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Abstract 

 
Reproductive biotechnology for wild bird conservation needs two sources of knowledge: the well-

established techniques developed in domestic species, and the species-specific biology that emerges as the 
program matures. Both matter, and the houbara bustard program is one of the few cases where the two 
have been integrated at scale. In the early 1990s, the science was descriptive: behaviour, endocrine cycles, 
the first proof that artificial insemination (AI) could work. As production climbed through the 2000s and 
stabilised at large scale in the 2010s and 2020s, the program built up unique long-term datasets. These 
datasets made it possible to address more complex questions: sperm competition selection, paternal-age 
effects across generations, large-scale cryopreservation, mechanistic studies of last-male precedence, and 
the molecular biology of sperm telomeres. This review is focused on the houbara as an applied reproductive 
biotechnologies-led case study for the conservation of threatened birds with a particular focus on male 
reproduction and follows the chronology by which a growing program made each new question 
answerable. Reproductive biology is not a narrow topic, and the depth of work that can be done on it is set 
by the scale and longevity of the conservation program that supports it. The houbara experience has also 
generated knowledge that is now being transferred to other bustards, including the Arabian bustard and 
the Great Indian Bustard, showing that conservation can bring together basic biology, genetic 
management, and field recovery within a holistic framework. 
 
Keywords: conservation, andrology, houbara bustard, artificial insemination, avian semen, sperm 
competition, semen cryopreservation, biobanking, Arabian bustard, Great Indian Bustard. 
 

Resumo 
 

A biotecnologia reprodutiva voltada à conservação de aves selvagens depende de duas fontes de 
conhecimento: as técnicas já bem estabelecidas em espécies domésticas e a biologia espécie-específica que 
emerge à medida que o programa amadurece. Ambas são fundamentais, e o programa da Abetarda-Houbara 
é um dos poucos casos em que essas duas dimensões foram integradas em larga escala. No início da década 
de 1990, a ciência era descritiva: comportamento, ciclos endócrinos e a primeira demonstração de que a 
inseminação artificial (IA) poderia funcionar. Com o aumento da produção ao longo dos anos 2000 e sua 
estabilização em grande escala nas décadas de 2010 e 2020, o programa acumulou conjuntos de dados de 
longo prazo únicos. Esses dados tornaram possível abordar questões mais complexas: a seleção por 
competição espermática, os efeitos da idade paterna ao longo das gerações, a criopreservação em larga escala, 
os estudos mecanísticos da precedência do último macho e a biologia molecular dos telômeros espermáticos. 
Esta revisão tem como foco a Abetarda-Houbara como estudo de caso conduzido pelas biotecnologias 
reprodutivas aplicadas à conservação de aves ameaçadas, com particular ênfase na reprodução do macho, 
e acompanha a cronologia pela qual um programa em crescimento foi tornando cada nova pergunta passível 
de resposta. A biologia reprodutiva não é um tema restrito, e a profundidade do trabalho que pode ser 
realizado nela é determinada pela escala e pela longevidade do programa de conservação que a sustenta. A 
experiência com a Abetarda-Houbara também gerou conhecimento que vem sendo transferido para outras 
abetardas, incluindo a Abetarda-Árabe e a Abetarda-Indiana, demonstrando que a conservação pode 
integrar biologia básica, manejo genético e conservacao com uma abordagem holistica. 
 

Introduction 
 

The North African and Asian Houbara Bustard (Chlamydotis undulata and Ch. Macqueenii, 



Carreira et al. Applied Reproductive Biotechnology for Wild Bird Conservation: The 
Houbara Bustard as a Case Example. 

 

Rev Bras Reprod Anim, v.50, n.1, p.48-57, jan./mar. 2026                                                                                           49 

hereafter houbara) are threatened bird species, both classified as vulnerable by the International Union for 
Conservation of Nature (IUCN) (IUCN, 2016), deeply tied to falconry and cultural heritage in the middle 
eastern countries, and ones of the few non-domestic avian models where assisted reproduction has been 
developed at scale. Populations have declined across North Africa, the Arabian Peninsula, and Central Asia 
under the combined pressures of overhunting, habitat loss, and wider human and climate induced changes 
in arid ecosystems (Goriup, 1997). Due to their rapid decline and acknowledged difficulty to mitigate 
threats across species extensive ranges, several conservation breeding initiatives have been launched (Saint 
Jalme and van Heezik 1996, Lacroix 2003). As habitat destruction, climate change, and other pressures 
accelerate, conservation breeding provides a controlled environment to maintain genetic diversity and 
produce individuals for future translocation while, or until, the wild environment is suitable and stabilized 
(Martin et al. 2026). Alonside with in situ actions (habitat protection, hunting regulation, etc.), a well-
designed conservation breeding (IUCN 2014) allows preventing imminent extinction, maintaining genetic 
diversity, building captive stocks for translocation offering unprecedented research opportunities (Rabier 
et al. 2024). 

The houbara conservation program grew out of a broader effort to restore desert wildlife in the 
Arabian Peninsula and, in particular, to safeguard the long-standing practice of Arab falconry, which had 
been threatened by sustained declines in houbara populations. Its strategic origin is generally traced to His 
Highness Sheikh Zayed bin Sultan Al Nahyan, whose 1977 vision laid the groundwork for what would later 
become a multi-country recovery initiative. Reneco International Wildlife Consultants, founded in 1986, 
was engaged by His Royal Highness Prince Saud Al Faisal to establish the first captive breeding facility 
dedicated to desert species, the National Wildlife Research Center (NWRC) in Taif, Saudi Arabia, where 
Arabian oryx, red-necked ostrich and houbara bustard were all bred for reintroduction. In 1995, Reneco 
was commissioned by Sheikh Zayed to establish the Emirates Center for Wildlife Propagation (ECWP) in 
Morocco, which initiated breeding of the North African houbara at scale. The program now operates 
conservation breeding centres in four countries, Morocco, the United Arab Emirates, Kazakhstan and 
Uzbekistan, adapting breeding systems to local climatic conditions, from fully outdoor facilities in 
Uzbekistan to fully indoor facilities in the UAE (Reneco, n.d.). 

These centres operate under two complementary funding bodies. The International Fund for 
Houbara Conservation (IFHC), founded by His Highness Sheikh Mohamed bin Zayed Al Nahyan, supports 
the centres in Morocco, the UAE and Kazakhstan, while the Emirates Centre for the Conservation of 
Houbara (ECCH), supported by His Highness Sheikh Mohammed bin Rashid Al Maktum, runs the breeding 
centre in Uzbekistan; both are operationally managed by Reneco (Azar et al., 2022; Reneco, n.d.). Across 
this network, cumulative production has now exceeded 1.14 million chicks (IFHC & ECCH, unpublished 
data; Figure 1), and IFHC reports that more than 624,000 birds have been released in 15 countries to date 
(IFHC, 2024). Applied research has been part of the program from the start, with each step in operational 
growth either accompanied or led by work on the species’ reproductive biology. 

The growth of the houbara program is closely tied to the publication record that accompanied it. 
In the early 1990s, the work was descriptive: behaviour, endocrine cycles, and the first demonstration that 
AI could work in this species. As production climbed through the 2000s and reached high, stable levels 
through the 2010s and 2020s (Figure 1), the program built up longitudinal datasets that few wild-bird 
recovery efforts ever assemble, linking individual males to ejaculate traits, pedigrees, female outcomes, 
and offspring fitness. That depth was what made the harder questions possible: sperm competition, paternal-
age effects across generations, monoandry experiments running over multiple generations, mechanistic 
studies of last-male precedence, and the molecular biology of sperm DNA. Each of these needs sample 
sizes, time series, and pedigree depth that only a mature program can provide. 

The most recent phase, including large operational cryobanks, telomere biology, and the transfer 
of these methods to Arabian and Great Indian Bustards, is the result of three decades of work. Table 1 lays 
out this chronology, mapping each era of the program to the research questions it made answerable. This 
review follows that history and outlines what the houbara case has contributed to wild bird conservation. 
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Figure 1. Combined annual chick production across the IFHC- and ECCH-funded houbara breeding centres, all 
operationally managed by Reneco, from 1997 to 2026 (2026 figures represent production-to-date for a partial year). 
The dashed line shows the cumulative total. Production was modest in the late 1990s, when work was still largely 
descriptive (behaviour, endocrine cycles, first proof of concept for artificial insemination), scaled up through the 2000s 
alongside the development of routine semen evaluation, AI protocols and cryopreservation, and reached high, stable 
levels in the 2010s and 2020s, which made the longitudinal, multi-generational and mechanistic studies described in 
this review possible.  
 

Table 1. Growth of the houbara program and the research questions it made answerable. Each era's scientific 
output reflects the scale of the operational platform at that time. 

Era Program stage Questions becoming 
tractable 

Representative outputs 

Early 1990s Behavioural and 
physiological 
foundations; small 
captive holdings 

Can AI work? When does the 
male display? What is the 
reproductive calendar? 

Launay & Paillat, 1990; 
Saint-Jalme et al., 1994; 
Saint Jalme et al., 1996 

Late 1990s – 
2000s 

First operational AI; 
pilot cryopreservation; 
semen evaluation 
methods developed; 
production starts 
climbing (Figure 1) 

What does normal semen look 
like? Can semen be frozen and 
still produce chicks? Can it be 
stored chilled? 

Hartley et al., 1999; 
Chalah et al., 2001a, b; 
Chalah & Lacroix, 2002 

2010s Production at large 
scale; deep pedigreed 
populations; multi-year 
longitudinal databases 

Does polyandry shape natural 
reproduction? Do males 
senesce? Do paternal 
phenotypes shape offspring? 

Lesobre et al., 2010a; 
Loyau & Lacroix, 2010; 
Preston et al., 2011, 2015 
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Late 2010s – 
early 2020s 

Stable production at 
scale (Figure 1); large 
genetic and 
reproductive databases; 
cryobank operational 

How does sperm competition 
shape selection on ejaculate 
traits? What are the 
generational effects of 
monoandry and paternal age? 

Vuarin et al., 2019a, b, 
2021; Sorci et al., 2021, 
2023 

2020s Mature program; 
cryobank with tens of 
thousands of ejaculates; 
inter-species translation 
underway 

What is the mechanism of last-
male precedence? What is the 
species' semen morphology 
baseline? Can the model be 
transferred to other bustards? 
Can sperm telomeres inform 
conservation? 

Carreira et al., 2022a, b, 
2025; Meunier et al., 
2022, 2024, 2025; Shiek 
et al., 2025; NDTV, 
2024; BBC News, 2024 

 
Throughout this review, we use reproductive biotechnology to refer to the body of techniques as a 

whole, assisted reproduction to refer to their operational use (notably artificial insemination and 
cryopreservation), and andrology to refer to the underlying male reproductive biology. Within this broader 
reproductive biotechnology effort, the present review focuses on the male side of the reproductive biology 
and the techniques built around it. The reason is straightforward: this is where the houbara program holds 
its longest and most detailed records, and where most of the recent mechanistic and molecular work has 
been done. Female reproduction, incubation, rearing, and post-release performance have each been treated 
in detail elsewhere. Here, we follow the male side as a case study of how reproductive biotechnology in a 
wild bird can develop alongside the conservation program that supports it. 

Andrology, as understood here, covers the seasonal physiology of the male, sexual display, 
ejaculate production, sperm morphology, sperm motility, sperm competition, paternal age, sperm 
senescence, cryotolerance, and how all of those things relate to the quality of the chicks that result. Every 
ejaculate carries founder genes, paternal age effects, possible cryodamage, and future demographic value. 
 

First principle: unravelling the reproductive system before applying technology 
 

The earliest phase of the houbara program was descriptive and physiological. The behavioural 
work by Launay and Paillat (1990) laid the foundation for captive management by describing the species 
mating system and specific male and female reproductive behaviours (Launay & Paillat, 1990). Main 
findings were that houbara are lekking species, where males display intensely and provide no parental care, 
while females are choosy, store sperm, lay, incubate, and rear the chicks alone. As a consequence, pairing 
individuals in captivity lead to poor reproductive outcomes, scientists to develop artificial reproduction 
techniques (Saint Jalme and van heezik 1996).  

Efficient assisted reproduction requires understanding the endocrine reproductive calendar of the 
targeted species and key environmental drivers, as light, temperatures, etc. (Vieira et al., 2025a). Saint 
Jalme and colleagues showed seasonal variation in luteinising hormone (LH), sex steroids, body mass, 
moult, male display, and laying, and established that reproductive activity follows a coordinated annual 
rhythm (Saint Jalme et al., 1996). For AI program it provided key information on optimal timing for semen 
collection, females gonadal development monitoring and insemination to reach highest fertility rates (Saint-
Jalme et al., 1994). Saint-Jalme and colleagues also showed that the best fertility rate (85%) was obtained 
when more than 10⁶ spermatozoa were inseminated between 3 and 6 days before laying, and that females 
could store sperm for a median of 10 days, with a maximum of 22 days (Saint-Jalme et al., 1994). These 
results became the foundation for operational AI because they turned female sperm storage and male semen 
output into a practical insemination window. 

The take-home message for other threatened birds is that reproductive biotechnology starts with 
basic understanding of reproductive behaviour (mating system, precopulatory mate choice mechanisms), 
physiological seasonality (gonadal development, spermatogenesis), and other potential postcopulatory 
mechanisms such as female sperm storage, sperm competition or postcopulatory sperm selection (Meunier 
et al., 2025). With such knowledge a program has a strong biological base it can build on, and AI then 
becomes an effective conservation tool. 
 

Andrology foundations: routine semen evaluation and handling 
 

With growing houbara production (Figure 1), routine insemination was supported by research 
covering semen collection, concentration, motility, viability, morphology, storage, freezing, and fertility 



Carreira et al. Applied Reproductive Biotechnology for Wild Bird Conservation: The 
Houbara Bustard as a Case Example. 

 

Rev Bras Reprod Anim, v.50, n.1, p.48-57, jan./mar. 2026                                                                                           52 

follow-up. Chalah and colleagues set standards on pH, osmolarity, motility, and viability of houbara semen, 
and on viability, motility, and ultrastructure before and after freezing (Chalah et al., 2001a, b). Later Chalah 
and Lacroix (2002) examined storage of houbara semen at 4–5°C for up to 72 hours, using both in vitro 
and in vivo tests, reflecting the practical need to understand chilled semen survival as well as immediate 
semen quality (Chalah & Lacroix, 2002). Later studies on Asian houbara male sexual maturity extended 
the andrology program to developmental timing, key for deciding when young males can enter semen 
collection, genetic management, and cryopreservation (Carreira et al., 2020). In parallel, work on another 
bustard species, the Arabian Bustard (Ardeotis arabs), developed from the same conservation logic, 
reported first semen collection on this endangered species, semen analysis, refrigeration, cryopreservation, 
and successful AI (Carreira et al., 2022b). Across 720 ejaculates collected from 12 birds, the study analysed 
volume, concentration, motility, viability, morphology, sperm length, and fertility outcomes. AI raised 
fertility from 34.8% under natural reproduction to 84.3%, and frozen-thawed semen also produced fertile 
eggs (Carreira et al., 2022b). This is the clearest demonstration so far that a bustard andrology platform can 
be transferred from one species to another. 
 
Table 2. The andrology pathway from basic semen knowledge to conservation application. 

Program question Andrology response Conservation value Key references 
What does normal 
semen look like? 

Volume, concentration, 
motility, viability, 
morphology, ultrastructure 

Sets the baseline for 
fertility potential 

Saint-Jalme et al., 
1994; Chalah et al., 
2001a, b; Carreira 
et al., 2022b; 
Meunier et al., 2024 

How should semen be 
handled? 

pH, osmolarity, chilled 
storage, collection interval 

Prevents loss of sperm 
function between 
collection and AI 

Chalah et al., 
2001a, b; Chalah & 
Lacroix, 2002; 
Meunier et al., 2022 

How much sperm is 
needed? 

Dose-response AI trials 
and sperm storage studies 

Allows efficient 
insemination schedules 

Saint-Jalme et al., 
1994 

Which males should 
contribute? 

Semen traits, age, 
pedigree, founder value 

Links AI to genetic 
management 

Lesobre et al., 
2010a; Preston et 
al., 2011, 2015; 
Vuarin et al., 2021 

Can semen be stored 
long-term? 

Cryopreservation and 
biobanking 

Preserves genes beyond 
the lifespan of the 
individual 

Hartley et al., 1999; 
Carreira et al., 
2022a, b 

What information does 
sperm carry? 

DNA extraction, telomere-
oriented analyses, 
paternal-effect studies 

Connects semen 
assessment to offspring 
quality and long-term 
fitness 

Vuarin et al., 2021; 
Carreira et al., 
2025; Shiek et al., 
2025 

 
Semen evaluation: From routine to biological insight 

 
By the 2010s, with the program producing tens of thousands of chicks per year and thousands of 

ejaculates being processed annually for AI (Figure 1), semen evaluation could be treated as a biological 
question, not just a procedural one. In domestic species, semen quality is usually treated as a routine quality 
checklist of volume, concentration, motility, morphology and viability. In a wild bird conservation program, 
those same measurements also reflect if each male can contribute to the genetic future of the population. 
Semen samples also bring information about sexual maturity, season, collection interval, male age, health, 
reproductive investment, and adaptation to captivity. The houbara program has been valuable because 
semen data were collected repeatedly, over many years, in a population managed for conservation, and that 
is what allowed semen biology to be studied as part of evolutionary and life-history ecology rather than 
only as an applied procedure. 

Recent anatomical and morphology work has improved the reference framework. A detailed study 
of the North African houbara described male and female reproductive anatomy, sperm morphometry, 
ultrastructure, and morphological defects (Meunier et al., 2024). The same study highlighted features such 
as the low number of mitochondria in the sperm midpiece, presence of melanocytes in the testis and male 
and female reproductive tract, and the need for species-specific classification of avian sperm defects 
(Meunier et al., 2024).  
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Avian semen evaluation cannot simply borrow mammalian standards. Birds have different sperm 
storage biology, different sperm morphology, and different fertilisation dynamics. In houbara, sperm not 
only have to be motile at collection; they also have to survive handling, reach the female's sperm storage 
tubules, stay functional, and fertilise eggs at the right moment. A sperm cell that looks acceptable under a 
generic classification may not be equally valuable in a species where post-copulatory sexual selection and 
sperm storage shape who fertilises the egg. 

Collection interval also matters. Studies of pre- and post-meiotic senescence showed that older 
males produced less sperm with poorer motility, and that the collection interval itself influenced semen 
traits: ejaculates collected at 5- and 10-day intervals tended to be of better quality than day-1 ejaculates 
(Meunier et al., 2022). This has direct operational implications. Semen scheduling is not just a logistical 
question. It affects the biological quality of the gametes that go into AI and cryopreservation. 
 

Sperm competition and female choice: andrology meets evolutionary biology 
 

The houbara is a lekking species, and field and genetic studies revealed high levels of polyandry. 
Lesobre and colleagues found that 60% of analysed nests contained chicks from more than one sire, 
showing that sperm competition is a regular part of natural reproduction (Lesobre et al., 2010a). This kind 
of question could only be asked at this point because the pedigree database had become deep enough to 
assign paternity at scale, which would not have been possible in the 1990s. The finding changed how AI 
should be understood: if females naturally mate with several males, then a protocol that repeatedly 
inseminates each female with semen from only one male removes an important component of selection. 

Vuarin and colleagues demonstrated that sperm competition sharpens selection on ejaculate traits, 
with stronger selection on motility and normal morphology when sperm from different males compete for 
fertilisation (Vuarin et al., 2019a). Sorci and colleagues later ranked the parameters driving siring success 
and showed that mating order and last-male precedence are central, while intrinsic ejaculate traits such as 
sperm number and motility still contribute to competitive fertilisation success (Sorci et al., 2023). This 
work was followed by methodological and mechanistic studies. A 2023 conference abstract tested 
fluorescent dyes to assess sperm competition in females (Meunier et al., 2023). A 2025 experimental study 
then used fluorescently labelled sperm to investigate last-male precedence and showed that sperm 
displacement during successive inseminations probably explains part of the last male's advantage (Meunier 
et al., 2025). Sorci and colleagues also showed that imposing monoandry across generations reduced female 
reproductive investment in this long-lived bird (Sorci et al., 2021), an experimental design that simply could 
not be run in a small or short-lived program. Together, these results suggest that AI protocols should not 
erase the evolutionary context in which sperm traits evolved. 

Female perception matters too. Loyau and Lacroix showed that exposure to male sexual display 
improved hatching success and offspring growth, even when females were inseminated with semen from 
the same donors (Loyau & Lacroix, 2010). So reproductive biotechnology cannot be separated from 
behaviour. The male's display, the female's stimulation, and the quality of the ejaculate are links in a single 
biological chain. In species where sperm competition, female choice, and sperm storage matter, AI 
protocols should be designed in a way that does not erase the biological signals (mate choice, sperm 
competition, female sperm storage) that shape reproductive success in the wild while still allowing genetic 
management. 
 

Ageing, paternal effects, and the next frontier of semen evaluation 
 

As the program entered its mature phase, with multi-generational pedigrees and decade-long 
records of individual males, it became possible to study paternal effects across generations, a kind of 
question that almost no other wild-bird program can address. Preston and colleagues found that sexually 
extravagant males age more quickly, linking heavy display investment to reproductive senescence (Preston 
et al., 2011). Later work showed that sperm from ageing males can slow down offspring development 
(Preston et al., 2015). Post-copulatory sexual selection may partly buffer these costs, because females can 
offset some of the fitness penalties of mating with senescing males (Vuarin et al., 2019b). Vuarin and 
colleagues then showed that offspring sired by old fathers produced 48% less sperm in their first year and 
14% less over their lifetime, establishing an intergenerational link between paternal age and male 
reproductive output (Vuarin et al., 2021). 

These findings push semen evaluation beyond immediate fertility. A semen sample may fertilise 
an egg, but the paternal phenotype can still shape chick development, future sperm production, and telomere 
biology. Recent work from the team makes this frontier explicit. One study describes sperm DNA extraction 
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protocols for studies of telomere inheritance dynamics in the North African houbara, and another addresses 
the drivers of sperm telomere length variability in a wild bird (Shiek et al., 2025; Carreira et al., 2025). The 
question is no longer just whether sperm fertilises, but what biological information sperm carries into the 
next generation. The published houbara work already supports this direction by linking paternal age, sperm 
production, and offspring phenotype (Vuarin et al., 2021; Preston et al., 2015). 

For conservation breeding, old founders may be genetically very valuable, but repeated use of 
older males could carry hidden costs if paternal age affects sperm quality, chick development, or future 
male reproductive capacity. Conversely, semen cryopreservation may allow valuable males to be used at 
biologically optimal ages, rather than only when they are old or close to being lost. Andrology becomes a 
tool for balancing founder representation, semen quality, and long-term population fitness. 
 

Cryopreservation and biobanking 
 

Cryopreservation is the point where andrology turns into long-term genetic management, and the 
houbara semen biobank is itself a record of the program's growth. A pilot study first showed that houbara 
chicks could be produced from frozen-thawed semen (Hartley et al., 1999). The program later scaled this 
into an operational system. Between 2000 and 2021, 21,960 houbara ejaculates were frozen, and 3,500 AI 
procedures were performed with thawed semen (Carreira et al., 2022a). The temporal accumulation of these 
samples directly mirrors the operational growth shown in Figure 1. Cryopreservation reduced several 
motility and viability measures but did not stop the production of viable offspring, showing that useful 
fertility can be retained even when some sperm quality parameters drop (Carreira et al., 2022a). 

The Arabian bustard study extended the same idea to another non-model bustard. In that program, 
535 ejaculates were cryopreserved, frozen-thawed semen retained fertilising capacity, and the AI program 
achieved high fertility with both fresh and cryopreserved semen (Carreira et al., 2022b). The study explicitly 
positioned these methods as applicable, with adaptation, to related endangered species such as the Great 
Indian Bustard (Carreira et al., 2022b). 

This matters because avian biobanking is constrained by biology. Unlike many mammals, routine 
cryopreservation of avian oocytes and embryos is not currently a practical conservation tool for most 
species. Semen cryopreservation is therefore the most accessible way to preserve germplasm, even though 
it only captures the male genome. In a small or declining population, a semen bank can preserve founder 
representation, reduce the urgency of using ageing males, support future pairings, and allow genetic 
exchange without moving live birds. 
 
Table 3. Why semen cryopreservation changes conservation options. 

Conservation problem Cryopreservation 
contribution 

Example from bustards 

Valuable males age or die Stores male germplasm beyond 
the lifespan 

Houbara semen bank with 
21,960 ejaculates frozen 

Founders are underrepresented Allows delayed or repeated 
genetic contribution 

Houbara AI linked to pedigree 
management 

Natural mating is limited Enables semen movement 
without moving males 

Arabian bustard AI with fresh 
and frozen-thawed semen 

Related species need urgent 
tools 

Provides protocols for 
adaptation 

Arabian bustard methods 
informing Great Indian 
Bustard work 

Small populations risk 
inbreeding 

Supports managed gene flow AI and cryobanking as genetic 
management tools 

 
Translating bustard knowledge: Arabian and Great Indian Bustards 

 
By the 2020s, the methods developed for the houbara were ready to be applied to other bustard 

species. The Arabian Bustard program was built on the same logic: understand seasonal reproduction, train 
males for semen collection, evaluate ejaculates, test refrigeration and freezing, and use AI to improve 
fertility. The Arabian bustard paper reported that AI raised fertility from 34.8% under natural reproduction 
to 84.3%, and that cryopreserved semen successfully produced fertile eggs (Carreira et al., 2022b). This is 
a clear example of translation from one bustard system to another. 

The Great Indian Bustard (Ardeotis nigriceps) now offers an urgent real-world example. The 
species is Critically Endangered, and the Indian conservation breeding program has recently reached major 
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AI milestones. In 2024, reports described the first Great Indian Bustard chick hatched through artificial 
insemination at the Jaisalmer breeding centre. NDTV reported that Wildlife Institute of India scientists had 
trained at the International Fund for Houbara Conservation in Abu Dhabi before carrying out the AI 
program in Rajasthan (NDTV, 2024). The BBC also covered the breakthrough, noting that sperm from a 
trained male was used to inseminate a female at another centre around 200 km away (BBC News, 2024). 
Climate Tracker reported that the project was inspired by AI breeding of houbara and Arabian bustards, 
and that the team was beginning to focus on collection and preservation of Great Indian Bustard semen for 
future use (Climate Tracker Asia, 2025). 

This is exactly the conservation pathway the houbara program illustrates. Knowledge developed 
in one species becomes a platform for another, but not by simple copying. The Great Indian Bustard needs 
adaptation for its own male training, semen evaluation, female timing, incubation, veterinary, genetic, and 
translocation protocols. What can be transferred is the logic: build the reproductive program from the 
species' biology, use AI to manage reproduction and genetics, and develop cryopreservation before genetic 
opportunities disappear. And it is the maturity of the houbara platform, three decades of operational scaling, 
deep databases, and biological understanding, that makes this transfer possible. 
 

Conclusion 
 

The houbara program shows that reproductive biotechnology can be developed for a wild bird 
tailored to the biology of the species, and that the scientific depth of the work has grown alongside the 
conservation effort that supports it. Reproductive biotechnology is not only a set of techniques; it is also a 
way of asking questions about reproductive physiology, behaviour, genetics and field outcomes, with male 
reproduction as important informative entry points. The semen parameters across time carries information 
about male condition, age, reproductive history, and contribution to future generations. The houbara case 
suggests that when these signals are read carefully, and when the program is robust, assisted reproduction 
becomes useful well beyond fertility. 

It is equally important to accept that the most informative questions only become approachable 
once the program has matured. The houbara experience suggests that this kind of long-term investment is 
what allows reproductive biotechnology to function as a conservation tool, and what allows a conservation 
program to keep asking deeper questions of its own biology as it grows. 
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