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The success of artificial breeding program depends largely on the reproductive performance
of males. Male performance can vary with season and age impacting on quality and quantity
of semen collected for artificial insemination purposes and therefore fertility of inseminated
females. We examined variation in semen output and male libido of seven male ostriches
(aged 2-5 years) over a period of 24 months. We collected ejaculates using a dummy female
and measured semen characteristics (ejaculate volume, sperm concentration, number of
spermatozoa per ejaculate, sperm motility and morphology) and male libido (willingness
to mount the dummy). A total of 1006 ejaculates were collected. Across months, the volume
of semen (mean & SEM) ranged from 1.03 £0.12 mL to 1.8540.07 mL, the sperm concen-
tration from 3.2140.12 x 10°/mL to 4.16 & 0.74 x 10°/mL, and the number of spermatozoa
from 3.42 4 0.28 x 10° to 7.66 4 0.47 x 10°. The largest volume of ejaculates and the highest
number of sperm were collected in spring. Ejaculates with higher number of normal sperm
were also collected in spring-early summer, whereas ejaculates with higher numbers of
live abnormal and dead sperm were collected in winter. Sperm motility was relatively con-
stant over months, despite a reduction in summer (January-February), while male libido
peaked in winter (June-July) and spring (October-November). Furthermore, we observed
high individual variation between males for all variables tested, except for motility. These
results indicate that collections conducted in spring yield higher number of spermatozoa,
when the libido of males is also at a maximum. Therefore in this species seasonal variation
in semen quality should be considered in breeding programmes by artificial insemination
to maximise fertility.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Commercial ostrich farming originally started in the
1800s in South Africa and has since undergone major

development worldwide (Smit, 1964; Deeming and Bubier,
1999). However, poor productivity and low genetic
improvement as a result of low fertility achieved by nat-
ural mating is still the main economic barrier highlighting
the need to develop assisted reproductive techniques and
selective breeding programs (Cloete et al., 1998; Malecki
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etal., 2008; Cloete and Malecki, 2011). The development of
novel techniques to collect semen and inseminate females
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in a stress free manner has generated a new interest in
implementing assisted reproduction technology in this
species (Rybnik et al., 2007; Malecki et al., 2008; Malecki
and Rybnik-Trzaskowska, 2011). To date, a few studies on
ostrich semen have been conducted on different meth-
ods and frequency of semen collection (Hemberger et al.,
2001; Rybnik et al., 2007; Bonato et al., 2011; Rybnik et al.,
2012),as well as on sperm motility and survival after short-
term storage (Malecki et al., 2008; Ciereszko et al., 2010;
Bonato et al., 2010, 2012). However, little is known about
the influence of season and male age on production of
semen. Rybnik et al. (2012) reported that the production
of ostrich semen in Poland varied with the year, age and
month of the breeding season, although the breeding sea-
son was limited to four months. Additionally, all recent
studies undertaken on ostrich semen have demonstrated
high variation between individual males in semen yield and
characteristics, as well as male sexual behaviour (Bonato
etal., 2010,2012; Rybnik et al., 2012), but the basis for this
variation is still unclear.

Seasonality may potentially be an important factor
underlying variation in semen production in ostriches.
Ostriches are considered spring-summer breeders because
their highest breeding activity coincides with an increase in
daylight length (Degen et al., 1994; Soley and Groenewald,
1999). The timing and duration of the breeding sea-
son, however, was observed to vary in both the wild
(Magige et al., 2009) and for farmed ostriches (Soley and
Groenewald, 1999). For instance in the southern hemi-
sphere, wild ostriches in Zimbabwe were observed to lay
eggs from July to December (winter to beginning of sum-
mer) irrespective of rainfall, which appear to support the
role of day length inregulating their breeding season (Jarvis
et al., 1985). In South African commercial farms, the breed-
ing season of ostriches usually runs from June (winter) to
February (summer) (Jarvis et al., 1985; Cloete et al., 1998).
In the northern hemisphere, the ostrich egg-laying sea-
son in Poland was strictly in spring and summer months
(Horbanczuk and Sales, 1999), whileinIsrael egg laying was
reported in every month of the year (Degen et al., 1994).
Again it supports the role of day length but suggesting the
ostrich might also be an opportunistic breeder (Deeming
and Bubier, 1999). While most ostrich breeding activity is
in the spring-summer months the impact of seasonality
on the reproductive performance of ostriches is currently
unclear.

In seasonally breeding species, male reproductive effi-
ciency is restricted to a defined time of the year where
sexual activity and semen output are maximised while
being reduced or absent in other months. In birds, sexual
behaviour and semen quality are parameters limiting male
reproductive efficiency, as they can have a profound effect
on fertility (Sexton, 1983; Saeid and Al-Soudi, 1975; Cheng
et al., 2002; Nwakalor et al., 1988). Seasonal changes in
sperm numbers, motility, viability and morphology have
been reported in several farmed bird species (Shikabrown
chicken: Obidi et al., 2008; duck: Penfold et al., 2000; emu:
Malecki et al., 2000). Moreover, the production of semen
and sperm in birds also depends on age. In several studies,
younger males were found to produce significantly lower
semen volumes than older males (white leghorn: Elagib

Table 1

Age of male ostriches and their numbers over the 2 years of study.
Male age 2009 2010
(Years)
2 3 0
3 3 3
4 1 3
5 0 1

etal., 2012; emu: Malecki et al., 1997), and there is limited
data suggesting this also is the case in ostriches (Rybnik
et al., 2012). All these aspects clearly highlight the need to
understand the effect of season and age on the production
of semen and sperm, and male libido in ostriches, in order
to successfully carry out semen preservation and artificial
insemination protocols.

As the reproductive performance of the male ostrich can
exert a considerable influence on the outcome of an artifi-
cial breeding programme, the aim of the study was to assess
sperm quality with regard to sperm number, motility, mor-
phology, viability as well as male libido over a 24-month
period, in order to establish peak semen production and
quality periods.

2. Material and methods
2.1. Study population

The study was conducted at the Oudtshoorn Research
Farm of the Western Cape Department of Agriculture, sit-
uated in the Klein Karoo, South Africa (33°63’ 5,22°25' E),
from June 2009 to May 2011 on seven South African black
ostrich males (2-5 years of age; Table 1). Prior to the exper-
iment, males were trained to mount a dummy female and
ejaculate into an artificial cloaca (Rybnik et al., 2007). Males
were primarily selected based on their reaction to humans
and their capacity to cooperate during the collection of
semen. Ejaculates were collected twice a week over the
entire 24-month period.

2.2. Semen measurements

Ejaculate volume was measured with an automatic
pipette, and sperm concentration was determined with
a haemocytometer in 20 wL semen diluted 1:400 (v/v)
with a phosphate buffered saline solution containing 10%
formalin. The number of sperm was then calculated by mul-
tiplying semen volume and sperm concentration. Sperm
motility, subjectively assessed as collective motility was
scored a 5-point scale (1: below 20% of motile sperm; 2:
20-40%; 3: 40-60%; 4: 60-80%; 5: 80-100%) by observ-
ing mass movement of 10 wL neat semen under a 20x
objective (Allen and Champion, 1955). Finally, samples
of neat semen were mounted onto a glass slide and the
percentage of live normal (membrane intact with normal
morphology, eosin impermeable), live abnormal (mem-
brane intact, eosin impermeable but with alteration of
normal morphology) and dead sperm (membrane dam-
aged and eosin permeable) was estimated after counting
500 sperm stained with nigrosin-eosin (Lake and Stewart,
1978; Lukaszewicz et al., 2008) on duplicate slides. Sperm
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forming a complete unit of a slightly curved head, mid-
piece and tail were considered as live normal (as described
by Soley and Roberts, 1994), while any sperm showing a
deviance from this structure was considered as live abnor-
mal (i.e. giant sperm, double-headed sperm, bent head,
swollen head, broken head or tail, straight sperm, bent at
mid-piece or tail; Du Plessis et al., in press).

2.3. Measurement of male libido

Male libido was evaluated as the willingness to mount
the dummy female described previously by Bonato et al.
(2011). Briefly, male libido was scored on a scale from 0 to
3 (0: no reaction; 1: approach with interest but no willing-
ness to mount; 2: no courtship but willingness to mount
the dummy; 3: courtship and willingness to mount the
dummy). The number of collection attempts to a successful
semen collection was also recorded.

2.4. Statistical analysis

To investigate the effects of month, year and male age
on ejaculate volume, we conducted a general linear mixed
model (GLMM) with ejaculate volume as the dependent
variable, month, year (and their interactions) and male
age were entered as fixed factors, while the male’s breed-
ing value for chick production was entered as a covariate,
to control for potential genetic predisposition of certain
males to produce higher quality ejaculates. Male identity,
the interaction between male identity and male age, as
well as the interaction between male identity and month
were entered as random factors to control for repeated
measures of individuals. Similar GLMM analyses were con-
ducted with sperm concentration, total number of sperm,
percentage of live normal sperm, live abnormal sperm,
and dead sperm as dependent variables. Percentage of
live normal, live abnormal and dead sperm were first arc-
sin transformed. The significance of fixed effects (factors
and covariates) in the GLMM'’s were examined using Wald
Type adjusted F statistics and the effect with the highest P
value was sequentially dropped until only significant terms
(P<0.05) remained in the model (Jones and Taylor, 1999).

To assess the effect of month, year and male age on
ostrich sperm motility, an ordered logit model was per-
formed, given that motility was an ordered variable (values
from 0 to 5). Motility was entered as the dependent vari-
able, month, year (and their interactions) and male age
were entered as fixed factors, while male’s breeding value
for chick production was entered as a covariate. Male iden-
tity was entered as a random factor to control for repeated
measures of individuals. A similar analysis was conducted
for male libido (values from 0 to 3).

All statistical analyses were performed using Genstat
version 13 (VSN International Ltd., UK).

3. Results
3.1. Descriptive statistics of ejaculate variables

A total of 1006 ejaculates were collected over
the 24-month period. The mean ejaculate volume

Table 2

The mean + SEM of monthly ejaculate volume, sperm concentration and
number of sperm in relation to month of collection in seven male ostriches
over a 24-months period.

Month Volume Concentration Number of sperm
(mL) (x10°/mL) (x10%)
June 1.64+0.31° 2.86+0.112 5.18 £0.47¢
July 1.35+0.21? 434+0.16¢° 5.61+0.86°
August 1.52+0.262 3.23+0.09¢ 5.22 +£0.68¢
September 1.39+0.31? 3.39+0.11¢ 5.06 +0.59°
October 1.81+£0.17¢4 3.97+0.12¢ 7.27 +£0.52"
November 1.88+0.16¢ 3.67£0.14%4 7.18+0.58"
December 1.50+0.272 3.06+0.17° 4.87 +£0.64°
January 1.64+0.16" 3.12+0.15P¢ 5.47 +0.644
February 1.76 +£0.24P¢ 3.43+0.14¢ 6.11+0.57°
March 1.79+0.21¢ 3.18+0.11¢ 6.04 +£0.53¢
April 1.61+0.31P 3.32+0.13¢ 6.39+0.568
May 1.66+0.31° 3.24+0.12¢ 5.17+0.51¢

abMeans with different superscripts within the column and factor differ
at P<0.05.

(mean+SEM) was 1.54+0.03mL, with a concentra-
tion of 3.33+0.04x10°/mL, and a mean output of
5.36+0.13 x 10° sperm per ejaculation. The mean pro-
portions of live normal, live abnormal and dead sperm
were 75.32+0.44%, 14.48+0.34% and 10.20+0.35%,
respectively. The mean motility score was 4.37 +£0.04
and the libido score was 2.84+0.01. All dependent
variables were affected by male identity (P<0.001)
and male age (P<0.05) but not by their interaction
(P>0.05).

3.2. Quantitative analysis: effects of month of collection,
male age and year on ejaculate volume, concentration
and sperm numbers

The greatest ejaculate volume was collected in
October-November (spring months) and April (autumn;
F11, 994=3.42, P<0.001; Table 2), while the concentra-
tion of sperm was higher in September-October (spring
months; Fy1, g94 =8.51, P<0.001; Table 2) and higher num-
bers of sperm were also collected in September-October
(F11, 994=3.34, P=0.001; Table 2). Although a simi-
lar pattern was observed across months, a difference
in ejaculate volume and concentration were noted
between years, whereby larger ejaculates and higher
concentrations of sperm were collected in year 2 (June
2010-May 2011), as compared to year 1 (June 2009-
May 2010) (ejaculate volume: year 1: 1.37 +0.04; year 2:
1.80+0.04; Fq, 1005 = 15.04, P<0.001; concentration: year
1: 3.07+0.06 x 10°/mL; year 2: 3.58+0.05 x 10°/mL, Fj,
1005 =26.47, P<0.001). A difference in the total number
of sperms per ejaculate was also noted between years
(P<0.05). Semen volume and numbers of sperm per ejac-
ulate varied significantly with male age (Fs, 1002 =3.23,
P<0.001; F3, 1002 =2.99, P=0.010, respectively; Table 3)
as 3-5-year-old males produced larger ejaculates with
more sperm, and across months (F3, gg4 =3.23, P<0.001
and F3, gg94 =7.48, P<0.001, respectively) than 2-year-old
male.
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Table 3
The mean + SEM of ejaculate volume, sperm concentration and number of
sperm in relation to age in seven male ostriches over a 24-months period.

Male age Volume Concentration Number of sperm
(Years) (mL) (x10°/mL) (x109)

2 1.02+0.182 3.70+0.114 4.33+0.35%

3 1.61+0.05° 3.48 £0.04¢ 5.87 +0.154

4 1.824+0.05¢ 2.97+0.07° 5.62+0.23P

5 2.07+0.13¢ 2.58+0.192 5.85+0.59¢

abMeans with different superscripts within the column and factor differ
at P<0.05.

3.3. Qualitative analysis: effect of month of collection,
male age and year on the motility and viability of sperm

Motility of sperm was affected by month of collection
(F11, 994=5.14, P<0.001; Table 4), with higher motility
scores found in September-December (spring—early sum-
mer months), but no difference was observed between
years (P> 0.05). Motility scores were also found to increase
with the age of the male (F31902= 3.72, P=0.002; Table 4).

Similarly, both viability and morphology of sperm
were affected by month of collection (% of live nor-
mal sperm: Fyq, g94=6.03, P<0.001; % of live abnormal
sperm: Fi1, 994 =6.40, P<0.001 and % of dead sperm: Fy1,
994 =4.31, P<0.001; Table 4). Ejaculates with higher num-
ber of normal sperms were collected in October-December
(spring-early summer months), whereas ejaculates with
higher number live abnormal and dead sperms were col-
lected in June-August (winter months). In addition, a
difference between the two years was observed for all
three variables (% of live normal sperm: F;1005=9.89,

Table 4

P=0.002; % live abnormal sperm: Fy 1005 =68.85, P<0.001;
% dead sperm: Fq1905=2.99, P=0.04). Sperm morphol-
ogy and viability were also affected by male age (% live
normal sperm: F319p2=6.01, P<0.001; % live abnormal
sperm: F3 1002 =3.01, P<0.001; % dead sperm: F3 1902 =2.27,
P<0.001; Table 5), with the percentage of live sperm
increasing with age, while both the percentage of live
abnormal and dead sperm decreasing with age.

3.4. Effect of month of collection, male age and year on
number of successful collections and male libido

Out of 1344 potential semen collections over the 24-
months period, only 1173 attempts were performed (due
to wet/cold or hot weather conditions impacting upon the
semen collections), of which a total of 1006 ejaculates were
collected. The monthly rate of success varied across months
(chiZ=37.42, df=11, P<0.001), ranging from 72% (July)
to 94% (November). No difference was observed between
years (P>0.05). Male libido was significantly affected by
month of collection (Fy1, g994=2.26, P<0.001; Table 6)
whereby male libido was higher from May to July (late
autumn-winter) and September-November (spring). No
difference was observed between the two years (P>0.05).
Finally, libido score increased with the age of males (F3,
1002 =5.91, P<0.001).

4. Discussion
The findings in this study demonstrate that season

and age have a significant influence on male libido
and semen production of male ostriches. Although it is

The mean + SEM of monthly sperm motility, percentage of live normal sperm, percentage of live abnormal sperm and percentage of dead sperm in relation
to month of collection in seven male ostriches over a 24-months period. Sperm motility was estimated as collective motility by observing a mass movement
and scored on a point scale from 1 to 5 (1: below 20% of motile sperm; 2: 20-40%; 3: 40-60%; 4: 60-80%; 5: 80-100%).

Month Motility % live normal % live abnormal % dead

June 4.23+0.13" 69.75+1.272 22.70+0.87¢ 15.59 + 1.06"
July 4.56+0.21P 72.58 +£1.782 13.27+1.23> 14.14 +1.48°
August 4.43+0.09" 71.26 £1.01° 15.78 +0.69" 13.01+0.84°
September 424+0.11° 76.68 £1.29% 13.95+0.89" 9.27 +1.082
October 4.72+0.11° 81.00+1.31° 10.71+0.912 8.36+1.092
November 4.85+0.21° 81.02+1.57° 10.00+1.082 8.90+1.312
December 4.81+0.28" 80.74 + 19220 11.20+1.322 8.08 +1.60°
January 3.87+£0.15% 72.43 +£1.80% 14.36+1.24° 13.19+1.50°
February 4.134+0.14° 75.91+1.582 16.16 +1.09° 7.94+1.322
March 4.82+0.11° 78.45+1.287 14.41+0.89° 7.18£1.07°
April 4.52+0.12° 73.92+£1.422 14.20+0.98" 12.08 +1.192P
May 4.18+0.112P 7523 +1.312 12.25+0.91° 14.76 +1.09°

abMeans with different superscripts within the column and factor differ at P<0.05.

Table 5

The mean + SEM of sperm motility, percentage of live normal sperm, percentage of live abnormal sperm and percentage of dead sperm in relation to age in
seven male ostriches over a 24-months period. Sperm motility was estimated as collective motility by observing a mass movement and scored on a point
scale from 1 to 5 (1: below 20% of motile sperm; 2: 20-40%; 3: 40-60%; 4: 60-80%; 5: 80-100%).

Male age Motility % live normal % live abnormal % dead
(Years)

2 4.23+0.132 7433 +1.29° 12.60+0.91°¢ 13.07 £1.07¢
3 4.51+0.05¢ 76.53 +0.54° 12.02+0.38¢ 11.45+0.45P
4 4.36+0.08° 77.31+0.85¢ 11.22+0.59° 11.47£0.59°
5 4.57+0.19¢ 79.40 +2.174 10.00+1.522 10.60 +1.792

abMeans with different superscripts within the column and factor differ at P<0.05.
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Table 6

The mean + SEM of monthly libido scores of seven male ostriches over a
24-months period. Male libido was evaluated as the willingness to mount
the dummy female and scored on a scale from 0 to 3 (0: no reaction; 1:
approach with interest but no willingness to mount; 2: no courtship but
willingness to mount the dummy; 3: courtship and willingness to mount
the dummy).

Month Libido score
June 2.94+0.05°
July 2.99+0.08"
August 2.68+0.032
September 2.84+0.042
October 2.93+0.04°
November 2.93+0.05°
December 2.844+0.09°
January 2.79+0.06%
February 2.86+0.05°
March 2.88+0.04%
April 2.70+0.05%
May 2.93+0.04°

abMeans with different superscripts within the column and factor differ
at P<0.05.

possible to collect semen from ostriches all year around,
collections in spring (September-October) yielded more
semen than in winter. Similarly, the viability of sperm
was higher in spring, while sperm motility was rel-
atively constant over months, despite a reduction in
summer (January-February). Male libido peaked in winter
(June-July) and spring (October-November). Furthermore,
the quantity and quality of sperm collected (in terms of
number of sperm, morphology, viability and motility), as
well as the male libido were found to increase with age.

In birds, patterns of photoperiod, rainfall and tempera-
ture are considered to be environmental cues that trigger
physiological changes characteristic of the breeding sea-
son (Burger, 1949; Farner and Follett, 1966; Ruiz de Elvira
et al., 1982). For instance, in Guinea fowl (Numida melea-
gris meleagris), semen quantity and quality increases with
the approach of the breeding season (rainy season), but
decreases with the onset of the dry season eventually
leading to no ejaculate collection during the dry season
(Nwakalor et al., 1998). Similarly in the emu, a close rela-
tive of the ostrich, the breeding season of males is restricted
to autumn and winter months, while females begin lay-
ing in autumn, reaching a peak egg production in winter
(June-July) and terminate in spring (Malecki et al., 1998).
Hence, reproduction in the emu shows a strong seasonality,
whereby the reproductive system seems to be ‘switched’
on after the summer solstice, and ‘switched’ off with the
onset of the dry season. Interestingly, we did not detect
such a clear seasonal pattern in our study and, although
the quantity and quality of semen varied across months,
viable semen could be collected all year around.

Several studies have also suggested that the regulation
of the male ostrich sexual function may depend on day
length and temperature changes, as testicular activity may
be enhanced at a specific period of the year when day length
is long (Degen et al., 1994; Soley and Groenewald, 1999).
For instance, Degen et al. (1994) showed that testosterone
levels (which stimulates the production and maturation of
sperm in males) increase 1 month after the onset of the
breeding season, and remain elevated for approximately

4 months, before showing lowest levels at the end of the
breeding season. Our observations of a higher ejaculate vol-
ume, sperm concentration and sperm number in spring
when day length increases and the lowest values observed
in winter when day length is shortest suggest a pattern of
elevated androgen levels to occur in spring. Our results are
also consistent with previous studies on ostriches, which
used different methods of semen collection and been car-
ried out at a different latitude (Hemberger et al., 2001;
Rybnik et al., 2012), whereby peak sperm production were
found at the beginning of spring, while the lowest val-
ues were found towards the end of the breeding season
in autumn.

There was a clear seasonal pattern in semen quality
with live normal sperm reaching a peak (81%) in the mid-
dle of spring, while the lowest values (varying between
68% and 72% of live normal sperm) were observed in
winter. Seasonal variation in semen quality has been doc-
umented in several birds. For instance, in the chicken
(Cecil and Bakst, 1986) and the northern pintail (Penfold
et al., 2000), the number of morphologically normal sperm
increased as the season progressed, while higher number
of abnormal sperms were mostly observed at the beginning
of the breeding season. The rapid production of mor-
phologically normal sperm is likely to be important for
reproductive success as a high number of morphologically
abnormal sperms correlate well with infertility (Kamar and
Baldredin, 1959; Wishart and Palmer, 1986; Soley et al.,
1991). In that sense, we observed higher number of abnor-
mal and dead sperms at the beginning of the breeding
season (which also correspond to winter months), while
lower numbers were observed later on.

Environmental stress such as extreme climatic condi-
tions (particularly high temperatures) has been shown to
adversely affect fertility (Jensen et al., 1992). For instance,
McDaniel et al. (1996) reported that an ambient temper-
ature exceeding 31°C depressed sperm motility, viability
and fertilization potential in broilers. In this study, sperm
motility score was lower in summer (January-February),
as compared to other times of the year. Summer months in
the Klein Karoo are characterized by hot and dry weather
conditions with daytime temperatures frequently reaching
40°C. Similar results were found in white leghorn chick-
ens, whereby sperm motility was lower during the dry and
hot season and higher during the rainy and cold season
(Kamar and Badreldin, 1989; Elagib et al., 2012). Inter-
estingly, an increase of dead sperm was observed during
winter months, which could potentially result from lower
androgen levels associated with a decrease of photoperiod
(Degen et al., 1994; Madekurozwa et al., 2002), or an inap-
propriate processing of sperm during semen collection at
low ambient temperature, and needs to be investigated
further.

A large amount of variation was observed between
males in all semen variables analysed as well as on
male libido, which is in accordance with previous stud-
ies (Bonato et al., 2010, 2011; Rybnik et al., 2012). The
results indicate that it should be feasible to select males for
their potential to produce and supply sperm for more than
one female within the context of an artificial insemina-
tion programme. Additionally, age was also found to affect
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all these variables whereby older males (3-5 years old)
produced larger ejaculate volumes with more sperm than
younger males (2 years old). Similar results were found in
the emu, whereby 2-year-old emus produced less semen
than 3-5 years old emus (Malecki et al., 1997). Interest-
ingly, the motility and the percentage of live normal sperm
was also higher in older males, suggesting that the all-
round quality of semen may improve with age. In all poultry
species, quality parameters change with the age of males,
with the semen of older birds having significantly lower
motility, viability and mass movement than younger birds,
ultimately leading to a progressive decline in fertility (Bakst
and Cecil, 1992). In the ostrich, males may take 3-4 years to
mature (Jensen et al., 1992; Soley and Groenewald, 1999),
and 9-year-old males still show good fertilization success in
natural mating conditions (Lambrechts, 2004; Bunter and
Graser, 2000). Hence, semen parameters presented in this
study are mainly characteristics of young males, and more
data from older males is needed to establish when sperm
senescence occurs in this species.

The existence of seasonal, age and male effects might
have profound implications on cryopreservation proto-
cols, a crucial aspect of assisted reproductive technology
in this species. Season may affect sperm freezability via
changes in the enzymatic or biochemical composition of
semen (Datta et al., 1980). This could directly affect the
permeability and toxicity of cryoprotectants and increase
the susceptibility of sperm to freezing damage (Blesbois
et al., 1992; Blesbois and Brillard, 2007). For instance, in
free-range roosters, the season of collection influenced
almost all frozen-thawed sperm motility values: the per-
centage of immotile frozen-thawed sperm was lower in
spring-collected samples compared to those collected dur-
ing the autumn and winter (Santiago-Moreno et al., 2012).
In addition, the proportion of various lipid components in
sperm has been shown to be age-related and to influence
freezability, and ultimately the cryopreservation process
(Cerolini et al., 1997; Long et al., 2010). Interestingly, Long
et al. (2010) also found evidence that sperm from elite
rooster lines differ in their ability to undergo cryopreser-
vation while retaining sperm function. All these elements
stress the impact of seasonal variation in ostrich sperm
quantity and quality, as well as the male and male age
effects onto the development of a viable protocol for
assisted reproduction technology in this species.

5. Conclusions

Although it is possible to collect ejaculates from
ostriches all year around, there is seasonal variation in
semen quantity and quality with the highest semen qual-
ity during the spring months (October-November), when
male sexual behaviour was also high. Such seasonal vari-
ation must be considered during assisted reproductive
technology, when collecting ejaculates for the purpose of
semen preservation or artificial insemination, so as to opti-
mise male use and maximise fertility. Individual variation
between males in semen characteristics also make it neces-
sary to perform a semen evaluation to distinguish between
males differing in their semen output and quality. Ulti-
mately, further studies are needed to establish specific

lines of sires with high semen output combined with docile
behaviour. Finally, additional knowledge is needed to eval-
uate the effect of seasonality on sperm freezability in this
species to maximize the percentage of motile and viable
sperm after the freeze-thawing process.
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