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‘Two roads diverged in a wood, and I 

I took the one less travelled by, 

And that has made all the difference...’ 

 

(Robert Frost) 
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THE OSTRICH: DESCRIPTION OF THE SPECIES 
 

The ostrich is the largest living bird on earth, reaching up to 2.75 m in 
height and up to 150 kg in body mass. Ostriches are unable to fly; however, their 
long, powerful legs, including their adapted anatomy, allow them to achieve speeds 
in excess of over 60 km per hour. They also have excellent vision and can 
distinguish movements up to a distance of 3.5 km, due to mainly the position of 
their large eyes and long neck. Ostriches live in family groups, in which their sharp 
eye-sight, good hearing and fast speed help them to avoid predators. In the wild 
their preferred habitat is open short-grass plains and (semi) desert. Their diet 
consists mainly of plant materials. Adult males are bigger than the females and 
have black plumage with white prime wing- and tail feathers, while females are 
greyish-brown with light grey to white prime wing- and tail feathers. Juvenile 
ostriches resemble the females, while young chicks are camouflaged with mottled 
brown, yellow, orange and cream plumage with black quills on their back. At 18-20 
months of age ostriches reach full grown size and adult plumage. 

Ostriches belong to the order of Struthioniformes (ratites), along with three 
other suborders: the cassowary birds (cassowary and emus), rheas and kiwis. 
Ratites are unable to fly mainly due to the lack of a keel on the sternum (‘ratis’ is 
Latin for ‘vessel without a keel’) and the complete degeneration of the pectoral 
muscles. The ostrich species was named Struthio camelus in 1758 by Linnaeus 
(Bertram, 1992). Ostriches can be subdivided in the following four subspecies (in 
brackets their common synonym and geographical distribution area): (1) S.c. 
camelus (North African ostrich, Sahara desert), (2) S.c. molybdophanes (Somali 
ostrich, Horn of Africa), (3) S.c. massaicus (Masai or ‘red neck’ ostrich, Kenia and 
Tanzania), and (4) S.c. australis (Southern African or ‘blue neck’ ostrich, Southern 
Africa). Previously, there was also a fifth subspecies, i.e. S.c. syriacus (Arabian 
ostrich, Arabic Peninsula), but it was hunted down until extinction in 1941 (Cramp 
et al. 1977). Today, the wild populations of S.c. camelus and S.c. molybdophanus 
are also considered to be threatened by extinction. The domestic ostrich species 
(Struthio camelus var. domesticus) was first described by Swart (1988), taking as a 
reference the hybrid nature of farmed ostriches in South Africa, which developed 
from breeding programmes that begun at the start of the 20th century in 
Oudtshoorn, South Africa. Domestic ostriches are characterized by a smaller 
stature, well developed feather structure and more docile nature. Presently, they 
are still referred to as the South African ‘black necks’ or Oudtshoorn Blacks. The 
‘black neck’, as well as the ‘red’ and ‘blue neck’, and several crossbred generations 
of these subspecies, have all been used as the genetic basis for farmed breeding 
stocks of ostriches that have been exported to countries all over the world 
(Deeming, 1999). 
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THE HISTORY OF OSTRICH FARMING 
 

The domestication of the ostrich (Struthio camelus spp.) started in 
Oudtshoorn in the Little Karoo region and in the Eastern Cape Province of South 
Africa around the early 1860s. Ostriches were captured from the wild and kept and 
raised under (semi) extensive farming conditions. The main production goal at that 
time was to meet the worldwide demand for decorative feathers for the fashion 
industry. At the beginning of the 20th century prices of feathers increased and the 
ostrich industry peaked. In 1913, the total number of commercially raised ostriches 
reached up to nearly one million birds (Smit, 1963). However, at the beginning of 
World War I, the demand for ostrich feathers collapsed and the numbers of birds 
kept on ostrich farms declined tremendously, putting at stake the future of ostrich 
farming in South Africa. In 1945, the cooperative Klein Karoo Landbouwkoöperasie 
(KKLK) was founded in order to regulate feather sales (Drenowatz et al., 1995), 
and during the early 1950s the leather market developed as well. The KKLK has 
been largely responsible for the development of ostrich leather as a luxury fashion 
product. Moreover, meat produced from a KKLK abattoir, which was opened in 
1963, was primarily used for biltong production, i.e. salted dried meat (Smit, 1963; 
Drenowatz et al., 1995). 

In the last decades, the ostrich industry has seen a rebirth, mainly due to 
the change in production goals: the highly attractive leather and the healthy ‘red’ 
ostrich meat (high protein, low fat and low cholesterol) have become its two main 
products. Although high-quality feathers are still harvested for the fashion industry 
and the production of industrial dusters, the income from this resource is much less 
now compared to that at the beginning of the 20th century. This shift in production 
goals spurred the ostrich farming industry to increase and expand around the 
world. Because of the peculiar characteristics of ostrich farming and its 
management, and the necessity to keep the birds in larger enclosures to 
accommodate their behavioural needs, the basis for an alternative, semi-intensive 
and more welfare-friendly agribusiness was founded. 

Although the highest concentration of ostrich farms can still be found on 
the South African continent (i.e. South Africa, Zimbabwe, Botswana and Namibia), 
ostrich farming is also well established in Israel, Australia, South-East Asia, North 
and South America, and even Europe. In the Netherlands, in the early nineties of 
the last century the business of ostrich farming consisted of little more than housing 
and selling adult breeding birds imported from Africa, while only few individuals 
were bred in captivity. Initially flocks were usually small and birds, hatching eggs 
and chicks were sold c/q exported for considerable amounts of money. In other 
European countries (e.g. the United Kingdom, Belgium, France, Spain, Portugal, 
Italy, Greece, and some Scandinavian and Eastern European countries) ostrich 
farming expanded rapidly during the last decade of the 20th century with respect to 
numbers of birds and producers. As a result the prices paid for ostriches fell and 
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the market became saturated. Recently, with the aim to create a sustainable 
market for ostrich meat and leather, several EU countries (including the 
Netherlands) have begun to establish the first co-operations of ostrich farms, 
including the establishment of specialized slaughter facilities. Today, however, 
relatively few ‘well-managed’ ostrich farms manage to survive in Europe, mainly 
because of competition of the import of high-quality meat and skins at lower 
production costs from the African continent. 
 
 
OSTRICH PRODUCTION 
 

Management practices in ostrich farming vary worldwide from extensive, 
free-grazing systems to semi-intensive, and sometimes zero-grazing systems. 
Housing systems, pen and flock sizes, as well as stocking densities also vary 
widely. Generally, however, a clear division in farming practices exists: (a) breeding 
farms, (b) hatcheries, (c) chick rearing farms and (d) feedlot premises (Burger, 
1994). On-farm adult female and male breeding ostriches are kept in breeding 
paddocks. Since wild ostriches are known to be polygamous breeders (Sauer and 
Sauer, 1966; Jarvis et al., 1985; Bertram, 1992), farmed ostriches are mostly kept 
at a ratio of one male to 2-3 females, or in large breeding colonies that contain 
several males and females at a similar ratio. Some ostrich producers, however, 
prefer to keep them as breeding pairs (one male and one female) in order to 
determine the egg parentage with absolute certainty. During the breeding season 
paddocks are inspected daily and eggs are collected as soon as possible after 
finding them. The majority of eggs are artificially incubated, because hen 
productivity measures, such as egg production (i.e. number of eggs produced per 
hen per year), fertility percentage (i.e. percentage of fertile eggs of the number of 
eggs set in the incubator) and hatchability percentage (i.e. percentage of chicks 
that hatch of the number of eggs set in the incubator or of the number of fertile 
eggs), are generally higher compared to those achieved by natural incubation 
(Bertram, 1992). Eggs are usually disinfected by fumigating them before 
incubation. Routine candling and weighing of eggs are also common practices, 
mainly for monitoring the settings of the incubator. After 39 days of incubation, the 
eggs are moved to separate hatchers, in which the chicks hatch on average around 
42 days, ranging from 40 to 44 days (Deeming and Ar, 1999). The chicks are 
raised in special chick facilities, which are generally separated from the adult 
breeding stock for bio-security reasons. After spending a certain period of time in 
the brooding area, in groups of comparable age, the chicks are moved through a 
series of ‘juvenile’ pens of increasing sizes. In general, ostriches that are solely 
kept for meat production may already be slaughtered at 10-12 months of age, while 
for the production of high-quality leather a slaughter age of 14 months is optimal 
(Sales, 1999). 
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THE BIOLOGY OF REPRODUCTION 
 
Sexual dimorphism and sexual maturity 
 

Male and female ostriches are sexually dimorphic. Adult males reach a 
body weight of 120-150 kg and a height of 2.5-3.0 m (top of the head). Males have 
mainly black body feathers, with white wing and tail feathers. The color of their skin 
is blue or red-pinkish depending on the subspecies. Reproductively active adult 
male ostriches develop a red coloring on the beak and the area around it, on the 
area around the eyes and on the scales covering the long leg bones. Adult females 
are smaller (2.0-2.5 m) and lighter (90-120 kg), their feather color is silver or 
brown-grayish depending on the subspecies and their leg scales are brown-black. 
Female ostriches are sexually mature at about 2 years of age, while male ostriches 
are only fully mature around 3-4 years of age. Data about which factors precisely 
affect sexual maturity in ostriches are not available. One factor that is considered to 
be important is the (cross) breed. The smaller South African ‘black’ ostrich, for 
example, supposedly reaches maturity earlier than the larger ‘blue’ or ‘red neck’ 
(Hicks, 1992). Further detailed studies are needed to determine whether other 
factors, such as season of hatch, physical condition of the individual bird and 
environmental farming conditions, may affect the timing of sexual maturity in 
ostriches. 
 
Seasonal reproductive activity and photoperiodicity 
 

Ostriches are generally considered to be seasonal breeders, since in both 
the wild and the farmed (semi) domesticated populations a marked seasonality of 
breeding exists. However, ostriches can also be opportunistic breeders; in Israel, 
for example, they lay eggs throughout the year (Degen et al., 1994). In the arid 
areas of Namibia, ostriches also breed opportunistically and lay eggs soon after a 
localized flush of green following the rains. Although rainfall may stimulate 
reproductive activity and egg laying on short term, reproductive activity is usually 
most intense before the main rainy season, which in Namibia stretches from 
August to November (Sauer and Sauer, 1966). In Eastern and Southern Africa 
ostriches lay eggs mainly from July to January. In Zimbabwe, for example, wild 
ostriches were observed to lay from July to December-January, but in South Africa 
the domesticated ‘black neck’ continues egg laying typically until at least the end of 
February (Jarvis et al., 1985). In the USA the breeding season varies from north to 
south: in the north, ostriches lay eggs from May to September, while in the south, 
birds may produce all year round, i.e. are opportunistic breeders (Hicks, 1992). In 
Europe, egg laying starts in the spring (March-April) and continues until the autumn 
(September-October), although during the winter months egg production is not 
always halted (Bronneberg, unpublished data; Deeming, 1996). 
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According to some researchers (Hicks, 1992; Degen et al., 1994) ostriches 
are long-day breeders and, hence, photoperiod dependent. Degen et al. (1994), for 
example, showed that egg production increases in spring, when day length begins 
to increase, peaks roughly during periods of maximum day length, and ends in 
autumn when day lengths are relatively short. Jarvis et al. (1985) observed that 
wild ostriches in Zimbabwe lay eggs from July to December, irrespective of rainfall 
patterns, lending support to the role of day length as an underlying, regulating 
factor for seasonality of breeding. However, Sauer (1972) argued that the 
beginning of the breeding season, or the period of peak production, coincides with 
periods of good rainfall and the subsequent improved availability of food resources. 
Finally, Degen et al. (1994) counter-argued that it is mainly the availability of food 
during a longer period of time, and not necessarily rainfall by itself, which triggers 
reproductive activity in ostriches. Presently, the seasonal patterns of breeding in 
ostriches cannot be satisfactorily explained only in terms of photoperiodicity. 
Further studies are needed on factors that affect the onset, maintenance and 
termination of the breeding season, along with studies monitoring the functional 
changes within the reproductive organs. 
 
Reproductive behavior 
 

In the breeding season the male ostrich proudly starts displaying his black 
and white plumage to females. His readiness to mate is apparent by the bright red 
colour on the beak and forehead, on the area around the eyes and on the leg 
scales. Male ostriches are polygamous and can mate with more than one female. 
Courtship behaviors include: territorial fights with other males, pacing around 
restlessly while rhythmically fanning the wings, and expressing the mating call: a 
loud booming noise. A receptive female walks around a male, holding her wings 
horizontally while fluttering their tips; her head and neck are held low while she 
opens and closes her beak repeatedly. Upon receiving these signals, the male 
approaches the receptive female holding a high posture and with its phallus 
protruded. He then drops to the ground and performs his so-called ‘kanteling’ 
behavior in front of the female: he sits on his haunches with his wings held forward 
and his neck held over his back, rhythmically moving his head and neck from side 
to side with his head hitting his back at the completion of each sideways stroke. 
The receptive female then drops to the ground with her neck extended flat on the 
ground and her tail raised, signaling that she is ready to mate. She gently moves 
her head from left to right, while aimlessly pecking in the sand and clapping her 
beak (‘chewing-on-air’). The male responds to this by stopping his kanteling 
behavior, getting on his feet and mounting the female from behind, while placing 
his left knee beside the female and his right leg on her back. The female facilitates 
this so-called ‘cloaca kiss’ by pushing her abdomen to the left, after which the 
phallus is inserted into the cloaca from the left side. During copulation the male 
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performs a kantle display to climax with his head being brought forward, while his 
wings tremble, and uttering a deep guttural sound during ejaculation. On average, 
the entire copulatory act lasts 1-3 minutes (Rautenfells, 1977; Sauer, 1971). There 
is very little post-copulation behavior. 

The ostrich has a communal nesting system which is described in detail by 
Bertram (1992). Since the on-farm situation is generally quite different from that in 
the wild, i.e. eggs that are laid on-farm are collected daily and are artificially 
incubated, the following paragraph refers only to nesting behaviour in the wild. 
Each territorial male prepares a number of nest scrapes, which he shows to any 
female entering his territory. Such a nest scrape consists of a shallow hole in the 
ground, preferably in sand, with a diameter of about 2.5 m. In each territory a 
‘major’ female pairs with a male and lays most of her eggs in the nest site she 
chooses. In addition, other ‘minor’ females visit the territory and may lay an egg 
within an already established nest. These birds, however, may be ‘major’ females 
in another male’s territory. The average number of ‘minor’ females laying in a nest 
is three, ranging from 1 to 5 (Bertram, 1992). Female ostriches are able to lay one 
egg every other day, usually in the late afternoon or early evening. Each ‘major’ 
hen usually contributes about 11 eggs (range: 9-14) to her nest, while the average 
total number of eggs (clutch) in one nest is 26 (range: 15-39), depending on the 
number of ‘minor’ females laying in the nest. The clutch in the nest builds up over a 
period of up to 30 days. During this period the nest is attended by both male and 
female, although full incubation only starts once the female has completed her 
clutch in the nest. Incubation is carried out by both sexes. The ‘major’ hen sits on 
the nest and guards it from early morning until late afternoon, and the male for the 
rest of the time. The ‘minor’ hens do not guard the nest or brood the eggs. A 
brooding bird sits on the eggs for a period of between 15 and 90 min, after which it 
rises in order to turn the eggs with its beak (Berendsen, 1995). Only seldom, more 
than 20 eggs of the clutch can be brooded successfully by one bird. The ‘major’ 
female favours some of the eggs (supposedly her own) by rolling them to the 
centre of the nest, while the other eggs (i.e. those of the minor hens) are discarded 
and moved to the outer margins of the nest, where incubation conditions are less 
than optimal. How the ‘major’ hen recognizes her own eggs is still unclear 
(Bertram, 1979). The discarded eggs of the clutch form a ring at the edge of the 
nest, where they will rot or will be destroyed by predators, such as jackals, hyenas, 
baboons and vultures (Jost, 1993). The eggs hatch after about 42 days of 
incubation. The parents take care of their young and protect them against 
predators and the elements. Once the chicks leave the nest they are difficult to 
track in grassland. Therefore, little is known about the behaviour of ostrich chicks 
under natural conditions. By the time the chicks are one year old they are 
abandoned by their parents (Bertram, 1992).  
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Reproductive anatomy 
 

The reproductive organs of the male ostrich consist of the testis and the 
(ductus) epididymis. The paired testes are deeply situated in the body cavity on 
both sides of the caudal vena cava and ventral to the kidneys. The testes vary 
considerably in size and appearance, depending on the age and sexual status of 
the male. During the breeding season, for example, the testes can enlarge up to 
400% of their normal size, measuring about 16 cm in length and 5 cm in width 
(Bezuidenhout, 1986), with an oval shape (Cho et al., 1984). The epididymis lies on 
the dorso-medial surface of the testis (Bezuidenhout, 1986; Soley, 1992). The 
ductus deferens leaves the caudal part of the epididymis as a fairly straight tube 
and runs parallel to the ureter, near the midline. The ductus deferens opens into 
the urodeum (part of the cloaca) lateral to the ureter (Bezuidenhout, 1986), via the 
deferent duct papilla (Soley, 1992). The copulatory organ of the male ostrich is 
commonly referred to as phallus (Fowler, 1991) and has similar functions to the 
mammalian penis, although it is different in structure and embryonic origin (Hicks, 
1992). Normally, the phallus of the adult male is not readily visible as it rests within 
the cloaca. Various muscles are attached to the phallus, making it very flexible and 
easily retractable back into the cloaca (Fowler, 1991). When erected the phallus 
measures 30-40 cm with a slight bend to the left. Soley and Groenewald (1999) 
have provided an extensive overview on various aspects of the male reproductive 
organs and spermatogenesis, and on aspects such as semen collection, evaluation 
and artificial insemination. 

The female reproductive organs consist of the ovary and oviduct, of which 
usually only the left ovary and oviduct develop (Fowler, 1991). The ovary is 
suspended from the dorsal body wall, ventral to the cranial pole of the left kidney 
(Bezuidenhout, 1986), and dorsal to the abdominal air sacs (Hicks, 1992). The size 
and shape of the ovary can vary greatly depending on the stage within the 
breeding cycle (Bezuidenhout, 1986). In mature, reproductively active females the 
ovary resembles a bunch of grapes. It consists of a stroma, in which numerous 
follicles of varying size are embedded: macroscopic diameters may range from 1 to 
9 cm (Fowler, 1991; Bronneberg, 1997). Each mature follicle is contained in a 
single capsule and attached to the surface of the ovary by its own stalk. At the 
moment of ovulation the largest follicle ruptures through the stigma, i.e. an a-
vascular area of the follicular wall. Some follicles, the so-called atretic follicles, do 
not seem to reach the pre-ovulatory stage of development and regress before 
ovulation occurs. The oviduct represents the entire genital tract and extends from 
the ovary to the cloaca. In mature birds it reaches a length of approximately 1.2 m 
(Soley and Groenewald, 1999). It runs caudally along the ventral side of the 
kidneys and consists of the infundibulum, magnum, isthmus, uterus or shell gland, 
and the vagina. After ovulation the egg is released in the infundibulum, where 
fertilization may occur. The coiled magnum is the longest segment of the duct, and 
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its mucosal folds add albumen to the egg, as does the isthmus. In the isthmus the 
two homogenous inner and outer shell membranes are added. The thick-walled 
and expanded uterus bears many low mucosal folds that flatten themselves against 
the egg. In the uterus water is absorbed through the permeable membranes into 
the albumen to ‘plump out’ the egg. This is followed by the deposition of the shell 
and a glaze-like outer layer, the cuticula. The egg is finally expelled from the 
oviduct into the cloaca.  

Ostriches are able to produce an egg every other day, suggesting that also 
the ovulatory cycle lasts approximately 48h. However, exact data on the timing of 
ovulation, the process of egg formation and the transit time of eggs in the oviduct 
are not available. Additionally, little information is available on various basic 
aspects of the ovary, such as the functional-morphological changes of ovarian 
follicles taking place during the egg laying cycle, the physiological and 
endocrinological mechanisms regulating ovarian activity, and factors influencing 
the onset, duration and termination of ovarian follicular activity in relation to the egg 
production season. Moreover, the use of diagnostic tools, such as ultrasound 
scanning to visualize the female reproductive organs and to investigate their 
functional changes, have hardly been explored and validated. 
 
Reproductive endocrinology 
 

Data on the (underlying) endocrine events that regulate male and female 
reproductive seasonal activity in wild or farmed ostriches are scarce. Presently, 
only one study (Degen et al., 1994) endocrinologically monitored male and female 
ostriches, kept on a farm in Israel, on a monthly basis during the breeding season, 
i.e. from March to September, and during the rest of the year. The results of this 
study showed that the average plasma concentration of luteinizing hormone (LH) in 
males was about 3-fold higher than that in females, and that the variation of LH 
levels in males was larger than that in females. In both males and females, 
average plasma levels of LH significantly increased one month before the onset of 
the breeding season, and then slowly declined during the remainder of the season. 
Additionally, in males, it was observed that the average plasma concentration of 
testosterone significantly increased in April, two months after the start of the 
breeding season, and remained elevated for about 4 months. In females, the 
average level of estradiol increased at the beginning of the egg laying season, 
peaked at the time when egg production was highest, and remained elevated 
throughout the rest of the egg production season.  

The above-mentioned study provided the first description of the 
reproductive hormonal changes in ostriches throughout the year; however, further 
studies are needed to relate these endocrine changes to individually determined 
egg production figures, and in parallel, to follicular changes on the ovary. In 
particular, investigations based on blood sampling at repeated intervals to 



Chapter 1 
 
 

 11 

characterize the endocrine events occurring during the approximately 48h egg 
laying cycle and, especially, around the moment of ovulation, have not yet been 
performed in ostriches. 
 
 
EGG PRODUCTION 
 
Laying patterns and sequences 
 

During a laying sequence female ostriches can produce one egg every 
other day. Egg laying normally takes place in the late afternoon or early evening, 
both in the wild and under farming conditions. In wild Zimbabwean ostriches (S.c. 
australis) it was found (Jarvis et al., 1985) that the number of nests in which eggs 
are deposited varies considerably during the season, and that nesting peaks occur 
at 6-week-intervals, although the reason for this latter observation was unclear. 
These wild Zimbabwean ostriches produced an average clutch size of 12-13 eggs 
in one nest, deposited by 3 females on average. On the basis of egg identifications, 
it was found that a female normally contributes about 7-8 eggs to the clutch in one 
nest, i.e. produces 7-8 eggs in a row during one laying sequence. According to 
Bertram (1979) the average number of eggs deposited in one nest by wild Massai 
ostriches (S.c. massaicus) varies between 20 and 36, deposited by 4-5 females, 
while Hurxthal (1979) recorded an average of 35.5 and 47.0 eggs in one nest, in 2 
separate years, in the same subspecies.  

A similar pattern of peaks and troughs in weekly total egg production, 
referring to the above-mentioned data on wild ostriches in Zimbabwe, was 
observed in domesticated South African ‘black’ ostriches on a farm in 
Bophuthatswana, South Africa (Jarvis et al., 1985): egg laying sequences lasting 5-
7 weeks with an interval between the peaks of these sequences of about 6 weeks. 
These birds, which were kept in a large breeding paddock, produced an average of 
16.2 eggs during the first peak period of 5 weeks (259 eggs, 16 females) and an 
average of 16.5 eggs during the second peak of about 7 weeks (511 eggs, 31 
females). In the same location, one female was kept with a male in a small 
enclosure and she produced 28 eggs during her first laying sequence, after which a 
non-laying interval of 32 days followed. Three eggs at irregular intervals followed 
before a new sequence of at least 16 eggs at 2-days intervals was produced. 
Cases like this, i.e. individual female ostriches laying 16 eggs or more in 
succession, may be confined to the domestic state. However, Hurxthal (1979) 
demonstrated that wild female ostriches may deposit their eggs in more than one 
nest during the same egg laying sequence. They observed females moving 
through the territories of several males and copulating with them. Hence, on the 
basis of these observations, it is possible that wild ostriches produce the same 
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number of eggs (or even more) during one egg laying sequence compared to their 
domestic counterparts, but that they deposit their eggs among different nests. 

Lately, some more data have become available with respect to egg laying 
sequences of farmed ostriches. A study by İpek and Şahan (2004), performed on 
10 trios (1 male, 2 females) of South African Black ostriches on a farm in Turkey 
during 5 consecutive breeding seasons, recorded the number of egg laying 
sequences, the number of eggs within each sequence and the interval between 
sequences, i.e. the period during which no eggs were produced. At the beginning 
of the study the females were nearly 3 years old. On the basis of individually 
recorded egg production data, the authors reported the following results: (1) the 
mean number of laying sequences increased from 2.1 (± SEM of 1.1) in the first 
season to 4.0 ± 2.0 in the fifth season, (2) the mean number of eggs per laying 
sequence increased, although not significantly, from 12.0 ± 2.0 in the first season 
to 14.4 ± 2.1 in the fifth season, while (3) the mean interval remained more or less 
the same, ranging from 10.6 ± 1.8 days in the first season to 9.0 ± 1.2 in the fifth 
season. In a study performed in Australia (More, 1996), in which egg production 
data were recorded on 14 pairs (1 male, 1 female) of farmed ostriches during a 
period of at least 365 days, the mean number of laying sequences, the mean 
number of eggs per sequence and the mean interval between sequences were 
quite different, i.e. 9.1 sequences (range: 1-22), 3.5 eggs per sequence (range: 1-
22) and 9.4 days (range: 3-76) between sequences, respectively. 

It is obvious that data on egg laying sequences in farmed ostriches can 
vary a lot and, hence, also the egg production per season. Overall, the average 
egg production per season in the study in Turkey (İpek and Şahan, 2004) was 
much higher (46.3 eggs) compared to the median number of 31.0 eggs per season 
in Australia (More, 1996). In other words, there are indications that there is a 
relationship between the seasonal egg production potential of female ostriches, on 
the one hand, and the number of egg laying sequences, the number of eggs within 
a sequence and the sequence-interval, on the other hand. Further studies are 
necessary to identify the genetic and environmental factors affecting these egg 
laying sequences, and their relation with egg production. 
 
Egg production figures of farmed ostriches 
 

In farmed ostriches, only few accurate records on egg production figures 
are available, either for individual birds, or for the entire flock. Collection of these 
data has been partially hampered by the breeding conditions that are usually 
employed on ostrich farms, i.e. breeding birds are generally kept as trios (1 male, 2 
females), quatros (1 male, 3 females) or large breeding colonies that contain 
several males and females at a similar ratio. In such breeding conditions, the 
parentage of the eggs cannot be determined with absolute certainty, thus accurate 
individual egg production figures (per hen) cannot be recorded. Mainly for this 
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reason, some ostrich producers prefer to keep their breeding birds in pairs (1 male, 
1 female). Nevertheless, mainly due to the relatively higher maintenance costs of 
the male, such a system has not become the ‘standard’ in ostrich farming. Another 
factor that has hampered the collection and comparison of egg production data in 
ostriches, is that breeding seasons tend to vary around the world (i.e. are different 
in length for example), and that ostriches not always produce an egg every other 
day. Van Schalkwyk et al. (1996) introduced an egg production parameter that 
‘corrects’ for these 2 variables: the ‘Egg Production Performance’ parameter (EPP 
in %) is the number of eggs laid expressed as a percentage of the number of days 
on which eggs could be laid.  In other words, when a female produces an egg 
every 2 days during the entire season, the EPP is 100%, while a female that 
produces 50 eggs during a season of 180 days, has an EPP of 56% (= 50 / (180 x 
0.5) x 100%). However, it is important to notice that for the length of the breeding 
season two different definitions are being used: (1) the number of days that 
reproductively active males and females are paired together in one breeding 
paddock, or (2) the number of days between the first and the last oviposition of the 
season. Overall, the EPP can be used to compare egg production data in different 
areas of the world, not only on an individual basis, but also between paddocks and 
across farms. 

Despite the difficulties mentioned above, some data on egg production 
figures of farmed ostriches are available in literature. An overview of these data is 
presented in Table 1 from various parts of the world. In two studies (Van 
Schalkwyk et al., 1996; Cloete et al., 1998), of which the data are based on egg 
production figures of the same individual birds during four and six consecutive 
breeding seasons, respectively, only the average EPPs (46.1% and 43.8%, 
respectively) were provided, while the exact length of each season was not 
reported. In the first study (Van Schalkwyk et al., 1996) the individual EPP ranged 
from 0 to 93.2%. In another study (Deeming, 1996), in which birds were kept in 
different breeding systems (pairs, trios and colonies), the average EPP of the flock 
over the entire season (April to September) was only 25.2%, while EPPs of 
individual hens kept in pairs ranged between 25.7 and 91.2%. For those studies, in 
which the average length of the breeding season was provided (Degen et al., 1994; 
Smith et al., 1995; More, 1996; İpek and Şahan, 2004), the average EPP of the 
farm was additionally calculated and presented in Table 1.  

Furthermore, Cloete et al. (1998) also looked at the distribution of the EPP 
in relation to the age of the hens and observed that the EPP increased from 30% at 
2 years of age to a peak of 60% at 9 years, and then slowly declined to 45-50% at 
17 years of age. This indicates that ostriches reach optimum egg production after 
about 7 years of production, after which production starts declining again. Similar 
results were found by İpek and Şahan (2004), i.e. the average EPP per bird 
increased from 29.8% at 3 years of age (first season) to approximately 55% at 5, 6 
and 7 years of age during the third, fourth and fifth season, respectively. 



 
Table 1. Overview of reported egg production figures of farmed ostriches around the world. Egg production is presented as the average number of eggs 
during the breeding season and as the average Egg Production Performance parameter (EPP in %). 
 
 
Country 

 
Average egg 
production  
per season 
 

 
Season length 
(days) 

 
Average  
EPP (%) 

 
Breeding condition  
(number of birds) 

 
Age of  
the birds 

 
Reference 

Israel 28.7  210 27.3 one group (6 males, 6 females) 5 years Degen et al. (1994) 

South Africa 50 (SD ± 20) 270 37 not reported not reported Smith et al. (1995) 

Australia * 31.0 (median) 150 (median) 41.3 (median) pairs (14 males, 14 females) 4 years (median) More (1996) 

United Kingdom * 30 238 25.2 pairs, trios and colonies (43 females) > 2 years Deeming (1996) 

South Africa * 55.5 (SD ± 26.2) not reported 46.1 ± 20.8 pairs (42-67 males, 42-67 females) 2-10 years or more Van Schalkwyk et al. (1996) 

1st season   37.9 ± 3.4    

2nd season   50.1 ± 2.6    

3rd season   38.0 ± 2.6    

4th season   53.0 ± 2.9    

South Africa * not reported not reported 43.8 (SD ± 21.9) pairs (67-103 males, 67-103 females) 2-10 years or more Cloete et al. (1998) 

Turkey * 46.3  47.2 trios (10 males, 20 females) 3-7 years İpek and Şahan (2004) 

1st season 25.2 (SEM ± 1.9) 169 29.8  3 years  

2nd season 36.9 ± 2.5 178 41.5  4 years  

3rd season 55.3 ± 2.8 201 55.0  5 years  

4th season 56.5 ± 3.1 207 54.6  6 years  

5th season 57.6 ± 3.4 210 54.9  7 years  

 
* egg production based on individual recordings 
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From these data it is evident that egg production in farmed ostriches is 
highly variable between birds and across farms, and that it differs widely from 
season to season and around the world. Among all these studies, the average on-
farm egg production per hen varies between 25 and 55 eggs per season, which in 
terms of an average breeding season of 6 months (180 days) is equal to an EPP 
range of about 28% to 61%. Although some females are capable of producing 60 
eggs or more (EPP ≥ 65%), in general only few hens establish such a high 
production level and variation is large between individual hens. 
 
 
REPRODUCTIVE PERFORMANCE 
 

Reproductive performance is an important measure to estimate on-farm 
reproductive success over time. In birds, reproductive performance can generally 
be subdivided in the following four estimates: (1) egg production per hen, i.e. the 
number of eggs produced per hen during a certain period, or the percentage of 
eggs that could have been produced during this period, such as EPP, (2) fertility 
percentage, i.e. percentage of fertile eggs of the number of eggs set in the 
incubator, (3) hatchability percentage, i.e. percentage of chicks that hatch from the 
number of eggs that were set in the incubator, or from the number of fertile eggs, 
and (4) number of healthy chicks (of a certain age) that were raised per hen per 
year. For farmed breeding ostriches, similar parameters have been proposed to 
estimate reproductive performance (More, 1997). However, little is known about 
the reproductive performance of individual birds, as it has not been monitored on-
farm until fairly recently.  

Data on egg production figures were already presented in the previous 
paragraph (Table 1). Therefore, Table 2 provides an overview of the average 
fertility and hatchability rates reported from four countries around the world, i.e. 
South Africa (Van Schalkwyk et al., 1996; Cloete et al., 1998), Australia (More, 
1996), the United Kingdom (Deeming, 1996), and Turkey (İpek and Şahan, 2004). 
On the basis of individual recordings, fertility and hatchability ranged as following: 
in South Africa (Van Schalkwyk et al., 1996) from 0 to 100% for both estimates, in 
Australia (More, 1996) from 0 to 95.7% and from 42.6 to 91.0%, respectively, and 
in the United Kingdom (Deeming, 1996) from 32.4 to 100% and from 3.8 to 63.2%, 
respectively. Overall, fertility of ostrich eggs is highly variable, ranging from very 
poor (<50%) to fairly good (>85%). However, reports indicate that fertility rates are 
not as high as commonly experienced in the poultry industry (90 to 95%). 
Consequently, hatchability rates of eggs incubated are also fairly poor in ostriches, 
with maximal values at about 60% on average. Hatchability of fertile eggs is higher, 
but with maximal average values around 70%. 

With respect to chick productivity of individual female birds data are very 
scarce. Van Schalkwyk et al. (1996) introduced a ‘Productivity’ parameter (%), 
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which is the percentage of one-day-old chicks that could have been produced 
during a certain period, if the female would have laid an egg every other day in that 
period. They found an average productivity of 29.1% (range 0 to 83.7%) during 4 
consecutive seasons, while these hens achieved an average EPP of 46.1% during 
the same period. In Australia, More (1997) suggested to include also the 
survivability rate of chicks to a certain age in an overall productivity estimate, i.e. 
the number of chicks (of a specified age) produced per hen per year. Based on the 
data of 38 ostrich breeding pairs, while producing an average of 2.4 eggs per hen 
per month (i.e. an EPP of 16%), he found that on average only 0.8 chicks per hen 
per month survived to an age of 4 months, i.e. a productivity of about 5%. 
 
 
Table 2. Overview of reported average fertility and hatchability rates of incubated and fertile eggs (in %) 
in farmed ostriches around the world.  
 

 
Country 

 
Average 
fertility 
% 

 
Average 
hatchability  
% of eggs 
incubated 

 
Average 
hatchability 
% of fertile 
eggs 

 
Reference 

     

South Africa 82.9 61.8 - Van Schalkwyk et al. (1996) 

South Africa 81.9 46.2 56.4 Cloete et al. (1998) 

Australia * 70 - 67.7 More (1996) 

United Kingdom 78.7 30.9 39.2 Deeming (1996) 

Turkey 66.1 46.3 69.8 İpek and Şahan (2004) 

1st season 58.3 37.5 64.3  

2nd season 62.2 43.2 69.6  

3rd season 68.5 48.1 70.2  

4th season 71.0 50.9 71.8  

5th season 70.7 51.7 73.1  

     
 
* median values 
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From the data above, it is evident that reproductive performance in farmed 
ostriches varies considerably and in general is rather poor. When comparing these 
data with other farmed avian species, there is still a lot of space for improvement. 
In broiler breeders, for example, which are normally in production from about 25 to 
65 weeks of age, estimates of reproductive performance could typically appear as 
following (Technical Performance Guides of the broiler breeds Cobb 500, Hubbard 
Classic and Ross 308): (1) an average hen-day egg production between 65 and 
70%, with peaks up to 85% (i.e. about 180 eggs in 40 weeks), (2) an average 
hatchability of incubated eggs of 85%, and (3) a production of 140-150 day-old 
chicks per hen per 40 weeks. 
 
 
OUTLINE OF THE THESIS 
 

From the previous paragraphs it is apparent that important gaps are 
present on various basic aspects of male and female reproduction in farmed 
breeding ostriches and that reproductive performance, especially egg production, is 
generally very poor and varies widely: not only between farms and regions, but 
also between birds and even within a bird e.g. between consecutive seasons. In 
other words, there still is a lot of space for improvement in ostrich reproduction. 
This thesis focuses on the female part of reproduction, and specifically on ovarian 
function, while expanding along the areas of research, either practically or 
fundamentally, as outlined in the paragraphs above. Studies have been performed 
during the 48h egg laying cycle and throughout the egg production season and 
parts of the non-breeding season of farmed ostriches. These studies presented in 
chapters 2 to 5 had the following main objectives: 
 

1. to describe and explore the use of transcutaneous ultrasound scanning as 
a diagnostic and research tool to detect changes in the morphology of the 
ovary and oviduct,  

2. to evaluate the patterns of the plasma hormone concentrations of 
progesterone (P4), luteinizing hormone (LH) and estradiol-17β (E2β), and 

3. to analyze the quantitative relations between the morphological changes of 
the female reproductive organs and changes of the plasma concentrations 
of P4, LH and E2β. 

 
Chapter 2 provides anatomical background information as to the 

morphology of the reproductive organs of female ostriches, and describes a 
technique for transcutaneous ultrasound scanning of the reproductive organs in 
female ostriches. Ultrasonographic images, obtained during in vivo as well as in 
vitro scanning, are compared with post mortem ovarian morphology. In addition, 
chapter 2 provides preliminary data demonstrating the potential value of ultrasound 
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scanning in predicting the onset or end of the egg-laying season on the basis of 
ovarian morphology.  

Chapter 3 describes the different stages of developing eggs and 
determines their transit time in the different parts of the oviduct during the 48h egg 
laying cycle, as detected by repeated transcutaneous ultrasound scanning of ten 
individual birds during this cycle. In addition, changes in plasma concentrations of 
P4, LH and E2β are measured during the 48h egg laying cycle in the same birds, 
and relations are determined between these endocrine findings and the timing of 
oviposition and ovulation. 

Chapter 4 describes the ultrasonographically observed changes in the 
volume of (large) ovarian follicles at 3h intervals during the egg laying cycle in eight 
ostriches on the same farm. Moreover, statistical modelling is performed to quantify 
the relation (s) between these follicular changes and changes in the plasma 
concentrations of P4, LH and E2β.  

In chapter 5 ultrasound scanning and analysis of plasma LH and E2β 
concentrations are performed on a monthly basis throughout the year in nine 
individual female birds on the same farm. The changes in the numbers of 
ultrasonographically detected large ovarian follicles and the changes in plasma 
hormone levels are described and analysed, in relation to the individual egg 
production figures of these birds during the breeding and non-breeding season. 

In the summarizing discussion, Chapter 6, data of the proceeding chapters 
are discussed and suggestions for further studies are given. 
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ABSTRACT 
 

The main objective of this study was to determine whether transcutaneous 
ultrasonography could be used as a diagnostic tool to monitor the reproductive 
organs of female breeding ostriches.  An additional aim was to investigate whether 
the use of this technique could facilitate prediction of the start or end of the egg 
production season. A technique for on-farm ultrasound scanning is described and 
examples of ultrasonographic images of different ovarian structures, developing 
ova and eggs within the genital tract are presented. These data were obtained by 
scanning eight mature female breeding ostriches. In vivo scanning took place a day 
prior to slaughter, and immediately after slaughter the reproductive organs were 
scanned in vitro in a water bath. By comparing ultrasonographic images with post 
mortem ovarian morphology, it appeared that the following morphological 
structures can be identified using ultrasonography: ovarian follicles of different 
sizes (diameter 1 to 9 cm), atretic follicles, post-ovulatory follicles, ova at different 
stages of development and eggs within the genital tract. Of the number of follicles 
counted during post mortem investigation, 58% (95% confidence interval 0.41 to 
0.79) had been detected during previous in vivo examination. In the second part of 
our study, ultrasonographic scans were made at weekly intervals in two farmed 
female ostriches during the breeding season in order to determine the predictive 
value of the technique. By comparing the images of ovarian activity with individual 
egg production of these hens, preliminary evidence was obtained that scanning 
might be of value in predicting egg production, especially at the start and the end of 
the breeding season. 

It is concluded that transcutaneous ultrasound scanning in mature female 
breeding ostriches is an easy, non-invasive technique for the monitoring of ovarian 
(in) activity, for visualization of different functional ovarian structures, for following 
the development of individual ova and for visualization of an egg with calciferous 
shell within the oviduct, and that this technique will be a valuable tool in future 
research on reproductive physiology and pathology, and the development of more 
advanced reproductive technologies, such as artificial insemination. 
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INTRODUCTION 
 

Ultrasonography in animal reproduction has proved to be a useful 
diagnostic tool for veterinary practioners and researchers in reproductive biology 
and animal science (Taverne and Willemse, 1989). Since its introduction for 
pregnancy diagnosis in horses (Palmer and Driancourt, 1980) and cats (Mailhac et 
al., 1980) many different applications for reproductive purposes have been 
developed, not only in domestic animals but also in zoo and wildlife species (Kähn, 
1992; Hildebrandt and Göritz, 1995) including some avian species (Cartee et al., 
1992; Krautwald-Junghanns et al., 1998; Hofbauer and Krautwald-Junghanns, 
1999). In ostriches (Struthio camelus spp.), however, the use of ultrasonography 
has not yet been extensively explored. Williams (1998) for example reported that 
regarding the scanning of the reproductive tract, follicles could be visualized in the 
coelomic cavity, whilst Wagner and Kirberger (2001) concluded that the feathers 
and extensive coelomic air system did not limit the use of transcutaneous 
ultrasonography for the visualization of coelomic viscera in adult nonbreeding 
female ostriches. Göritz et al. (1997) showed that transintestinal ultrasonography 
can be used as a tool for sexing immobilised cassowaries (Casuarius casuarius). 

In farmed breeding ostriches, poor reproductive performance is a major 
problem worldwide. In particular, egg production is generally low and fluctuates 
during the breeding season (Bronneberg et al., 1999; Deeming and Ar, 1999). 
Although mature domesticated female breeding ostriches (Struthio camelus var. 
domesticus) are capable of producing 30 to 60 eggs per hen per year (Deeming 
and Ar, 1999), on most farms only a few hens establish such egg production 
figures (Bronneberg et al., 1999). A general lack of information exists regarding 
various basic aspects of egg production, such as the functional-morphological 
changes of the reproductive organs during the production cycle, physiological and 
endocrinological mechanisms regulating ovarian activity, and factors influencing 
the onset, duration and termination of the ostrich egg production laying cycle or 
season (Soley and Groenewald, 1999). The use of diagnostic tools to visualize the 
female reproductive organs and to investigate their functional changes and the 
mechanisms behind these changes has not been reported.  

This paper, therefore, aims to describe a technique for transcutaneous 
ultrasound scanning of the reproductive organs in female ostriches, to present 
ultrasonographic images, obtained during in vivo as well as in vitro scanning, and 
to compare them with post mortem ovarian morphology. This study aslo provides 
preliminary data which could demonstrate the potential value of this technique in 
predicting the onset or end of the egg-laying season on the basis of ovarian 
morphology. 
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Morphology of the female reproductive organs 
 

The reproductive organs of the female ostrich (Figs. 1, 2, 3) consist of the 
ovary and oviduct, of which usually only the left ovary and oviduct develop (Fowler, 
1991). The left ovary is suspended from the dorsal body wall, ventral to the cranial 
pole of the left kidney (Bezuidenhout, 1986), and dorsal to the abdominal air sacs 
(Hicks, 1992). The size and shape of the ovary, and hence its position within the 
coelomic cavity can vary greatly depending on the stage within the breeding cycle 
(Bezuidenhout, 1986). In mature, reproductively active females the ovary 
resembles a bunch of grapes (Figs. 2 and 3). It consists of a stroma (Fig. 1a) in 
which numerous follicles of varying size are embedded: macroscopic diameters (Ø) 
may range from 1 (Fig. 1b) to 9 cm (Fig. 1c) (Fowler, 1991; Bronneberg, 1997). 
Each mature ovum is contained in a single capsule and attached to the surface of 
the ovary by its own stalk (Fig. 1d). At the moment of ovulation the largest follicle in 
the hierarchy ruptures through the stigma (Fig. 1e), an avascular area of the 
follicular wall. The ruptured or post-ovulatory follicle (POF) (Fig. 1f) is easily 
identified. Some follicles, the so-called atretic follicles (Figs. 1g, 1h), do not seem to 
reach the pre-ovulatory stage of development and regress before ovulation may 
occur. The oviduct represents the entire genital tract and extends from the ovary to 
the cloaca; in mature birds it reaches a length of approximately 1.2 m (Soley and 
Groenewald, 1999). It runs caudally along the ventral side of the kidneys and 
consists of the infundibulum (Fig. 1i), the magnum (Fig. 1j), the isthmus (Fig. 1k), 
the uterus or shell gland (Fig. 1l) and the vagina (Fig. 1m). The oviduct is richly 
supplied with blood and is suspended from the dorsal body wall by a fold of 
peritoneum (broad ligament) (MacAlister, 1864; Duerden, 1912). Prior to ovulation 
the fan-shaped infundibulum engulfs the ovary or ovulating follicle. After the ovum 
is released in the infundibulum, fertilization may occur. The coiled magnum is the 
longest segment of the duct. The mucosal folds of the magnum add albumen (Fig. 
1o) to the ovum (Fig. 1n), as does the isthmus. In the isthmus the two homogenous 
inner and outer shell membranes (found between the albumen and the shell) are 
added. The thick-walled and expanded uterus bears many low mucosal folds that 
flatten themselves against the egg. In the uterus water is absorbed through the 
permeable membranes into the albumen to plump out the egg. This is followed by 
the deposition of the shell and a glaze-like outer layer, the cuticula. The egg is 
finally expelled from the oviduct into the cloaca.  
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Figure 1. Morphology of  female reproductive organs: a. stroma, b. small follicle (Ø 1 cm), c. large pre-
ovulatory follicle (Ø 9 cm), d. follicle stalk, e. stigma, f. POF, g. young atretic follicle, h. old atretic follicle, 
i. Infundibulum, j. magnum, k. isthmus, l. uterus or shell gland, m. vagina, n. ovum with central yolk, o. 
albumen, p. light yellow yolk rings and q. dark yellow yolk rings (drawing by H. Halsema, 2001; with 
permission changed by R. Bronneberg, 2001).  
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Figure 2. Morphology of the ovary: a. stroma, b. 
small follicle (1 cm), c. large pre-ovulatory follicle (9 
cm), d. follicle stalk, e. stigma, g. young atretic follicle 
and h. old atretic follicle.  
 

 
Figure 3. Morphology of the ovary: a. stroma, 
b. small follicle (1 cm), c. large pre-ovulatory 
follicle (9 cm), d. follicle stalk, f. POF and h. old 
atretic follicle. 
 

 
 
MATERIALS AND METHODS 
 
Ultrasound technique and imaging 
 

All examinations were performed with an Esaote Pie Medical Falco, 
equipped with a switch able 3.5/5 MHz convex probe (Pie Medical Benelux BV, 
Maastricht, the Netherlands). This unit is relatively small and mobile; it runs on 
rechargeable batteries and is thus easily moved into the examination room. In 
order to allow an easy scanning procedure, the birds were first hooded with a black 
cotton sleeve over the head, while the nostrils were kept free to enable breathing. 
Thereafter they were placed in a V-shaped crush inside the examination room i.e. 
shelter house (Fig. 4). This handling and restraint method is used worldwide for 
quieting ostriches. In general birds remained very quiet during the examination 
procedure, which normally lasted for about 15 minutes. The examination room was 
darkened as much as possible to facilitate the on-screen interpretation of the 
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images. Coupling gel was used to maximize contact between the transducer and 
the skin. Transcutaneous ultrasonic scanning was performed according to a 
standard protocol, as follows: once the transducer had been placed on the left side, 
directly behind the thigh on the ventrolateral featherless part of the abdominal skin, 
a first overall impression was obtained by making a quick scan through the whole 
examination area, from dorsal to ventral, from cranial to caudal and vice versa; 
after this first scan, a much slower scan within the area was performed to obtain 
more detailed orientation and information. In general the probe was used at a 3.5 
MHz frequency to achieve a maximal penetration depth of about 20 cm. Only when 
a more detailed interpretation was needed, was it switched to the 5 MHz frequency.  
 
 

 
 

 
 

Figure 4. Handling and restraint method for a 
female ostrich during the scanning procedure: the 
bird is hooded with a dark cotton sleeve over the 
head and is placed in a V-shaped crush.  
 

Figure 5. Transcutaneous ultrasound examination 
area: transducer is placed on the left side directly 
behind the thigh on the ventrolateral, featherless 
part of the abdomen. 
 

 
Quantitative measurements involved the number and size of follicles. The size of 
visible follicles (largest obtained diameter) was measured on-site, using the freeze 
frame and the programmed caliper-settings of the ultrasound unit. All 
ultrasonographic examinations were stored on videotape, in order to check 
quantitative measurements of the follicles afterwards. 
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The scans were performed on eight 4 to 6 year old, mature, reproductively 
active female breeding ostriches (Struthio camelus var. domesticus), which were 
scheduled to be slaughtered because of low egg production numbers during the 
previous year (s). The birds were marked individually (‘Trovan’ microchip and 
numbered leg tag) in order to establish an easy follow-up at the slaughterhouse on 
the next day. The day prior to slaughter the hens were examined on the farm, using 
the transcutaneous ultrasonographic technique and procedures as described 
above. At the day of slaughter the ovary of each bird was collected at the 
slaughterhouse, marked individually, stored in a separate plastic bag and 
transported in an insulated box with ice water to the Department of Farm Animal 
Health of the Veterinary Faculty at Utrecht University in the Netherlands. 
Macroscopic inspection of the ovaries was performed with respect to the number, 
size and type of follicles. Photographs of some ovaries and their morphological 
structures were taken. In order to expand the details of the ovaries obtained by 
two-dimensial ultrasonic imaging, an in vitro water bath technique (Ginther, 1995) 
was slightly modified. Ovaries were hung in a translucent plastic bag, which was 
completely filled with water. Coupling gel was used in order to maximize contact 
between the transducer and the surface of the plastic bag. The same equipment 
used previously was used at a 3.5, and sometimes 5 MHz frequency. Different 
ovarian structures were manipulated in front of the ultrasound transducer and 
images were recorded on videotape. 
 
Longitudinal on-farm study 
 

Between May and November 1999, weekly ultrasonic examinations of the 
reproductive organs took place in two female ostriches on a commercial farm in the 
Netherlands. They belonged to two different breeding groups (S. c. australis or S. 
c. var. domesticus), each consisting of one male and three females. The age of 
these birds ranged from 7 to 10 years and they had been imported 5 to 6 years 
before from Southern Africa. Both groups were kept in separate breeding 
paddocks, which consisted of a shelter house (4 x 6 m) and a circumfenced 
pasture area (40 x 40 m). The birds were fed daily in the late afternoon with 1.5 kg 
ostrich layer pellet. During the day they were allowed to graze in the pasture and 
were fed ad libitum with roughage (dried grass, maize silage or dried lucern) to 
complete the crude fiber part ratio. During the previous five years, these females 
had reached an average production of 40-50 eggs per hen per year. The breeding 
season normally extended from April to October, although individual differences 
between birds did occur. The farmer was capable of recognizing the origin of each 
individual egg according to size, shape, color and number of pores in the shell and 
he kept accurate computer records regarding egg production per hen (per year), 
fertility percentage, hatchability percentage and other incubator parameters. In 
general, eggs were laid inside the shelter house in a nest prepared by the male. 
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Usually, egg laying took place in the late afternoon or early evening. The farmer 
incubated the eggs of his own birds and sold the one-day-old chicks. The 
ultrasonographic examinations took place on the same day every week between 
19.00 and 22.00 hrs. Examination protocols regarding handling, restraint, 
ultrasonography and record keeping of ultrasonic findings were as described 
above, with the exception that transcutaneous ultrasonography was performed on 
both the left and right abdominal sides. Examinations took place inside the shelter 
house. 
 
Statistical analysis 
 

To quantify the relation between the in vivo and post mortem findings, we 
subdivided the follicle measurements into 6 categories according to the sizes of the 
follicles: 3.1 to 4.0 cm, 4.1 to 5.0 cm, 5.1 to 6.0 cm, 6.1 to 7.0 cm, 7.1 to 8.0 cm 
and 8.1 to 9.0 cm. Next, the relation between the follicle sizes in vivo and post 
mortem was analysed by a generalised linear mixed effect model (GLMM) 
(Pinheiro and Bates, 2000). Because the data consisted of a limited number of 
observations per category, we used a Poisson error term in the GLMM. In addition, 
a log-function was used to link the random and systematic components of the 
model. Finally, because data for the same bird were present in more than one 
category, we took the dependence of the data into account by including a random 
bird effect. 
 
 
RESULTS 
 
Ultrasound images from in vivo and in vitro scanning 
 

All ultrasound images presented in this section were obtained during in 
vivo scanning, with the exception of that shown in Fig. 9. In mature and 
reproductively active female ostriches, follicles of varying size can normally be 
visualized. Visible follicles may range from 1 (Fig. 6) to 9 cm (Fig. 7). Figures 6 and 
7 illustrate the measurement of follicular diameters of 6.6 cm and 7.3 cm, 
respectively. Figure 7 also shows an atretic follicle, recognized by its greater 
echogenicity. A more detailed image of a larger follicle (± 7.5 cm) is shown in Fig. 
8. Typical of larger follicles is an inner disc-like structure. This consists of a 
hyperechogenic core surrounded by alternating hypo- and hyperechogenic rings. 
Rings are sometimes difficult to recognize, especially when using the freeze frame 
to obtain a photograph. Figure 9 shows the in vitro scanned image of a POF 
(length 6.6 cm). The hypoechogenic area in the middle represents the cavity that 
remains after ovulation. Figure 10 shows a developing ovum of about 10 cm, most 
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likely within the magnum. A central echogenic spot can be clearly distinguished 
from the more hypoechogenic periphery. 

The ovum has an irregular shape at this stage of development because the 
shell membranes are not yet present. Figure 11 shows an ovum with developing 
shell within the uterus. Calciferous material has already been deposited and 
causes a more intense echogenicity. The thick uterine wall can be recognized as 
well. The image in Fig. 12 was made just after an egg had been laid. Folds of the 
uterine wall can be recognized on the surface of the remaining luminal side.  
 

 
 
Figure 6. Overall view with follicles of different size Ø 1 cm (a) and Ø 6.6 cm (b) in stroma (c). Central 
hyperechogenic structure (h) and hyperechogenic rings (j) 
. 

 
 
Figure 7. Overall view with follicles of different size Ø 7.3 cm (d) and Ø 9 cm (e); old, atretic follicle (f). 
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Figure 8. Detailed larger follicle approximately Ø 7.5 cm (g) with a hyperechogenic central structure (h) 
and hypo- (i) and hyperechogenic rings (j). Artifacts: reverberations (k), enhancement artifacts (l) and 
specular-reflections (m). 
 

 

 

 
 

 
Figure 9. POF with a length of 6.6 cm (n), with central hypo-echogenic cavity (o). Specular-reflection (m) 
artifact and air bubble artifacts. 
 

Given the presence of several relatively large, fluid-filled round structures 
(follicles) in the active ovary of a mature female during the egg laying season, it is 
not surprising that several types of artifacts occur in some of the ultrasonographic 
images presented. Among these were so-called reverberations, represented by the 
two lines emerging from the center of the follicle to the outside and vice versa (Fig. 
8k); acoustic enhancement artifacts, demonstrated by the hyperechogenic 
structures at the bottom of the follicle just outside its outer circle (Fig. 8l) and just 
below the ovum (Fig. 10l); specular-reflections, recognized as the two little 
hyperechogenic stripes on the top and bottom of the follicle (Fig. 8m) and just 
above the cavity (Fig. 9m), and air bubble artifacts, demonstrated by the small 
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hyperechogenic stripes, which are present all through in the water surrounding the 
tissue (Fig. 9; in vitro water bath technique). 
 

  
 
Figure 10. Developing ovum (p) in magnum with central hyperechogenic structure (h), central yolk (q) 
and surrounding albumen (r). Enhancement artifacts (l) at the bottom. 
 

 
 

 
Figure 11.  Ovum (p) with developing shell (u) in uterus. Uterus-wall (t) is visible. Enhancement artifacts 
(l) at the bottom. 
 

  
Figure 12. Empty uterus (v). Folds (w) can be recognized on the surface of remaining luminal side. 
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In vivo pre-slaughter ultrasound examination vs. post mortem inspection 
 

It was difficult to count the number of follicles ≤ 3 cm during real-time 
scanning of the hens, because this number was usually very high. Therefore, 
during the pre-slaughter ultrasonographic examination and post mortem inspection, 
only follicles > 3 cm were measured and counted for each bird (n=8). Statistical 
analysis showed that 58% (95% confidence interval 0.41 to 0.79) of the follicles 
detected post mortem were detected in vivo. Because the 95% confidence interval 
does not include ‘0’ (zero) there was a significant association between the number 
of follicles detected in vivo and post mortem. Table 1 presents ultrasound-based 
numbers for each bird and the total scores directly counted at autopsy.  
 
 
Table 1. Quantitative measurements (number and size) of 6 categories of follicles during in vivo (iv) pre-
slaughter ultrasound scanning, compared to the same measurements during post mortem (pm) 
inspection of the ovaries one day later. 
 

Bird ID 
Categories of follicles (diameter in cm) 

(n = 8) 
 3.1 - 4.0 4.1 - 5.0 5.1 - 6.0 6.1 - 7.0 7.1 - 8.0 8.1 - 9.0 Total of 

follicles 

 iv pm iv pm iv pm iv pm iv pm iv pm iv pm 
               

1 1 3 2 1 1 1 2 3 1 1 0 0 7 9 

2 0 1 0 2 1 2 2 4 3 2 2 4 8 15 

3 0 2 1 2 1 1 1 4 1 3 3 3 7 15 

4 1 2 1 0 2 2 1 1 2 3 2 3 9 11 

5 2 2 1 3 2 1 1 2 0 3 3 4 9 15 

6 2 2 0 0 0 2 1 3 2 2 2 4 7 13 

7 1 1 1 2 0 3 1 1 3 2 1 3 7 12 

8 1 1 0 1 0 1 1 1 1 3 1 3 4 10 

               

Total of 
follicles 8 14 6 11 7 13 10 19 13 19 14 24 58 100 

 



Chapter 2 
 
 

 35 

Longitudinal on-farm study 
 

During the longitudinal on-farm study, data from ultrasonographic findings 
and egg production figures of the two birds covered periods during which egg 
production started (hen 206) or ended (hen 208). This allowed us to investigate a 
temporal relationship between the number of follicles (Ø 6 to 9 cm) measured 
during weekly ultrasound scanning and the total egg production of these animals 
during the same and subsequent weeks. Only follicles with a diameter of 6 to 9 cm 
have been recorded, because this class most likely contained follicles high in the 
hierarchy and due to ovulate in the subsequent period. Figs. 13 and 14 show the 
results for these two birds. In general, the breeding season in ostriches starts with 
the production of one or two eggs, and this took place in bird 206 during week 20 
(Fig. 13). After this sudden onset a short break occurred, from week 26 on, the 
laying season started properly and continued in this bird until October.  

 
Figure 13. Number of follicles (■) with a diameter of 6 to 9 cm detected during weekly ultrasonographic 
examinations and egg production (□) per week (hen 206) at the start of the breeding season. Week 1 is 
designated as the first week of the year 1999. Arrow indicates the start of weekly ultrasound scanning. 
 
The first ultrasound examination took place in week 21 and Fig. 13 clearly shows 
that an increase in the number of follicles (Ø 6 to 9 cm) took place beginning three 
weeks before egg production started to rise. At the end of the season, a reversed 
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pattern was found in hen 208 (Fig. 14). During the three weeks after egg 
production figures dropped to zero, the number of follicles (Ø 6 to 9 cm) gradually 
decreased to zero. The last ultrasound examination took place in week 41. 
 

 
 
Figure 14. Number of follicles (■) with a diameter of 6 to 9 cm detected during weekly ultrasonographic 
examinations and egg production (□) per week (hen 208) at the end of the breeding season 1999. Week 
1 is designated as the first week of the year 1999. Arrow indicates the end of weekly ultrasound 
scanning. 
 
 
DISCUSSION 
 

The results of this study demonstrate that transcutaneous ultrasonography 
of the reproductive organs in mature female breeding ostriches is very feasible and 
provides a non-invasive technique that can easily be performed on the farm. It 
allows the visualization of several different morphological structures of the ovary, 
such as different sizes of follicles (Ø 1 to 9 cm), POFs and atretic follicles. The 
technique also enables observers to follow the development of individual ova and 
to locate an egg with calciferous shell within the oviduct. Ultrasonographic 
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appearances of both the ovaries and genital tract appear to be consistent with 
details of anatomical descriptions in the literature (MacAlister, 1864; Duerden, 
1912; Bezuidenhout, 1986; Fowler, 1991; Cartee et al., 1992; Hicks, 1992; 
Williams, 1998; Soley and Groenewald, 1999). Our study provided some first 
results on measuring the size and counting the number of follicles. Although 
ultrasonographically counted numbers of follicles and the actual numbers found at 
autopsy on the next day were not identical, the significant association between the 
two indicates that the technique is able to visualize the presence of follicular 
hierarchy within the ovary, and might allow the prediction of either increasing or 
decreasing follicular activity at the start and the end of the egg production season 
and a timely selection of nonproductive birds. The data in Figs. 13 and 14 also 
support this conclusion. 

In our experience, performing transcutaneous ultrasonography in ostriches 
was more effective and safe when at least two persons, with experience in ostrich 
handling, were available. Unnecessary (pre) handling stress and noises should be 
avoided during the whole examination procedure. Scanning should preferably take 
place inside a darkened location, to optimize the on-screen interpretation of 
images. However, in most places around the world, breeding ostriches are kept 
outside in the open field. Our own field investigations in Zimbabwe (Bronneberg, 
1997) and reports on scanning procedures with elephants in the open field 
(Hildebrandt et al., 1998) demonstrated that the creation of a tent of dark colored 
textures, or the use of a monitor equipped helmet, may be a practical and cheap 
solution. By placing the transducer on one of the non-feathered areas on the 
caudolateral sides of the body (Wagner and Kirberger, 2001), acoustic windows 
were usually large enough to visualize large parts of the ovary and genital tract. In 
cases where gas within the air sacs or intestines hampered the penetration of 
ultrasonic waves, walking the hen for some time appeared useful in several 
instances in improving conditions for transcutaneous scanning from the flank. 
Where the presence of an egg with a calcified eggshell formed a barrier to 
ultrasound penetration, we changed scanning from the left to the right side. 
Although a low frequency probe was used, the full size of an active ovary from a 
female during the breeding season exceeds the maximal penetration depth of the 
ultrasound waves. The latter, together with the blockage of ultrasound created by 
gas from air sacs or intestines and by eggs with a calcified eggshell, explains to a 
large extent our finding that the ultrasonographic counting of large follicles (Ø > 3 
cm) consistently resulted in an underestimation of the numbers that were found on 
the day of slaughter (Table 1). Scanning both sides of the bird’s flank, therefore, 
could probably decrease the rate of underestimation. At this stage, however, as we 
have no data to prove that the repeated recognition of individual large follicles is 
possible, scanning both sides would possibly lead to double countings and a 
relatively overestimation of the number of follicles. On the other hand, our data do 
demonstrate that recognition of the same (ovulated) egg within the oviduct is 
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possible. The details of the ultrasonographic images even indicate that one may 
establish in which part of the oviduct the egg is present. Data on the duration of 
egg passage in (parts of) the oviduct of ostriches are not present (Irons, 1995). 
However, the fact that a hen will generally lay an egg every second day, suggests 
that the passage along the oviduct approximately takes 48 hours (Soley and 
Groenewald, 1999).  More frequent scanning during the 48h laying cycle of females 
during the breeding season is in progress to substantiate these assumptions.   

As shown in Figs. 6 to 9, the most important ovarian structures, such as 
the diffuse hyperechogenic ovarian stroma (Fig. 6c) in which many small follicles 
(Fig. 6a) are embedded, different sizes of follicles (Figs. 6 to 8) with a 
hypoechogenic rounded appearance and a typical disc-like inner structure, the 
slightly hyperechogenic oval-appearing POF, with its typical hypoechogenic cavity, 
and the hyperechogenic old atretic follicles, can be visualized by ultrasound 
scanning. The in vitro examinations of follicles of different sizes confirmed that 
most follicles with a diameter larger than 3 cm reveal a disc-like structure (Figs. 6b 
and 8), consisting of an hyperechogenic core in the center (Figs. 6h and 8h) that is 
surrounded by alternating hypo- (Fig. 8i) and hyperechogenic (Fig. 8j) rings. Cartee 
et al. (1992) found similar ultrasonographically detectable ring structures when egg 
yolks from chickens (Gallus gallus) were scanned in a water bath with a 10 MHz 
probe. These ring structures were also detected during an ultrasonographic study 
of the chicken ovary (Cartee et al., 1992). These authors suggested that the hypo- 
and hyperechogenic rings represent alternating layers of yellow yolk with differing 
composition, which are deposited during the maturation of the follicle. According to 
Etches (1996b) the center of the follicle consists of white yolk and forms the core of 
the yolk formation. The white yolk in the center is deposited first as maturation of 
the follicle starts. After entry into the yolk-filled hierarchy class of follicles (Etches, 
1996b) deposition of yellow yolk occurs rapidly in concentric layers. Compared to 
yellow yolk, the white yolk contains less water and protein (Cartee et al., 1992; 
Etches, 1996b). It seems therefore very likely that, as found in commercial laying 
hens (Gallus gallus), the ultrasonographic inner disc-like appearance of ovarian 
follicles in ostriches is also a reflection of the hyperechogenic core of white yolk, 
which is surrounded by alternating hypo- and hyperechogenic yellow yolk rings with 
a different composition. 

In ostriches, data on the formation and hierarchy of follicles have not been 
described. In laying chickens (Gallus gallus) a lot of information is available on this 
topic and a hierarchic system of follicles has been described (Etches, 1996b). In 
the hierarchy, four categories of follicles can be distinguished: small white follicles 
(SWF, Ø < 1mm, n > 1000), large white follicles (LWF, Ø 2 to 5 mm, n ± 20), small 
yellow follicles (SYF, Ø 5 to 10 mm, n = 8 to 10), and the large hierarchical follicles 
designated by their position identified as the F1, F2, F3, F4, F5, F6 up to Fn 
follicles. When the largest F1 follicle ruptures and the ovum is released, the 
remaining sac-like follicle is designated as POF. The F2 follicle becomes F1 and so 
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on. Small yellow follicles are then recruited into the lowest position among the 
group of 5 to 10 follicles obtained within the yolk-filled hierarchy. It is likely that a 
comparable system exists in ostriches (Soley and Groenewald, 1999) and our in 
vitro study of the ovaries suggests that follicles with a diameter larger than 3 cm, 
which start to show an ultrasonographically detectable ring structure, have entered 
the yolk-hierarchy. This topic needs to be explored in more detail in the future. 

As shown in Figs. 10 and 11, ova and eggs could clearly be visualized 
during their development within the oviduct. Images of ova located in the 
infundibulum or isthmus were not presented in this paper because, most likely, the 
ovum remains in these parts of the oviduct for a relatively short period of time. In 
laying hens (Gallus gallus) for example, developing ova only remain in these 
sections of the oviduct for two hours during an egg laying cycle of 24 h (Etches, 
1996a). Ova had different ultrasonographic appearances depending apparently on 
their stage of development or their location within the oviduct. We assume that an 
irregularly shaped ovum (Fig. 10) occurs as long as the ovum is located in the 
magnum. The outer shape becomes more regular as soon as the inner and outer 
shell membranes are added within the isthmus. As long as calciferous material has 
not been deposited, the ovum’s inner structure is still visible. The ovum shown in 
Fig. 11 was already located within the uterus. A few observations support this 
assumption: the shell membranes are already present, plumping definitely has 
taken place, a thin layer of calciferous material has already been deposited and is 
causing more intense echogenicity (Fig. 11u), and the thick oviduct wall can be 
determined (Fig. 11t).  The good ultrasonographical visualization of the folds of the 
uterine wall in Fig. 12 was enabled by the free fluid that remains in the lumen of the 
shell gland directly after oviposition. 

Figs. 13 and 14 demonstrate that ultrasound scanning might be an 
important tool to predict increasing and decreasing follicular activity at the start and 
the end of the breeding season respectively. In addition, these figures also 
demonstrate that the number of follicles counted (Ø 6 to 9 cm) is generally higher 
than the number of eggs laid within the same week. This observation could be 
explained by the fact that the scanning of both sides of the bird’s flank in this part of 
our study has lead to a relatively overestimation of the number of follicles as 
discussed before. On the other hand, the presence of several more or less similar 
sized, (pre) ovulatory follicles is a normal physiological finding. In broiler breeders, 
this latter observation is well known when feeding birds ad libitum (Johnson, 1996; 
Onagbesan et al., 1999; Renema et al., 1999). In ostriches however, no data exist 
on this topic or on the rate of atresia, so this should be further examined in future. 

To date, little work has been reported in the literature on the use of 
ultrasonography for reproductive purposes in ostriches. Williams (1998) described 
various applications of diagnostic imaging in ratites in general. Regarding the 
scanning of the reproductive tract, he reported the recognition of homogeneous, 
rounded echogenic structures (follicles) that could be visualized in the coelomic 
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cavity. In a more recent study, Wagner and Kirberger (2001) were not able to 
visualize ovarian structures in two young adult non-breeding females. Göritz et al. 
(1997) concluded that transintestinal ultrasonography, as performed on 
immobilised cassowaries (Casuaris casuaris), can be used as sexing tool in these 
birds and that it revealed detailed information on the reproductive organs, such as 
size and internal structure of the testis, number and size of the follicles, and the 
appearance of the oviduct.  In ostriches, as transintestinal scanning generally gives 
better image quality, this technique could provide valuable additional in vivo 
information on (ab) normal morphological structures of the reproductive tract, the 
follicular hierarchy within the ovary and the individual recognition of follicles. In 
practice however, transintestinal ultrasound scanning would be too invasive, 
stressfull and expensive (anaesthesia) for routine diagnostic purposes on ostrich 
farms. Studies in other avian species (Krautwald-Junghanns et al., 1998; Hofbauer 
and Krautwald-Junghanns, 1999) have given detailed information and described 
ultrasonographic findings such as different sizes of follicles, POFs, ovarian 
parenchyma, ovarian cysts, ovarian and testicular pathology, developing ova, egg 
binding, egg pathology and oviduct pathology.  

Our findings demonstrate that transcutaneous ultrasonography of the 
reproductive organs is possible in mature, egg laying ostriches. The technique 
proves to be an useful diagnostic tool to monitor ovarian (in) activity, to detect 
different morphological structures on the ovary and within the oviduct, and to follow 
developing ova within the tract. It might also be possible to detect reproductive 
pathologies (e.g. egg binding or internal ovulations). Finally it may assist in future 
development and application of reproductive technologies, such as artificial 
insemination, especially regarding the right timing of insemination. The longitudinal 
on-farm data from two females illustrate the technique’s potential value as a tool to 
predict egg production at the start and the end of the breeding season. This also 
suggests that selection of non-productive females within breeding groups should 
become possible, which would certainly contribute to a more cost-efficient use of 
farmed ostriches. 
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ABSTRACT 
 

In this study we investigated the temporal relationship between ovulation, 
egg formation, oviposition and the changes in plasma concentrations of 
progesterone (P4), luteinizing hormone (LH) and estradiol-17β (E2β) during the egg 
laying cycle in farmed ostriches. In ten egg-producing birds, transcutaneous 
ultrasound scanning was performed at 3h intervals and blood sampling at hourly 
intervals during a period of at least 48h (one egg laying cycle). In eight hens that 
ovulated during the observational period, the ovulated egg was first detected 2h 
after oviposition; thus ovulation occurred shortly after oviposition in all birds. During 
the period between two consecutive ovipositions, the developing egg remained for 
9h in the proximal part (infundibulum, magnum or isthmus) and for 39h in the distal 
part of the oviduct (uterus). In ovulating hens, plasma P4 concentrations showed a 
characteristic and consistent profile: from basal levels of around 0.1 ng/mL 
concentrations started to increase 12h before oviposition, reached an average 
maximum of 3.5 ng/mL at 3h before oviposition and returned to basal levels 
3h30min after oviposition. Changes in plasma LH and E2β concentrations showed 
comparable patterns of elevation and decline relative to the timing of oviposition 
and ovulation. However, variation in their individual basal concentrations was 
generally larger and peak values were less conspicuous than those of P4. In two 
non-ovulating hens neither P4, nor LH nor E2β showed elevations to peak 
concentrations before oviposition. These data demonstrate that during the egg 
laying cycle of ostriches, events such as ovulation, egg development and 
oviposition evolve according to a rather strict time schedule, and that P4, LH and 
E2β reach peak concentrations shortly before ovulation. Additionally, our findings 
show that on-farm ultrasound scanning is a useful technique to discriminate 
between ovulating and non-ovulating hens.  
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INTRODUCTION 
 

In avian reproduction, egg production per hen is an important parameter to 
characterize the rate of reproductive success over time. In the domestic poultry 
industry egg production figures have tremendously improved in the past decennia. 
In chickens (Gallus gallus) i.e. breeders and commercial layers, studies on the 
determination of plasma hormone concentrations (mainly P4, LH, estrogens and 
androgens) and investigations on post mortem ovarian morphology over time have 
been used to understand, and subsequently to influence, the mechanisms that 
regulate and maintain egg production, and more specific the 24h egg laying cycle 
(Etches, 1990).  

In farmed breeding ostriches (Struthio camelus spp.) however, egg 
production per hen can still be improved. During the breeding season, which in the 
Northern and Southern Hemispheres roughly extends from March to September 
and from July to February respectively, egg production figures tend to fluctuate 
from bird to bird and from farm to farm, generally varying between on average 30 
and 60 eggs per hen per year (Bronneberg et al., 1999; Deeming and Ar, 1999). 
Ostrich research still has not focussed on establishing genetic selection programs 
for certain reproductive traits, such as egg production potential. Moreover, in 
general basic knowledge on female reproduction is limited. Nevertheless, some 
researchers have described the use and development of tools to monitor and 
understand the reproductive events that take place inside the bird. Degen et al. 
(1994) for example observed that monthly plasma levels of E2β and LH are linked 
to seasonal egg production figures. Lambrechts et al. (2002) used diagnostic 
ultrasonography as a management tool to quantify egg production potential. 
Bronneberg and Taverne (2003) described and validated an on-farm technique of 
transcutaneous ultrasound scanning in order to monitor the functional status of the 
female reproductive organs and showed some preliminary results illustrating the 
technique’s potential value as a tool to predict egg production at the start and the 
end of the breeding season. However, detailed studies regarding the temporal 
relationship of reproductive events that take place in between two ovipositions, 
meaning the egg laying or ovulatory cycle, have not yet been performed in 
ostriches. Whereas ostriches are able to produce an egg every other day, 
suggesting that the egg laying cycle lasts approximately 48h, exact data on the 
timing of ovulation, the process of egg formation and the transit time of eggs in the 
oviduct, and data on plasma hormone concentrations during the egg laying cycle 
have not been published so far. 

This paper therefore, aims: (1) to describe the different stages of 
developing eggs and determine their transit time in the oviduct during the egg 
laying cycle using transcutaneous ultrasound scanning; (2) to describe changes in 
plasma concentrations of P4, LH and E2β during this period; and (3) to determine a 
relationship between these findings and the timing of oviposition and ovulation. 
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MATERIALS AND METHODS 

 
Animals 
 

During two subsequent breeding seasons ten mature, reproductively active 
female ostriches (S.c.australis or S.c.var.domesticus) were studied on a 
commercial farm in the Netherlands. The birds were part of three different breeding 
groups, each consisting of one male and three females. The estimated age of 
these birds was between 11 and 14 years. The groups were kept in separate 
breeding paddocks, which consisted of a shelter house (4 x 6 m), a circum-fenced 
outside area with a paved floor (5 x 7 m) and a circum-fenced pasture area (40 x 
40 m). The birds were fed daily in the late afternoon with 1.5 kg ostrich layer pellet. 
During the day they were allowed to graze in the pasture and were fed ad libitum 
with roughage (dried grass, maize silage or dried lucern) to complete the crude 
fibre part ratio. During the previous five years, these females had reached an 
average production of about 40 eggs per hen per year. In general, eggs were laid 
inside the shelter house in a nest prepared by the male. Egg laying usually took 
place in the late afternoon or early evening. Hens selected for this study had a 
history of regular and consistent egg laying cycles during the weeks before the 
start of the studies. Hence, their individual egg laying cycles and the moments of 
oviposition were known. In order to be able to examine the hens during at least one 
complete cycle, the length and regularity of the time-intervals between ovipositions 
was used to predict the moment of next oviposition c.q. ovulation. In four hens 
oviposition was confined to the beginning of the examination period and in six hens 
to the middle of it. Of the latter group two hens did not ovulate during the period 
under investigation. As hen 9 did not ovulate during the first breeding season, she 
was used another time in the second season the studies took place, during which 
she did ovulate (hen 4). 
 
Ultrasound and blood sampling 
 

During the examination period of at least 48h ultrasound scanning was 
performed every 3h and blood sampling at hourly intervals. In order to prevent any 
additional stress of capturing the birds in the pasture area and to facilitate catching 
them at hourly intervals, during the whole period of study at least two hens of each 
breeding group (the bird under study and an additional one) were enclosed in the 
shelter house and the paved circum-fenced outside area. 
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Figure 1. Ultrasonographic images of the four categories of developing eggs within the oviduct. (a) 
Category 1 (egg in the uterus: oval shaped egg with shell reflections surrounded by thick uterus wall), 
(b) category 2 (empty uterus: no developing egg in the oviduct), (c) category 3 (egg in infundibulum or 
magnum: amorphly shaped egg in the oviduct), and (d) category 4 (egg in isthmus: oval shaped egg 
with albumen deposition). 
 

For allowing easy handling and restraint, the birds were first hooded with a 
black cotton sleeve over the head, while the nostrils were kept free to enable 
breathing. Thereafter, they were placed in a V-shaped crush inside the examination 
room i.e. shelter house. This handling and restraint method is used worldwide for 
quieting ostriches. In general birds remained very quiet during the scanning and 
blood sampling procedure, which lasted about 15 minutes all together. Materials 
used and procedures performed regarding the ultrasonographic examinations have 
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been described by Bronneberg and Taverne (2003), with the exception that 
transcutaneous ultrasound scanning in the present study was performed on both 
the left and right flank of the birds. During scanning the following stages of 
developing eggs within the oviduct were recognised (Figs. 1a-d): category 1 (egg in 
the uterus i.e. oval shaped egg with shell reflections surrounded by thick uterus 
wall), category 2 (uterus empty and no egg in development in the oviduct), 
category 3 (egg in infundibulum or magnum i.e. amorphly shaped egg), and 
category 4 (egg in isthmus i.e. oval shaped egg with albumen deposition). For 
further details on ultrasound scanning of the reproductive organs in female 
ostriches we refer to Bronneberg and Taverne (2003). In order to calculate the time 
during which a developing egg was present in the first part of the oviduct 
(infundibulum, magnum or isthmus), the time-difference between first detection of 
the egg (cat 3 or 4) and its arrival in the uterus (cat 1) was determined. As the time-
period between the first and second oviposition was known, the duration of its 
presence within the uterus could subsequently be calculated. 

Blood sampling took place at hourly intervals and lasted in general not 
more than 5 minutes per hen, including capturing her.  Blood sampling was 
performed by means of a 14-Gauge (2.2x50 mm) intravenous cannula, type 
Vasocan® Braunule® (B.Braun Melsungen AG, D-34209 Melsungen, Germany), 
which was placed in the V. brachialis of the right or left wing. The cannula was 
fixed on the skin with non-resorbable suture material and closed with a Luer Lock 
Stopper (B.Braun Melsungen AG). In order to prevent clotting the cannula was 
flushed before and after blood sampling with 1-2 mL of the following heparin 
solution: 25,000 IE of heparin (Heparin Leo. Leo Pharma BV, Breda, the 
Netherlands) in 100 mL 0.9% NaCl sodium chloride (B.Braun Melsungen AG). 
During blood sampling a 10 mL syringe was used to collect a 6-8 mL blood sample 
into a 10 mL plastic lithium-heparin tube and this was kept at 5-8 °C until 
centrifugation took place within 2h after collection. After centrifugation for 5 minutes 
at 5,000 RPM, duplicate plasma samples were stored at -10 °C until the end of 
each 48h collection session, and afterwards at -20 °C until analysis took place. The 
Ethical Committee for the use of animals at the Faculty of Veterinary Medicine of 
Utrecht University had approved the experimental protocol for this study. 
 
Determination of plasma hormones 
 
Radio immunoassay for P4

 
The concentration of P4 in plasma of peripheral blood was estimated by a 

3H-RIA method as originally developed for the starfish (Dieleman and 
Schoenmakers, 1979) and validated for various mammalian species (Dieleman et 
al., 1986). Briefly, duplicate aliquots of 50 and 100 μL plasma were used for the 
assay to determine parallelism for each sample. After addition of approximately 
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10,000 dpm 3H-P4, plasma was extracted with 2 mL n-hexane (J.T. Baker 
Chemicals, Deventer, the Netherlands), and after evaporation of the n-hexane the 
residues were dissolved in PBS-buffer with the antiserum. A series of standards 
ranging from 0 to 400 pg per tube were incubated at the same time. Bound and 
free fractions were separated with a charcoal suspension. Calculation of the results 
was done applying our program (Dieleman et al., 1986) with a polynome of the 
third order for the standard curve of % bound vs. log (standard), and root-search 
with individual recovery correction for each duplicate of the samples. The average 
recovery was 78.9 ± 1.4% (mean ± SEM). For the standard curve the calculated 
doses were in general less than 5% different from the defined doses over the entire 
range, and the estimated doses at 30, 50 and 80% were 524, 174 and 43 pg per 
tube after correction for the recovery and mass of tritiated P4. The few samples of 
which duplicates differed more than 15% were assayed again. The sensitivity was 
0.1 ng/mL, and the intra- and inter-assay coefficients of variation were 10 and 15%, 
respectively. 
 
Radio immunoassay for LH 
 

LH was measured by a chicken-LH RIA kit, kindly provided by the USDA 
Animal Hormone Program (ARS, Beltsville, USA) (Krishnan et al., 1994). The kit 
included a highly purified preparation of chicken LH (cLH) used as immunogen 
(USDA-cLH-I-3) and standard LH (USDA-cLH-K-3), and a polyclonal rabbit 
antiserum (USDA-AcLH-5). The iodination procedures for cLH are described in 
detail by Vanmontfort et al. (1994). The RIAs were performed according to the 
recommendations supplied with the RIA kits. The recovery of added cLH was 93.3 
± 3.4% (mean ± SEM). Displacement curves of ostrich plasma were parallel with 
the cLH standards. All samples were run in the same assay with an intra-assay 
coefficient of variation of 5.1% for LH. The limit of precision was 0.1 ng/mL. 
 
Radio immunoassay for E2β 

 
The concentration of E2β in plasma of peripheral blood was estimated in 

duplicate by validated solid-phase 125I-RIA method (Coat-A-Count TKE: Diagnostic 
Products Corporation, Los Angeles, CA, USA) as described for the cow by 
Dieleman and Bevers (1987). Briefly, 1 mL of ostrich plasma was extracted with 2 
mL fresh diethyl ether (BDH Laboratory Supplies, Poole, England). After 
evaporation of the organic solvent samples were dissolved in 250 μL buffer, and 
duplicate aliquots of 100 μL were incubated with tracer in the Coat-A-Count tubes 
and processed according to the manufacturer. In separate ostrich samples the 
efficiency of extraction was determined by adding 10.000 dpm 3H- E2β producing 
an assay recovery of 83 ± 2.0 % (mean ± SEM). Calculation of the results was 
done applying the spline approximation for the standard series from RIASmart 
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(Packard Instruments Company, Meriden, CT, U.S.A.). The calculated doses were 
in general less than 4% different from the defined doses over the entire range. The 
average estimated doses at 20, 50 and 80% relative binding were 155, 29 and 6.8 
pg/mL, respectively. The intra-assay coefficient of variation was 16%. The limit of 
precision was 3 pg/mL, and the inter-assay coefficient of variation was 17%. 
 
Statistical analysis  
 

Statistical modelling was performed in the statistical program R (R 
Development Core Team, 2003). In the statistical analysis, P4 concentrations were 
used between -16h and +8h relative to the moment of oviposition, and only of 
those hens that ovulated (n=8). A Generalized Non-linear Mixed Model (Lindsey) 
was performed to estimate a non-linear function with the P4 concentration (ng/mL) 
as the dependent variable. The fitted function is 1/(ß1+ß2*time + ß3*time2), in which 
time is hours relative to the moment of oviposition. The model contains normal 
random hen effects to model the correlation between observations within hens. 
Based on the Akaike’s Information Criterium (AIC) the best model is the one with a 
gamma distribution with an inverse-link function compared to a model with a 
normal or a Weibull distribution (Pawitan, 2001). As hen variation was large for LH 
and E2β, the individual profiles for these hormones were adjusted to the overall 
mean of all hens by subtracting the difference between the hen mean and the 
overall mean from the individual hen profiles. This resulted in a scale without a unit 
(Figs. 5b, c) 
 
 
RESULTS 
 
Ultrasonographic observations  
 

During transcutaneous ultrasound scanning the four categories of 
developing eggs (cat 1-4) as defined above were easily distinguished and recorded 
over time (Fig. 2). In hens 1 to 8, a newly ovulated egg (cat 3 or 4) was first 
detected at about 2h (range 1h to 3h25min) after oviposition. Hence, ovulation took 
place within that time period. In hen 7, ovulation was observed during real-time 
scanning at exactly 1h after oviposition. In hens 9 and 10, although large follicles 
were present on the ovary, a newly ovulated egg was not observed after 
oviposition i.e. ovulation did not occur, and therefore a next oviposition did not take 
place 48h later. Hens 1 to 8, however, had their next oviposition approximately 48h 
later (range 48h to 49h40min). During the period in between two ovipositions we 
observed that a developing egg remained for 9h (range 8h04min to 11h) in the 
proximal part of the oviduct (infundibulum, magnum or isthmus) and for 39h (range 
37h35min to 40h21min) in the distal part of the oviduct (uterus or shell gland). 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                      
Figure 2. Four categories (1-4) of developing eggs as detected in the ovulating hens (n=8) during ultrasound scanning at 3h intervals relative to the moment of 
oviposition. Vertical arrow indicates the moment at which P4 reaches the maximum concentration. 
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Plasma hormones 
 

Figs. 3 and 4 each show the individual hormone concentrations (P4, LH 
and E2β) of four birds as measured during the studies at hourly intervals. In all 
these hens ovulation took place within about 2h after oviposition. Hormone 
concentrations are presented relative to the moment of first oviposition (t=0). In 
hens 1 to 4 (Fig. 3), first oviposition occurred halfway, and in hens 5 to 8 (Fig. 4), at 
the beginning of the examination period. Hens 1 and 2 were studied close to the 
end of their breeding season. However, after the period of study they produced one 
and two more eggs, respectively, before their season terminated. Both hens 3 and 
4 kept on regularly producing eggs at 48h intervals thereafter. Hens 5 to 8 also 
were studied close to the end of their breeding season. Three out of these four 
hens terminated their season, meaning that the second oviposition at the end of 
the period of study also was their last egg of the season. The other of these four 
hens, however, kept on laying eggs regularly for a while. Hens 9 and 10 did not 
ovulate during the period of study. For hen 9, although she was studied in the 
middle of her season, the egg laid during the period of study was the last one of a 
clutch, and for hen 10, as she laid her next egg three days later, ovulation was 
postponed with one day. 

Figure 3a shows that from basal P4  levels of around 0.1 ng/mL or lower 
plasma concentrations clearly increased, starting from around 12h (range 9h55min 
to 15h25min) before oviposition. P4  concentrations reached an average maximum 
of 3.49 ng/mL (range 2.8 to 4.78 ng/mL) at about 3h (range 1h30min to 4h30min) 
before oviposition and were back to basal levels again around 3h30min (range 
2h25min to 5h) after oviposition (Figs. 3a, 4a). As P4 profiles were very consistent, 
estimation of the P4 concentration at a certain time (in h) relative to the moment of 
oviposition could be described by the following function: 
  
[P4] = 1 / (ß1+ ß2*time + ß3* time2), 
while ß1 = 1.04539 (se = 0.059780), ß2 = 0.41628 (se = 0.024428), ß3 = 0.05517 (se = 0.003109) 
 
The standard errors (se) of the parameter estimates were relatively small, meaning 
that the parameters were quite precise. The final estimates derived from this 
function are plotted in Fig. 5a as a solid line. The estimated curve appeared to be 
symmetric. However, the real P4 profiles were slightly different: the declining phase 
of the P4 profile was usually a bit longer than that of the estimated curve.  

Figures 3b-c and 4b-c present individual hormone profiles of LH and E2β. 
As variation in basal levels between birds was generally high, plasma hormone 
concentrations of LH and E2β were adjusted to the overall mean. 
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Figure 3. The egg laying cycle of hens 1-4: concentration of (a) P4 (ng/mL), (b) LH (ng/mL) and (c) E2β 
(pg/mL) relative to the moment of oviposition (h). 
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Figure 4. The egg laying cycle of hens 5-8: concentration of (a) P4 (ng/mL), (b) LH (ng/mL) and (c) E2β 
(pg/mL) relative to the moment of oviposition (h). 
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Figure 5. The observed P4 concentrations (ng/mL) with the estimated values (thick solid line) at different 
time points (a) and the adjusted values of LH and E2β (no scale provided) relative to the moment of 
oviposition (b, c). 
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As a result a more consistent pattern relative to the moment of oviposition was 
found (Figs. 5b-c). Figure 3b shows that from basal LH-levels of 1-2 ng/mL plasma 
concentrations increased, starting from around 11h (range 9h30min to 13h28min) 
before oviposition. LH concentrations peaked at an average of 3.04 ng/mL (range 
2.29 to 3.80 ng/mL) at about 4h30min (range 2h30min to 6h28min) before 
oviposition and returned to basal levels at around 3h30min (range 37min to 
6h20min) after oviposition (Figs. 3b, 4b). Figure 3c shows that from basal E2β 
levels of 5-20 pg/mL plasma concentrations increased, starting from around 14h 
(range 9h30min to 22h30min) before oviposition. E2β concentrations reached an 
average peak of 28.80 pg/mL (range 14.77 to 54.74 pg/mL) at nearly 5h (range 2h 
to 6h28min) before oviposition and were back to basal levels at about 2h (range 
1h15min to 3h35min) after oviposition (Figs. 3c, 4c). 

Hens 9 and 10 did not show the characteristic changes in their P4, LH and 
E2β profiles as described for the ovulating hens. Plasma hormone concentrations 
remained more or less at an equal basal level throughout the examined time period 
(for hen 9 basal levels of P4, LH and E2β remained at 0.48 ± 0.21 ng/mL (mean ± 
SD), at 1.19 ± 0.27 ng/mL and at 3.73 ± 3.02 pg/mL respectively; and for hen 10 at 
0.17 ± 0.09 ng/mL (mean ± SD), at 2.90 ± 0.40 ng/mL and at 7.18 ± 1.68 pg/mL, 
respectively). A similar phenomenon was observed before and around the second 
oviposition of hens 5 to 8 (the right end of Figs. 4a-c): plasma hormone 
concentrations of P4, LH and E2β of these hens did not show the characteristic rise 
to peak concentrations a few hours before oviposition, meaning a second ovulation 
during the observational period did not take place. 
 
Relationship between ultrasonographic observations and plasma hormone 
profiles 
 

When relating the plasma hormone profiles of P4, LH and E2β to the 
moment of ovulation and to the time periods during which developing eggs were 
observed in different parts of the oviduct, it appeared that (1) plasma P4-, LH- and 
E2β-concentrations started to rise around 14h, 13h and 16h, before ovulation, 
respectively, (2) plasma P4 (arrows in Fig. 2), LH and E2β concentrations peaked at 
about 5h, 6h30min and 7h before ovulation, respectively, (3) both P4 and LH 
returned to basal levels at around 1h30min after ovulation, and E2β was back at 
basal levels around ovulation itself, and that (4) all three hormones remained on 
these basal levels during most of the remainder of the 48h time period of egg 
formation. In hens that did not ovulate, plasma hormone profiles of P4, LH and E2β 
remained at a rather basal level. 
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DISCUSSION 
 

This study demonstrated that by performing repeated transcutaneous 
ultrasound scanning at 3h intervals during the 48h egg laying cycle in ostriches it is 
possible to confine the timing of ovulation within 2h after oviposition, that the 
developing egg and it’s morphological changes in the oviduct easily can be 
monitored over time, and subsequently, that the developing egg remains for about 
9h in the proximal part and 39h in the distal part of the oviduct. In addition, as 
hourly plasma hormone concentrations were determined in parallel, we revealed 
that P4, LH and E2β show characteristic profiles relative to the moment of 
oviposition and ovulation, reaching peak concentrations a few hours before 
ovulation and returning to basal levels around ovulation itself. 

The moment at which a newly developing egg was first detected in the 
oviduct by ultrasound scanning, was determined to be the moment on which 
ovulation had taken place. Hence, the timing of ovulation was observed at an 
accuracy of 3h maximum. In one bird, however, ovulation was real-time recorded at 
exactly 1h after oviposition. In comparison with other avian species e.g. chickens it 
is generally accepted that ovulation occurs within 30 to 60 min after oviposition 
(Etches and Cheng, 1981; Ottinger and Bakst, 1995). In ostriches, future 
ultrasonographic studies at smaller intervals could possibly reveal an even more 
exact timing of ovulation. However, a disadvantage of using such a smaller interval 
could be that it results in increased handling stress for the animal, and 
subsequently, increased risk of premature termination of the egg laying cycle. 
White and Etches (1984) observed in chickens for example that twenty percent of 
the hens, from which serial blood samples were taken at 2h intervals, prematurely 
terminated their ovulatory cycle. The latter was in accordance with our studies. 
Whether or not due to handling stress because of repeated ultrasound scanning 
and hourly blood sampling, two out of ten birds (hens 9 and 10) terminated their 
egg laying cycle prematurely. Our data also revealed that the time-interval between 
two ovipositions varied between 48h and 49h40min (n=8), and subsequently, it was 
calculated that a developing egg remained for 9h (= 20% of the transit time) in the 
proximal part (infundibulum, magnum and isthmus) and for 39h (= 80% of the 
transit time) in the distal part of the oviduct (uterus). In the chicken (Ottinger and 
Bakst, 1995; Etches, 1996a) the egg remains about 15min in the infundibulum, 3h 
in the magnum, 2 to 3h in the isthmus and the rest of the 25 to 26h cycle in the 
uterus, meaning that the egg spends about 5 to 6h (= 20% of the time) in the 
proximal part and 20h (80% of the time) in the distal part of the oviduct (uterus). 
Thus, our observations regarding the relative transit time of a developing egg in 
different parts of the ostrich oviduct are in accordance with data published for the 
chicken. 



Chapter 3 
 
 

 59 

On the basis of hourly plasma hormone analysis we were able to 
demonstrate that the changes in the plasma P4 concentrations follow a uniform 
pattern, which allowed us fitting it in a standardised curve. However, as only data 
from four hens were available to estimate the first part of the curve in which the rise 
until maximum P4 concentrations occurred, the estimation in this part appeared to 
be less accurate than in the rest of the curve, for which data from eight hens were 
used. Nevertheless, we believe that these data can be used as a reference in 
future studies on reproductive endocrinology in ostriches and possibly in birds in 
general. Our studies also demonstrated that plasma P4, LH and E2β concentrations 
show a characteristic profile relative to the moment of oviposition and ovulation, 
reaching peak concentrations a few hours before these events. When comparing 
with other avian species, Etches and Cheng (1981) described for chickens that 
plasma hormone concentrations also follow a strict pattern during the hen’s 
ovulatory cycle. Concentrations of P4, LH and E2β start to increase 9 to 11h before 
ovulation, reach peak concentrations 4 to 6h before ovulation and return to basal 
concentrations around the moment of ovulation. Moreover, they observed that 
although plasma P4 concentrations closely follow LH-dynamics, P4 shows a more 
profound peak before ovulation in comparison to that of LH. Similar hormonal 
patterns are reported in turkeys (Sharp et al., 1981; Proudman et al., 1984; Yang et 
al., 1997; Buchanan et al., 2002). Although ostriches differ in the length of their 
ovulatory cycle and their hormone concentrations are slightly different quantitatively 
from the above mentioned species, our data show that patterns for P4, LH and E2β 
in ostriches are similar. Moreover, our data seem to fit into generally accepted 
concepts on endocrinological changes and their interactions with morphological 
and physiological events that take place during the hen’s ovulatory cycle, as 
reviewed by Etches (Etches, 1990; Etches, 1996b) and Ottinger and Bakst (1995). 
Morphologically however, as Bronneberg and Taverne (2003) already concluded, 
future detailed studies on the individual recognition of follicles should be performed 
in order to determine a follicular hierarchy in ostriches. 

Finally, it is concluded that: (1) during the egg laying cycle of ostriches, 
reproductive events such as oviposition, ovulation and egg development, and 
changes in plasma P4, LH and E2β concentrations evolve according to a rather 
strict time schedule; (2) of all three hormones, P4 shows the most consistent profile 
over time; and, (3) maximum P4 concentrations are reached shortly before 
ovulation. The absence of a P4 peak in non-ovulating animals, although large 
follicles are present on the ovary, indicates that P4 plays a crucial role in the 
ovulation of the largest follicle, like in other birds. Additionally, our findings show 
that on-farm ultrasound scanning is a useful technique to discriminate between 
ovulating and non-ovulating hens. 
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ABSTRACT 
 

The aims of this study were: (1) to describe the changes in the volume of 
large ovarian follicles (diameter > 3 cm) during the 48h egg laying cycle in farmed 
ostriches; and (2) to quantify factors affecting the volume of the largest measured 
follicle and the plasma concentrations of progesterone (P4) and estradiol-17β (E2β). 
In eight egg-producing birds that ovulated during the study period, transcutaneous 
ultrasound scanning and blood sampling was performed at 3h intervals. The 
average volume of the total number of visualized large follicles (V total), the largest 
measured follicle (V F1), the second largest follicle (V F2) and of all follicles smaller 
than F2 (V F3 - Fn) were each higher before than after oviposition. V total, V F2 and V F3 

- Fn nearly doubled in the 24h period before oviposition, while V F1 remained at an 
equal, rather high level until oviposition. Immediately after oviposition V total, as well 
as the volume of the other follicle categories, decreased within 6h, i.e. around the 
moment of ovulation. By performing statistical analysis on the basis of linear mixed-
effects modelling, we quantified that: (1) V F1 was 13.2% higher before than after 
oviposition and increased with 6.5% when LH increased with 1 ng/mL; (2) P4 levels 
were 93.2% higher before than after oviposition and increased with 43.1% for every 
3h closer to oviposition; when LH and E2β levels and V F1 increased with 1 ng/mL, 
10 pg/mL and 10 mL, respectively, P4 increased with 116.6%, 50% and 6.1%; and 
(3) E2β levels were 35.6% higher before than after oviposition, increased with 2.7% 
for every 3h closer to oviposition and increased with 14.6% when LH increased 
with 1 ng/mL. It is concluded that during the egg laying cycle in ostriches: (1) 
follicular mass, as estimated by the volume of visualized follicles larger than 3 cm, 
increases before and decreases after ovulation; and (2) follicular dynamics and its 
accompanying endocrine plasma hormone profiles during the egg laying cycle in 
ostriches follow a pattern similar to that in chickens. 
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INTRODUCTION 
 

Follicular maturation is an interaction of morphological, physiological and 
endocrinological events that take place in the ovary during the egg laying cycle in 
birds. It is characterized by the growth of ovarian follicles and the development of 
endocrine capabilities within the follicular tissues, which eventually will lead to the 
ovulation of the largest ovarian follicle within the hierarchy, i.e. the F1-follicle. In 
chickens (Gallus gallus), follicular maturation has been extensively described 
(Etches, 1996b). It is generally accepted that during the last hours before ovulation 
the F1-follicle looses its ability to produce estrogens (e.g. E2β) and subsequently 
only produces P4. This change, which takes place within the follicular cells and 
transforms a non-ovulating follicle into an ovulating one, is responsible for follicular 
maturation and initiates a cascade of interactive endocrine events: the rising 
plasma P4 concentration stimulates the production and secretion of LH through the 
secretion of GnRH, and subsequently, via a positive feedback loop between P4 and 
LH, eventually generates the pre-ovulatory surge of LH, which in the end causes 
ovulation. 

Ostriches are seasonal breeders (Degen et al., 1994; Bronneberg et al., 
2007b) and during the egg laying season they show sequences of 48h egg laying 
cycles. Information on the number and volume of follicles that are present on the 
ovary, on the organization of these follicles (follicular hierarchy) and on the 
changes that take place within this hierarchy, is not yet available. Recently, 
Bronneberg and Taverne (2003) described a non-invasive on-farm technique of 
performing transcutaneous ultrasound scanning in female ostriches for the 
visualization of ovarian follicles and for the identification of various types of follicles 
c/q ovarian structures. Subsequently, Bronneberg et al. (2007a) used this 
technique during the egg laying cycle to follow the development of an individual 
ovum in the oviduct after ovulation, and they related these findings to hourly-
determined plasma concentrations of P4, LH and E2β. Hence, with these research 
tools at hand it should also be possible to reveal details of follicular dynamics, and 
its accompanying plasma hormone profiles, during the egg laying cycle in 
ostriches.  

This paper aims: (1) to characterize the ultrasonographically observed 
changes in the volume of large ovarian follicles (diameter > 3 cm) at repeated 
intervals during the 48h egg laying cycle in farmed ostriches; and (2) by performing 
statistical analysis on the basis of linear mixed-effects modelling, to quantify factors 
affecting V F1 and plasma P4 and E2β levels during this cycle. 
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MATERIALS AND METHODS 
 
Animals 
 

During two subsequent breeding seasons eight mature, reproductively 
active female ostriches (S.c.australis or S.c.var.domesticus) were studied on a 
commercial farm in the Netherlands. The birds were part of three different breeding 
groups, each consisting of one male and three females. The estimated age of 
these birds was between 11 and 14 years. The groups were kept in separate 
breeding paddocks, which consisted of a shelter house (4 x 6 m), a circum-fenced 
outside area with a paved floor (5 x 7 m) and a circum-fenced pasture area (40 x 
40 m). The birds were fed daily in the late afternoon with 1.5 kg ostrich layer pellet 
(Kasper Faunafoods, The Netherlands). During the day they were allowed to graze 
in the pasture and were fed ad libitum with roughage (dried grass, maize silage or 
dried lucern) to complete the crude fibre part ratio. During the previous five years, 
these females had reached an average production of about 40 eggs per hen per 
year. In general, eggs were laid inside the shelter house in a nest prepared by the 
male. Egg laying usually took place in the late afternoon or early evening. Hens 
selected for this study had a history of regular and consistent egg laying cycles 
during the weeks before the start of the study. Ovulation was assumed to occur 
within about 2h after oviposition, as described by Bronneberg et al. (2007a). Due to 
practical circumstances the examination period started shortly before oviposition in 
4 hens, while in the remaining 4 hens the onset was in the middle of the 48h egg 
laying cycle. 
 
Ultrasound scanning and blood sampling 
 

The Ethical Committee for the use of animals at the Faculty of Veterinary 
Medicine of Utrecht University had approved the experimental protocol for this 
study. During an examination period of 48h, ultrasound scanning was performed 
every 3h and blood sampling took place at hourly intervals. To prevent any 
additional stress of capturing the birds in the pasture area and to facilitate catching 
them at hourly intervals, at least two hens of each breeding group (the bird under 
study and an additional one) were enclosed in the shelter house and the paved 
circum-fenced outside area during the whole period of study. For easy handling 
and restraint, the birds were first hooded with a black cotton sleeve over the head, 
while the nostrils were kept free to enable breathing. Thereafter, they were placed 
in a V-shaped crush inside the shelter house. This handling and restraint method is 
used worldwide for quieting ostriches. In general birds remained very quiet during 
the scanning and blood sampling procedures, which lasted about 15 minutes all 
together. 



The egg laying cycle II 
 
 

 68

Ultrasound scanning was performed on the left flank of the birds with an 
Esaote Pie Medical Falco unit, equipped with a switch able 3.5 / 5 MHz convex 
probe (Pie Medical Benelux B.V., Maastricht, the Netherlands). Details of the 
procedures in performing transcutaneous ultrasound scanning of the reproductive 
organs in female ostriches have been described by Bronneberg and Taverne 
(2003). In the present study, quantitative measurements during ultrasound 
scanning involved the number and size of visible ovarian follicles. Because the 
number of follicles ≤ 3 cm is usually very high and was difficult to count during 
scanning, only follicles > 3 cm were involved in the quantitative measurements. 
The size of each visible follicle (largest obtained diameter in cm, with an accuracy 
of about 1 mm) was measured on-site, using the freeze frame and the programmed 
calliper-settings of the ultrasound unit. Afterwards, the volume of each follicle > 3 
cm was estimated by using the quotation V = 4/3 π r3 (r = radius). The calculated 
volumes of the visualized follicles > 3 cm were categorized as following: (1) the 
total volume of all follicles with a diameter > 3 cm (V total), the volume of the largest 
measured follicle (V F1), the volume of the second largest measured follicle (V F2), 
the volume of all follicles smaller than F2 (V F3 - Fn) and the volume of all follicles 
smaller than F3 (V F4-Fn). 

Blood sampling took place at hourly intervals and was performed by means 
of a 14-Gauge (2.2 x 50 mm) intravenous cannula (type Vasocan® Braunule®; 
B.Braun Melsungen AG, D-34209 Melsungen, Germany), which was placed in the 
V. brachialis of the right or left wing. The cannula was fixed on the skin with non-
resorbable suture material and closed with a Luer Lock Stopper (B.Braun 
Melsungen AG). To prevent clotting the cannula was flushed before and after each 
blood sampling with a heparinised saline solution. During blood sampling a 10 mL 
syringe was used to collect a 6-8 mL blood sample into a 10 mL plastic lithium-
heparin tube and this was kept at 5-8 °C until centrifugation took place within 2h 
after collection. After centrifugation for 5 minutes at 5,000 RPM, duplicate plasma 
samples were stored at -10 °C until the end of each 48h collection session, and 
afterwards at -20 °C until analysis took place.  
 
Determination of plasma hormones  
 

The determination of the plasma concentrations of P4, LH and E2β was 
performed by validated radio immunoassays, according to the methods described 
by Bronneberg et al. (2007a). In short, plasma P4 concentrations were estimated 
by a 3H-RIA method after extraction, which was originally developed for the starfish 
(Dieleman and Schoenmakers, 1979) and validated for various mammalian species 
(Dieleman et al., 1986). Parallelism was determined in duplicate 50 and 100 μL 
aliquots of ostrich plasma samples. The recovery was 78.9 ± 1.4% (mean ± SEM). 
The intra- and inter-assay coefficient of variation was 10 and 15%, respectively. 
The sensitivity was 0.1 ng/mL. Plasma LH concentrations were measured with a 
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chicken-LH RIA kit, kindly provided by the USDA Animal Hormone Program (ARS, 
Beltsville, USA) (Krishnan et al., 1994). The RIA was performed according to the 
recommendations supplied with the RIA kit. The recovery of added c-LH was 93.3 
± 3.4% (mean ± SEM). Displacement curves of ostrich plasma were parallel with 
the c-LH standards. All samples were run in the same assay with an intra-assay 
coefficient of variation of 5.1% for LH. The limit of precision was 0.1 ng/mL. Plasma 
E2β concentrations were estimated by a validated solid-phase 125I-RIA method 
(Coat-A-Count TKE: Diagnostic Products Corporation, Los Angeles, CA, USA) after 
extraction, as described for the cow (Dieleman and Bevers, 1987). The assay 
recovery of added 3H-E2β was 83 ± 2.0 % (mean ± SEM). The intra-assay and the 
inter-assay coefficients of variation were 16 and 17%, respectively. The limit of 
precision was 3 pg/mL. 
 
Data analysis and statistics 
 

Although blood samples were taken at hourly intervals, for the analysis and 
statistics as described below, only those plasma concentrations of P4, LH and E2β 
were used, which were analysed in the blood samples taken closest to the moment 
of the ultrasound scanning, i.e. at 3h intervals. All data were analysed using a 
linear mixed effects model (Pinheiro et al., 2006) with a normal distribution for the 
outcome, with hen as random effect to model the correlation between the repeated 
observations within each hen. The random effect was assumed to have a normal 
distribution. If necessary, the logarithm of the outcome variable was taken to meet 
the model assumptions. In the model, an autoregressive order 1 (AR1) correlation 
structure was added for the correlation in time between the observations. The 
maximum likelihood was used for estimation of the parameter effects. The best 
models were selected using the AIC criterion (Pawitan, 2001). All models 
were fitted using the statistical program R, version 2.2.1 (R Development Core 
Team, 2005). On the basis of the data presented in Fig. 2a (changes of V F1) and 
Table 2 (plasma levels of E2β and LH) the following changes were taken to 
represent physiological events during the 15h period before oviposition: (a) 10 mL 
of V F1 (from 300 mL to 310 mL), 10 pg/mL of E2β (from 15 pg/mL to 25 pg/mL) and 
1 ng/mL of LH (from 1.5 ng/mL to 2.5 ng/mL). For time, a window of 3h relative to 
moment of oviposition was chosen. 

The complete models with dependent and independent variables are 
presented in Table 1. Because of the correlation between most of the dependent 
and independent variables with the moment of oviposition (bovip = before or after 
oviposition), and hence, for determining the relative contribution of other 
independent variables in each model, models 1, 3 and 5 were also analyzed 
without bovip (i.e. models 2, 4 and 6). Models 1 and 2 were used to analyze to 
what extent (a) V F1 is higher before than after oviposition, (b) V F1 increases 
towards oviposition, and (c) LH stimulates the growth of the F1-follicle during the 
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egg laying cycle in ostriches. Models 3 and 4 were used to analyze to what extent 
(a) plasma P4 concentrations are higher before than after oviposition, (b) P4 levels 
increase towards oviposition (before and/or after oviposition), (c) LH and E2β 
stimulate P4 production and secretion, and (d) to detect to what extend the F1 
follicle (i.e. V F1) contributes to the production and secretion of P4. Models 5 and 6 
were used to analyze to what extent (a) plasma E2β concentrations are higher 
before than after oviposition, (b) E2β levels increase towards oviposition (before 
and/or after oviposition), (c) LH stimulates E2β production and secretion, and (d) 
whether the smaller follicles in the follicular hierarchy (V F4 - Fn) contribute to the 
production and secretion of E2β. It is stressed upon that within each model the 
different relations between the dependent and its independents variables can be 
added up. However, this is not allowed in between the models. 
 
Table 1. Overview of models 1 to 6, which were used for the data analysis, showing the dependent (log 
(V F1), log (P4) and log (E2β)) and independent variables (bovip 1, time 2, I (time x bovip) 3, log (LH), log 
(E2β), V F1 and V F4 - Fn). 
 
Model  Dependent Independent 
 
1  log (V F1) bovip 1, time 2, I (time x bovip) 3, log (LH) 
2  log (V F1) time 2, log (LH) 
 
3 log (P4)  bovip 1, time 2, I (time x bovip) 3, log (LH),  

log (E2β), V F1

4   log (P4)  time 2, log (LH), log (E2β), V F1

 
5  log (E2β)  bovip 1, time 2, I (time x bovip) 3, log (LH), V F4 - Fn

6  log (E2β)  time 2, log (LH), V F4 - Fn 

 
1  bovip = before or after oviposition 
2  time = time towards oviposition (before or after; in hours) 
3  I (time x bovip) = interaction between time and bovip 
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RESULTS 
 
Follicle dynamics  
 

Figs. 1a, 2a, 2b and 2c present the changes in the volume of large ovarian 
follicles (V total, V F1, V F2 and V F3 - Fn, respectively) as measured by ultrasound 
scanning at 3h intervals relative to oviposition (t=0). All birds (n=8) ovulated shortly 
after the moment of oviposition (range from 1h to 3h25min) and produced another 
egg approximately 48h later (range from 48h to 49h40min). Between 9h before and 
24h after oviposition, data from all birds (n=8) were available and presented (Figs. 
1 and 2). However, between 24h before and 12h before oviposition, data from only 
four birds (n=4) were available, and because of this, the whiskers of the 
corresponding boxes could not be calculated.  

Fig. 1a shows that the average of V total (all visible follicles measured > 3 
cm) doubles between 21h before and 9h before oviposition, and sharply decreases 
within the 6h after oviposition, the period in which ovulation takes place. Hereafter, 
from 9h after oviposition onwards, V total reaches a level similar to the one at which 
it started 24h before oviposition. General descriptive statistics revealed that the 
average level of V total (n=8) in the 24h period before oviposition (776 mL; range 
419-1261 mL) is 11% higher than the one in the 24h period after oviposition (699 
mL; range 156-1070 mL). This volume difference is more marked (i.e. 30%) around 
the moment of ovulation, when comparing the average V total at 3h before 
oviposition (908 mL; range 429-1460 mL) with the one 3h after oviposition (697 mL; 
range 113-1288 mL). However, V F1 shows a different pattern (Fig. 2a) compared 
to that of V total (Fig. 1a): V F1 remains more or less at the same, rather high level 
until oviposition (mean volume of about 300 mL, comparable with a follicle diameter 
of 8.3 cm) and shows a less marked decrease (i.e. 23%) at ovulation, from 313 mL 
(range 248-382 mL) at 3h before oviposition to 254 mL (range 113-357 mL) at 3h 
after oviposition. The difference between the average level of V F1 in the 24h before 
oviposition (300 mL; range 211-358 mL) and the average V F1 in the 24h after 
oviposition (263 mL; range 120-354 mL) is even smaller, i.e. 14%. For V F2 and V F3 

- Fn (Figs. 2b and 2c), although quantitatively at a different level than V total, the 
pattern of rise and decline is quite similar compared to that of V total, especially 
when considering the volume increase before oviposition and the marked decrease 
within the 6h period after oviposition. The average level of V F2 in the 24h period 
before oviposition (209 mL, range 117-280 mL) is 13% higher than the one in the 
24h period after oviposition (185 mL, range 19-265 mL). This volume differences is 
more marked (35%) when comparing the average of V F2 at 3h before oviposition 
(235 mL, range 119-310 mL) with the one at 3h after oviposition (174 mL, range 0-
299 mL). The average level of V F3 - Fn in the 24h period before oviposition (267 mL, 
range 0-655 mL) is a bit lower (i.e. 6%) than the one in the 24h period after 
oviposition (284 mL, range 18-610 mL). 
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Figure 1. Box-Whisker plots of (a) the volume of the total number of follicles > 3 cm (in mL) and (b) the 
plasma progesterone (P4) concentration (in ng/mL) at 3h intervals relative to the moment of oviposition 
(t=0). Boxes represent data between the 25th and 75th percentiles. Grey and black horizontal lines in 
the boxes indicate the mean and median, respectively. The whiskers below and above the box indicate 
the 10th and 90th percentiles, respectively, whilst the black dots represent data outside the 10th and 
90th percentiles. 
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Figure 2. Box-Whisker plots of (a) the volume (in mL) of the largest measured follicle (F1), (b) the 
volume (in mL) of the second largest measured follicle (F2), and (c) the volume (in mL) of all follicles 
smaller than F2 (F3-Fn) at 3h intervals relative to the moment of oviposition (t=0). Boxes represent data 
between the 25th and 75th percentiles. Grey and black horizontal lines in the boxes indicate the mean 
and median, respectively. The whiskers below and above the box indicate the 10th and 90th 
percentiles, respectively, whilst the black dots represent data outside the 10th and 90th percentiles.



The egg laying cycle II 
 
 

 74

Table 2. The plasma concentrations of P4 (ng/mL), E2β (pg/mL) and LH (ng/mL) in individual female 
ostriches (n=4-8), including their mean and standard error of mean (SEM), at 3h intervals relative to the 
moment of oviposition, from 24h before to 24h after oviposition. 
 

 Hen - 24h - 21h - 18h - 15h - 12h - 9h - 6h 

 
P4 

 
(ng/mL) 

 
1 
2 
3 
4 
5 
6 
7 
8 

mean 
SEM  

 
0.34 
0.19 
0.52 

 

 
NA 

0.18 
0.25 

 
‘NA’ sample not analysed due to e.g. not sufficient plasma, haemolytic sample; ‘--‘ not sampled 
 

0.73 
-- 
-- 
-- 
-- 

0.4 
0.1 

0.51 
-- 
-- 
-- 
-- 

0.3 
0.1  

 
0.27 
0.31 

    
0.25 0.59 1.69 2.14 
0.34 0.2 0.61 1.99 

0.17 0.19 0.68 0.57 3.53 
0.42 0.17 0.21 0.61 1.45 

-- -- -- -- 2.8 
-- -- -- -- 3.42 
-- -- -- -- 2.9 
-- -- -- 1.45 2.38 

0.2 0.2 0.4 1.0 2.6 
0.1 0.0 0.1 0.2 0.3      

         
1 22.44 NA 22.63 25.1 26.15 37.67 36.84 E2β 

 2 28.98 29.05 21.84 20.05 23.21 40.71 51 
(pg/mL) 3 6.73 3.23 6.12 9.16 7.19 8.09 9.03 

4 13.42 13.59 13.04 15.11 13.72 15.58 22.63 
5 -- -- -- -- -- -- 24.71 
6 -- -- -- -- -- -- 35.49 
7 -- -- -- -- -- -- 18.74 
8 -- -- -- -- -- 17.12 17.1 

mean 17.9 15.3 15.9 17.4 17.6 23.8 28.3 
SEM 4.9 7.5 3.9 3.4 4.4 6.5 4.7         

         
LH 1 2.13 NA 1.77 1.25 2 2.94 NA 
 2 1.46 1.47 na 0.87 0.66 1.31 2.11 
(ng/mL) 

3 1.38 1.67 1.85 1.43 1.54 1.63 1.69 
4 2.78 5.77 2.38 2.35 2.11 NA 3.54 
5 -- -- -- -- -- -- 3.57 
6 -- -- -- -- -- -- 2.72 
7 -- -- -- -- -- -- 2.93 
8 -- -- -- -- -- 1.53 2.07 

mean 1.9 3.0 2.0 1.5 1.6 1.9 2.7 
SEM 0.3 1.4 0.2 0.3 0.3 0.4 0 .3  
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Table 2. The plasma concentrations of P4 (ng/mL), E2β (pg/mL) and LH (ng/mL) in individual female 
ostriches (n=4-8), including their mean and standard error of mean (SEM), at 3h intervals relative to the 
moment of oviposition, from 24h before to 24h after oviposition 
 

 
‘NA’ sample not analysed due to e.g. not sufficient plasma, haemolytic sample; ‘--‘ not sampled 
 

- 3h + 3h + 6h + 9h + 12h + 15h +18h + 21h + 24h 

 
1.86 
3.37 

3.4 
3.56 
2.43 
1.85 
2.08 
2.07 

2.6 
0.3  

 
0.33 
0.76 
0.96 
0.53 
0.23 
0.41 
0.34 

0.1 

0.5 
0.1  

 
0.12 
0.14 

0.1 
0.43 
0.25 
0.17 

0.1 
0.16 

0.2 
0.0  

 
-- 

0.1 
0.1 

0.18 
0.19 
0.21 
0.34 
0.12 

0.2 
0.0  

 
0.18 

0.1 
0.44 
0.16 
0.13 
0.18 

0.1 
0.11 

0.2 
0.0  

 
0.19 

-- 
0.34 

0.1 
-- 

0.4 
0.35 

0.1 

0.2 
0.1  

 
0.1 

-- 
0.47 

0.1 
0.1 

0.15 
0.1 
0.1 

0.2 
0.1  

 
-- 
-- 

0.17 
0.31 

0.1 
0.13 

0.1 
0.1 

0.2 
0.0  

 
-- 
-- 

0.18 
0.27 

0.1 
0.1 
0.1 
0.1 

0.1 
0.0  

 
24.57 
54.74 
12.24 
15.43 
24.32 
25.56 
14.37 
10.98 

24.5 
5.0  

 
20.33 
22.71 

4.62 
10.19 

8.46 
14.16 

9.41 
7.35 

12.8 
2.3  

 
21.95 
22.95 

6.45 
14.23 

5.54 
18.86 
11.25 

6.59 

14.5 
2.5  

 
-- 

24.49 
10.08 

8.96 
4.85 

15.17 
11.88 

7.84 

11.9 
2.4  

 
13.44 
18.26 

3.66 
10.88 

4.07 
14.56 
12.55 

9.08 

10.8 
1.8  

 
19.33 

-- 
4.97 

12.09 
-- 

20.13 
14.67 

6.37 

12.9 
2.6  

 
11.7 

-- 
5.12 
7.78 
4.89 

22.89 
6.42 
6.91 

9.4 
2.4  

 
-- 
-- 

4.38 
6.23 
4.45 

14.16 
9.76 
7.53 

7.8 
1.5  

 
-- 
-- 

4.15 
7.56 
4.61 
9.73 

8.6 
7.13 

7.0 
0.9  

 
2.37 
2.03 

2.3 
3.37 
2.31 
2.72 
2.98 
1.57 

2.5 
0 .2 

 
2.47 
1.66 
2.28 
2.81 
1.65 

NA 
2.7 

1.99 

2.2 
0 .2 

 
1.65 
1.43 
1.93 
3.03 
1.85 
2.17 
2.19 

1.5 

2.0 
0.2 

 
-- 

1.46 
1.71 
2.22 

1.8 
2.14 
1.69 
1.15 

1.7 
0.1 

 
1.89 
1.74 
1.81 

2.9 
1.71 

NA 
1.32 
1.17 

1.8 
0.2 

 
1.65 

-- 
1.71 
1.91 

-- 
1.64 
1.03 
1.03 

1.5 
0.2 

 
1.51 

-- 
1.51 
2.11 
2.09 
1.98 
1.62 
0.79 

1.7 
0.2 

 
-- 
-- 

0.91 
1.75 
1.41 
1.38 
1.69 
1.01 

1.4 
0.1 

 
-- 
-- 

1.1 
3.03 
1.66 
1.52 
1.74 
1.23 

1.7 
0.3  
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However, this volume difference is more marked (i.e. 33% higher) when comparing 
the average of V F3 - Fn at 3h before oviposition (360 mL, range 0-934 mL) with the 
one at 3h after oviposition (270 mL, range 0-751 mL). Overall, the variation of V F1 
(Fig. 2a) is generally smaller when comparing it to that of V total, V F2 and V F3 - Fn 
(Figs. 1a, 2b and 2c, respectively). 
 
Relation (s) between follicular volume and plasma hormone concentrations 
 

Figure 1b presents the Box-Whisker plots of the plasma concentrations of 
P4 at 3h intervals relative to oviposition (t = 0). Additionally, Table 2 shows the 
individual plasma hormone concentrations of P4, E2β and LH of eight female 
ostriches, including the mean and standard error of mean, at 3h intervals relative to 
oviposition. Compared to the changes of V total, V F2 and V F3 - Fn during the 24h 
before oviposition (Fig. 1a, Figs. 2b and 2c), the rise of the plasma P4 
concentration (Fig. 1b) follows an almost similar pattern, albeit with a slightly 
advanced (6 to 9h) rhythm. Directly after oviposition, however, the declining phase 
of the P4 levels is concurrent to that of V total, V F2 and V F3 - Fn. Although the plasma 
concentrations of E2β and LH (Table 2) seem to follow a similar pattern compared 
to the one of the P4 levels (Fig. 1b), and hence to that of V total (Fig. 1a), and of V F2 
and V F3 - Fn (Figs. 2b and 2c), the variation of the E2β and LH levels is much larger. 

Figs. 3a, 3b and 3c show the relations between the dependent (V F1, P4 
and E2β) and independent variables (bovip, time before and/or after oviposition, 
LH, E2β, V F1, V F4 - Fn) as calculated in the different models. In all models, the 
independent variable bovip (before or after oviposition) appears to be a significant 
influencing factor for each of the dependent variables, i.e. V F1, P4 and E2β. In 
general, the influence of other independent variables increases within the models 
when bovip is excluded from the model.  

Fig. 3a shows the outcome of the analysis of models 1 and 2. Model 1 
demonstrates that only bovip appears to be a significant factor that influences V F1: 
V F1 is 13.2% (95% CI: 6.5% to 19.5%) higher before than after oviposition. 
However, when bovip is excluded from the model (model 2), it appears that the 
independent variable LH becomes significant: an LH increase of 1 ng/mL, 
implicates a V F1 increase of 6.5% (95% CI: 0.2% to 13.2%). Both in models 1 and 
2, time appears non-significant. 

Fig. 3b presents the outcome of the analysis of models 3 and 4. Model 3 
demonstrates that only bovip and time (before oviposition only) appear to be 
significant contributing factors, meaning that P4 is 93.2% (95% CI: 88.2% to 96.0%) 
higher before than after oviposition, and that for each 3h closer to oviposition 
(before oviposition only) P4 increases with 43.1% (95% CI: 32.6% to 52.0%). 
Although in the same model (model 3) also LH, E2β, V F1 and time (after oviposition 
only) were included, they did not significantly effect the plasma P4 concentrations.  
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Figure 3. The relation between the dependent (V F1, P4 and E2β) and independent variables (bovip = 
before or after oviposition, time before or after oviposition, LH, E2β, V F1, V F4 - Fn) as tested in (a) models 
1 and 2, (b) models 3 and 4, and (c) models 5 and 6. Solid and dashed arrows indicate significant and 
non-significant relations between the variables, respectively. Note that the models 2, 4 and 6 represent 
the models without the independent variable bovip. 
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However, when bovip was excluded from model 3, the independent variables LH, 
E2β and V F1 became significant contributors to P4 (model 4), meaning that when 
LH increases with 1 ng/mL the P4 level increases with 116.6% (95% CI: 41.7% to 
231.3%), when E2β increases with 10 pg/mL, the P4 level increases with 50% (95% 
CI: 15.9% to 94.0%), and when V F1 increases with 10 mL, the concentration of P4 
increases with 6.1% (95% CI: 1.9% to 10.5%). However, time (before or after) 
appeared non-significant in model 4. 

Fig. 3c shows the outcome of the analysis of models 5 and 6. Model 5 
demonstrates that the independent variables bovip, LH and time (either before or 
after oviposition) are significant influencing factors for the dependent variable E2β, 
meaning that the plasma E2β concentration is 35.6% higher (95% CI: 25.5% to 
44.3%) before than after oviposition, for each 3h closer towards oviposition (either 
before or after oviposition) E2β increases with 2.7% (95% CI: 0.8% to 4.5%) and 
when LH increases with 1 ng/mL, E2β increases with 14.6% (95% CI: 1.6% to 
29.3%). When bovip is excluded from this model, the independent variables LH 
and time become more significant contributing factors (model 6), meaning when LH 
increases with 1 ng/mL, E2β increases with 21.5% (95% CI: 5.3% to 40.2%), and 
for each 3h closer towards oviposition (either before or after oviposition) E2β 
increases with 2.8% (95% CI: 0.2% to 5.4%). However, the contribution of the 
smaller follicles, i.e. the independent variable V F4 - Fn is not significant, neither in 
model 5 nor in model 6. 
 
 
DISCUSSION 
 
Follicle dynamics 
 

By performing transcutaneous ultrasound scanning at 3h intervals during 
the egg laying cycle in ostriches, we demonstrated that the average levels of V total, 
V F1, V F2 and V F3 - Fn were higher before than after oviposition, and that V total, V F2 
and V F3 - Fn more or less doubled in the 24h period before oviposition. The average 
level of V F1 remained nearly unchanged at a rather high level until oviposition. 
Additionally, our data showed that V total, as well as the volume of each follicular 
category, decreased within the first 6h after oviposition, i.e. around the moment of 
ovulation.  

When interpreting these findings the following two considerations should 
be taken into account. First, although our study provided some first data on 
different categories of ovarian follicles in ostriches, i.e. F1, F2, F3 and so on … to 
Fn, this categorization is based on the diameter of follicles as visualized and 
measured by ultrasound scanning. Yet, Bronneberg and Taverne (2003) concluded 
that transcutaneous ultrasound scanning in ostriches generally under-estimates the 
number of large follicles. This implies that the ‘real’ F1-follicle could have been 
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missed and that the ‘real’ F2-follicle was designated as the ‘observed’ F1-follicle. 
Hence, the size of the F1-follicle would be under-estimated in size c/q volume and 
this could equally be true for the other categories. Second, it can not be assured 
during transcutaneous ultrasound scanning that one repeatedly recognizes 
individual follicles, i.e. one follows the growth of the same follicle in time. Such a 
diagnostic approach still needs to be developed and validated, but it would 
substantially contribute to our present knowledge of the organization of large 
follicles (follicular hierarchy) on the ovary of ostriches. In mature egg laying 
chickens, however, the follicular organization has been extensively studied and 
described (Etches et al., 1983; Gilbert et al., 1983; Etches and Petite, 1990). It 
consists of 7 to 10 large yellow follicles (LYF) in the yolk-filled hierarchy with a 
diameter ranging from 10 to 35 mm, which are identified as F1 to Fn. These LYF 
are recruited from pools of several smaller yellow follicles (SYF; 5-10 mm), large 
white follicles (LWF; 2-3 mm) and from several thousand of small white follicles 
(SWF; smaller than 1 mm). Unfortunately, as the economic value of reproductively 
active ostriches is generally too high for performing post-mortem macroscopic 
inventories of the follicles on the ovary, other research tools need to be developed 
for following the development of individual follicles. The injection of an echo-dense 
contrast tracer inside a follicle, either during a previous laparoscopy, or non-
invasively, by using an ultrasound-guided needle-puncturing technique (Pieterse et 
al., 1988) could be one of the possibilities to approach this problem. 

Despite these limitations of transcutaneous ultrasound scanning, our 
observations suggest that ovulation of the F1-follicle must have been responsible 
for the sharp decrease in V total after oviposition. Yet, when comparing the average 
levels of V total and V F1 at 3h before and 3h after oviposition, it appears that the 
decrease of V total (211 mL) is much larger than the one of V F1 (59 mL). Given the 
data presented in Figs. 2b and 2c, it seems likely that especially V F2 and V F3 - Fn 
considerably contribute to the sharp decrease of V total, i.e. with 61 and 90 mL, 
respectively. In addition to the above-mentioned, one has to consider the 
observation that the decrease of V F1 is relatively small.  A possible explanation for 
this could be the re-positioning of the follicles within the hierarchy, meaning that as 
soon as the F1-follicle has ovulated, the ‘former’ F2-follicle directly occupies the 
‘new’ F1-position. This implies that the observed decrease of V F1 (-3h versus +3h), 
as measured by ultrasound scanning, is merely the difference between the volume 
of the ‘former’ F1- and the ‘former’ F2-follicle, i.e. about 60 mL (compare Figs. 2a 
and 2b).  

A remarkable finding of our study is the relatively large decline of V F3 - Fn 
within the 6h period after oviposition, i.e. on average by 90 mL. One explanation 
could be that smaller follicles might have regressed, but this seems unlikely 
because one would expect regression to take more than just a few hours. Another 
causative factor could be that relatively few follicles generally contribute to the V F3 - 

Fn category. Our data show that in the 3h before oviposition an average number of 
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3 follicles (range 0-6; n=8) contributes to V F3 - Fn, while in the 3h after oviposition, 
this is an average number of 2 follicles (range 0-6; n=8). This would mean that as 
soon as the ‘former’ F3-follicle has occupied the ‘new’ F2-position around 
ovulation, the disappearance of V F3 has a remarkable effect on V F3 - Fn. A third 
explanation for the marked decline of V F3 - Fn could be an anatomical one. 
Bronneberg et al. (2007a) showed that the developing ovum spends about 9h in 
the proximal parts of the oviduct, i.e. infundibulum, magnum and isthmus. During 
this 9h time-frame, the newly developing ovum might impede, merely by its 
abdominal localization, the ultrasonographic visualization of especially these 
smaller follicles.  
 
Relation (s) between follicular volume and plasma hormone concentrations 
 

In this study during the egg laying cycle in ostriches, our objective was to 
investigate and quantify the changes of large ovarian follicles, the endocrine 
changes of P4 and E2β accompanying follicular dynamics, and factors affecting 
these changes. Because it is known from studies in chickens (Robinson, 1986; 
Etches, 1990) that LH plays an important role in follicular maturation, we decided to 
investigate LH as one of the independent factors affecting the three dependent 
variables tested, i.e. V F1, P4 and E2β. 

For all models, in which the independent variables bovip and/or time are 
included (model 1, 3 and 5; Fig. 3), it appears that both bovip and time are 
significant contributing factors to all three dependent variables tested, excluding 
time in model 1. For the plasma hormone levels of P4 and E2β this partially has 
already been demonstrated by Bronneberg et al. (2007a). However, the main 
difference is that the present study approached the relationship (s) between these 
hormonal changes and changes in the follicular volume, relative to the moment of 
oviposition (bovip and time), in a quantitative way (Figs. 3b and 3c). 

So, a new quantitative observation is that V F1 is influenced by bovip (model 
1; Fig. 3a), which we partially already concluded and discussed on the basis of the 
data presented in Fig. 2a. Yet, the independent variable time appeared not to 
influence V F1, neither in model 1, nor model 2. The increase of V F1 with 10 mL, 
which we observed during the 24h period before oviposition (e.g. from 300 to 310 
mL; Fig. 2a), corresponds with an increase of the diameter of the F1-follicle from 
8.3 to 8.4 cm, respectively. One has to realize that this difference of 0.1 cm is 
below the minimal accuracy by which measurements can be made with a 3.5 / 5 
MHz ultrasound transducer. Yet, on the basis of (histo) morphological and 
endocrine studies in chickens (Etches et al., 1983; Robinson, 1986; Robinson and 
Etches, 1986; Tilly et al., 1991; Vanmontfort et al., 1992; Johnson et al., 1993; 
Peddie et al., 1994; Onagbesan and Peddie, 1995), it is known that the pre-
ovulatory F1-follicle hardly grows any more at this late stage of follicular 
maturation, but merely changes inside, functionally, i.e. theca cells have stopped 
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producing oestrogens and granulosa cells start producing and secreting large 
quantities of P4, reaching maximum capacity at ovulation. In chickens, the other 
follicles in the hierarchy (F2, F3 to Fn) also produce P4, although decreasing with 
each lower position within the hierarchy. Nevertheless, P4 production and secretion 
is highest in the F1-follicle (Robinson, 1986). Similarly, in ostriches, these (histo) 
functional changes inside the F1-follicle might be quantitatively more important for 
pre-ovulatory peak production of P4 than a further increase of follicular volume (i.e. 
V F1). Although this (histo) functional differentiation of the follicular wall needs to be 
further studied in ostriches, we assume that differentiation rather than growth of the 
pre-ovulatory follicle (s) is responsible for pre-ovulatory P4 production, which is 
partially supported by our own observation that the relation between P4 and V F1 is 
not so strong (model 4, Fig. 3b), i.e. when V F1 increases with 10 mL, P4 increases 
with only 6.1%. Moreover, when comparing the pattern of rise and decline of V total, 
V F2 and V F3 - Fn (Figs.  1a, 2b and 2c) with that of the plasma P4 concentration (Fig. 
1b, Table 2), it is suggested that a relation more clearly exists between the 
changes in the volume of these follicles and P4. Additionally, we quantified that the 
changes of both E2β and LH have a strong influence on P4 (model 4, Fig. 3b). A 
similar stimulating effect of LH on P4 was observed in an in vitro incubation study 
performed in chickens (Robinson, 1986), in which this effect increased with 
increasing levels of LH and, in addition, with each higher position within the 
follicular hierarchy, reaching its maximum level in the F1-follicle. Moreover, the 
stimulating effects of estrogens (such as E2β) on P4 have also been described in 
chickens. Although estrogens do not appear to play a major role in mechanisms 
controlling ovulation, Wilson and Sharp (1976) demonstrated for example that high 
levels of estrogens, either alone or in combination with androgens, are necessary 
to sensitive the hypothalamic-pituitary axis to the positive feedback effects of P4.  

When considering the independent variables affecting the plasma E2β 
concentration (models 5 and 6, Fig. 3c), we surprisingly found that E2β was not 
influenced by V F4 - Fn. It is known from chickens (Robinson, 1986; Robinson and 
Etches, 1986) that the SWF, LWF, SYF and the smaller follicles in the hierarchy 
(Fn - F2) all produce and secrete estrogens (and androgens) into the circulatory 
system, while the production and secretion of estrogens by each follicle gradually 
declines with its increasing hierarchical position, i.e. from Fn to F2, switching from 
oestrogen to androgen production. In ostriches, therefore, we also expected to find 
a significant relation, especially between the smaller hierarchical follicles (V F4 - Fn) 
and E2β. Yet, several factors may have contributed to not finding such a relation in 
our study. First, we did not measure the number of follicles < 3 cm (most likely 
representing SWF, LWF and SYF), because this number is usually very high and is 
difficult to count accurately during scanning. Second, it is again emphasized that 
ultrasound scanning in ostriches generally under-estimates the number of follicles 
(Bronneberg and Taverne, 2003). It possible, therefore, that in the present study 
follicles were missed, especially the smaller ones in the follicular hierarchy. Overall, 
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it is indicative that the actual volume of the total pool (i.e. volume) of small follicles 
in the hierarchy that produce and secrete E2β, in reality was much larger than the 
one we were able to measure. A third explanation could be that variation in E2β 
between hens was generally large.  

When considering to what extend LH influences E2β, P4 and V F1 (models 
2, 4 and 6; Fig. 3), our quantitative estimations indicate that LH plays an apparent 
role in the mechanisms regulating these dependent variables. In other words, our 
findings reflect what is known about the function of LH in other avian species, i.e. 
LH stimulates and regulates follicular development and enhances the production 
and secretion of P4 and E2β. Moreover, on the basis of data on the ovulatory cycle 
of other avian species (Etches, 1990), it is known that the positive feedback-loop 
between P4 and E2β, and LH production and secretion, finally increases LH 
concentrations to maximal levels and, subsequently, causes ovulation of the F1-
follicle. The ostrich therefore, as its large size would allow frequent blood sampling 
for a prolonged period, could provide an ideal model to investigate the pulsatile 
nature of LH secretion and its relation with plasma steroid levels in more detail. 

In conclusion, we demonstrated that by performing ultrasound scanning at 
3h intervals during the egg laying cycle in ostriches, it is well feasible to quantify 
the dynamics of large follicles on the ovary (diameter > 3 cm), and hence, to 
observe an increase in follicular mass (i.e. volume) before oviposition and a 
decrease of it around the moment of ovulation. Moreover, this study provided first 
data on the changes of different categories of follicles. Additionally, by using 
statistical analysis on the basis of linear mixed-effects modelling, we quantified the 
relation (s) between these follicular dynamics and its accompanying endocrine 
plasma hormone profiles during the egg laying cycle. These relations showed clear 
similarities with the ones analyzed before in chickens. 
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ABSTRACT 
 

In this study we described and analysed changes in the numbers of large 
ovarian follicles (diameter 6.1 to 9.0 cm) and in the plasma concentrations of 
luteinizing hormone (LH) and estradiol-17β (E2β) in relation to individual egg 
production figures of farmed ostriches (Struthio camelus spp.) throughout one year. 
Ultrasound scanning and blood sampling for plasma hormone analysis were 
performed in nine hens on a monthly basis during the breeding season and in two 
periods of the non-breeding season. Our data demonstrated that: (1) large follicles 
were detected and LH concentrations were elevated already one month before first 
ovipositions of the egg production season took place; (2) E2β concentrations 
increased as soon as the egg production season started; (3) numbers of large 
follicles, LH and E2β concentrations were elevated during the entire egg production 
season; and that (4) numbers of large follicles, LH and E2β concentrations 
decreased simultaneous with or following the last ovipositions of the egg 
production season. By comparing these parameters during the egg production 
season with their pre-and post-seasonal values, significant differences were found 
in the numbers of large follicles and E2β concentrations between the pre-seasonal, 
seasonal and post-seasonal period; while LH concentrations were significantly 
different between the seasonal and post-seasonal period. In conclusion, our data 
demonstrate that changes in numbers of large follicles and in concentrations of LH 
and E2β closely parallel individual egg production figures and provide some new 
cues that egg production in ostriches is confined to a marked reproductive season. 
Moreover, our data provide indications that mechanism, initiating, maintaining and 
terminating the egg production season in farmed breeding ostriches are quite 
similar to those already known for other seasonal breeding bird species. 
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INTRODUCTION 
 

Egg production per hen per year is an important parameter to estimate the 
reproductive performance in farmed breeding ostriches (Struthio camelus spp.). 
Ostriches are considered to be seasonal breeders, although they may also breed 
all year round (Hicks, 1992; Degen et al., 1994). During the breeding season male 
and female ostriches are reproductively active from 6 to 8 months of the year, a 
period that in Northern hemispheres extends from March to September, and in 
Southern hemispheres approximately from July to February (Soley and 
Groenewald, 1999; Deeming and Ar, 1999; More, 1996). Generally, both wild and 
(semi) domesticated ostriches are polygamous breeders. On farm, ostriches are 
kept in breeding paddocks, most frequently at a ratio of 1 male to 2 or 3 females, or 
in large breeding colonies that contain several males and females at a similar ratio. 
Some ostrich producers, however, prefer to keep them as breeding pairs (1 male 
and 1 female). Average egg production figures on farms vary between 30 and 50 
eggs per hen per year (Deeming and Ar, 1999; Bronneberg et al., 1999) or even 
less (More, 1996). Although some females are capable of producing 60 eggs or 
more per season, in general only few hens establish such a production level and 
variation between individual hens is large. This indicates that egg production 
performance can still be improved in ostrich farming. By contrast, in the domestic 
poultry industry egg production per hen has tremendously improved in the past 
decennia. Besides improved genetic selection for certain reproductive traits and the 
knowledge gained from studies on basic reproductive biology, other factors such as 
feeding, light-schemes, reproductive management and regular monitoring in flock 
control programs have all positively contributed to the increase of egg production 
potential in domesticated poultry (Etches, 1990).  

In farmed ostriches, however, our knowledge of factors affecting and 
mechanisms regulating and maintaining (seasonal) egg production has still 
important gaps and has hardly gained attention. One study (Degen et al., 1994) 
showed that egg production in ostriches increased in spring when day length 
increased, and that peak egg production coincided roughly with the periods of 
maximum day length and decreased in autumn when day length started to 
decrease, suggesting that ostriches are photoperiod dependent. The same study 
(Degen et al., 1994) also described the monthly relationship between average egg 
production figures and average plasma hormone levels of estradiol-17β (E2β) and 
luteinizing hormone (LH) in six female ostriches and it was observed that plasma 
levels of LH significantly increased one month before the start of the egg 
production season and decreased at the time egg production started declining. E2β 
levels increased at the start of egg production season, peaked when egg 
production was maximal and remained elevated throughout the rest of the egg 
production season. Lambrechts et al. (2002) presented preliminary results on the 
use of diagnostic ultrasonography as a management tool to quantify egg 
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production potential. They scanned females (n=136) at the start of the egg 
production season, when males and females were joined as breeding pairs after a 
3-month rest period. Hens with follicular activity at that time (two or more observed 
follicles; the diameter was not reported) laid their first egg earlier and produced 
more eggs during the first two months and over the entire egg production season, 
compared to hens that did not show follicular activity (one or no follicles). 
Bronneberg and Taverne (2003) also described and validated an on-farm 
technique for transcutaneous ultrasonography and provided preliminary data 
illustrating the technique’s potential value as a tool to predict egg production at the 
beginning and end of the egg production season. More recently, by performing 
ultrasound scanning and plasma hormone analysis during the ostrich’ 48h egg 
laying cycle at 3h- and 1h-intervals, respectively, Bronneberg et al. (2007a) 
demonstrated that reproductive events such as ovulation, egg development and 
oviposition evolve according to a rather strict time schedule. In eight ovulating 
hens, the authors showed that ovulation takes place within approximately 2h after 
oviposition, and that the developing egg remains for 9h in the proximal part 
(infundibulum, magnum and isthmus) and for 36h in the distal part of the oviduct 
(uterus or shell gland) before oviposition takes place. By simultaneously performing 
plasma hormone analyses at 1h-intervals, their study also revealed that 
progesterone, LH and E2β reach peak concentrations shortly before ovulation. 
Moreover, they demonstrated that ultrasound scanning is an easy on-farm 
technique to discriminate between ovulating and non-ovulating hens.  

Currently, however, there are no known studies in which (diagnostic) 
monitoring tools, such as transcutaneous ultrasonography of the ovary and plasma 
hormone analysis, are used simultaneously to investigate follicular activity and 
endocrinological reproductive events throughout the year. By performing 
ultrasound scanning and plasma analysis of LH- and E2β-concentrations on a 
monthly basis throughout the year, this study therefore aims to describe and 
analyse the changes in numbers of large ovarian follicles and changes in plasma 
hormone levels, in relation to the individual egg production figures of ostriches 
during the breeding and non-breeding season. 
 
 
MATERIALS AND METHODS 
 
Animals 
 

Nine adult female ostriches (Struthio camelus spp.) were studied on a 
commercial farm in the Netherlands from February 2003 to February 2004, a 
period that included one complete breeding season and parts of two non-breeding 
seasons. Throughout the year, birds were kept under natural lightening conditions. 
Data on the mean monthly temperature (°C), the monthly precipitation sum (mL) 
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and the mean monthly day length (the difference in hours between sunrise and 
sunset) during the study period are presented in Figure 1.  
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Figure 1. Mean temperature (in °C), the precipitation sum (in mL) and the mean day length (the time 
difference between sunrise and sunset, in hours) on a monthly basis in 2003-2004 at Eelde airport, 
about 10 km from the study site (data from the Royal Dutch Meteorological Institute). 
 
 
These data were acquired (Royal Dutch Meteorological Institute, 2006) from the 
weather station at the Eelde airport (53°08'N 06°35' E), which is located 
approximately 10 km from the study side. The birds were part of three different 
breeding groups, each consisting of one male and three females. The estimated 
age of these birds was between 11 and 14 years. The groups were kept in 
separate breeding paddocks, which consisted of a shelter house (4 x 6 m), a 
fenced outside area with a paved floor (5 x 7 m) and a fenced pasture area (40 x 
40 m). During the breeding season the birds were fed daily in the late afternoon 
with 1.5 kg of ostrich layer pellet (Kasper Faunafoods, The Netherlands). During 
the day, they were allowed to graze in the pasture and were fed ad libitum with 
roughage (dried grass, maize silage or dried alpha-alpha) to complete the crude 
fibre part ratio. During the non-breeding season birds were kept in the shelter 
house and the fenced paved outside area only, and the ostrich layer pellet was 
replaced by 1 kg of ostrich maintenance pellet (Kasper Faunafoods, The 
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Netherlands). During the previous five years, these females had reached an 
average production of about 40 eggs per hen per year. In general, eggs were laid 
inside the shelter house in a nest prepared by the male. Egg laying usually took 
place in the late afternoon or early evening. From July to August 2003, as the 
farmer had to move to another farm in the beginning of September 2003, some 
reconstruction work took place in vicinity of the birds of one breeding group (hen 
nrs. 1 to 3). On September 1st of 2003, all birds were translocated to a farm about 
2 km from the previous farm. On this new location, housing facilities and 
management practices were highly comparable with the former ones. 
 
Ultrasound scanning and blood sampling 
 

The following experimental protocol was approved by the Ethical 
Committee for the use of animals at the Faculty of Veterinary Medicine of Utrecht 
University, The Netherlands. 

Throughout the study ultrasonography and blood sampling took place at 
intervals of about 4 weeks (range: 23 to 35 days). A total of twelve examinations 
were performed at the beginning of each month: the first one on February 7th of 
2003 and the last one on January 9th of 2004. Throughout the study, a week was 
defined as starting on Saturday morning 0:00h and to end on Friday evening 
24:00h. Ultrasound scanning was performed on Friday evenings between 19:00 
and 23:00h. Procedures regarding bird handling and restraint, ultrasonographic 
examinations and most of the record keeping have been described in detail by 
Bronneberg and Taverne (2003). Ultrasound scanning was performed on the left 
flank of the birds. Quantitative measurements involved the number and size of 
visible ovarian follicles. Because the number of follicles ≤ 3 cm was usually very 
high and was difficult to count during scanning, only follicles > 3 cm were involved 
in the quantitative measurements. The size of each visible follicle (largest obtained 
diameter in cm, with an accuracy of 1 mm) was measured on site, using the freeze 
frame and the programmed calliper-settings of the ultrasound unit. Afterwards, 
each individual follicle was assigned to one of two follicle-size categories: 3.1 to 6.0 
cm and 6.1 to 9.0 cm. At every examination session, blood sampling was 
performed twice: the first time immediately following the ultrasound examination of 
each bird on Friday evening between 19:00 and 23:00h, and the second time 
between 8:00 and 10:00h on the following Saturday morning. The main reason for 
sampling the birds twice was that data on hormone profiles during the egg laying 
cycle in ostriches demonstrated that elevated plasma LH and E2β concentrations 
return to basal levels again within 3h after oviposition (Bronneberg et al., 2007a). 
This implies that the moment of blood sampling in relation to the moment of 
oviposition is highly relevant for determining basal seasonal hormone levels. The 
morning sample was used for analysis, only when the evening blood sample had 
been taken within this 3h interval after oviposition. In all other monthly 
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examinations, the evening sample was used for plasma analysis of LH and E2β. In 
general blood samples were taken from the right jugular vein. Only in those cases 
when the bird would not allow it, a sample was taken from the brachial vein of the 
right or left wing. During blood sampling a 10 mL syringe with an 18G x 1.5 (1.2 x 
40 mm) needle was used to collect a 6 to 8 mL blood sample into a 10 mL plastic 
lithium-heparin tube and this was kept at 5 to 8 °C until centrifugation took place 
within 2h after collection. After centrifugation (5 min. at 5,000 RPM), duplicate 
plasma samples were stored at -10 °C and afterwards at -20 °C until analysis took 
place. 
 
Egg collection and identification 
 

As soon as an egg was laid, the farmer removed it from the nest. After a 
routine washing, several egg characteristics were recorded: egg identification 
number, date and time of egg laying (egg sequence), paddock number, egg weight, 
egg size (largest length in cm, largest width in cm) and any abnormalities on the 
surface of the egg. When the farmer had actually observed the oviposition by a 
certain hen, the hen number was directly recorded. If not observed, egg 
identification for each hen was performed by the farmer directly after egg washing. 
Ostriches are known to recognize their own eggs (Bertram, 1979) and produce 
eggs with a particular shape and dimension (Jarvis et al., 1985). Thus, in this study 
egg identification was performed by comparing each individual egg with three 
empty-shelled reference eggs of known origin, i.e. where the hen was 100 percent 
sure, and which were stored to facilitate the identification process of eggs laid by 
an individual hen. Because ostriches produce an egg every other day and the 
interval between two consecutive examinations lasted approximately 4 weeks, egg 
production was expressed as eggs per 2 days, representing the proportion of the 
maximal possible egg production (maximum = 1.00 per 2 days) during the period 
between two examinations of consecutive months and during the entire period 
between their first and last oviposition of the egg production season. This is similar 
to the Egg Production Performance (EPP) parameter, which was introduced by 
Van Schalkwijk et al. (1996) for use in ostriches. 
 
Determination of plasma hormones 
 
Radio immunoassay for LH 
 

LH was measured by a chicken-LH RIA kit, kindly provided by the USDA 
Animal Hormone Program (ARS, Beltsville, USA) (Krishnan et al., 1994). The kit 
included a highly purified preparation of chicken LH (cLH) used as immunogen 
(USDA-cLH-I-3) and standard LH (USDA-cLH-K-3), and a polyclonal rabbit 
antiserum (USDA-AcLH-5). Vanmontfort et al. (1994) described the iodination 
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procedures for cLH in detail. The RIA was performed according to the 
recommendations supplied with the RIA kits. The recovery of added cLH was 93.3 
± 3.4 % (mean ± SEM). Displacement curves of ostrich plasma were parallel with 
the cLH standards. All samples were run in the same assay with an intra-assay 
coefficient of variation of 5.1 % for LH. The limit of precision was 0.1 ng/mL. 
 
Radio immunoassay for E2β 
 

The concentration of E2β in plasma of peripheral blood was estimated in 
duplicate by validated solid-phase 125I-RIA method (Coat-A-Count TKE: Diagnostic 
Products Corporation, Los Angeles, CA, USA) as described for the cow (Dieleman 
and Bevers, 1987). Briefly, 1 mL of ostrich plasma was extracted with 2 mL fresh 
diethyl ether (BDH Laboratory Supplies, Poole, England). After evaporation of the 
organic solvent samples were dissolved in 250 μL buffer and duplicate aliquots of 
100 μL were incubated with tracer in the Coat-A-Count tubes and processed 
according to the manufacturer. In separate ostrich samples the efficiency of 
extraction was determined by adding 10.000 dpm 3H- E2β producing an assay 
recovery of 83 ± 2.0 % (mean ± SEM). Calculation of the results was done applying 
the spline approximation for the standard series from RIASmart (Packard 
Instruments Company, Meriden, CT, U.S.A.). The calculated doses were in general 
less than 4 % different from the defined doses over the entire range. The average 
estimated doses at 20, 50 and 80 % relative binding were 155, 29 and 6.8 pg/mL, 
respectively. The intra-assay coefficient of variation was 16 %. The inter-assay 
coefficient of variation was 17 % and the limit of precision was 3 pg/mL. 
 
Statistical analysis 
 

In order to investigate the different phases that ostrich breeder hens 
experience through the year and given the observed variation in the start, end and 
length of the egg production season between individual hens, examinations of each 
individual hen were assigned to one of the following three periods: (1) a pre-
seasonal period (PRE), which included those examinations that were performed at 
least 3 weeks before the first oviposition, (2) a seasonal period (SEASON), which 
included all examinations that had been performed in the period between the first 
examination after the first oviposition until the last examination before the last 
oviposition, and (3) a post-seasonal period (POST), which included all 
examinations that were performed more than 3 weeks after the last oviposition. 

For the analysis, R version 2.2.0 (R Development Core Team, 2005) was 
used. Plasma LH levels were analysed with a general linear mixed effects model 
(Pinhiero et al., 2005). For this model the assumption of normality was checked 
and approved. As plasma E2β levels did not fit the normal distribution satisfactorily, 
they were analysed with the Kruskal-Wallis rank test. In this analysis it was not 



The egg production season 
 
 

 94

possible to take the correlation structure into account. The total number of follicles 
was analysed with a Poisson model, and the proportion of large follicles (6.1 to 9 
cm) using a logistic regression model (Bates and Sarkar, 2005). During several 
examinations, especially during the pre- and post-seasonal period, no follicles with 
a diameter > 3.0 cm were observed. Therefore, in order to calculate the proportion 
of large follicles, one follicle was added to (each of) the total number of observed 
follicles. For each parameter (LH, E2β, total number of follicles and proportion large 
follicles) in all models, period was used as explanatory variable and hen as random 
effect term in order to model the correlation between the observations within each 
hen. It was assumed that the random effect term was normally distributed. All 
parameters were estimated using the Maximum likelihood method. The Akaike’s 
Information criterion (AIC) was used to select the best fitting model.  
 
 
RESULTS 
 
Egg production 
 

Ovipositions of individual hens were recorded throughout the year. In Table 
1 individual egg production figures per hen are presented for each month of the 
study period. Egg production is expressed as the proportion of the maximal 
possible egg production (eggs per 2 days) in the period between the examinations 
of two consecutive months. Additionally, Figs. 2a and 3a show the Box-Whisker 
plots of egg production per month for all nine hens throughout the year. The 
average length of the egg production season, defined as the period between the 
first and last oviposition, was 157 days (range: 118 to 180 days). For seven of the 
nine birds the egg production season started between the end of February and the 
beginning of March. Two birds produced their first egg ten days later, around the 
middle of March. In May, egg production decreased towards an average of 0.15 
eggs per 2 days (range: 0 to 0.37) and reached peak levels of on average 0.61 
(range: 0.06 to 0.97) eggs per 2 days in July. Three birds (hen nrs. 1 to 3), which 
were kept together in one breeding paddock, all terminated their egg production 
season in the middle of July, about two months before the other six birds (hen nrs. 
4 to 9) stopped laying at the end of August. Average egg production was 38.7 eggs 
per hen during the entire egg production season (range: 16 to 53 eggs) or 0.49 
eggs per hen per 2 days (range: 0.29 to 0.59), when expressed proportional to the 
maximal possible egg production during the period between the first and last egg of 
the season. 
 



Table 1.  Egg production per hen per month and overall mean monthly egg production (eggs per 2 days; n=9) from January 2003 to January 2004 and the 
total number of eggs produced per hen during this period. 
 

 
 

 
 
 

 
Jan 
2003 

 
Feb 

 
March 

 
April 

 
May 

 
June 

 
July 

 
Aug 

 
Sept 

 
Oct 

 
Nov 

 
Dec 

 
Jan 

2004 

 
Number 
of eggs 
per hen 

Hen 1 0 0.07 0.47 0.26 0.37 0.35 0.29 0 0 0 0 0 0 29 

Hen 2 0 0 0.47 0.87 0.37 0.47 0.06 0 0 0 0 0 0 32 

Hen 3 0 0 0.35 0.26 0.07 0.29 0.06 0 0 0 0 0 0 16 

Hen 4 0 0 0.35 0.70 0.15 0.65 0.91 0.36 0 0 0 0 0 48 

Hen 5 0 0.07 0.41 0.87 0 0.65 0.86 0.57 0 0 0 0 0 52 

Hen 6 0 0 0.06 0.52 0.15 0.65 0.74 0.71 0 0 0 0 0 43 

Hen 7 0 0 0.29 0.61 0.07 0.41 0.80 0.43 0 0 0 0 0 40 

Hen 8 0 0 0.12 0.26 0 0.41 0.97 0.36 0 0 0 0 0 34 

 
Hen 9 

 
0 

 
0.07 

 
0.41 

 
0.70 

 
0.15 

 
0.65 

 
0.80 

 
0.71 

 
0 

 
0 

 
0 

 
0 

 
0 

 
53 

  
0 

 
0 

 
0 

 
0 

 
0.35 

 
0.61 

 
0.50 

 
0.15 

 
0.56 

 
0.33 

 
0.02 

 
0 

 
Mean egg 
production 
per 2 days 
 

0 
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Figure 2. Box-Whisker Plots of (a) egg production per 2 days (following an examination), (b) the total 
number of follicles (diameter > 3 cm), and (c) the number of follicles (diameter between 6.1 and 9 cm) 
as measured in nine farmed ostriches on a monthly basis throughout the year. The boxes represent 
data between the 25th and 75th percentiles. Grey and black horizontal lines in the boxes indicate the 
mean and median, respectively. The whiskers below and above the box indicate the 10th and 90th 
percentiles, respectively, whilst the black dots represent data outside the 10th and 90th percentiles. 
Note that the plots in Fig. 2a have been placed in between two consecutive examinations to indicate 
egg production in that period. 
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Figure 3. Box-Whisker Plots of (a) egg production per 2 days (following an examination), (b) plasma 
E2β concentrations (in pg/mL), and (c) plasma LH concentrations (in ng/mL) as measured in nine 
farmed ostriches on a monthly basis throughout the year. The boxes represent data between the 25th 
and 75th percentiles. Grey and black horizontal lines in the boxes indicate the mean and median, 
respectively. The whiskers below and above the box indicate the 10th and 90th percentiles, 
respectively, whilst the black dots represent data outside the 10th and 90th percentiles. Note that the 
plots in Fig 3a have been placed in between two consecutive examinations to indicate egg production in 
that period.  
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Number of ovarian follicles 
 

Figs. 2b and 2c show the Box-Whisker plots of the total number of follicles 
> 3.0 cm (N total) and the number of follicles between 6.1 and 9.0 cm (N 6.1-9.0), 
respectively, for all nine hens on a monthly basis throughout the year. Follicular 
activity could already be detected approximately one month (range: 26 to 38 days) 
before the first egg was laid. Both N total and N 6.1-9.0 were elevated during the whole 
egg production season and generally paralleled changes in egg production figures. 
In May, both N total and N 6.1-9.0 reached maximum values. Egg production figures, 
however, decreased to 0.15 eggs in this month (Fig. 2a and 3a). More specifically, 
1 to 2 weeks after the examination on the 2nd of May all hens failed to lay eggs 
during a period of 4 to 6 weeks. At the end of the egg production season the 
number of follicles > 3.0 cm declined to zero (Figs. 2b and 2c) approximately one 
month (range: between 22 and 42 days) after the last egg had been laid. In 
December, about three months before the start of the next egg production season 
(2004), follicular activity was already detected in one bird. 
 
Plasma E2β and LH concentrations 
 

Figs. 3b and 3c present the Box-Whisker plots of the plasma E2β and LH 
concentrations, respectively, for all nine hens on a monthly basis throughout the 
year. Plasma E2β concentrations increased when egg production started and 
remained elevated during the entire egg production season. E2β decreased as 
soon as the last eggs had been laid. In addition, plasma E2β concentrations 
peaked in July when egg production reached its maximum. In December, 
approximately three months before egg production started in the next egg 
production season (2004), plasma E2β concentrations were already increased 
compared to the months before (Fig. 3b). A similar pattern of changes was found in 
Fig. 3c regarding the plasma LH concentrations. LH concentrations were already 
elevated approximately one month (range: 26 to 38 days) before the first eggs had 
been laid. LH concentrations remained elevated during the entire egg production 
season and closely paralleled the changes in egg production, even just before the 
temporal decline in egg production in May. LH peaked at the time of maximal egg 
production and LH concentrations started to decline when egg production 
decreased towards the end of the egg production season. However, when 
comparing the declining-phase of the plasma LH concentrations at the end of the 
egg production season with the one of the E2β levels, the first one appeared more 
gradually, whilst the decline of plasma E2β concentrations occurred within a shorter 
period of time. Overall, much more variation was observed in individual E2β 
concentrations when compared to the variability of LH levels. 

To investigate the different phases that ostrich breeder hens pass 
throughout the year, we defined three distinct periods, labeled as PRE, SEASON 
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and POST, for each individual hen (see M&M section). Table 2 shows the overall 
averages (± SEM) of the total number of follicles and the plasma E2β and LH 
concentrations during these three periods. When comparing these variables 
between the periods statistically, a significant difference was found for N total 
between the periods PRE and SEASON (rate ratio = 0.42; 95% CI: 0.24 - 0.72) and 
between the periods SEASON and POST (rate ratio = 0.064; 95% CI: 0.03 - 0.12). 
Table 2 also shows the averages (± SEM) of the number of follicles within the two 
follicle-size categories, with diameters ranging from 3.1 to 6.0 cm (N 3.1-6.0) and 6.1 
to 9.0 cm (N 6.1-9.0).  
 
 
Table 2. Mean ± SEM of the total number of follicles > 3 cm (N total), including the subcategories of 
the number of follicles with a diameter between 3.1 and 6.0 cm (N 3.1-6.0) and between 6.1 and 9.0 
cm (N 6.1-9.0), and the plasma LH (in ng/mL) and E2β concentrations (in pg/mL) during the pre-
seasonal (PRE), seasonal (SEASON) and post-seasonal (POST) period in nine farmed ostriches. 
N.B. Medians were used in the statistical analyses of E2β (see results section). 
 
  

 
N total

 
 
N 3.1 - 6.0

 
 
N 6.1 - 9.0

 
 

LH 
(ng/mL) 

     
E2β 

(pg/mL) 

 

PRE 

 

1.4 ± 1.6 ** 

 
 
0.7 ± 0.7 #

 
 
0.8 ± 1.0 *** 

 
 

2.42 ± 0.36 ¥

 
 

4.1 ± 1.6 

SEASON 3.7 ± 1.6 0.8 ± 0.8 2.9 ± 1.2 2.35 ± 0.49 6.5 ± 2.8 

POST 0.2 ± 0.4 *** 0.1 ± 0.2 # 0.1 ± 0.3 *** 1.41 ± 0.43 *** 3.9 ± 2.1 

  
** P < 0.005 and *** P < 0.001 compared to the SEASON period; ¥ not significant; # not tested. 
 
 
The observed increase of the total follicular activity during the SEASON period is 
mainly caused by the increase of the number of larger follicles (diameter 6.1 to 9.0 
cm). Significant differences were found in the proportion of large follicles when 
comparing between the PRE and SEASON periods (OR = 0.38; 95% CI: 0.24 - 
0.59) and between the POST and SEASON periods (OR = 0.26; 95% CI: 0.16 - 
0.42). The medians of the plasma E2β concentration between the three periods 
(PRE = 4.6 pg/mL; SEASON = 6.5 pg/mL; POST = 3.1 pg/mL) were significantly 
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different (Χ 2 = 14.09, df = 2, p < 0.001). In the SEASON period, the mean level of 
LH was 0.94 ng/mL (95% CI: 0.74 - 1.16) higher than the mean level of LH in the 
POST period. A slight difference was found in the mean LH levels between the 
PRE and SEASON periods, but it was not statistically significant. 
 
 
DISCUSSION 
 

Egg production data from this study show that farmed ostriches are 
seasonal breeders at this geographical latitude, producing eggs between March 
and September (Table 1 and Figs. 2a and 3a). Moreover, by comparing changes in 
the average monthly day lengths (Fig. 1) with the average monthly egg production 
figures (Table 1), the data show that ostriches are long-day breeders and 
photoperiod dependent, as was previously suggested for breeding ostriches kept in 
Israel (Degen et al., 1994). At the onset of the egg production season in this study, 
first ovipositions occurred within a two week period from end of February to the 
middle of March, more or less simultaneously, when average day length was still 
increasing from about 10 to 12h of light. In general, in many (wild) avian seasonal 
breeders living in temperate zones, the breeding season is initiated by an increase 
in day length, which triggers a cascade of morphological, physiological and 
endocrinological reproductive changes in the bird. In fact, as soon as the so-called 
‘critical day length’ has been reached, the hypothalamus starts producing and 
secreting Gonadotrophin Releasing Hormone (GnRH), which in turn stimulates the 
pituitary gland in producing and secreting Follicle Stimulating Hormone (FSH) and 
LH into the circulatory system (Sharp, 1996). In birds, as the function of FSH is not 
yet completely understood (Etches, 1996b), it is mainly the rise in circulating LH 
concentrations that awakens the bird’s ovary and starts stimulating the growth of 
the small ovarian follicles. From this stage until the first egg is laid, the ovary grows 
in two phases: (1) an initial slowly progressing general enlargement of the stroma 
and follicles with little deposition of (yellow) yolk, and (2) a final growth of the ovary, 
which occurs very rapidly within 4 to 11 days (depending on the species), when 
yolk is deposited in a relatively small number of follicles to form the follicular 
hierarchy. Although the number of large (yellow) yolky follicles in this follicular 
hierarchy depends on the bird species (e.g. 2 large follicles in feral pigeons (Sharp, 
1980) and 5 to 10 in domestic chickens (Etches, 1996b)), the rapid growth phase 
often results in a 100-fold or more increase of the weight of the bird’s ovary. As a 
result of the growth of the total pool of ovarian follicles, mainly under influence of 
the stimulatory effects of LH, the production and secretion of steroids will rise, 
eventually leading to increased plasma concentrations of these hormones, such as 
E2β. In birds with a well developed follicular hierarchy one follicle will mature to the 
point at which it may ovulate every one or two days. The latter, however, will only 
take place once the largest follicles in the hierarchy will have produced sufficient 



Chapter 5 
 
 

 101

amounts of progesterone for stimulating pre-ovulatory peak production and release 
of LH. Only then ovulation is triggered and the first oviposition of the season takes 
place. Nevertheless, the time-interval between the day of ‘critical day-length’ and 
the moment of first oviposition may last over several weeks and varies from 
species to species, e.g. about 6 weeks in domestic hens and 4 weeks in red 
grouse (Sharp, 1980). Moreover, the exact timing of the onset of lay may be 
influenced by local factors, for example low temperature, snow cover, excessive 
wind and/or rain and insufficient food availability may all delay the onset of 
oviposition. 

In breeding ostriches, our data provide new evidence that the sequence of 
events that lead to the onset of the breeding season are quite similar compared to 
that in other seasonal breeding birds. First, this study shows that the mean plasma 
LH concentration is already elevated one month before the first eggs of 2003 were 
laid (Fig. 3c, Table 2). Yet, it is likely that the initial rise in plasma LH must have 
taken place even before February 2003. We indeed observed a slight increase in 
average LH concentrations in December 2003 (Fig. 3c), about 3 months before the 
start of the 2004 egg production season. It is, therefore, reasonable to assume that 
plasma LH concentrations in ostriches already start to rise at least two months 
before the first eggs are laid. This early rise of LH at the onset of the breeding 
season is similar to what has been found in other seasonal breeding birds, such as 
European starlings (Dawson, 1997) and Passerine birds (Farner and Wingfield, 
1978), as well as in other avian species (Assenmacher and Jallageas, 1978; Vleck, 
1993). Second, we demonstrate that by means of ultrasound scanning follicular 
activity (N total and N 6.1-9.0) is already detected about one month before the first 
eggs are laid (Fig. 2). This observation confirms our preliminary findings with 
ultrasound scanning (Bronneberg and Taverne, 2003) that N 6.1-9.0 increased during 
a period of 3 weeks before the egg production season started. Moreover, this 
would imply that in ostriches the so-called rapid ovarian growth phase at the start 
of the breeding season might extend over a period of approximately 3 to 4 weeks 
(versus 4 to 11 days in other avian species). Third, the rise of plasma E2β at the 
onset of egg production (Fig. 3b), and the significantly higher plasma E2β values 
during the season (Table 2) indicate that elevation of plasma E2β concentrations 
results from the development and growth of the ovary. This is also supported by 
our finding that follicular activity (N total and N 6.1-9.0) was already detected one 
month earlier, when E2β levels were still rather low. 

During the egg production season, when looking at follicular activity (N total 
and N 6.1-9.0) and plasma concentrations of LH and E2β (Figs. 2 and 3), the 
seasonal values of these parameters were significantly elevated in comparison to 
their pre- and post-seasonal values, with the exception of the pre-seasonal versus 
seasonal values of LH (Table 2). This indicates that all three parameters are 
closely related to the ostrich egg production season. In addition, our data provided 
new information on monthly changes of follicular activity in ostriches in relation to 
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individual egg production figures, especially regarding the number of follicles 
between 6.1 and 9 cm (Fig. 2). We did not find a significant relationship between 
the number of large follicles detected during an examination and the consecutive 
monthly egg production of individual birds; however, it is possible that by 
monitoring ovarian activity at smaller (weekly) intervals throughout the year, such a 
relationship might be found. Interestingly, during the egg production season, the 
average monthly egg production decreased from 0.56 in the month of April to 0.15 
eggs per 2 days in May (Table 1), despite the fact that in the beginning of May 
follicular activity had reached its seasonal peak level (Fig. 2). At the same time the 
average plasma LH concentration showed a similar temporary decrease (Figs. 3a 
and 3c). It is unclear which underlying factors might have caused this decline in 
plasma LH levels and egg production. With respect to climatic circumstances, in 
the Netherlands the year 2003 was characterized as very warm, dry and sunny, 
compared to the yearly averages of weather parameters between 1971 and 2000. 
However, from 1st to 25th of May 2003, the period in which egg production 
declined in all hens, weather circumstances were very variable (Fig. 1). In 
particular, this month was marked by over 50 % more rainfall (monthly total = 94.7 
mm) compared to the average rainfall in May (monthly total = 57.5 mm) between 
1971 and 2000 (Royal Dutch Meteorological Institute, 2006). Therefore, it is 
possible that the wet and variable climatic circumstances during this period 
negatively influenced the production and release of gonadotrophin factors (GnRH, 
LH-RH), indirectly causing the decline in LH first, and then, in egg production. 
Although the present study strongly suggests that there is a relationship between 
follicular activity and plasma LH and E2β concentrations on the one hand, and egg 
production on the other hand, more studies are necessary to analyze this relation, 
such as monitoring changes in ovarian activity and analyzing changes in plasma 
hormone profiles at smaller intervals throughout the year, as suggested previously. 

The end of the egg production season in this study occurred more or less 
simultaneously within each breeding group, i.e. the first 2 weeks of July for hens 1 
to 3 and the last week of August for hens 4 to 9. However, on this farm the egg 
production season in previous years generally lasted until the end of September. 
Thus, we cannot exclude that the 2003 egg production season might have 
terminated early due potentially stressful influences associated with construction 
work on the farm and moving to new grounds (see M&M section). Despite this, the 
average egg production figures in this study are similar to those reported for other 
parts of the world (Deeming and Ar, 1999; Bronneberg et al., 1999). In general, the 
mechanisms that are known to terminate egg production in birds are quite different 
from those that regulate its onset. After a certain period of time during the breeding 
season, which varies across species (wild and domesticated), birds become 
insensitive to the stimulatory effects of long day lengths, i.e. fail to maintain 
maximal levels of gonadotrophin secretion (Sharp and Blache, 2003). In fact, 
endocrinologically, the season terminates after plasma prolactin concentrations 
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increase above a critical threshold level that indirectly depresses LH activity. This 
mechanism is known as photo refractoriness, which within a few weeks time may 
cause regression of the ovary, and subsequently, the end of the egg production 
season. At present, unfortunately, we do not have any information on prolactin 
secretion and its relation to LH secretion in ostriches. This study, however, shows 
that changes in follicular activity (N total and N 6.1-9.0) and plasma concentrations of 
LH and E2β (Figs. 2 and 3) at the end of the egg production season were reversed 
from those at its onset. In other words, LH and E2β (Fig. 3) declined to baseline 
levels as soon as the egg production season ended and the number of follicles (N 
total and N 6.1-9.0) decreased to nearly zero about one month after the last eggs were 
laid (Fig. 2). The latter observation also confirms our preliminary findings with 
ultrasound scanning in ostriches (Bronneberg and Taverne, 2003) that N 6.1-9.0 
decreased to zero in the 3 weeks after the egg production season terminated. 
However, when comparing plasma E2β with LH concentrations at the beginning 
and end of the egg production season, LH changed more gradually overall and E2β 
more rapidly. These findings fit with the concept that in general LH is the initiator 
and E2β the result of follicular activity.   

In conclusion, we demonstrated that the monthly changes in the number of 
large ovarian follicles, as monitored by ultrasound scanning, and in plasma 
concentrations of LH and E2β closely parallel the egg production season in farmed 
ostriches. More specifically, follicular activity (N total and N 6.1-9.0) and plasma LH and 
E2β increase before or at the onset of lay, remain elevated during the entire egg 
production season and decline at the moment or after egg production has ended. 
Moreover, our data provide new evidence that egg production in ostriches, 
including its related morphological and endocrinological reproductive changes, is 
confined to a marked reproductive season, and indicate that the sequence of 
endocrine and morphological events that take place at the initiation, maintenance 
and termination of the egg production season in farmed ostriches are quite similar 
to those in other seasonal breeding bird species. 
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Egg production in farmed breeding ostriches is generally poor and varies 
widely. This thesis addressed some practical and fundamental aspects of female 
reproduction in ostriches throughout the 48h egg laying cycle, during the egg 
production season, and during the non-breeding season. The goals of this thesis 
were to explore transcutaneous ultrasound scanning to visualize functional 
changes within the female reproductive organs, evaluate the plasma profiles of 
reproductive hormones (P4, LH and E2β), and study the relation between the 
morphological changes of the female reproductive organs and the concurrent 
changes of these plasma hormone levels. The overall objective was to improve 
basic knowledge on reproduction of the female ostrich and to provide new tools 
improving egg production figures on breeding farms. 
 
 
Ultrasound scanning of the female reproductive organs 
 

Ultrasound scanning and its various applications for reproductive purposes 
have been extensively described in a wide range of animal species, such as 
domestic animals (Taverne, 1991; Taverne and Willemse, 1989; Kähn, 1994), zoo 
and wildlife species (Kähn, 1992; Hildebrandt and Göritz, 1995), pets (Mailhac et 
al., 1980; Kähn, 1994), and even birds (Cartee et al., 1992; Krautwald-Junghanns 
et al., 1998; Hofbauer and Krautwald-Junghanns, 1999). In ostriches, however, its 
use for reproduction purposes has only been recently explored (Bronneberg, 1997; 
Williams, 1998; Bronneberg et al., 1999; Wagner and Kirberger, 2001; Lambrechts 
et al., 2002). In Chapter 2 a technique for transcutaneous ultrasound scanning to 
monitor the female reproductive organs in ostriches is described. This technique 
proved to be an easy, non-invasive diagnostic research tool, which was applied 
throughout the studies of this thesis (Chapters 2, 3, 4 and 5). 

In Chapter 2 it was demonstrated that transcutaneous ultrasound scanning 
in ostriches allows to visualize several different morphological structures of the 
ovary, such as different sizes of follicles with diameters ranging from 1 to 9 cm, 
post-ovulatory follicles (POFs) and atretic follicles. This technique enables 
researchers to follow the development of individual ova and locate an egg with a 
calciferous shell within the oviduct. Ultrasonographic appearances of both the 
ovaries and the genital tract were in accordance to details of their anatomical 
descriptions in the literature (MacAlister, 1864; Duerden, 1912; Bezuidenhout, 
1986; Fowler, 1991; Cartee et al., 1992; Hicks, 1992; Williams, 1998; Soley and 
Groenewald, 1999).  

Chapter 2 also presented the first data available on the size and the 
number of visualized large follicles on the ostrich ovary based on ultrasound 
measurements. Transcutaneous ultrasound scanning, performed on the left flank of 
the ostriches a day before slaughter, could detect 58% (95% CI: 0.41 - 0.79; n = 8) 
of the number of follicles (> 3 cm) found in the same females during post mortem 
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investigation of the ovary. Although the numbers of follicles counted during 
scanning and the actual numbers found at autopsy were not identical, there was a 
significant association between the two, indicating that with this technique it is 
possible to visualize the presence of a follicular hierarchy within the ovary. 
Melnychuk et al. (2002) performed a similar study in broiler breeder hens to 
characterize their ovarian status. The authors determined the size and number of 
visualized large yellow follicles (LYFs > 10 mm) by using transvaginal ultrasound 
scanning. The in vivo findings were compared to the macroscopically determined 
number and diameter of LYFs found during post mortem investigation immediately 
following ultrasonography. The mean number of LYFs ± 1 mm predicted by 
ultrasound scanning had an accuracy of 96.3%, and the number of follicles counted 
by ultrasound scanning was underpredicted by one LYF 40% of the time. When the 
same experiment was repeated, there was an effect of the ultrasound operator’s 
experience, resulting in underestimation by one LYF only 27% of the time. 

In ostriches, the full size of an active ovary often exceeds the maximal 
penetration depth of the ultrasound waves, i.e. 20-25 cm when using a 3.5 MHz 
probe. This fact, as well as the blockage of ultrasound waves created by gas from 
air sacs or the intestines, or by eggs with a calciferous shell, possibly explains to a 
large extent the finding that ultrasonographic counting of large follicles (> 3 cm) on 
the left flank of the bird consistently resulted in a quantitative underestimation. 
Scanning both sides of the bird’s flank could probably decrease this rate of 
underestimation, resulting in a more accurate counting and categorization of the 
follicles. At this stage, however, as we have no data to prove that repeated 
recognition of individual large follicles is possible, scanning both sides could 
possibly lead to double counting and a relatively overestimation of the number of 
follicles. Further studies on scanning birds on both flanks are necessary, and 
additionally, ultrasound findings on the reproductive organs, including the number 
of follicles on the ovary, should be further evaluated by scanning ostriches 
immediately before slaughtering. With respect to the repeatability and interpretation 
of our ultrasound findings, such studies should also investigate whether the same 
operator is able to repeatedly detect the same number and size of follicles, and 
other structures on the female reproductive organs, as partly demonstrated in 
chickens by Melnychuk et al. (2002). Moreover, it should be further examined 
whether these structures, including their number and size, can be identically 
determined by other (experienced) operators. 

Finally, it is noted that the use of transintestinal or transvaginal ultrasound 
in ostriches, as it generally results in better image quality and more detailed 
information compared to transcutaneous scanning, might provide valuable 
additional in vivo information, for example regarding the follicular hierarchy within 
the ovary, the repeated individual recognition of follicles and the presence of (ab) 
normal morphological structures in the reproductive tract. Göritz et al. (1997) 
concluded that trans-intestinal ultrasonography in immobilised cassowaries 
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(Casuaris casuaris) can be used as a sexing tool and that it revealed detailed 
information on the reproductive organs. Although transintestinal ultrasound 
scanning could be investigated as a potential research technique in ostriches, this 
type of scanning is too invasive, stressful and expensive (anaesthesia) to be used 
for routine diagnostic purposes on ostrich farms. 

Chapter 3 demonstrated that by performing ultrasound scanning 
repeatedly at 3h intervals during the 48h egg laying cycle, it is possible to 
determine the moment of ovulation in ostriches, i.e. within 2h after oviposition. In 
one bird, ovulation was actually observed during scanning at exactly 1h after 
oviposition. In chickens, it is known that ovulation occurs within 30 to 60 min after 
oviposition (Etches and Cheng, 1981; Ottinger and Bakst, 1995). In ostriches, 
future ultrasound studies at smaller intervals around the moment of oviposition 
could be performed to reveal an even more exact timing of ovulation. However, a 
disadvantage of using such a smaller interval could be that it results in increased 
handling stress for the animal (s), and subsequently, ovulation might be postponed 
or not occur at all.   

Chapter 3 showed that ultrasound scanning enables investigators to 
monitor a developing egg and its morphological changes within the oviduct during 
one egg laying cycle. In eight ovulating hens we determined that a developing egg 
remains for about 9h in the proximal part of the oviduct (infundibulum, magnum and 
isthmus) and for 39h in the shell gland or uterus. In two non-ovulating hens a newly 
ovulated egg was not observed after oviposition, i.e. ovulation did not occur and 
the next oviposition about 48h later did not take place. In chickens, the egg 
remains circa 15 min in the infundibulum, 3h in the magnum, 2 to 3h in the isthmus 
and the rest of the 25 to 26h cycle in the uterus (Ottinger and Bakst, 1995; Etches, 
1996a). Thus, the egg spends about 20% of the time in the proximal part and 80% 
of the time in the distal part of the oviduct in chickens. Our data regarding the 
relative transit time of a developing egg in different parts of the oviduct in ostriches, 
i.e. about 20% of the time in the proximal (9h) and 80% in the distal part (36h) are 
in accordance with findings in chickens. Overall, our results demonstrate that 
during the approximately 48h egg laying cycle of ostriches, events such as 
ovulation, egg development and oviposition evolve according to a rather strict time 
schedule. Thus, investigators who want to use ultrasound scanning as a selection 
tool on ostrich farms during the egg production season, could easily distinguish: (1) 
layers from non-layers, on the basis of the presence of an egg in the uterus, in the 
hours before expected oviposition; and/or, (2) ovulating from non-ovulating hens, 
on the basis of the presence of a developing egg in the proximal part of the oviduct, 
in the period of 3 to 6h after oviposition. 

A further application of ultrasound scanning in ostriches could be to use it 
as a tool for determining the right moment of insemination in future artificial 
insemination (AI) programmes. Although some practical and fundamental issues 
still need to be resolved before AI can be widely applied in ostriches, such as the 
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limitations imposed by the collection technique and the contamination of semen 
samples (Soley and Groenewald, 1999), our results suggest that ultrasound 
scanning could assist during an AI, for example by determining or predicting the 
moment of ovulation, or by investigating whether a female is actually laying and/or 
ovulating at all. 

Chapter 4 shows that ultrasound scanning in ostriches can also be used to 
quantify the changes in the numbers and volume of visualized large ovarian 
follicles (> 3 cm) over time. By repeatedly performing ultrasound scanning at 3h 
intervals during the ostrich’s 48h egg laying cycle, it was demonstrated that in 
ovulating hens (n=8) the average volume of the total number of visualized large 
follicles (V total), the volume of the second largest measured follicle (V F2) and that of 
all follicles smaller than F2 (V F3 - Fn) were all higher before than after oviposition. In 
fact V total, V F2 and V F3 - Fn nearly doubled in the 24h period before oviposition, 
while the volume of the largest measured follicle (VF1) remained more or less at an 
equal, rather high, level of about 300 mL (i.e. a diameter of 8.3 cm) until 
oviposition. Immediately after oviposition V total, as well as the volume of all other 
follicle categories, decreased within 6h, i.e. around the moment of ovulation. 
Although individual large ovarian follicles could not (yet) be followed in time using 
ultrasound scanning, our study provided the first data in ostriches on the changes 
of various categories of large ovarian follicles (> 3 cm) during the egg laying cycle. 
The potential significance of such an application in ostriches is that ultimately the 
follicular hierarchy on the ovary of ostriches could be determined. Further studies 
need to be performed to individually follow follicles over time. The injection of an 
echo-dense contrast tracer inside a follicle, either during a previous laparoscopy, or 
non-invasively by using an ultrasound-guided needle-puncturing technique 
(Pieterse et al., 1988), could be one of the possibilities to approach this problem. 
Melnychuk et al. (2002) used transvaginal ultrasound scanning in broiler breeder 
hens to hierarchically classify ovarian follicles on the basis of their 
ultrasonographically measured diameter. They found that of all birds that appeared 
to have single or double follicular hierarchies at autopsy following the ultrasound 
exam, 77.8% of these hierarchies were identified correctly with in vivo ultrasound 
scanning. In the future, a similar study would need to be performed in mature, egg 
laying female ostriches. 

The studies in Chapters 2 and 5 show that ultrasound scanning in 
ostriches can also be used to quantify the changes in the numbers of large ovarian 
follicles (> 6 cm) throughout the year. Chapter 2 presented preliminary data on 
ovarian activity at the start and the end of the egg production season by scanning 
two female ostriches on a weekly basis. The number of visualized large follicles (> 
6 cm) started to increase 3 weeks before the first egg of the season was laid, and 
decreased to zero during the 3 weeks after the last egg was produced. 
Furthermore, we obtained preliminarily evidence that scanning might be of value 
for predicting egg production, especially at the beginning and the end of the 
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season. These observations were expanded in Chapter 5, where ultrasound 
scanning was performed in nine female ostriches on a monthly basis throughout 
the year, i.e. during the egg production season and parts of two non-breeding 
seasons. By comparing the ultrasound scanning findings with individual egg 
production figures, we showed that (a) ovarian activity, i.e. large follicles (> 6 cm), 
was already detected one month before the first ovipositions took place; (b) the 
average number of large follicles remained elevated during the entire season; and 
(c) this number decreased to zero one month after the last egg of the season was 
produced. Moreover, changes in the number of large follicles nearly paralleled the 
changes in egg production throughout the year, and a significant difference was 
found between the number of large follicles in the seasonal period on the one 
hand, and those in the pre- and post-seasonal period on the other hand. These 
data also provided further evidence that egg production in ostriches, and its related 
morphological changes on the ovary, is confined to a marked reproductive season. 
It is likely that at the beginning of the egg production season, similarly to what is 
known in other seasonally egg producing bird species, the development of ovarian 
activity, the establishment of a follicular hierarchy and the ovulation of the pre-
ovulatory F1-follicle, are prerequisites for the first oviposition of the season to 
occur. In other avian species, the length of the period between the start of the 
growth of LYF and the first oviposition at the start of the breeding season (the so-
called ‘rapid growth phase’ of the large ovarian follicles) extends over a period of 4 
to 11 days (Sharp, 1980). In ostriches, data from Chapters 2 and 5 indicate that 
this period extends over 3 to 4 weeks. Chapter 5 also provided new information on 
the monthly changes of the number of large ovarian follicles (> 6 cm) in relation to 
individual egg production figures. We did not find a significant relationship between 
the number of large follicles detected during an examination and the consecutive 
monthly egg production of individual birds. However, it is possible that by 
monitoring ovarian activity at smaller (e.g. weekly) intervals throughout the year, 
such a relationship might be revealed. 

An application of ultrasound scanning that has not been explored yet in 
ostriches is the monitoring of morphological changes of the male reproductive 
organ, e.g. the paired testes. In male ostriches, the testes can vary considerably in 
size and appearance, depending on the age and sexual status of the male. During 
the breeding season, for example, the testes can enlarge up to 400% of their 
normal size, measuring about 16 cm in length and 5 cm in width (Bezuidenhout, 
1986), with an oval shape (Cho et al., 1984). The testes of male ostriches are 
situated in the body cavity on both sides of the caudal vena cava and ventrally of 
the kidneys. It is possible that this rather deep location within the coelomic cavity 
prevents their visualization, because of the maximal penetration depth of the 
ultrasound waves (i.e. 20-25 cm using a 3.5 MHz probe), and/or due to the fact that 
muscles on the back and vertebras might partly block acoustic penetration. In other 
species, such as bottlenose dolphins (Tursiops truncates aduncas), 
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transabdominal ultrasound scanning has been used for imaging the testis and 
epididymis, to assess their reproductive development and status and to establish 
seasonal changes in the ultrasonographical size of the testis (Brook et al., 2000; 
Yuen, 2007). It would be interesting to perform similar studies in farmed male 
ostriches. Beside above-mentioned difficulties in performing ultrasound scanning in 
male ostriches, one also has to take into account that males can be territorial, and 
thus, very aggressive at the start of and during the breeding season. This, 
however, should not prevent us from designing such studies, especially because 
successful application would contribute to our general knowledge of the male 
reproductive organs in ostriches and would provide us with a non-invasive tool to 
monitor reproductive development as well as seasonal aspects of the testes’ 
function. 

Beside ostriches, transcutaneous ultrasound scanning for reproduction 
purposes should also be more intensively evaluated in other birds. Recently, its 
use as a selection tool was preliminarily explored in chickens on a commercial 
layer farm in the Netherlands in relation to problems with ‘false’ layers 
(Bronneberg, unpublished data). Although these hens have the external 
characteristics of ‘normal’ egg producing hens, such as well-developed red combs, 
they do not produce eggs. This is caused by an ‘Infectious Bronchitis’ virus 
infection, which if occurs in the first 2 weeks of life may severely affect the oviduct 
(Landman et al., 2005). The effect of the IBV infection on egg production is 
expressed only later, i.e. during their egg laying period (> 20 weeks of age). The 
preliminary study was performed on a farm where five ‘normal’ layers and six ‘false’ 
layers were used for examination. The ‘normal’ layers had all produced an egg in 
the 6h period before examination, while the ‘false’ layers had been selected as 
‘non-laying’, or ‘false’ layers, by means of cloacal palpation in the previous week. 
When comparing post mortem findings with the data obtained by ultrasound 
scanning, it appeared that: (1) all ‘normal’ layers had a developing egg in the 
proximal part of the oviduct and most follicles were correctly detected, and (2) four 
out of five birds were correctly identified as ‘false’ layers on the basis of the 
presence of cysts, while one bird was identified as ‘unknown’, i.e. neither ‘normal’, 
nor ‘false’. These preliminary findings indicate that this technique can be potentially 
used as a diagnostic c/q selection tool on farm; however, further studies on a larger 
scale are necessary for properly evaluating its on-farm application. 

Ultrasound scanning could also be applied to other poultry breeds, for 
example to broiler breeders to address frequently occurring problems of poor 
reproductive performance related to non-restricted feeding (Decuypere and 
Bruggeman, 1999), such as: early sexual maturity (Yu et al., 1992a, b, c), the 
development of excess numbers of LYFs (Hocking, 1993) resulting in double or 
triple follicular hierarchies on the ovary, and finally, the increased incidence of 
erratic ovipositions, defective eggs and multiple ovulations (Yu et al., 1992b; 
Hocking, 1993). 
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Follicular and endocrine changes during the egg laying cycle 
 

Data on the morphological, physiological and endocrinological changes 
and their interactions during the egg laying cycle (i.e. the time period between two 
consecutive ovipositions) have been extensively described for chickens (Wilson 
and Sharp, 1976; Etches et al., 1983; Robinson, 1986; Etches, 1990). This process 
is called follicular maturation and is characterized by the growth of ovarian follicles 
and the development of endocrine capabilities within the follicular tissues, which 
will eventually lead to ovulation of the largest ovarian follicle within the hierarchy: 
the F1-follicle. It is known that it is merely the functional changes within the F1-
follicle, and the subsequent rise of plasma P4, which play an important role in this 
process (Etches, 1996b). The understanding of the underlying events that 
eventually lead to consecutive ovipositions within an egg laying sequence, i.e. 
multiple egg laying cycles without interruption, is essential for improving egg 
production figures on farm. In ostriches however, these events are still largely 
unknown. In Chapters 3 and 4, we showed the changes of plasma concentrations 
of P4, LH and E2β in relationship to changes in the number and size of large 
ovarian follicles during the 48h egg laying cycle of farmed ostriches. 

In Chapter 3, by determining plasma hormone concentrations at repeated 
1h intervals during the 48h egg laying cycle in eight ovulating hens, we 
demonstrated that plasma P4, LH and E2β concentrations reach peak levels a few 
hours before ovulation and return to basal levels around ovulation itself. Plasma P4 
levels showed the most characteristic and consistent changes, which could be 
fitted in a standardized curve. Compared to other avian species, Etches and Cheng 
(1981) described in chickens that plasma concentrations of P4, LH and E2β start to 
increase 9 to 11h before ovulation, reach peak concentrations 4 to 6h before 
ovulation and return to basal levels around the moment of ovulation. Moreover, 
they observed that although plasma P4 levels closely followed LH-dynamics, P4 
also showed a more profound peak before ovulation in comparison to that of LH. 
Similar hormonal patterns have also been reported in turkeys (Sharp et al., 1981; 
Proudman et al., 1984; Yang et al., 1997; Buchanan et al., 2002). Although the 
ostriches’ egg laying cycle differs in length and hormone levels are quantitatively 
different from the above-mentioned species, our data show that the patterns of P4, 
LH and E2β are quite similar. In two non-ovulating ostriches neither P4, nor LH, nor 
E2β showed elevations to peak concentrations before oviposition, despite the 
presence of large follicles on the ovary. This indicates that these hormones play a 
crucial role in the ovulation of the largest (F1) follicle. Buchanan et al. (2002) 
reported similar data in turkeys and showed that for some birds, in which there was 
no evidence for oviposition or ovulation, the plasma levels of P4, LH and E2β also 
remained at an equal basal level throughout the study period. Interestingly, 
comparable to our data in ovulating hens, these authors also showed that the 
variation in basal levels of E2β between individual birds and between different 
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genetic lines of turkeys was generally larger, and that peak values of LH and E2β 
were overall less conspicuous than those of P4. These findings raise the question 
of whether the basal variation between female ostriches found in our study could 
be entirely explained by genetic (i.e. cross-breed) differences, or whether they 
might also be influenced by the individual variation in seasonal baseline levels of 
LH and E2β, as reported in Chapter 5. 

In chapter 4, we quantified the relationship between the changes of plasma 
concentrations of P4, LH and E2β and the concurrent changes of the volume of 
visualized large follicles (> 6 cm) in ostriches by performing repeated examinations 
at 3h intervals during the egg laying cycle. On the basis of a linear mixed-effects 
model, we quantified statistically which independent morphological and 
endocrinological factors affect the following three dependent variables: V F1 and 
plasma P4 and E2β concentrations. 

First, we showed that before oviposition V F1 is on average 13% higher 
than after oviposition. A possible explanation for this relatively small difference in V 
F1 could be that follicles reposition within the hierarchy. In other words, this 
difference of circa 13% in fact represents the volume difference between the 
‘former’ V F1 and the ‘former’ V F2. Moreover, it appeared that ‘time’, an independent 
variable, did not affect V F1; in other words V F1 hardly increased near ovulation. In 
fact the increase of V F1 with on average 10 mL (from 300 to 310 mL), which we 
observed during the 24h period before oviposition, corresponds to an increase in 
the diameter of the F1-follicle by only 1 mm. This increase is rather small compared 
to that of other growing follicles within the hierarchy, and furthermore, it is below 
the minimal accuracy by which measurements can be made with a 3.5 / 5 MHz 
ultrasound transducer. On the other hand, it is not surprising that the F1-follicle 
does not grow that much any more during the last 24 hours before ovulation. In 
chickens, for example, it is known that at this late stage of follicular maturation it is 
merely the functional changes inside the follicular cells, rather than the acquisition 
of mass, that turns a non-ovulating F1-follicle into an ovulating one. These changes 
include mainly theca cells that stop the production of oestrogens and granulosa 
cells that start producing and secreting large quantities of P4 reaching maximum 
capacity at ovulation. The other follicles in the hierarchy (F2, F3 to Fn) also 
produce P4, though at a decreasing level with each lower position moving down the 
hierarchy. P4 production and secretion is highest in the F1-follicle (Robinson and 
Etches, 1986). In ostriches, Madekurozwa and Kimaro (2006a) recently described 
some ultrastructural features of developing follicles (i.e. primordial, pre-vitellogenic 
and vitellogenic follicles) of sexually immature females (12 to 14 months of age), 
and furthermore, they indicated (Madekurozwa and Kimaro, 2006b) that these 
follicles undergo a cycle of growth and regression, which is similar to that reported 
in other avian species. Further studies are necessary in sexually mature female 
ostriches to better determine the functional and endocrine changes that take place 
in the follicular tissues of hierarchical follicles.  
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Second, we concluded that plasma P4 levels are mainly influenced by LH 
and E2β and to a lesser extent by the volume of the F1 follicle. Regarding the latter, 
as discussed for chickens in the previous paragraph, even in ostriches we assume 
that differentiation, rather than growth, of the pre-ovulatory F1-follicle is mostly 
responsible for pre-ovulatory P4 production. This is also indirectly supported by our 
own observation in Chapter 4 that the relationship between plasma P4 and V F1 was 
not strong, i.e. when the V F1 increased with 10 mL, P4 increased by only 6.1%. 
Furthermore, we showed that the plasma P4 increased by 116.6% and by 50% 
when LH and E2β levels increased by 1 ng/mL and 10 pg/mL, respectively. 
Likewise, a similar stimulating effect of LH on P4 was observed in an in vitro 
incubation study with follicular tissues from chickens (Robinson, 1986). This effect 
increased with increasing levels of LH and, in addition, with each higher position 
within the follicular hierarchy, reaching its maximum level in the F1-follicle. 
Stimulating effects of estrogens (such as E2β) on P4 production and secretion have 
also been described in chickens by Wilson and Sharp (1976). These authors 
showed that high levels of estrogens, either alone or in combination with 
androgens, are necessary to sensitive the hypothalamic-pituitary axis to the 
positive feedback effects of P4. 

Third, we addressed to what extent factors affect the plasma E2β levels. 
Surprisingly, we found that E2β was not significantly influenced by V F4 - Fn. Yet it is 
known in chickens (Robinson and Etches, 1986) that the SWF, LWF, SYF and the 
smaller follicles in the hierarchy (Fn - F2) all produce and secrete estrogens (and 
androgens) into the circulatory system, while production and secretion of estrogens 
by a follicle gradually declines when its position in the hierarchy increases, i.e. 
follicles differentiating from Fn to F2 switch from oestrogen to androgen production. 
Thus, in ostriches we also expected a significant positive relationship, particularly 
between the volume of the smaller follicles (V F4 - Fn) and E2β. Several factors may 
explain this result. First, we did not count the number of follicles < 3 cm (most likely 
representing SWF, LWF and SYF). Second, ultrasound scanning in ostriches 
generally underestimates the number of follicles, as discussed in Chapter 2. Thus, 
it is possible that the total actual pool (i.e. volume) of small follicles in the hierarchy, 
including SWF, LWF and SYF, that produce and secrete E2β, in reality was much 
larger than the one we were able to measure. A third explanation could be our 
observation that variation in plasma E2β levels between individual hens was 
generally large, so it is possible that other (unknown) factors, which are responsible 
for this large variation, masked the above mentioned relationship. 

 When considering to what extend LH influenced E2β, P4 and V F1, our 
quantitative estimations in Chapter 4 indicated that LH plays an apparent role in the 
mechanisms regulating these 3 dependent variables, i.e. when LH increased with 1 
ng/mL (almost similar to the mean LH amplitude of the pre-ovulatory increase), the 
dependent V F1 increased by 6.5%, P4 by 116.6% and E2β increased by 21.5%, 
respectively. These findings confirm what is already known about the function of 
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LH in other female birds, i.e. LH stimulates and regulates follicular development 
and enhances the production and secretion of P4 and E2β. Moreover, based on the 
ovulatory cycle of chickens (Etches, 1990), it is known that the positive feedback-
loop between P4 and E2β, and LH production and secretion finally increases LH 
concentrations to maximal levels and eventually causes ovulation of the F1-follicle. 
The ostrich, therefore, could provide an ideal model to investigate the pulsatile 
nature of LH secretion and its relation with plasma steroid levels in more detail, 
since its large size would allow more frequent blood sampling for a prolonged 
period. 

Although some differences exist between ostriches and chickens, e.g. the 
length of their egg laying cycle (48h vs. 24h, respectively) and the absolute values 
of their plasma hormone concentrations, we conclude overall, based on the data 
from Chapters 3 and 4, that most of the morphological and endocrinological 
changes, and their interactions taking place during the 48h egg laying cycle of 
ostriches, are quite similar to those described in chickens. Nevertheless, further 
studies on follicular maturation in ostriches are necessary, including: the 
determination of the dynamics of the follicular hierarchy; the investigation of the 
functional changes taking place in the follicular tissues of follicles when growing 
from small (SWF, LWF and SYF) to large until reaching their final position in the 
hierarchy (Fn - F1) during the egg laying cycle; the determination of androgen 
levels at more frequent intervals, since these steroids take an intermediate position 
in the biosynthetic pathway between P4 and E2β and other (reproductive) steroids 
(Etches, 1990), and since androgens reflect follicular differentiation more closely. In 
chickens, for example, as soon as follicles start to sequester yolk their oestrogen 
production declines, while androgen production increases after they entered the 
yolk-filled hierarchy (Robinson, 1986; Robinson and Etches, 1986). 

Ostrich plasma LH concentrations were measured, throughout the studies 
in this thesis, using a heterologous radioimmunoassay, i.e. chicken-LH RIA. Ideally, 
it would have been preferable to use purified ostrich-LH, as well as anti-ostrich LH 
antibody in a homologous ostrich-LH RIA. Although ostrich LH has been extracted 
and purified, as well as biochemically and immunologically characterized 
(Oosthuizen et al., 1980; Papkoff et al., 1982), at the time of our studies purified 
ostrich LH was not available to set up such an assay. Moreover, the observation 
that the peak plasma LH concentration was detected at the expected moment, i.e. 
a few hours before ovulation, reassured us that we measured biological LH activity 
with our heterologous assay. Further research on the pulsatile nature of LH 
secretion, requiring a more frequent sampling, as suggested above, could provide 
further evidence. On the other hand, the large variation in basal plasma LH levels 
between birds remains unclear and needs further investigation. Similar large 
variation between hens was observed for plasma E2β levels (Chapter 3). Because 
the plasma was extracted first, possible disturbing factors in ostrich plasma are 
unlikely to have played a role. 
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Changes in plasma hormone levels and their relation with changes in the 
number of large ovarian follicles during the (non) breeding season 
 

Ostriches are thought to be seasonal breeders, although sometimes they 
also breed opportunistically (Hicks, 1992; Degen et al., 1994). Factors and 
mechanisms affecting, regulating and maintaining seasonal egg production in 
ostriches have hardly gained attention (Degen et al., 1994; Soley and Groenewald, 
1999). Chapter 5 provided data on the changes of the plasma concentrations of LH 
and E2β and changes in the numbers of ultrasonographically detected large 
follicles on the ovary of farmed female breeding ostriches at monthly intervals 
throughout the year. The period of study included one egg production season and 
parts of two non-breeding seasons. 

Before the start of the egg production season, plasma LH concentrations 
were elevated and large ovarian follicles (> 6 cm) were detected already one 
month before the first ovipositions of the season took place. Plasma E2β levels 
increased only after egg production had started. In several (wild) seasonal 
breeding birds living in temperate zones, the breeding season is initiated by an 
increase in day length (the so-called ‘critical’ day length) that triggers the 
hypothalamus to produce and secrete GnRH, which in turn stimulates the pituitary 
gland to produce and secrete FSH and LH into the circulatory system (Sharp, 
1996). However, the function of FSH is not yet completely understood in birds 
(Etches, 1996b). Our present understanding is that it is mainly the rise in circulating 
LH concentrations that ‘awakens’ the bird’s ovary and starts stimulating the growth 
of small ovarian follicles. Due to the increase in the total pool of growing ovarian 
follicles the production and secretion of steroids will rise, eventually leading to 
increased plasma levels of these hormones, such as E2β. In birds that have a well 
developed follicular hierarchy, one follicle will finally mature to the point at which 
ovulation may occur. However, ovulation takes place only after the largest follicles 
within the hierarchy have produced sufficient amounts of P4 to stimulate the pre-
ovulatory peak production and secretion of LH; only then ovulation is triggered and 
the first egg of the season is laid. In ostriches, our data provided evidence that the 
sequence of events that leads to the onset of the breeding season is rather similar 
to that of other seasonal breeding birds. First, because of the similarly elevated 
plasma LH levels and the fact that large follicles were detected on the ovary about 
one month before the first eggs are laid. Second, because of the similar increase in 
plasma E2β levels as soon as the egg production season started, i.e. one month 
after the first large follicles had been detected. 

Our data demonstrated that the LH and E2β concentrations, as well as the 
number of large follicles, remained elevated during the entire egg production 
season. Additionally, with the exception of the seasonal LH values compared to the 
pre-seasonal ones, we found that the seasonal values for the numbers of follicles 
and plasma LH and E2β levels were significantly higher than their pre- and post-
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seasonal values, suggesting that all three parameters are closely related to the 
ostrich egg production season. However, more studies are necessary to analyse 
this relationship in more detail, for example by monitoring changes in ovarian 
activity and in plasma hormone profiles at much smaller (e.g. weekly) intervals 
throughout the year. 

At the end of the egg production season, plasma LH and E2β levels, as 
well as the number of large follicles, decreased simultaneously with, or just 
following, the last ovipositions of the season. In general, the mechanisms known to 
terminate egg production in birds are quite different from those that initiate its 
onset. After a certain period of time during the breeding season, which varies 
across species (wild and domesticated), birds become insensitive to the stimulatory 
effects of long day lengths, i.e. they fail to maintain maximal levels of 
gonadotrophin secretion (Sharp and Blache, 2003). In fact, the season 
endocrinologically terminates after the plasma prolactin concentration increases 
above a critical threshold level that indirectly depresses LH activity. This 
mechanism, known as photo refractoriness, within a few weeks time may cause 
regression of the ovary, subsequently leading to the end of the egg production 
season. Unfortunately, we do not have any information on prolactin secretion in 
ostriches and its relation to LH secretion at the present moment.  

Overall, Chapter 5 clearly showed that egg production in farmed ostriches, 
including its related morphological and endocrinological reproductive changes, is 
confined to a marked reproductive season, i.e. from March to September at the 
geographical latitude of our study site (53°08'N 06°35' E). Additionally, by 
comparing changes in the average monthly day lengths with the average monthly 
egg production figures, data indicate that day length plays an important role in the 
onset, duration and termination of egg production, confirming that ostriches are 
long-day breeders and photoperiod dependent, as was previously suggested for 
breeding ostriches kept in Israel (Degen et al., 1994). 

Finally, the data we acquired by repeatedly monitoring ovarian activity, 
plasma LH and E2β concentrations in relation to individual egg production figures 
throughout the year, can be used as reference data for future studies on ostrich 
farms. Further studies could, for example, include: (1) the investigation of factors or 
methods that might assist with synchronizing ovarian activity in females or with 
stimulating them to achieve a higher level of sexual activity and/or ovulation rates 
at the beginning of the egg production season (these might include ‘teasing and 
flushing’, as practised in sheep (Scaramuzzi et al., 2006) and/or light-regime 
programs, as practised in chickens (Etches, 1996c)); (2) the determination of the 
effects of inhibiting prolactin secretion at the end of the season; and (3) the 
determination of the factors that influence continuation or discontinuation of egg 
production during the season. Furthermore, we realize that our results may not 
apply to all management practices and climatic circumstances, thus we suggest 
that similar studies on the repeated monitoring of ovarian activity, plasma LH and 
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E2β concentrations throughout the year should also be performed on large scale 
ostrich farming enterprises, such as in the southern hemispheres. 
 
 
Present and future methods for monitoring egg production on ostrich farms 
 

Egg production per hen per year is an important parameter for estimating 
egg performance on farms. It is acknowledged that the average egg production per 
hen per year on ostrich farms is generally poor and varies widely (More, 1996; Van 
Schalkwyk et al., 1996; Bronneberg et al., 1999; Deeming and Ar, 1999; Soley and 
Groenewald, 1999). Taking into account the data presented on female reproduction 
in the previous chapters, we now provide some suggestions on how to monitor and 
improve egg production figures per hen per year, as well as improving the average 
on-farm egg performance. 

Egg production per hen per year can be monitored accurately only when 
the parentage of eggs can be determined with absolute certainty. In Chapter 1, we 
already mentioned one possibility for achieving this, i.e. keeping birds in breeding 
pairs (one male, one female). However, such a system is not used widely, mainly 
due to the relatively higher maintenance costs of the male. When breeding birds 
are kept in trios, quatros or in colonies, three options for keeping individual egg 
records are suggested: (1) developing an egg-identification system, either visually 
or computerized, based on the monitoring of several unique characteristics of eggs 
laid by individual females; (2) determining the parentage of eggs on the basis of 
continuous video monitoring systems; or, (3) determining the parentage of eggs by 
DNA-fingerprinting, for example, on the basis of an albumen sample taken from the 
egg. Albumen strictly represents the maternal genotype, as it is secreted by 
specific cells in the oviduct (Palmer and Guilliette, 1991; White, 1991). One method 
of sampling the egg albumen and determining the egg parentage has been 
successfully used in golden eye ducks, Bucephala clangula (Andersson and 
Åhlund, 2000). However, it may not be suitable and affordable to use in ostriches 
and needs to be further investigated, especially with respect to the possible 
disturbing effect on the fertility and hatchability rates of ostrich eggs (since drilling a 
small hole in the surface of the egg is necessary to obtain an albumen sample). 
The second option would probably be a feasible, long-term affordable solution 
since it has already been successfully used in domestic, as well as free-living, birds 
such as European starlings (Houdelier et al., 2007), although some initial 
investments would be required to set up a video monitoring system (video 
equipment and computer-software). 

With respect to the first option, we already partly implemented an ostrich 
‘visual’ egg-identification system in Chapter 5. In brief, the method used was as 
following: the farmer removed the egg from the nest as soon as oviposition 
occurred within a breeding paddock housing 1 male and 3 females. The farmer 
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then recorded the following egg characteristics after a routine washing: egg 
identification number, date and time of egg laying (egg sequence), paddock 
number, egg weight, egg size (largest length and width in cm) and any 
abnormalities on the surface of the egg. In case the farmer had actually observed 
the oviposition by a certain hen, the hen’s number was directly recorded on the 
egg. When oviposition was not observed, visual egg identification was performed 
directly after egg washing. Ostriches produce eggs with different shapes and 
dimension (Jarvis et al., 1985) and have been reported to recognize their own eggs 
(Bertram, 1979). Some individuals produce eggs that are more similar to each 
other than those of other hens. Egg identification was performed visually by 
comparing each individual egg with three empty-shelled reference eggs of known 
origin, i.e. where the laying hen was known with 100 percent certainty. The 
reference eggs were stored to facilitate the identification process of eggs laid by 
each individual hen. At the time of the study, unfortunately, it was not possible to 
evaluate our ‘visual’ egg-identification data (which contained over 1,000 eggs in 
that particular season) with a ‘golden standard’, i.e. for example by determining the 
parentage of each individual egg based on DNA-fingerprinting. Nonetheless, we 
were able to apply the ‘visual’ egg-identification method to 31 eggs (produced by 9 
different hens) with 100% certain parentage, and the farmer, in a blind trial, 
identified the eggs correctly with a 92% accuracy (n=28). 

Finally, we explored a computerized egg-identification method which could 
have great potential for use in ostriches (Bronneberg and Terlou, unpublished 
data). A computer-based image analysis system was used to quantify structures on 
the surface of the egg, such as the number and structure of the pores, from 
standardized digital photographs. Our preliminary data, based on 27 eggs from 9 
hens, showed that this method could discern eggs from different individuals; 
however, this technique still needs to be statistically validated with a larger data set 
using only eggs with 100% certain parentage.  

As soon as it is possible to accurately record egg production figures per 
hen per year for at least 2 consecutive years, individual selection of female 
ostriches can then be performed by identifying and excluding those hens with poor 
egg production figures, as compared to the average egg production performance 
on the farm. However, even when accurate egg production figures per hen are not 
yet available, we suggest using ultrasound scanning as an on-farm selection tool to 
increase egg production potential of individual hens. Selection of ostrich hens could 
take place in three different ways:  

- First, in Chapters 2 and 5 we demonstrated that large ovarian follicles can 
already be detected 3-4 weeks before the first eggs of the season are produced. 
Thus, by performing ultrasound scanning at repeated (e.g. 1- or 2-weekly) intervals 
in the pre-seasonal period, i.e. before egg production actually starts, it should be 
possible to identify hens that show ovarian activity much earlier compared to other 
hens on the farm. 
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- Second, preliminary data from Lambrechts et al. (2002) showed that 
when performing ultrasound scanning at the start of the season, females with a 
certain level of ovarian activity (i.e. two or more follicles) produce more eggs in the 
first month (s) and during the entire season, compared to hens that did not show 
ovarian activity (i.e. one or no follicles). This would suggest that scanning at the 
start of the egg laying season can be used as a management c/q selection tool to 
quantify the egg production potential of individual female birds. 

- Third, in Chapter 3 we showed that, by means of ultrasound scanning, 
laying birds could be distinguished from non-laying ones, or better, ovulating 
females could be distinguished from non-ovulating hens. The ultrasonographic 
criterion that positively determines whether a hen is ‘laying’ and/or ‘ovulating’ is the 
detection of a developing ovum within the oviduct, or, of a calciferous egg within 
the shell gland. Other criteria that ‘positively’ contribute to this discrimination may 
include: the level of ovarian activity (5 to 10 follicles larger > 3 cm of increasing 
size), the presence of a post-ovulatory follicle, and the visualization of an empty 
shell gland right after oviposition in combination with the first two criteria. Thus, by 
performing ultrasound scanning at repeated (e.g. weekly or monthly) intervals 
during the egg production season, it is possible to identify whether individual 
females are actually productive. In addition, on-farm determination of the plasma 
P4 concentration a few hours before expected ovulation could also be used in the 
future as a selection method to discriminate ovulating from non-ovulating hens. Our 
data in Chapter 3 demonstrated that the plasma P4 levels showed the most 
characteristic and consistent changes and indicated that P4 plays a crucial role in 
the ovulation of the largest (F1) follicle. The two applications mentioned under point 
3 are especially useful in breeding systems in which the parentage of eggs cannot 
be determined with absolute certainty, i.e. in systems where females are kept in 
trios, quatros or colonies.  

Finally, it should be emphasized that once individual egg production figures 
can be determined with certainty, other individual data with respect to reproductive 
performance of hens could also be monitored, such as the fertility and hatchability 
percentage, and, chick performance data. Once a large set of individual 
performance data will be available, it will be possible to select individual productive 
hens from non-productive ones, diagnose problems with reproductive performance 
within breeding paddocks, and, even devise genetic breeding strategies. 
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De eiproductie van bedrijfsmatig gehouden struisvogelhennen is laag, 
wereldwijd, en varieert sterk tussen bedrijven, tussen hennen onderling, en zelfs 
tussen opeenvolgende legseizoenen. Op het noordelijk halfrond strekt het 
legseizoen van struisvogels zich uit van maart tot oktober en op het zuidelijk 
halfrond van juli tot februari. Tijdens het legseizoen kunnen struisvogels elke 48 
uur een ei produceren. Sommige hennen zijn in staat 60 eieren of meer per 
legseizoen te produceren, maar meestal zijn het slechts enkele hennen die een 
dergelijk (hoog) productieniveau bereiken en is de variatie tussen individuele 
dieren groot. De gemiddelde productie per hen per seizoen ligt tussen de 30 en 50 
eieren, en soms zelfs lager. Daarbij komt dat er met betrekking tot diverse 
aspecten van de voortplanting van vrouwelijke struisvogels een tekort aan kennis 
bestaat. Hierbij moet men onder andere denken aan: de functionele en 
morfologische veranderingen die de voortplantingsorganen gedurende de 48-uurs 
eilegcyclus ondergaan; de fysiologische en hormonale mechanismen die de 
activiteit van de eierstok reguleren; en de factoren die het begin, de voortzetting en 
de beëindiging van het legseizoen van struisvogels beïnvloeden. Bovendien is er 
nauwelijks informatie beschikbaar over het gebruik van diagnostische technieken 
om de vrouwelijke voortplantingsorganen in beeld te brengen en hun functionele 
veranderingen te onderzoeken. 

In dit proefschrift is een aantal fundamentele en toegepaste aspecten van 
de voortplanting bij vrouwelijke struisvogels onderzocht, niet alleen tijdens de 48-
uurs eilegcyclus, maar ook tijdens en buiten het legseizoen. De doelstellingen van 
dit proefschrift zijn: (1) het gebruik van transcutane echografie bij vrouwelijke 
struisvogels nader te onderzoeken om zodoende de functionele en morfologische 
veranderingen van de voortplantingsorganen in beeld te kunnen brengen; (2) de 
plasma hormoonconcentraties van progesteron (P4), luteinizerend hormoon (LH) 
and oestradiol-17β (E2β) te bepalen en hun profielen te evalueren; en (3) de relatie 
te onderzoeken tussen de functionele en morfologische veranderingen van de 
voortplantingsorganen en de gelijktijdige veranderingen van deze plasma 
hormoonconcentraties. De overkoepelende onderzoeksdoelstelling is om de basale 
kennis op het gebied van de voortplanting van vrouwelijke struisvogels uit te 
breiden en nieuwe hulpmiddelen aan te reiken die de eiproductie op 
struisvogelbedrijven kunnen verhogen. 

In het hoofdstuk 1 wordt een overzicht gegeven van enkele kenmerkende 
eigenschappen van struisvogels, de productie- en bedrijfsvoeringsmethoden die 
wereldwijd gehanteerd worden, en van de algemene voortplantingsbiologie van 
struisvogels. Hierbij worden ook gegevens verstrekt over hun eiproductie en 
voortplantingssucces. De onderzoeksgebieden die in dit proefschrift aan bod 
komen worden in dit hoofdstuk eveneens besproken. 

Hoofdstuk 2 beschrijft een techniek voor transcutane echografie bij 
struisvogels om de vrouwelijke voortplantingsorganen in beeld te kunnen brengen. 
Daarnaast worden voorbeelden van echografische afbeeldingen gepresenteerd: 
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onder andere van verschillende structuren op de eierstok en van eieren die in de 
eileider in ontwikkeling zijn. De gegevens werden verzameld bij acht volwassen, 
eileggende struisvogels. Het in vivo echografisch onderzoek vond één dag voor het 
slachten plaats, terwijl de voortplantingsorganen direct na slachting in vitro in een 
waterbad zijn gescand. Door de echografische beelden met de post mortem 
macroscopische structuren op de eierstok te vergelijken konden de volgende 
morfologische structuren echografisch worden geïdentificeerd: follikels van 
verschillende grootte (diameters 1 tot 9 cm) op de eierstok, atretische follikels, 
post-ovulatoire follikels, en eieren in de eileider die in verschillende stadia van 
ontwikkeling verkeerden. In totaal was 58% (95% betrouwbaarheidsinterval: 41% - 
79%) van alle follikels (> 3 cm), die tijdens het post mortem macroscopisch 
onderzoek werden gemeten en geteld, tijdens het voorgaande in vivo echografisch 
onderzoek aangetroffen. In het tweede deel van hoofdstuk 2 was een echografisch 
onderzoek ook bij twee hennen (op een struisvogelbedrijf) wekelijks tijdens het 
legseizoen uitgevoerd, teneinde een indruk te krijgen van de voorspellende waarde 
van deze methode met betrekking tot de eiproductie van struisvogels. Door de 
echografische beelden van de follikelactiviteit op de eierstok te vergelijken met de 
individuele eiproductiegegevens van deze hennen, werd de voorlopige conclusie 
getrokken dat echografie een belangrijk hulpmiddel kan zijn bij het voorspellen van 
de eiproductie, met name aan het begin en het eind van het legseizoen. 
Samenvattend blijkt uit hoofdstuk 2 dat transcutane echografie bij volwassen 
vrouwelijke struisvogels een praktische, niet-invasieve methode is die gebruikt kan 
worden om de activiteit op de eierstok te vervolgen, de verschillende functionele 
structuren op de eierstok in beeld te brengen, de ontwikkeling van individuele 
eieren in de eileider te vervolgen en eieren met een kalkschaal in de schaalklier in 
beeld te brengen. Tevens lijkt deze techniek een belangrijk toekomstig hulpmiddel 
te zijn voor onderzoek aangaande de voortplantingsfysiologie en -pathologie. 

In hoofdstuk 3 zijn tien eileggende struisvogels tijdens hun 48 uur durende 
eilegcyclus herhaaldelijk onderzocht, teneinde de relaties tussen het moment van 
ovipositie (= eileggen), het moment van ovulatie (= eisprong), de ontwikkeling van 
eieren in de eileider en de veranderingen in de plasma concentraties van P4, LH en 
E2β te bestuderen. Tijdens de onderzoeksessies (van tenminste 48 uur) werd de 
echografie elke 3 uur en de bloedafname elk uur uitgevoerd. Bij acht hennen, die 
tijdens de onderzoeksperiode ovuleerden, werd het geövuleerde ei gemiddeld 2 
uur na het moment van de ovipositie, echografisch in beeld gebracht. Met andere 
woorden: bij al deze dieren trad ovulatie op kort na ovipositie van het voorafgaande 
ei. Tijdens de periode tussen twee oviposities in (circa 48 uur) bevond het ei in 
ontwikkeling zich gedurende gemiddeld 9 uur in het voorste deel van de eileider 
(infundibulum, magnum of isthmus) en gemiddeld 36 uur in het laatste deel ervan 
(uterus of schaalklier). Bij de hennen die geövuleerd hadden, vertoonde de plasma 
concentratie van P4 een zeer karakteristiek en consistent patroon: 12 uur vóór 
ovipositie begonnen de P4 concentraties vanuit hun basale uitgangswaarden van 
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ca. 0.1 ng/mL te stijgen, bereikten 3 uur vóór ovipositie een gemiddelde 
piekwaarde van 3.5 ng/mL en keerden 3 uur en 30 minuten ná ovipositie terug naar 
hun basale uitgangswaarden. De veranderingen in de plasma concentraties van 
LH en E2β lieten een vergelijkbaar patroon van pieken en dalen zien in relatie tot 
het moment van ovipositie en ovulatie. Echter, de variatie in de individuele basale 
uitgangswaarden van deze hormonen was in het algemeen groter en de pieken 
waren minder duidelijk dan die van P4. Bij de twee vogels die tijdens de studie niet 
ovuleerden, bereikte noch P4, noch LH, noch E2β piekconcentraties vóór ovipositie. 
Deze studie tijdens de 48-uurs eilegcyclus van struisvogels toont aan dat het 
moment van ovulatie, de ontwikkeling van eieren in de eileider en het moment van 
ovipositie volgens een redelijk strak tijdschema verlopen, en tevens dat de plasma 
concentraties van P4, LH en E2β net vóór ovulatie een piekwaarde bereiken. 
Bovendien laten deze bevindingen zien dat het gebruik van echografie op 
struisvogelbedrijven een bruikbare methode is om ovulerende van niet-ovulerende 
hennen te onderscheiden. 

Op basis van waarnemingen die tijdens de in hoofdstuk 3 beschreven 
studie van de 48-uurs eilegcyclus werden gedaan, beschrijft hoofdstuk 4 de 
veranderingen in het volume van de grote follikels (diameter > 3 cm) op de 
eierstok. Daarnaast wordt in hoofdstuk 4 tevens de invloed van factoren 
gekwantificeerd die het volume van de grootst gemeten follikel en de plasma 
concentraties van P4 en E2β kunnen beïnvloeden. Bij acht eileggende struisvogels, 
die tijdens de onderzoeksperiode ovuleerden, werd het echografisch onderzoek en 
de bloedafname elke drie uur uitgevoerd. Het gemiddelde volume van het totale 
aantal zichtbaar gemaakte grote follikels (V total), het volume van de grootst 
gemeten follikel (V F1), dat van de één-na-grootste follikel (V F2) en alle follikels 
kleiner dan de F2-follikel (V F3 - Fn) was in alle gevallen vóór het moment van 
ovipositie (van het ei dat afkomstig was van de laatste, voorafgaande ovulatie) 
hoger dan erna. V total, V F2 en V F3 - Fn verdubbelden bijna tijdens de 24 uur vóór 
ovipositie, terwijl V F1 zich gedurende deze periode op een bijna onveranderd, hoog 
niveau handhaafde. Onmiddelijk ná ovipositie (binnen 6 uur), d.w.z. ongeveer rond 
het moment van een daarop volgende, nieuwe ovulatie, daalde V total. Eenzelfde 
daling vond plaats met betrekking tot het volume van de overige follikelcategorieën 
(V F1, V F2 en V F3 - Fn). Bij het kwantificeren van factoren die V F1, P4 en E2β 
beïnvloeden, werd via een lineair mixed-effects model aangetoond dat: (1) V F1 
vóór ovipositie 13.2% hoger was dan erna, en V F1 6.5% toenam wannneer LH met 
1 ng/mL steeg; (2) de P4 concentratie vóór ovipositie 93.2% hoger was dan erna, 
P4  voor elke 3 uur dichter bij het moment van ovipositie met 43.1% toenam, en P4 
met 116.6%, 50% en 6.1%, respectievelijk, toenam wanneer de LH and E2β 
concentratie en V F1 met 1 ng/mL, 10 pg/mL en 10 mL steeg; en (3) de E2β 
concentratie vóór ovipositie 35.6% hoger was dan erna, E2β voor elke 3 uur dichter 
bij het moment van ovipositie met 2.7% toenam, en E2β met 14.6% toenam 
wanneer LH met 1 ng/mL steeg. Concluderend laten deze bevindingen zien dat 
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gedurende de 48-uurs eilegcyclus van struisvogels: (1) het follikelvolume (geschat 
aan de hand van alle zichtbaar gemaakte follikels groter dan 3 cm) vóór ovulatie 
toeneemt en direkt erna afneemt; en (2) de follikeldynamiek en de veranderingen 
van de gelijktijdig bepaalde plasma concentraties van P4, LH en E2β een patroon 
vertonen dat vergelijkbaar is met dat beschreven voor gedomesticeerde (leg) 
kippen. 

Hoofdstuk 5 beschrijft de veranderingen van het aantal grote follikels op de 
eierstok (diameter 6.1 tot 9.0 cm) en de veranderingen van de plasma 
concentraties van LH en E2β in relatie met de individuele eiproductie gegevens van 
bedrijfsmatig gehouden struisvogels gedurende één volledig jaar. Het echografisch 
onderzoek en de bloedafname ten behoeve van hormoonbepalingen werd 
maandelijks bij negen hennen uitgevoerd, gedurende het legseizoen en delen van 
het voorafgaande en volgende niet-legseizoen. De resultaten laten zien dat: (1) 
één maand voordat de eerste eieren van het seizoen zijn gelegd er al grote follikels 
worden aangetroffen en de LH concentraties al zijn verhoogd; (2) de E2β 
concentraties toenemen zodra het eileggen is begonnen; (3) het aantal grote 
follikels en de LH en E2β concentraties gedurende het gehele legseizoen zijn 
verhoogd; en (4) het aantal grote follikels en de LH en E2β concentraties afnemen 
gelijktijdig met óf direkt volgend op het moment dat de laatste eieren van het 
seizoen zijn gelegd. Door de waarden tijdens het legseizoen te vergelijken met die  
tijdens de perioden voorafgaand of volgend op het legseizoen werd, met betrekking 
tot het aantal grote follikels en de E2β concentraties, een statistisch significant 
verschil gevonden. De LH concentraties tijdens het seizoen verschilden alleen 
significant van die na het legseizoen. Concluderend laten deze bevindingen zien 
dat de veranderingen van het aantal grote follikels en van de plasma concentraties 
van LH en E2β nauw gerelateerd zijn aan de individuele eiproductiegegevens van 
struisvogels. Hiermee wordt aanvullend bewijs geleverd dat de eiproductie van 
bedrijfsmatig gehouden struisvogels tijdens een ‘biologisch begrensd’ 
voortplantingsseizoen plaats vindt. Bovendien duiden de resultaten erop dat de 
regulerende mechanismen die het legseizoen van struisvogels op gang brengen, in 
stand houden en beëindigen, overeen lijken te stemmen met de mechanismen die 
bekend zijn van andere seizoensmatig broedende vogelsoorten. 

De samenvattende discussie in hoofdstuk 6 geeft de bevindingen van de 
voorafgaande hoofdstukken weer en bediscussieert deze in hun onderlinge 
samenhang. Tevens worden suggesties gegeven voor toekomstig onderzoek op 
het gebied van de voortplanting van bedrijfsmatig gehouden struisvogels, zoals 
bijvoorbeeld: (1) echografische studies bij vrouwelijke struisvogels om individuele 
follikels in de tijd te vervolgen (dat wil zeggen om de positie van deze follikels in de 
hiërarchie te bepalen), en tevens om het nut van deze techniek bij de toekomstige 
toepassing van kunstmatige inseminatie te onderzoeken; (2) echografische studies 
bij mannelijke struisvogels, teneinde de morfologische veranderingen van de 
mannelijke voorplantingsorganen te kunnen vervolgen; (3) hormonale studies bij 
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vrouwelijke struisvogels die gebaseerd zijn op frequente bloedafname (bijv. elke 15 
min) tijdens de 48-uurs eilegcyclus, met als doel om het pulsatiele patroon van LH 
afgifte en de relatie met veranderingen van de plasma androgeen concentraties te 
onderzoeken; (4) morfologische en endocrinologische studies, teneinde de 
factoren (en mogelijk beïnvloedingsmethoden) te onderzoeken die het legseizoen 
op gang brengen, synchroniseren en beëindigen; en (5) studies met als doel de 
(individuele) afkomst van eieren op struisvogelbedrijven te kunnen bepalen (met 
behulp van DNA-fingerprinting methoden en/of het verder ontwikkelen van een 
gecomputeriseerd ei-identificatiesyteem). 

In dit proefschrift wordt de conclusie getrokken dat transcutane echografie 
een praktische, niet-invasieve diagnostische methode is die op struisvogelbedrijven 
kan worden gebruikt om de verschillende morfologische structuren van de 
vrouwelijke voortplantingsorganen in beeld te brengen en de veranderingen op de 
eierstok en in de eileider in de tijd te vervolgen. Bovendien kan echografie als een 
selectie (hulp) middel op struisvogelbedrijven worden ingezet om: (1) in de periode 
vóór het legseizoen hennen te identificeren die vroege ovariële activiteit vertonen, 
(2) bij de aanvang van het legseizoen de eiproductie-potentie van individuele 
vrouwelijke dieren te kwantificeren, en (3) tijdens het legseizoen eileggende van 
niet-eileggende, en ovulerende van niet-ovulerende hennen te onderscheiden.  
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Egg production performance in farmed breeding ostriches (Struthio 
camelus spp.) is generally poor worldwide and differs widely: between farms, 
between birds and even between consecutive breeding seasons. In the Northern 
hemispheres the ostrich egg production season is from March to October, and in 
the Southern hemispheres from July to February. During this period ostriches can 
produce an egg every 48h. Some females are capable of producing 60 eggs or 
more per season, however, only few hens establish such a production level and 
variation between individual hens is large. Average seasonal egg production 
figures on farms vary between 30 and 50 eggs per hen, or lower. In general there 
is a lack of information regarding various basic aspects of female reproduction, 
such as: the functional and morphological changes of the reproductive organs 
during the 48h egg laying cycle; the physiological and endocrinological 
mechanisms regulating ovarian activity; and, the factors influencing the onset, 
duration and termination of the ostrich egg production season. Moreover, little 
information is available regarding the application of diagnostic tools to visualize the 
female reproductive organs and investigate their functional changes, as well as the 
physiological and endocrine mechanisms underlying these changes.  

This thesis addresses some basic and applied aspects of female 
reproduction in farmed ostriches throughout the 48h egg laying cycle, the egg 
production season, and two parts of the non-breeding season. The objectives are: 
(1) to evaluate the use of transcutaneous ultrasound scanning to visualize 
functional changes within the female reproductive organs; (2) to evaluate the 
plasma hormone profiles of progesterone (P4), luteinizing hormone (LH) and 
estradiol-17β (E2β); and, (3) to study the relationship between the functional, 
morphological changes in the female reproductive organs and the concurrent 
changes of the above mentioned plasma hormone levels. The overall objective is 
to improve basic knowledge on female reproduction and to provide new tools for 
improving egg production performance on ostrich breeding farms.  

Chapter 1 presents a review of the characteristics of the ostrich species, its 
production and farming practices around the world, as well as data on reproductive 
biology, egg production and reproductive performance on ostrich farms. The 
research areas addressed by this thesis are also discussed here. 

Chapter 2 describes a non-invasive technique for on-farm transcutaneous 
ultrasound scanning of the female reproductive organs in ostriches. Examples of 
ultrasonographic images of different ovarian structures and developing eggs within 
the genital tract (oviduct) are provided. These data were obtained by scanning 
eight mature egg-producing ostriches. In vivo scanning took place on farm a day 
prior to slaughter, while immediately after slaughter, the reproductive organs were 
scanned in vitro in a water bath. By comparing ultrasonographic images with post 
mortem ovarian morphology, the following morphological structures could be 
identified using ultrasound scanning: ovarian follicles of different sizes (diameter 1 
to 9 cm), atretic follicles, post-ovulatory follicles, and eggs in different stages of 
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development within the genital tract. In total, 58% (95% confidence interval 0.41 to 
0.79) of the number of follicles (> 3 cm) counted during post mortem investigation 
was detected during the previous in vivo examination. In the second part of 
Chapter 2, ultrasound scanning was performed in two female farmed ostriches at 
weekly intervals during the breeding season in order to determine the predictive 
value of this technique in relation to the egg production of these birds. By 
comparing the ultrasonographic images of ovarian activity with individual egg 
production of these hens, preliminary evidence was obtained that scanning is 
valuable in predicting egg production, especially at the start and the end of the 
breeding season. It is concluded that transcutaneous ultrasound scanning in 
mature female breeding ostriches is a practical, non-invasive technique for 
monitoring ovarian activity, for visualizing different functional ovarian structures, for 
following the development of individual ova and for visualizing eggs with calciferous 
shells within the oviduct. Moreover, this technique appears to be a valuable tool for 
future research on reproductive physiology and pathology in ostriches. 

In Chapter 3 ten egg-producing birds were repeatedly investigated during 
the 48h egg laying cycle to study the temporal relation between oviposition, 
ovulation, egg formation, and the changes in plasma concentrations of P4, LH and 
E2β. Transcutaneous ultrasound scanning was performed at 3h intervals and blood 
sampling at hourly intervals during a period of at least 48h. In eight hens that 
ovulated during the observational period, the ovulated egg was first detected on 
average 2h after oviposition; thus ovulation occurred shortly after oviposition of the 
previous egg in all birds. During the period between two consecutive ovipositions, 
the developing egg remained for 9h in the proximal part (infundibulum, magnum or 
isthmus) and for 39h in the distal part of the oviduct (uterus or shell gland). In the 
ovulating hens, plasma P4 concentrations showed a characteristic and consistent 
profile: they started to increase 12h before oviposition from basal levels of around 
0.1 ng/mL, reaching an average maximum of 3.5 ng/mL 3h before oviposition and 
returning to basal levels 3h30min after oviposition. Changes in plasma LH and E2β 
concentrations showed comparable patterns of elevation and decline relative to 
oviposition and ovulation. However, variation in these hormones’ individual basal 
concentrations was generally larger than for P4 and their peak values were less 
conspicuous. In two non-ovulating hens neither P4, nor LH or E2β, raised to peak-
concentrations before oviposition. This study demonstrates that during the egg 
laying cycle, events such as oviposition, ovulation and egg development in the 
oviduct in ostriches evolve according to a rather strict time schedule, and that P4, 
LH and E2β reach peak concentrations shortly before ovulation. Moreover, these 
findings show that on-farm ultrasound scanning is a useful technique to 
discriminate between ovulating and non-ovulating hens.  

Based on examinations that were performed in the studies during the 48h 
egg laying cycle as described in Chapter 3, Chapter 4 describes the changes in the 
volume of large ovarian follicles (diameter > 3 cm), while quantifying the influence 
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of factors affecting the volume of the largest measured follicle and the plasma 
concentrations of P4 and E2β. Transcutaneous ultrasound scanning and blood 
sampling was performed at 3h intervals in eight egg-producing birds, all of which 
ovulated during the 48h study period. The average volume of the total number of 
visualized large follicles (V total), the volume of the largest measured follicle (V F1), 
that of the second largest follicle (V F2) and all follicles smaller than F2 (V F3 - Fn) 
were all higher before than after oviposition (of the previously ovulated egg). V total, 
V F2 and V F3 - Fn nearly doubled in the 24h period before oviposition, while V F1 
remained at an equal, rather high level until oviposition. Immediately after 
oviposition V total, as well as the volume of the other follicle categories, decreased 
within 6h, i.e. around the moment of next ovulation. A linear mixed-effects model 
showed that: (1) V F1 was 13.2% higher before than after oviposition and increased 
by 6.5% when LH increased by 1 ng/mL; (2) P4 levels were 93.2% higher before 
than after oviposition and increased by 43.1% for every 3h closer to oviposition; 
moreover, P4 increased by 116.6%, 50% and 6.1%, respectively, when LH and E2β 
levels and V F1 increased by 1 ng/mL, 10 pg/mL and 10 mL; and (3) E2β levels 
were 35.6% higher before than after oviposition; they increased by 2.7% for every 
3h closer to oviposition and by 14.6% when LH increased by 1 ng/mL. These data 
demonstrate that during the egg laying cycle in ostriches: (1) follicular mass (as 
estimated by the volume of visualized follicles larger than 3 cm) increases before 
ovulation and decreases right after it; and (2) follicular dynamics and their 
accompanying endocrine plasma hormone profiles in ostriches follow a pattern 
similar to that described in domestic chickens. 

Chapter 5 describes changes in the number of large ovarian follicles 
(diameter 6.1 to 9.0 cm) and changes in the plasma concentrations of LH and E2β 
in relation to individual egg production figures in farmed ostriches throughout one 
year. Ultrasound scanning and blood sampling for plasma hormone analyses were 
performed in nine hens on a monthly basis during the breeding season, and in the 
two periods of the non-breeding season, before and after. The results showed that: 
(1) large follicles were detected and LH concentrations were elevated already one 
month before first ovipositions of the egg production season took place; (2) E2β 
concentrations increased as soon as the egg production season started; (3) the 
number of large follicles increased, LH and E2β concentrations were elevated 
during the entire egg production season; and, (4) the number of large follicles, LH 
and E2β concentrations decreased simultaneously with, or just following, the last 
ovipositions of the egg production season. By comparing these parameters during 
the egg production season with their pre-and post-seasonal values, significant 
differences were found in the number of large follicles and E2β concentrations. LH 
concentrations were significantly different only between the seasonal and post-
seasonal period. In conclusion, these data demonstrate that changes in the 
number of large follicles and changes in the plasma concentrations of LH and E2β 
closely parallel individual egg production figures, providing additional evidence that 
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egg production in ostriches is confined to a marked reproductive season. 
Moreover, the data indicate that mechanisms, initiating, maintaining and 
terminating the egg production season in farmed breeding ostriches are quite 
similar to those already known in other seasonal breeding bird species. 

Chapter 6 provides a summarizing discussion of the data from the 
proceeding chapters. Suggestions for future reproductive studies in farmed 
breeding ostriches are also given, such as: (1) ultrasound studies in female 
ostriches to follow individual follicles in time, i.e. to determine the follicular 
hierarchy, and also, to determine the technique’s use for future application in 
artificial insemination; (2) ultrasound studies in male ostriches to monitor 
morphological changes of the male reproductive organ; (3) endocrine studies in 
female ostriches performed at e.g. 15 min intervals during the 48h egg laying cycle 
to investigate the pulsatile nature of LH secretion and its relation with changes in 
plasma androgen concentrations; (4) morphological and endocrinological studies to 
investigate factors (and methods) that initiate, synchronize and terminate the egg 
production season; and (5) investigations to determine the parentage of eggs on 
ostrich farms, either by the use of DNA-fingerprinting and/or by further developing a 
computerized egg- identification system. 

In this thesis it is concluded that transcutaneous ultrasound scanning is an 
on-farm non-invasive diagnostic technique for visualizing several morphological 
structures within the female reproductive organs of farmed ostriches, and, for 
following changes on the ovary and within the oviduct over time. Finally, ultrasound 
scanning can be used as a selection tool on ostrich farms to: (1) identify hens that 
show early ovarian activity in the pre-seasonal period, (2) quantify the egg 
production potential of individual female birds at the start of the season, and (3) 
distinguish laying from non-laying birds, or even, ovulating from non-ovulating hens 
during the season. 
 



 
 
 





 
 
 
 

Dankwoord 
 

Acknowledgements 
 



 
 
 



Dankwoord 
 
 

 155

Vanaf het moment dat ik de struisvogel- en onderzoekswereld ben 
binnengestapt, heb ik vele bijzondere mensen mogen ontmoeten, niet alleen in 
Nederland, maar ook daarbuiten. Veel van deze mensen hebben op zijn of haar 
manier aan dit proefschrift bijgedragen en ik wil hen daar dan ook hartelijk voor 
bedanken! Wetende dat ik waarschijnlijk een enkeling zal vergeten, ga ik toch 
proberen om die lijst te doorlopen. 

 
Als eerste wil ik mijn beide promotoren bedanken, Marcel Taverne en Arjan 

Stegeman. Zonder jullie intensieve en deskundige begeleiding had ik dit 
proefschrift nooit tot dit (voor mij kwalitatieve) hoogstandje kunnen volbrengen. 
Mede dankzij jullie, ben ik apetrots! Marcel, van begin af aan ben je erbij geweest. 
Altijd voor de volle honderd procent, altijd weer enthousiast, gedreven door alles 
wat met voortplantingsbiologie te maken heeft. Van tijd tot tijd was je ook kritisch 
en recht door zee, maar toch altijd weer met een zekere warmte. Jouw technische 
adviezen ten aanzien van de echografie en de (praktische) uitvoering van de 
proeven waren onmisbaar. Jouw biologisch-wetenschappelijke benaderingen en 
jouw intensieve bijdragen aan het volbrengen van de manuscripten waren van 
grote waarde. Marcel, jij hebt mij geleerd mijn eigen grenzen opnieuw te verleggen! 
Arjan, als nieuw hoogleraar nam je in 2001 de pluimvee-afdeling onder jouw 
hoede. Samen met jouw voorganger Anton Pijpers (Anton, hartelijk bedankt voor 
jouw gewillige oor en inzet in die eerste jaren!) en samen met Marcel was ik al een 
weg ingeslagen die uiteindelijk misschien tot het schrijven van een proefschrift zou 
kunnen leiden. Arjan, jij verzekerde mij toen: ‘Als A gezegd is, zal ik B zeggen!’ en 
jij hebt je daar altijd aan gehouden. Je was meer relativerend en analyserend van 
aard, ten dele waarschijnlijk ook vanwege jouw achtergrond in de Epidemiologie. 
Jouw bijdragen op het gebied van de statistiek, analysen en (proef) modellen 
waren meer dan welkom. Marcel en Arjan, jullie waren de perfecte mix! 

Graag wil ik hier ook Hans Vernooij bedanken. Hans, ik had jou graag als 
co-promotor willen benoemen, maar helaas was dat niet mogelijk. Voor mij heb jij 
die taak in praktische zin meer dan volbracht. Jouw inbreng was onmisbaar, niet 
alleen wat betreft het uitvoeren van (voor mij) ingewikkelde statistische modellen 
en analysen, maar ook bij het verfijnen van diverse vraagstellingen. In jouw drukke 
agenda vond je altijd weer een gaatje (vaak op het laatste moment) om mij het een 
en ander te verduidelijken. Hans, ook dankzij jou is dit proefschrift geworden tot 
datgene wat nu voor jou ligt. Ook is mijn dank groot aan Riek van Oord, die mij in 
de beginjaren heeft laten zien hoe je op een correcte en altijd weer dezelfde 
manier (protocollen!) je echografisch onderzoek dient uit te voeren. Riek, bedankt 
ook voor het bijelkaar verzamelen van de materialen voor de proeven en jouw hulp 
bij het afdraaien van de bloedmonsters. 

Voor de hormoon bepalingen van al die honderden plasma monsters wil ik 
graag Stef Dieleman, en met name Thea Blankensteijn en Christine Oei ontzettend 
bedanken. Jullie waren er altijd weer wanneer ik op het laatste moment met mijn 
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‘struisvogel-bloedjes’ kwam aanzetten. Jullie nauwkeurige manier van werken was 
essentieel. Jullie enthousiasme was aanstekelijk wanneer er weer eens van die 
leuke resultaten uit de proeven naar voren kwamen. Voor het uitvoeren van de LH 
(en FSH) bepalingen bedank ik Eddy Decuypere en Veerle Bruggeman (Katholieke 
Universiteit in Leuven). Behalve jullie bijdrage wat betreft de LH bepalingen, waren 
jullie technische adviezen en kritische opmerkingen bij het vervaardigen van de 
publicaties van grote waarde. 

Gedurende de jaren dat ik aan mijn promotieonderzoek heb gewerkt ben ik 
vele malen bij de afdeling Gezondheidszorg Landbouwhuisdieren binnen gelopen, 
waarbij ik telkens weer ben verrast door het enthousiasme waarmee ik ontvangen 
ben. Niet alleen door de mensen waar ik direkt mee te maken had, maar zeker ook 
door hun (stiekem ook een beetje ‘mijn’) collega’s die ik in de wandelgangen 
tegenkwam. Hierbij denk ik aan: Jo en Marius (jullie wetenschappelijk-filosofische 
benaderingen waren scherp, blikverruimend, inspirerend, en soms zelfs hilarisch te 
noemen), Mieke, Edwin, Twan, Francisca, Ellen, Paul, Maarten, Peter, Herman, 
Bert, Ben, Vidya, Hiemke, de mensen van de administratie, en vele anderen. 
Bedankt voor jullie interesse en steun. 

Verder wil ik binnen de faculteit Diergeneeskunde bedanken: Peer Zwart, 
die onder andere voor mijn promotieonderzoek een belangrijke inspiratiebron is 
geweest, Gerrie Dorresteijn, Sjeng Lumeij, Jean de Gooijer, Robert Paling, Frans 
van der Linden en Henk Halsema. 

 
Buiten de faculteit Diergeneeskunde zou ik Maarten Terlou en Ronald Leito 

willen bedanken. Beiden werken aan de faculteit Biologie (Universiteit Utrecht) en 
hebben mij ontzettend op weg geholpen bij het opzetten van een 
gecomputeriseerd eiherkenningsysteem voor struisvogeleieren (zie ‘summarizing 
discussion’). 

 
Binnen de struisvogelwereld ben ik heel veel dank verschuldigd aan Wim, 

Jannie, Gerard, Mieke en Jeroen de Kreij, en natuurlijk ook aan hun struisvogels, 
die ik voor mijn promotieonderzoek maar al te vaak onder handen heb genomen. Ik 
herinner mij nog goed die eerste keer dat ik op jullie boerderij in Tolbert werd 
uitgenodigd, alweer bijna 10 jaar geleden. Aanvankelijk waren jullie wat 
terughoudend wat betreft het onderzoek dat ik in petto had: echografie bij 
struisvogels, en dan ook nog tijdens de legperiode? Beïnvloedt dat niet de 
eiproductie? Gelukkig waren jullie al gauw over de schreef en begon een periode 
(tot op heden) die mij altijd bij zal blijven. Het was het begin van een mooie 
vriendschap. Vele avonden en weekenden hebben wij samen doorgebracht: 
samen de struisvogels bekijken (het fameuze ‘rondje’), samen voeren, eieren 
rapen, vogels vangen, scannen en bloedtappen, eindeloze discussies over van 
alles en nog wat, vaak onder het genot van een kopje koffie, borrrel en een lekker 
hapje. Wim, ik heb met ontzettend veel plezier en respect met jou samengewerkt. 



Dankwoord 
 
 

 157

Je wist op de juiste momenten ook jouw technische kennis bij mijn onderzoek in te 
brengen. Daar heb ik ontzettend veel van geleerd. Jannie, jij stond altijd voor mij 
klaar, niet alleen met de heerlijke koffie, koekjes en maaltijden, en het snel even 
opmaken van een bed, maar zeker ook met jouw inzicht op het struisvogelbedrijf, 
of gewoon een praatje over het leven. En dan de kinderen (sorry, jonge mannen en 
dames tegenwoordig), wij hebben veel lol gehad samen. Ook jullie hebben je 
steentje bijgedragen. Allemaal ontzettend bedankt. 

Iemand die ook van deze ‘familie’ deel uitmaakt is Lars Plooijer: één van 
mijn beste vrienden van diergeneeskunde, waarmee ik ontzettend veel heb 
meegemaakt. Behalve onze reiservaringen en avonden gitaarspelen, springen toch 
het meest onze struisvogelavonturen in het oog. Hoeveel struisvogels hebben wij 
niet gevangen samen, hoe vaak hebben wij niet heel Europa doorgesjeesd, en dan 
de dagen dat je mij tijdens mijn onderzoek of werk geholpen hebt. Lars, dat neemt 
niemand ons meer af. Bedankt voor deze schitterende tijd. Ik hoop van harte dat 
het eind nog lang niet in zicht is. Hoe je taai, makker! 

Dank ook aan Robbert de Regt, met wie ik met veel plezier heb mogen 
samenwerken. Verder bedankt Harry Arts en Frank Verstappen. Jullie hebben mij 
destijds in de struisvogelwereld geïntroduceerd. Ik had graag nog langer met jullie 
samengewerkt, maar helaas hebben onze wegen zich gedeeltelijk gesplitst. Verder 
wil ik graag bedanken: Arjan van de Bijl (Big Bird Holland), Dinand Stegeman, 
Anneleen and Gert-Jan Jongejan, Gerrit Harbers, Fred van der Horst. 

And last but not least: all Zimbabwean ostrich farmers, who have 
collaborated in my ostrich research project in 1996 in Zimbabwe, and especially, 
Robyn Dunckley, Amy-Rose and David English (junior), David English (senior), and 
Bob and Naomi Dunckley, who all have made my stay in Zimbabwe an 
unforgettable experience. Thanks for your shelter, hospitality and love! 

 
Wat betreft het gebruik van echografie bij struisvogels: dat was niet vaak 

eerder gedaan. Iemand die daar van begin af aan bij betrokken is geweest is 
Yvonne Soons. Ik vergeet het nooit, Yvonne, die keer dat we verschillende echo-
apparaten en sondes wilden uitproberen voor het scannen van de eierstokken van 
struisvogels. Daar is het allemaal begonnen: ergens in 1995. Samen met Harry 
Arts op een struisvogelbedrijf in het noorden van het land. Dat vervolgens de 
apparaten, die jij voor Pie Medical verkocht, al snel via Zuid-Afrika naar Zimbabwe 
zouden vliegen, had géén van beiden vermoed. Yvonne, ik ben je ontzettend 
dankbaar voor al die keren dat je voor mij je nek hebt uitgestoken: die allereerste 
keer, jouw hulp bij het vinden van sponsors (Pie Medical!) voor mijn project, bij het 
geven van technische adviezen, etcetera .. en recentelijk, bij het scannen van 
legkippen. Iedere keer weer bleken onze wegen zich te kruisen (vaak onverwachts) 
en telkens was het als vanouds: erg gezellig! Hopelijk tot gauw! Veel dank ook aan: 
Cor van de Flier, Frank Kemme en Peter Terpstra (Pie Medical Benelux BV). 
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Dit proefschrift had ik niet kunnen afronden zonder de vrijheid die ik bij mijn 
beide werkgevers gekregen heb. Bedankt, al mijn oude collega’s van Verbeek’s 
Broederijen en Opfokbedrijven in Renswoude. Thanks also to the directors and all 
my colleagues of Lohmann Animal Health in Cuxhaven, and especially: Michael 
Iburg, my former colleague at Technical Support, who fully understood my need to 
work on my PhD research and gave me the space to do so; Klaus Torborg, my 
present superior, who during the last 2 years gave me the freedom and trust to 
finalyze it; and also Andrea Kienitz, who has been very patient with me during 
these final months. En niet te vergeten: Helga Ede en Miriam van Dasselaar (LAH 
kantoor in Apeldoorn), die in het afgelopen jaar veel van mijn werk overgenomen 
hebben. En Thijs van Dijk! Een waardig collega met wie ik (regelmatig onder het 
genot van één hapje en enkele drankjes) talloze discussies heb gevoerd over 
onderwerpen, waarvan maar al te vaak bleek dat hij er toch wel weer wat meer van 
af wist dan gedacht. Ik aanvankelijk met mijn ‘grote mond’, vaak eerder sprekend 
dan denkend. Hij analyserend, overwegend, balancerend met argumenten ... wist 
hij vaak (i.e. niet altijd) toch z’n gelijk te behalen. Thijs, ik heb veel van jou geleerd! 
Niet alleen over de entstoffen-business en de praktisch-wetenschappelijke 
achtergronden ervan, maar met name ook over jouw ‘eerst denken, analyseren en 
wikken-en-wegen, dan pas spreken’ principe. Zelfs bij het schrijven van mijn 
proefschrift heb ik daar regelmatig gebruik van gemaakt. Bedankt!  

 
Verder zijn er nog een aantal andere mensen uit mijn professionele circuit 

die ik graag zou willen bedanken: Wil Landman, met wie ik van tijd tot tijd heerlijk 
eens de voortgang en frustraties van het promotietraject bediscussieren kon; Rene 
Heijnen, met wie ik samen voor het eerst ‘schijnlegsters’ echografisch onderzocht 
heb; Andre Steentjes, die mij geholpen heeft bij het verzamelen van reproductie 
kengetallen uit de vleeskuiken industrie; en Otto van Tuijl, Paul welten en Ton van 
den Broek, die mij deze kengetallen bezorgd hebben. 

 
Jules Gosselink en Roger Dieteren, mijn beide paranimfen, heb ik met zorg 

uitgekozen. Jules, mijn kameraad sinds het begin van de studie diergeneeskunde. 
Samen hebben wij het nodige beleefd en ik ben er van overtuigd dat we elkaar 
door en door kennen. Ook toen ik tijdens jouw promotie aan jouw zijde mocht 
staan, voelde dat al heel vertrouwd. Roger, ‘vrundj oet Limburg’. Limburgers onder 
m’kaar begrijpen elkaar, vaak ook zónder met elkaar te praten. Vooral diegenen 
die nauw met elkaar zijn opgegroeid, zoals wij. Een knipoog, knikje of een gebaar 
is voldoende om elkaars gevoelens te doorgronden! Jules en Roger, ik weet zeker 
dat jullie mij dat vertrouwde gevoel kunnen geven dat ik op die dag bij mijn 
verdediging nodig zal hebben. En wat de rest van die dag betreft ... daar maak ik 
me al helemaal geen zorgen over. Alvast bedankt! 
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Tenslotte wil ik graag al mijn naaste familie en vrienden bedanken die mij 
in al die jaren hebben bijgestaan. Zij waren getuigen van mijn pieken en dalen, 
konden luisteren en adviezen geven daar waar nodig en mogelijk, en hebben 
daarmee wel degelijk bijgedragen aan dit succes.  

 
And last, my lovely wife and daughter, Alessia and Aramis. For the last 

years, they had to keep up with the little time I was able to spend with them and the 
increasingly changing moods that apparently came along with it. I don’t know how 
we did manage in the end, but I know for sure that a major part of my success is 
because of you! Aramis, I am sorry for the times I couldn’t give the attention you 
deserved. I promise that I will make it up to you. Alessia, without your guidance, 
help and good care I honestly do not know if I would have managed. Sei stupenda! 
You really were my strongest support in these days, although I may have failed in 
expressing it like that. Let’s look forward to the good times coming. I love you both! 
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	ABSTRACT
	The main objective of this study was to determine whether transcutaneous ultrasonography could be used as a diagnostic tool to monitor the reproductive organs of female breeding ostriches.  An additional aim was to investigate whether the use of this technique could facilitate prediction of the start or end of the egg production season. A technique for on-farm ultrasound scanning is described and examples of ultrasonographic images of different ovarian structures, developing ova and eggs within the genital tract are presented. These data were obtained by scanning eight mature female breeding ostriches. In vivo scanning took place a day prior to slaughter, and immediately after slaughter the reproductive organs were scanned in vitro in a water bath. By comparing ultrasonographic images with post mortem ovarian morphology, it appeared that the following morphological structures can be identified using ultrasonography: ovarian follicles of different sizes (diameter 1 to 9 cm), atretic follicles, post-ovulatory follicles, ova at different stages of development and eggs within the genital tract. Of the number of follicles counted during post mortem investigation, 58% (95% confidence interval 0.41 to 0.79) had been detected during previous in vivo examination. In the second part of our study, ultrasonographic scans were made at weekly intervals in two farmed female ostriches during the breeding season in order to determine the predictive value of the technique. By comparing the images of ovarian activity with individual egg production of these hens, preliminary evidence was obtained that scanning might be of value in predicting egg production, especially at the start and the end of the breeding season.
	It is concluded that transcutaneous ultrasound scanning in mature female breeding ostriches is an easy, non-invasive technique for the monitoring of ovarian (in) activity, for visualization of different functional ovarian structures, for following the development of individual ova and for visualization of an egg with calciferous shell within the oviduct, and that this technique will be a valuable tool in future research on reproductive physiology and pathology, and the development of more advanced reproductive technologies, such as artificial insemination.
	 INTRODUCTION
	Ultrasonography in animal reproduction has proved to be a useful diagnostic tool for veterinary practioners and researchers in reproductive biology and animal science (Taverne and Willemse, 1989). Since its introduction for pregnancy diagnosis in horses (Palmer and Driancourt, 1980) and cats (Mailhac et al., 1980) many different applications for reproductive purposes have been developed, not only in domestic animals but also in zoo and wildlife species (Kähn, 1992; Hildebrandt and Göritz, 1995) including some avian species (Cartee et al., 1992; Krautwald-Junghanns et al., 1998; Hofbauer and Krautwald-Junghanns, 1999). In ostriches (Struthio camelus spp.), however, the use of ultrasonography has not yet been extensively explored. Williams (1998) for example reported that regarding the scanning of the reproductive tract, follicles could be visualized in the coelomic cavity, whilst Wagner and Kirberger (2001) concluded that the feathers and extensive coelomic air system did not limit the use of transcutaneous ultrasonography for the visualization of coelomic viscera in adult nonbreeding female ostriches. Göritz et al. (1997) showed that transintestinal ultrasonography can be used as a tool for sexing immobilised cassowaries (Casuarius casuarius).
	In farmed breeding ostriches, poor reproductive performance is a major problem worldwide. In particular, egg production is generally low and fluctuates during the breeding season (Bronneberg et al., 1999; Deeming and Ar, 1999). Although mature domesticated female breeding ostriches (Struthio camelus var. domesticus) are capable of producing 30 to 60 eggs per hen per year (Deeming and Ar, 1999), on most farms only a few hens establish such egg production figures (Bronneberg et al., 1999). A general lack of information exists regarding various basic aspects of egg production, such as the functional-morphological changes of the reproductive organs during the production cycle, physiological and endocrinological mechanisms regulating ovarian activity, and factors influencing the onset, duration and termination of the ostrich egg production laying cycle or season (Soley and Groenewald, 1999). The use of diagnostic tools to visualize the female reproductive organs and to investigate their functional changes and the mechanisms behind these changes has not been reported. 
	This paper, therefore, aims to describe a technique for transcutaneous ultrasound scanning of the reproductive organs in female ostriches, to present ultrasonographic images, obtained during in vivo as well as in vitro scanning, and to compare them with post mortem ovarian morphology. This study aslo provides preliminary data which could demonstrate the potential value of this technique in predicting the onset or end of the egg-laying season on the basis of ovarian morphology.
	Categories of follicles (diameter in cm)
	Total of follicles
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