming
(1997) and Sambraus (1995 cite Deeming and Bubier, 1999) that abnormal behaviour patterns
may develop as a result of too high stocking rates. The abnormal behaviour patterns observed at
the higher stocking rates agree with findings in poultry where high stocking rates had a negative
influence on the reproduction performance and well-being of laying hens (Hughes and Wood-
Gush, 1977; Sherwin and Kelland, 1998; Blokhuis and Wiepkema, 1998; Martrenchar et al., 1999;
Savory et al., 1999; Bilcik and Keeling, 2000; Klein et al., 2000). Feather pecking was found to be
transmitted socially in groups of laying hen chicks (Zeltner et al., 2000). Odén et al. (1999) found
that the presence of males had a reducing effect of agonistic behaviour in laying hens, but not on

the degree of feather pecking among laying hens housed at high stocking rates.

In contrast to the influence of too high stocking rate of the production of the large flocks, the 9-bird
flocks maintained in the smaller 0.13ha camps outperformed the 9-bird flocks in the larger 0.30ha
camps in terms of almost all production parameters. Total eggs produced tended to be 9.5%
higher (P=0.15) for 9-bird flocks maintained in the smaller 0.13ha camps. Average egg
production was improved by 14.5% in the 9-bird flocks maintained in the 0.13 ha camps. The
fertility and hatchability of 9-bird flocks in the 0.13ha camps were improved by 9.5% and 6.4%,
respectively. Chick production was 23.5% higher for the 9-bird flocks maintained in the smaller
camps. A possible explanation for this improvement in the respective production traits is that the
increased frequency of encounters between males and females in the smaller camps were more
frequent than in the larger 0.3ha camps. The smaller camp size of 0.13ha did not appear to
influence reproductive behaviour of the birds. It would appear that the establishment of clear
territories were not inhibited during the study period. The smaller 0.13ha camps actually might
have contributed to females visiting different territories more frequently than in the larger 0.30 ha
camps and this possibly resulted in a higher frequency in sexual encounters, which in turn

possibly contributed to the higher production performance of the 9-bird flocks in the smaller 0.13

ha camps.

When the production of breeding trios and 9-bird flocks in 0.13ha camps are considered, the 9-
bird flocks performed on average better for all reproduction traits, with the exception of average
egg production per female. The improvement in almost all the reproduction traits in the 9-bird
flocks can be ascribed to the higher number of females and males present in this breeding
system, when compared to the trios. Average egg production however, was compromised for the
higher stocking rate of 9 birds per 0.13 hectare. The improved fertility and hatchability for the 8-
bird flocks maintained in 0.13ha camps can be ascribed to the stimulating effect of more than one
male in this breeding system. Females had the opportunity to visit more than one male’s territory
and this possibly contributed to more frequent sexual encounters and the higher fertility and

hatchability recorded for the 9-birds flocks.
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When production of the smaller 9-bird and 13-bird flocks are compared, the 13-bird flocks
performed significantly better than the 9-bird flocks in terms of all reproduction traits, i.e. total egg
production, average egg production per female, number of chicks hatched, fertility and
hatchability. When the two breeding systems are compared on an area/bird basis, it became
evident that reproductive performance is not only stocking density dependent. The higher density
in the 0.35 ha camps (269.2m%/bird vs. 333.3m°/bird), possibly had to effect that sexual
encounters between the males and females were more frequent, which in turn contributed to the
improved fertility and hatchability. 1t is difficult; however, to reach a conclusion with regard to the
improved production of the 13-bird flocks, for the slight increase in camp size might also have had

a positive influence on the production performance of the 13-bird flocks.
The influence of male:female ratio

Increasing the number of females per male in the 0.06ha camps had to effect that egg production
increased linearly with 29.1+ 2.3 eggs per camp, with a corresponding linear increase of 24.2£2.0
chicks per camp. Average egg production per female, however, was not similarly affected.
Fertility and hatchability were significantly improved for the breeding quads. An important
observation was that neither fertility nor hatchability was compromised when the number of
females was increased. A possible explanation for this is that the breeding quads are similar to a
breeding harem that is usually established by males during a breeding season. Ostriches are
gregarious by nature and the stimulus of an increase in the number of individuals in the respective
breeding systems is reflected in the improvement in almost all the reproduction traits of the
breeding quads in the study. Deeming (1996) found that breeding pairs and trios were more
productive than larger flocks. Results obtained in this study support the findings of Deeming
(1996). His study however, did not include a comparison of breeding quads with the larger flocks.
Based on the results in the present study it can be assumed that breeding quads will be more
productive on a per female basis than larger flocks. However, it has to be conceded that the
number of replicates studied for the breeding quads was relatively small when compared to other
studies (Craig et al., 1977, Bates et al., 1987; Deeming and Wadland, 2001; Campo and Davilla,
2002). It is therefore possible that the breeding quads could have performed exceptionally well

under these circumstances.

The present results are contradictory to resuits reported by More (1997), who found that the laying
performance of breeding pairs tended to be better than that of both trios and a breeding flock.
However, although female age significantly influenced egg production, no mention was made on
the composition of the respective breeding systems. The improvement in the fertility and
hatchability for the breeding quads are contradictory to the decline in fertility reported when the
number of females were increased in single-male groups of Japanese quail (Coturnix japonica)
and commercial pheasants (Phasianus colchinus) (Bates et al., 1987, Wechsler and Schmid,
1998; Deeming and Wadland, 2002). Single-male groups containing 8, 12, 16 and 20 hens had
fertility percentages of 92%, 84%, 77% and 69%, respectively (Wechsler and Schmid, 1998)
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Increasing the number of females from 1M:12F to 1M:18F in pheasants had fo effect that egg
production was increased, with a subsequent decrease in fertility. Campo and Davilia (2002)
investigated the influence of four different mating ratios on stress and fearfulness indicators in
Their results suggested that too high mating ratios increased physiological and
Deeming and Wadland (2002) investigated the effect of two

chickens.

psychological stress responses.
mating ratios, i.e. 1M:8F and 1M:12F, in commercial pheasant flocks. Flocks with a mating ratio

of 1M:8F produced significantly more eggs, and fertlity and hatchability were improved
significantly for the 1M:8F flocks. The higher M:F ratio of the breeding quads therefore indicates

that ostrich males can successfully keep and service a harem consisting of at least three females.

CONCLUSIONS

The results indicate that breeding ostriches could be maintained at stocking rates higher than
what is currently used on commercial ostrich farms. This has important implications in terms of
the intensification of ostrich farming, especially in areas that are characterised by vegetation that
are exposed to the trampling effect of ostriches. However, too high stocking rates may have a
negative influence on normal reproductive behaviour, and thereby may not be beneficial for

reproduction as well as well-being of ostriches under intensive farming conditions.

Results indicated that a “trade-off” in performance was observed when either the stocking rate
was increased, or when the number of females per male was increased. For example, when
average egg production per female was improved, fertility and hatchability was compromised. The
114-breeding flocks performed the best in 1 ha (10 000m?) breeding camps, in terms of all the

reproductive traits. Increasing the stocking rate in smaller 0.13 ha (625m2) breeding camps had
the effect that, although average egg production/female was lower, fertility and hatchability were

improved, possibly as a result of more frequent sexual interaction of males and females.
Breeding pairs, trios and quads could be maintained on smaller areas than what is normally

prescribed, with acceptable production levels. Although the number of quads in the study was

relatively small, it indicates that harem size under intensive conditions may be as high as three
females per male, which supports the polygamous nature of ostrich males.
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Chapter 5

Genetic and environmental (co)variance estimates for
ostrich (Struthio camelus var. domesticus) male
aggression, shin colour and egg production performance

of companion breeding females

Abstract

Monthly records on male aggression and shin colour scores, as well as for female egg production performance
(EPP), were obtained for ostrich breeding pairs (n=136) over the period 1999 to 2002. All traits were affected by
animal age, generally increasing up to intermediate ages of 4-7 years, and decreasing subsequently. Direct
heritability estimates (+SE) were 0.30£0.04 for male aggression score, 0.03+0.02 for shin colour score and
0.0810.04 for EPP. The animal permanent environmental variance (PE — association of records obtained across
years) was significant for EPP only, at 0.07£0.03. The animal temporary environmental variances (TE — associations
between records obtained within a breeding season) amounted to 0.23+0.02, 0.29+0.02, and 0.13+0.02,
respectively. When assessed on a per breeding pair level, phenotypic correlations of male aggression score and
male shin colour score with female EPP were estimated at 0.29+0.02 and 0.19+0.02 respectively. The partitioning of
these correlations indicated that the TE components contributed most to the observed phenotypic relationships, at
0.42+0.07 and 0.510.07, respectively. On the PE and genetic levels, the observed correlations were low, mostly
negative in sign, and not significant. The derived phenotypic relationships would thus not be valuable as indirect
selection criteria for the improvement of egg production in ostriches in the current flock or future generations. The
significant genetic variation for male aggression score, however, suggests that it could be possible to change the
temperament of ostriches, to enable them to adapt better to routine husbandry operations, without impacting

negatively on the egg production performance of companion breeding females.

INTRODUCTION

In Africa, ostriches have been hunted for centuries for their meat and feathers (Holtzhausen and
Kotzé, 1990; Drenowatz et al, 1995; Deeming, 1999). The first record of commercial ostrich
farming in South Africa dates back as far as the 1860's, with feathers being the main source of
Since then, the emphasis has shifted to leather and meat as the major

income (Smit, 1964).
sources of income, with feathers contributing the least to the total income generated from a

slaughter bird (Wagner, 1986; Van Zyl, 2001).

The intensification of commercial ostrich farming and an increase in the emphasis on the welfare of
animals under intensive farming conditions during the last few decades, had the effect that
rcial ostrich farmers need to integrate the specific behavioural requirements of ostriches into

comme
programs to ensure an optimum breeding environment (Stewart, 1994; Reiner ef

their management
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al, 1996; Lambrechts et al, 1998; Mohamed et al, 2003). Identification and integration of the
behavioural patterns of ostriches in commercial farming systems may reduce potential stress-
causing environments that may have an adverse effect on production performance. Overt
aggressive behaviour in ostrich males is considered as an abnormal behaviour, and may contribute

to lowered reproductive performance in ostrich breeding systems. There are, however, few studies

to support these contentions.

Reports on ostrich behaviour have mostly been concerned with natural environments (Sauer, 1972;
Bolwig, 1973; Hurxthal, 1975; Bertram, 1992; Sambraus, 1995). Ostriches are gregarious in nature
during non-breeding seasons (Sauer and Sauer, 1966a, 1966b; Bertram, 1980, 1992; Burger and
Gochfeld, 1988). During breeding seasons, male and female behaviour changes considerably,
with both genders exhibiting characteristic behavioural repertoires (Sauer and Sauer, 1966b;
Sambraus, 1994; Deeming and Bubier, 1999). Behaviour exhibited under commercial farming
conditions closely resembles that observed in the wild (Bolwig, 1973; Berendsen, 1995; Hicks-
Aldredge, 1996; Deeming, 1997, 1999; Bubier ef al, 1998). Display of territorial aggression,
together with the change in colour of the shins, are commonly used by ostrich farmers as an
indication of the readiness of a male to enter a breeding season. Both traits were previously shown
to be positively related to egg production of female companions on a phenotypic level (Lambrechts
et al. (2000). Ostrich males appear to develop courtship behaviour later than females, with
colouration of the beak, thighs and shins only after the onset of breeding (Bolwig, 1973; Hicks,
1990; Samson, 1996; Deeming and Bubier, 1999). During breeding seasons the shins of ostrich

males change in colour from light pink to crimson red.

Territorial behaviour in adult ostrich males, which is most often combined with aggression and
vocalisation, is observed to a higher degree at the onset of and during breeding seasons (Sauer,
1972; Bolwig, 1973; McKeegan and Deeming, 1997; Lambrechts, 1998). This increased leve! of
aggression during a breeding season is associated with elevated levels of testosterone (Degen et
al., 1994). Male aggression is mainly associated with territorial behaviour, and is characterised by
males ramming each other with their chests and by forward kicking (Huchzermeyer, 1997), and by

kantling displayed to other males and intruders in or near their territory (Bertram, 1992). The aim

of this study was to determine the genetic and environmental (co)variance components for ostrich
male aggression, male shin colour, and the correlation of these traits with the reproductive

performance of their companion breeding females under commercial conditions.

MATERIALS AND METHODS

Experimental animals

An ostrich breeding flock consisting of 136 breeding pairs, maintained at the Little Karoo
Agricultural Development Centre outside Oudtshoorn, South Africa, was used for the study. The
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management of the breeding flock is documented by Van Schalkwyk et al. (1996) and Bunter and

Graser (2000). The ages of the males used in the study varied between 2 and 12 years.

Experimental procedure

Each male was evaluated on a monthly basis throughout the 1999/2000, 2000/2001, 2001/2002

and 2002/2003 breeding seasons, by using a subjective scale to assign aggression and shin colour

scores.
Assignment of aggression score:

The study focussed on territorial behaviour exhibited by ostrich males, i.e. aggressive behaviour

displayed towards intruders in its breeding territory. Aggression scores were assigned by

evaluating males on a monthly basis in terms of the extent of aggressive behaviour displayed
throughout the breeding season. Scores were assigned on a scale, according to the following
criteria:

e Low aggression score (5-6): assigned to males exhibiting no territorial aggression in a specific
production month, and eggs could be collected without additional assistance to divert a male’s
attention away from the nest. Males appeared subdued and also disinterested in the activities
in and around their breeding territories.

e Medium aggression score (7-8): assigned to males exhibiting a more extensive degree of
territorial aggression, i.e. additional assistance were required to collect eggs on certain, but not
all, occasions during a specific production month. Males frequently mock-charged any
intruders, but on confrontation retired to another part of his breeding territory.

e High aggression score (9-10): assigned to males that exhibited extreme territorial aggression
towards any intruders into their breeding territories in a specific month. In all cases, additional

assistance was required to collect eggs.

Assignment of shin colour score:

A shin colour evaluation chart was compiled by using commercial paint colour charts. The colour

chart used to assign shin colour scores is represented by Platel. A score of 0 represented a white

shin colour, with 5 being light pink and 10 a bright crimson red.

1 2 3 4 5 6

Plate 1. Colour chart used to assign monthly shin colour scores to ostrich males. Shin colour score indicated

in each respective colour box.
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Egg production

Daily egg production was noted for each pair throughout the breeding season. During the
2000/2001, 2001/2002 and 2002/2003 breeding seasons, the breeding pairs were subjected to
different management practices, resulting in the breeding pairs differing in the number of
production days. Breeding pairs were also subjected to mid-season breeding rests during the
respective breeding seasons, resulting in their overall breeding shorter than their non-rested
contemporaries. To standardize for the number of production days per breeding pair and also to
accommodate months that differed in terms of production days, the egg production performance
(EPP) for each breeding pair was calculated by using the following equation (Van Schalkwyk et al.,
1996):
EPP = [(total number of eggs produced/(0.5 X number of production days)] X 100

Statistical analysis

The ASREML program (Gilmour et al., 1999) was used for the estimation of the fixed effects, and
also subsequently to derive variance components for female egg production, and male aggression
and shin colour scores in univariate analyses. Fixed effects that were considered included
production year (2000-2002) and treatment (rested or not). Trends with regard to animal age and
month of the breeding season were modelled, using cubic splines (Verbyla ef al., 1999). The cubic
splines consisted of a fixed linear component and a random non-linear component depicting
random deviations conforming to a smooth trend. Initially, random deviations from linearity not
conforming to a smooth trend were also fitted, but this component was not found to be significant
(P=0.05) for any of the variables. The first analyses involved fitting various combinations of fixed
effects, random spline components and interactions between them to obtain an operational model
(termed as Model 1). Effects found to be significant (P<0.05) in these preliminary analyses were
retained in subsequent analyses. Random terms were then added to the operational model,

resulting in the following genetic models for analyses (in matrix notation):

y=Xb+Zj+te 2)
y=Xb + Zope + € (3)
y=Xb+Zsre + € (4)
y=Xb+ Zjg+Zope + € (5)
y=Xb+Zy, +Zsret e (6)
y=Xb+ Zpog + Zate + € 7)
Yy=Xb+Zi, +Zpe tZze*E (8)

In these models, y was a vector of observations for female production or reproduction traits; b, a,
permanent environment (PE) and temporary environment (TE) were vectors of fixed effects, direct
additive genetic effects, animal permanent environmental effects and animal temporary
environmental effects, respectively. PE represented the factors that could contribute to variation

observed between breeding seasons, whereas TE represented factors that could contribute to the
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variation observed within a breeding season. X, Z, Z,, and Z3 were the corresponding incidence

matrices relating the respective effects to y, and e the vector of residuals.

It was assumed that:
V(@) = Ao’y V(pe) = loee; V(re) = Io%e; V(e) = lo%,

with A being the numerator relationship matrix, | being an identity matrix; and o°,, o®pe, o°re and o”
being the direct genetic variance, animal permanent environmental variance, animal temporary
environmental variance and environmental (residual) variance respectively. All analyses included
the full pedigree file, consisting of 601 individuals, the progeny of 135 males and 132 females.

Likelihood ratio tests (LRT) were conducted to determine the most suitable model! for each trait in
univariate analyses. The LRT was based on testing twice the increase in Log likelihood resulting
from adding an additional random term to the model of analysis as a Chi? statistic. Alternatively, for
two models with the same number of random effects, and assuming identical fixed effects models,
the one with the higher likelihood fits the data better.

Subsequently, two-trait animal models were fitted to the data in an attempt to estimate genetic,
environmental and phenotypic correlations between the respective traits. Direct additive variance
components in the study were relatively small, particularly in the case of shin colour score. It was
attempted to use the numerator relationship matrix to estimate genetic correlations between sex-
limited traits measured in either males or females, viz. between EPP and aggression score, as well
as between EPP and shin colour score. Since these traits were not recorded on the same gender,
these correlations were not stable, with relatively large standard errors. To add to these results,
within and between breeding pair (co)variance components were also obtained to estimate
permanent and temporary environmental correlations between these traits on a breeding pair level.
Temporary environmental correlations were seen as associations between measures of breeding
pair performance within breeding seasons, while permanent environmental correlations were

defined as associations across breeding seasons.

RESULTS

The monthly egg production performance (EPP) of the ostrich females was exceedingly variable,
as indicated by a standard deviation exceeding the mean (Table 1). A relatively large proportion of
females had monthly EPP records of zero in some months, contributing to the observed variation.
The corresponding coefficient of variation for male aggression score was 30%. Male shin colour

score was less variable, with a coefficient of variation below 10%.
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Table 1. Means and standard deviations, and number of observations for reproductive and behavioural traits

assessed for ostrich males and females.

TRAIT Mean (SD) Number of observations
Monthly EPP (%) () 32.1(34.2) 4025
Aggression score (J) 6.62 (2.0) 4406
Shin colour score (&) 7.75 (0.68) 4406

Male aggression increased with age, with young males (i.e. 2 years of age) exhibiting less
aggressive behaviour than their older contemporaries. Aggression reached a peak in males aged
6 to 7 years, and declined with an increase in age. When shin colour scores are considered, males
aged 5 to 7 years received the highest scores for shin colour (8.02£0.04). Two-year old males

received lower shin colour scores of on average 7.36+0.09 (Figure 1).

8.5 7 800
8.0 | * 50.0
7.5+
+ 40.0
g 707 S
2 + 300 o
N 6.5+ &
+ 200
6.0 T
55 + + 10.0
5.0 0.0

Age (years)

Fn—— Aggression —o— Shin colour —o— EPP

Figure 1. The reiationship between male age, aggression and shin colour scores, and female egg production

performance (EPP).

The likelihood ratio tests revealed that Model 8 of the statistical analysis, including the direct
additive genetic effects, female permanent environmental effects and female temporary
environmental effects as random factors, fitted the data best (P<0.01) for monthly EPP (Table 2).
Model 7, i.e. the model including only the direct additive genetic and male temporary environmental

effects, fitted the data best (P<0.01) for aggression and shin colour scores of males (Table 2),
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Table 2. Log likelihood values for the respective random effect models (model in brackets) considered in the

analyses, with the best models indicated in bold.

[ EFFECT EPP Aggressionscore |  Shin colour score
Fixed only (1) -18857.3 -5454.9 -525.83 N
+h?(2) -18525.9 -5464 .22 -349.34
+ PE (3) -18525.3 -5457.9 -339.02
+TE (4) -18465.8 -5351.1 -154.18
+ h?+ PE (5) -18519.8 -5451.7 -349.34
+h?+ TE (6) -18429.9 -5302.5 -152.10
+PE+TE (7) -18431.8 -5408.0 -153.22
+h? + PE + TE (8) -18426.8 -5301.1 -162.10

Heritability (h®) of the male traits ranged from 0.03 to 0.30 for shin colour and aggression,
respectively (Table 3). The monthly EPP of ostrich females were lowly heritable at 0.08. The
female permanent environmental variance ratio (PE) was only significant (P<0.05) for EPP. The
animal temporary environmental variance ratios were significant (P<0.05) for all traits, and
exceeded 0.10 throughout. These results suggested that the animal temporary environmental
variances (i.e. the correspondence between monthly records on the same animal within a season)

contributed markedly to all the traits measured on male and female ostriches in the present study.

Table 3. Variance components and ratios (+SE) for the egg production performance (EPP) of ostrich females,

and aggression and shin colour scores assigned to ostrich males.

VARIANCE EPP Aggression score Shin colour score

Component

o?a 80.623 1.2919 0.0155

o 74.282

o 138.030 0.9829 0.1347

o% 752.026 1.9657 0.3217

o% 1044.961 4.2405 0.4719

Ratios

h? 0.08 £ 0.04 0.30 £ 0.04 0.03 £ 0.02

PE 0.07 £ 0.03*

TE 0.13+0.02* 0.23 £ 0.02* 0.29 £ 0.02*
*P<0.05

The significant phenotypic correlation between monthly EPP and aggression score (Table 4), could
mostly be attributed to a highly significant (P<0.01) TE component. This result suggests that short-
term, seasonal differences mostly accounted for the positive phenotypic and environmental
correlations. The PE correlation (i.e. the long-term correlation between breeding pair relationship
across breeding seasons) was positive, low, and smaller in magnitude than the corresponding
standard error. The genetic correlation between male aggression and shin colour was low, at 0.08

(Table 4). The positive and significant phenotypic correlation once again depended mostly on a

significant (P<0.01) TE correlation.
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Table 4. The permanent (PE) and temporary (TE) environment correlations of the egg production
performance (EPP) of ostrich females with aggression and shin colour of ostrich males, as
estimated between breeding pairs and on an individual basis

TRAITS AND BETWEEN BREEDING PAIR INDIVIDUAL

CORRELATIONS PE TE Environmental Phenotypic

Number of combinations 299 546 4406 4406

EPP x

Aggression score 0.15+0.12 0.42 £0.07" 031002 029 +002

Shin colour score -0.12£0.35 0.51+£0.07" 0.1210.02 0.19+002
Genetic TE Environmental Phenotypic

Aggression score x ]

Shin colour score 0.08£0.24 0.32+0.07* 0.1510.02 0.18 £0.02

**P<0.01

When the numerator relationship matrix was used for the estimation of a genetic correlation, the

derived figure was negative, correspondingly low and not different from zero at -0.10 + 0.31.

Results pertaining to the between breeding pair correlation of monthly EPP with shin colour score

yielded estimates that were broadly in agreement. The estimated genetic correlation was larger in

magnitude and negative, but still not significantly (P<0.05) different from zero at —0.55 + 0.42.

The average monthly EPP of the breeding pairs showed a typical seasonal pattern during the
study, with the lowest EPP of 22.2+2.7% reported during June (i.e. the first month of a breeding
season). The highest EPP of 49.1+2.7% was reported for September, and egg production declined

progressively to reach an average of 30.0+2.7% during January (Figure 2).

EPP (%)

60.0 T
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20.0 44—

10.0 4

|
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Figure 2. The average monthly (mean + SE) egg production performance (EPP) of ostrich breeding pairs.
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DISCUSSION

Annual egg production records of ostrich females were previously found to be highly variable, with
coefficients of variation exceeding 50 % (Cloete ef al., 1998; Bunter et al,, 2001). In the present
study, monthly figures showed even more variation and the derived standard deviation exceeded
the mean. No corresponding literature estimates were found for male aggression and shin colour

scores, but these traits generally showed less variation.

The increase in territorial aggression with age may be ascribed to previous breeding experience of
the older males. Kim and Zuk (2000) stated that previous breeding experience and aggression
may determine the position of a male in the dominance hierarchy in a breeding environment of
junglefowl. Broiler females showed distinct preferences for certain males, using male behaviour
and not male morphology as a basis for their choices (Millman and Duncan, 2000). Rintamaki et
al. (1998) found that female black grouse (Tetrao tetrix) mating with the males with the highest
social ranking produced the biggest clutches, with females in good conditions mating with the
higher ranking males. The tendency towards a decline in aggression in ostrich males older than 7
years may simply reflect that such males are past their prime. It coincides with a finding that
fertility of ostrich eggs depends on male age, with maximum fertility at intermediate ages of 4 ~ 6
years (Bunter, 2002). The mates of younger and older males produced eggs with a lower level of

fertility.

The heritability of monthly egg production figures of females was below 0.10. Estimates based on
annual female performance ranged from 0.12 — 0.23 (Bunter et al., 2001; Cloete et al., 2004). The
suggestion of a lower estimate for monthly EPP in the present may be related to the inherently
greater variability of the trait. The significant genetic variation for EPP, however, opens up
avenues for the use of part-records obtained over a fraction of the normal breeding season for the
selection of ostrich females for egg production. In a previous study, Lambrechts et al. (2004)
correspondingly found that EPP recorded over as short as 14 days were highly related to egg
production over the entire season on a genetic level. Genetic correlations with annual egg
production were unity for part-records derived over periods as short as one month of an 8-month
breeding season. Female PE effects in the literature were generally higher than in the present
study, at 0.18 — 0.32 (Bunter et al,, 2001; Cloete et al., 2004).

No comparable results for ostriches were found in the literature as far as the significant genetic
variation for male aggression score was concerned. Other domestic livestock species were
subjected to extensive selection for temperament, resulting in modern genotypes that are well
adapted to general husbandry routines (Boissy et al., 2002). [t is reassuring that the present
results suggest that an aspect of temperament in ostriches can alsc be modified by selection. The
implications of such a program should, however, be understood properly before it could be

recommended unconditionally.
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In a previous investigation, Lambrechts et al. (2000) reported that male aggression and shin colour
scores were positively related to the EPP of their companion females on a phenotypic level.
Respective phenotypic correlations amounted to 0.29 and to 0.21 for aggression and shin colour
scores, values that were in close agreement with those obtained in the present study. The
previous findings suggested that these traits could play a part in the phenotypic selection of
breeding pairs for egg production. In the present study, it was possibie to partition the covariance
components to show that the correlations reported earlier depended mostly on the temporary
environment common to both traits. Short term climatic and other environmental stimuli thus
probably played the major role in these relationships, rendering it of no value as far as selection is
concerned. Permanent environment (for progress in the current flock) and genetic correlations (for
future generations) with EPP, were low and not significant, both for male aggression and shin
colour scores. On the other hand, these findings indicate that continued selection for egg
production is unlikely to result in excessive levels of aggression in breeder males as a correlated
response. The significant phenotypic correlation between male aggression score and male shin
colour score, also partitioned mostly towards the TE component. On a genetic level, these traits

will unlikely depend on the same sets of genes.

CONCLUSIONS

Male behavioural traits do not seem to have value as indirect selection criteria for egg production in
females, either in the current flock or in future generations. It is nevertheless important to
recognize the fact that a measure of temperament exhibited genetic variation in ostrich males. This
opens up the possibility that the temperament of ostriches may be changed by genetic means, to
allow them to adapt better to routine husbandry routines, without impacting negatively on the egg
production performance of companion breeding females. This is, however, an entirely new concept
in the keeping of ostriches. Extensive research on the genetic components of ostrich behaviour is
needed for the further development of this train of thought. Monthly egg production records from
the ostrich females in the study also exhibited significant genetic variation. The selection of
breeding ostrich females on partial egg production records, i.e. obtained over part of a breeding

season, in ostrich breeding programs should be also considered in future research.

REFERENCES

BERENDSEN K-D, 1995. Behaviour. In: Ostrich farm management, pp. 25-32. Ed.’s: A Kreibich &
M Sommer, Landwirtschaftsverlag, GmbH, Munster-Hiltrup, Germany.

BERTRAM BCR, 1992. The ostrich communal nesting system. Princeton University Press,
Princeton, New Jersey.

BERTRAM BCR, 1980. Vigilance and group size in ostriches. Anim. Behav. 28: 278-286.

62



Boissy A, FISHER A, Bouix J, BolvIN X & LE NEINDRE P, 2002. Genetics of fear and fearfulness in
domestic herbivores. Proc. 7" World Congr. Gen. Appl. Livestock Prod., 19-23 August,
Montpelilier, France, pp. 3-10.

BolwiG N, 1973. Agonistic and sexual behaviour of the African ostrich (Struthio camelus). Condor
75:100-105.

BUBIER NE, PAXTON CGM, BOWERs P & DEEMING DC, 1998. Courtship behaviour of ostriches in
captivity. Proc. 1% Internat. Scient. Congr., 27-29 March, Manchester, United Kingdom, pp.
19-20.

BUNTER KL, 2002. The genetic analysis of reproduction and production traits recorded for farmed
ostriches (Struthio camelus). Ph.D. dissertation, University of New England, Armidale,
Australia.

BUNTER KL, CLOETE SWP, VAN SCHALKWYK SJ & GrAser H-U, 2001. Factors affecting
reproduction in farmed ostriches. Proc. Assoc. Advmnt Anim. Breed. Genet. 14: 43-46.

BUNTER K & GRASER H-U, 2000. Genetic evaluation for Australian ostriches - a report for the Rural
Industries Research and Development Corporation.  Publication no. 00/153, Rural
Industries Research and Development Corporation, Australia.

BURGER J & GOCHFELD M, 1988. Effect of group size and sex on vigilance in ostriches (Struthio
camelus): antipredator strategy or mate competition? Ostrich 59: 14-20.

CLOETE SWP, VAN SCHALKWYK, SJ & BRAND Z, 1998. Ostrich breeding — progress towards a
scientifically based strategy. Proc. 2" Intern. Ratite Cong., 21-25 September 1998,
Qudsthoorn. pp 55-62.

CLOETE SWP, BUNTER KL, LAMBRECHTS H, BRAND Z, SWART D & GREYLING JPC, 2004.
(Co)variance estimates for live weight, body measurements and reproductive traits of pair-
mated ostrich females. Brit. Poultry Sci., submitted.

Deeming DC, 1997. Ratite egg incubation — a practical guide. Ratite Conference,
Buckinghamshire, United Kingdom.

DEEMING DC, 1999. Introduction. In: In: The ostrich — biology, production and health, pp. 1-11.
Ed.: DC Deeming, CABI Publishing, CAB International, Wallingford, Oxon, United
Kingdom.

DEEMING DC & BuBIER NE, 1999. Natural and Captive Behaviour. In: The ostrich — biology,
production and heaith, pp. 83-104. Ed.: DC Deeming, CABI Publishing, CAB International,
Wallingford, Oxon, United Kingdom.

DEGEN AA, WEIL S, ROSENSTRAUCH A, KAM M & DAWSON A, 1994. Seasonal plasma levels of
luteinizing and steroid hormones in male and female domestic ostriches (Struthio
camelus). Gen. Comp. Endocrinol. 93: 21-27.

DRENOWATZ C, SaLES JD, SARASQUETA DV & WEILBRENNER A, 1995. History and geography. In:
The Ratite Encyclopedia, pp. 3-29, Ed.: C Drenowatz, Ratite Records, San Antonio, Texas.

GILMOUR AR, CuULLIS BR, WELHAM SJ & THOMPSON R, 1999. ASREML - Reference manual. NSW
Agriculture Biometric Bulletin No. 3. NSW Agriculture, Orange Agricultural Institute, Forest
Road, Orange 2800, NSW,