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Abstract
Australia has lost two species and one subspecies of  ratite due to historical persecution and 
anthropogenic changes to their habitats. Two additional ratites, the Southern Cassowary 
(Casuarius casuarius johnsonii) and Coastal Emu (Dromaius novaehollandiae), are following 
this trajectory and will require human intervention to prevent further population decline 
or extinction. Advanced reproductive technologies offer promising avenues for the 
management of  genetic and demographic diversity, both in-situ and ex-situ. Here, we 
review two important techniques and their efficacy in the conservation management of  
Australian ratites. The first is the sexing of  an embryo in-ovo. This technique is central 
to developing technologies, however, is presently problematic in species producing 
thick and heavily pigmented eggs (i.e. Cassowary and Emu). Developments including 
the reduction of  the shell membrane may promote light refraction and thus render the 
technique able to be used safely with developing embryos of  Australian ratites. The 
supplementation of  natural hormone during early embryonic development is another 
tool for sex regulation in ratite embryos. This was previously trialled in the Ostrich to 
influence a preferred gonadal sex, however, it will be trialled in the Emu and Cassowary 
for the first time. The use of  these advanced reproductive technologies will complement 
current conservation efforts for Australian ratites, and facilitate the establishment and 
maintenance of  robust captive populations.

Introduction 
Since European settlement, Australia’s human population has increased from an 
estimated 750,000 (ABS 2008) to over 25 million people (ABS 2018) and the forested 
areas have almost halved (DEE 2016). During this same period, Australia has suffered 
the extinction of  approximately 60 vertebrate species (EPA 2018), with 17 additional 
species facing a greater chance than not of  becoming extinct within the next two decades 
(Geyle et al. 2018). Australia faces a distinct confluence of  threatening processes that 
are consistent across taxonomic groups, including the introduction of  invasive species, 
habitat modification and agriculture (Kearney et al. 2018). The enduring nature of  these 
threats across large landscapes will threaten the persistence of  additional Australian 
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wildlife populations, including its ratites, causing more to become conservation-reliant. 
A balanced resolution is required in which both human and wildlife needs are met. 
Applied population management is one of  the many tools required in the framework 
for such a resolution. 

Populations that become isolated due to habitat fragmentation progressively require 
an integrated management approach to maintain genetic health and endure stochastic 
events. The periodic exchange of  animals within and between natural (in-situ) and 
captive (ex-situ) environments, can improve the genetic diversity of  both populations, 
and reduce the need for either of  them to maintain such large numbers (Willis & 
Wiese 1993; Lacy 2013). Current Australian examples of  this include the Helmeted 
Honeyeater (Lichenostomus melanops cassidix), Regent Honeyeater (Anthochaera phrygia) and 
Orange-bellied Parrot (Neophema chrysogaster). Although the Cassowary and Emu each 
present unique management challenges, such transactions would complement other vital 
components of  their respective species management strategies. 

In-situ management 
To effectively manage a wild population, a species must be recognised not as a discrete 
entity but as part of  a complex ecological system. Most in-situ management efforts 
including those for the Cassowary and Coastal Emu, therefore, direct greatest funding 
towards managing remaining habitat, often with the benefit of  protecting numerous 
other species that occupy the same space. Despite these efforts, an increasing number of  
species are becoming conservation-reliant (Scott et al. 2010; Goble et al. 2012), requiring 
species-specific management via direct and ongoing human intervention (Hartl et al. 
2014). 

The success of  in-situ programs require an intricate knowledge of  a target species. 
Understanding the behaviour, demographics, movement ecology, social requirements, 
diet, reproduction and development and other physiological factors is critical for 
identifying threatening processes, and thus their successful management. The captive 
environment may therefore serve not only by supplementing wild populations, but also 
provide a space in which to gather some of  this information.

Ex-situ management
Managing an in-situ population cannot be done without considering the community or 
ecosystem as a whole. However, managing an ex-situ population offers an opportunity 
to isolate species-specific factors that must be studied or considered, without the high 
level of  unpredictability or complexity of  surrounding natural environments. The 
captive environment can thus provide a safe platform to develop and test new ideas for 
conserving species. It allows the generation of  hypotheses in a comparatively constant 
environment where certain predictions can be tested and repeated in a formal process. 
Concern often surrounds the establishment of  captive populations due to the risk of  
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draining already meagre government funding away from in-situ priorities. Most ex-situ 
initiatives, however, operate on minimal government funding with many participating 
facilities contributing solely in-kind or through grants offered by the private sector. 

While there are key benefits to ex-situ management, there are also concerns. An artefact 
of  long-term and isolated ex-situ populations is the adaptation of  a species to captivity 
(Frankham et al. 2010). Similarly, individuals set for wild release after captive breeding 
can also be naïve to the dangers of  natural environments. Enclosure availability, inter- or 
intraspecific compatibility, sex skews and access to new founders all present limitations 
in a captive setting, however none are unique in theory to their wild counterparts. Recent 
scientific and evidence-based techniques have helped immensely with dealing with these 
challenges of  captivity. Such improvements include population management software, the 
development of  comprehensive husbandry manuals, providing appropriately stimulating 
environments, and training or otherwise preparing captive individuals for release 
(Mäekivi 2018). One simple example is ‘ghosting’, where a sheet is worn whilst hand 
feeding chicks to reduce humanisation (Gage & Duerr 2007). A more complex example 
is that of  monitoring the reproductive status and ovulation of  a bird (Jensen & Durrant 
2006) for artificial insemination. Such advancements enable the ex-situ management of  
species to be conducted at the high standard required for the maintenance of  insurance 
populations separate from those in the wild – a valuable component of  many integrated 
management strategies.

It is therefore clear that every threatened species presents unique challenges for 
successful management. In this paper, we present and review two techniques that may 
be used in the intensive management of  avian species that produce eggs with thick or 
heavily pigmented shells – sexing in-ovo and hormonal supplementation during early 
embryonic development. In Australia, this involves two endemic ratites, the endangered 
Southern Cassowary (Casuarius casuarius johnsonii) and an endangered population of  
the Emu (Dromaius novaehollandiae), herein referred to as the Coastal Emu. We will first 
introduce the issue of  population sex ratio skews in general, then discuss management 
techniques for the egg stages of  these birds that focus on sex ratio management and 
reproductive interventions. 

Population sex ratios
Sex ratios are an important consideration for the stability of  both in- and ex-situ 
populations. While an offspring ratio of  50:50 male:female is often assumed to be most 
natural or stable, this is not always the case. Different species exhibit widely variable 
stable sex ratios, which can be observed at hatching or can occur at a later life stage 
because of  sex-specific mortality. In a review of  sex ratios in 200 adult wild bird 
populations, 65% differed significantly from parity, with distortion ‘significantly more 
severe’ in threatened species (Donald 2007). In small or isolated conservation-reliant 
populations, the ability to manage sex ratios prior to hatching may become a crucial 
component for the management of  genetic and social diversity and health.



Sex skews as threatening processes
When an unfavourable sex skew (especially towards many males) is considerable, 
there are obvious consequences for population growth. While males may fertilise and 
therefore potentially father hundreds of  offspring, their success is limited by the number 
of  receptive females. However, when parental care roles are reversed, such as with the 
Cassowary and Emu, so too does this paradigm. Therefore, although a sex skew towards 
females does not necessarily limit most bird populations, in paternal care species, such 
as the ratites, it may.

There are countless environmental and physiological variables that may lead to an 
unfavourable skewed sex ratio in-situ. A significant and adverse skew exists in one of  
Australia’s most endangered birds, the Orange-bellied Parrot (Neophema chrysogaster). 
The future of  this species is in peril, in part, due to the highly skewed in- and ex-situ 
populations (Stojanovic et al. 2018). The 2018 count of  wild birds recorded 16 males 
and only 2 females (Dalton 2018), forcing the population to be dependent on the release 
of  captive-bred birds for its survival (Heathcote 2018; Stojanovic et al. 2018). Skewed 
ex-situ populations of  Columbiformes are also common, such as the White-throated 
Ground-dove (Gallicolumba xanthonura), which at one institution rarely produced females 
(Hall 2011), and a female Eclectus Parrot (Eclectus roratus) which produced 20 consecutive 
male offspring (Heinsohn 2008). Sex skews in captive populations have been attributed 
to high quality diets where females in good condition produce the most physiologically 
expensive or resource-dependent sex (Bradbury & Blakey 1998; Henderson et al. 2014). 
Similarly, the supplementary feeding of  wild Kakapo (Strigops habroptilus) caused a 
significant excess of  male offspring (which weigh 30–40% more) compared to that of  
non-supplemented females (Clout et al. 2002). Elevated levels of  the stress hormone 
corticosterone have also been commonly identified as a potential mechanism for sex 
ratio adjustment, causing females to produce significantly female-biased broods in quails 
(Pike & Petrie 2006), sparrows (Bonier et al. 2007), finches (Gam et al. 2011), peafowls 
(Pike & Petrie 2005), and more males in chickens (Pinson et al. 2011). Stress hormones 
are particularly sensitive to environmental perturbation (Pike & Petrie 2006), and thus 
may serve as front line regulators for appropriate sex allocation. Sex skews can be 
identified and managed in captive populations, however its occurrence is concerning for 
threatened populations in-situ.

Sex skew management in birds
As shown by recent research, the mechanisms for determining the sex of  an offspring 
across the animal kingdom are much more flexible than previously thought. This 
plasticity of  sex is most commonly associated with reptiles, amphibians and fishes (Uguz 
et al. 2003), but has also been recorded in numerous bird species. In birds, it is the female 
that is the heterogametic sex, carrying both a Z and W chromosome (males carry ZZ) 
so any influence over sex may be under maternal control. Although the genetic sex of  
birds is determined at fertilisation, it is understood that environmental and physiological 
factors of  the female may influence the final translation of  sexual differentiation 
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throughout the body (Arnold & Itoh 2011; Ayers et al. 2013; Beukeboom & Perrin 
2014; Major & Smith 2016). Conditions may prompt an investment in the preferential 
release of  specifically-sexed oocytes (Rutkowska & Badyaev 2008) or may also occur 
post-fertilisation, requiring a sex reversal and creation of  chimeric offspring (Major & 
Smith 2016). For example, a genetically determined male bird can otherwise appear to be 
female with functional ovaries, or a genetic female can appear as a phenotypic male with 
functional testes. Known as sex reversal, this phenomenon has been observed in the 
wild, and induced experimentally, in both embryos and in sexually mature individuals.

A physiological recognition of  natural stressors such as food availability, followed by 
sex allocation, could impart strong fitness consequences (Tagirov & Rutkowska 2013). 
For example, in sexually dimorphic species, male offspring are often larger and grow 
at a faster rate compared to their female siblings (Gill et al. 1995). Male young would 
therefore require additional resources and be more likely to starve or be less competitive 
reproductively than female offspring if  conditions were poor. Elevated levels of  
corticosterone is a common factor influencing sex in many orders of  birds. Elevated 
corticosterone can be a chronic symptom of  individual stress, thus populations under 
stress are at risk of  developing sex skews. As environments change, sensitive species may 
find themselves under stress and therefore produce more of  one sex.

Oviparous species such as birds present a unique opportunity to easily access embryos 
at an early stage of  development, thus enabling management techniques to be applied 
much earlier than with other groups. Basic reproductive interventions are common 
practice in good zoos and are already part of  established management programs. In 
the case of  sex-skews and possible detrimental population sex ratios for example, the 
introduction of  natural hormone during early embryonic development may mimic 
maternal expression and exploit this plasticity in bird sexual differentiation. This ability 
would result in unprecedented control over population sex ratios and promote optimal 
sustainability in threatened species.

In-ovo sexing
The ability to determine the sex of  a developing avian embryo (in-ovo) first appeared 
in the literature in 1997 as an ex-situ technique (Langenberg et al. 1997) and it also 
represents a significant advancement for the management of  threatened species in-situ. 
If  the sex of  an embryo can be identified early, the preferred sex may be fostered, 
and incubation of  the undesired sex discontinued at an ethical stage of  development. 
Applications can amend sex skews, assist in the tailored construction or reconstruction 
of  a population, or facilitate the demand of  a specific sex for housing, breeding or to 
address intraspecific challenges. Furthermore, sexing an embryo in-ovo is a useful tool in 
addressing stochastic or random processes of  populations and demographic uncertainty 
(Dutton & Tieber 2001).

Sex identification in-ovo involves drawing blood from the egg, that can then be genetically 
tested (Langenberg et al. 1997; Dutton & Tieber 2001; Jensen et al. 2012). Identifying 
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vascular development in an egg is the precursor for extracting a blood sample for sexing. 
This is a straightforward method for most eggs, involving the use of  a common candling 
apparatus to illuminate the vascular system (Figure 1a). Once identified, a small window 
is made in the shell to safely and accurately draw blood (Figure 1b). However, thick or 
heavily pigmented eggs prevent the penetration of  light at a level that is necessary to 
highlight vascular development and safe for the developing embryo. This means that 
when using this method, sex determination of  embryos inside heavily pigmented eggs 
is currently not possible.

We propose a new technique for thick or heavily pigmented eggs whereby the shell 
thickness is reduced in two places to allow for the refraction of  light and for clear 
observation of  the vitelline vessel (Figure 1c). An appropriately thick or truncated vessel 
can then be identified and marked on the shell membrane for follow-up blood draw. The 
viability and efficacy of  this technique is currently being examined.

Hormone supplementation 
During embryonic development, the 
sequence of  gonadal differentiation 
may be changed by hormones or 
non-hormone inductor substances 
within the embryo (Baker 1972). 
Although the genetic sex remains 
constant, the female hormone 
estradiol-17β has been used by 
researchers to successfully induce a 
female phenotype from genetically 
male embryos (Major & Smith 2016) 
and an aromatase blocker (i.e. an 
enzyme that stops the transformation 
of  testosterone to estradiol) has been 
used to induce a male phenotype 
from genetically female embryos 
(Vaillant et al. 2001; Takagi et al. 2007). 
Thus, we know that sex reversal by 
hormonal manipulation is possible, 
with no adverse health effects on the 
individual (Crews & Wibbles 1995; 
Dutton & Tieber 2001).

Sex reversal has previously been achieved as a method for the preferential production 
of  Ostriches (Struthio camelus) (Crews & Wibbles 1995) with treated birds producing 
viable offspring when paired with normal birds (Crews & Wibbles 1995). These results 
are promising for the use of  hormone-induced sex reversal in the management of  
Australia’s ratite counterparts.

Figure 1.  Details of  proposed egg sexing 
procedure for thick or heavily pigmented eggs.  

a, highlighted vascular development, b, small 
window for blood draw, c, areas of  shell reduction.
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Although sex reversals have been observed in the wild and been achieved in ex-situ trials, 
there is much to consider before adopting the method in-situ, or in threatened species 
management. A major concern for conservation is the occurrence of  birds that may, for 
example, be a physiological representation of  a male but are behaviourally redundant 
in performing courtship displays or associated breeding behaviour. Conflicting sex 
hormone production in the brain and gonads may be responsible for such redundancies 
in male or female sexual behaviour.

Further research is required in the use of  hormone supplementation to achieve sex 
reversal and follow-up monitoring at maturation of  the breeding success and behaviour 
of  resulting individuals. We will be trialling sex reversal in two species of  ratite, using 
estradiol-17β to stimulate a female outcome and an aromatase blocker to achieve a male 
outcome. If  successful in creating sex reversed birds that are behaviourally and sexually 
functional, these techniques may significantly improve ongoing conservation efforts of  
threatened ratite populations.

Xenotransfer
An emerging reproductive technology is the transfer of  gonadal germ cells (GGCs) from 
threatened species into a common, sister species host. In a process named xenotransfer, 
GGCs are inserted into host eggs prior to sexual differentiation (Imus et al. 2014). The 
subsequent successful migration and colonisation of  these cells in the gonadal ridge (i. e. 
the location of  gonadal development) of  the host occur within hours of  injection (Roe 
et al. 2013; Imus et al. 2014). The resulting individuals can produce donor-derived sperm 
(Imus et al. 2014), that can be collected for future artificial insemination. Xenotransfer 
has also been successful at restoring the ability to produce sperm (spermatogenesis) in 
sterile adult birds (Trefil et al. 2010) and in rescuing adult germ stem cells of  genetically 
valuable deceased birds (Roe et al. 2013). 

Despite the early nature of  this work, it poses a promising avenue for the preservation 
of  genetic diversity in small or critical populations. In combination with in-ovo sexing 
and hormone supplementation, these technologies will have a significant impact on the 
population management of  species both in- and ex-situ.

Case Study: Australian Ratites
Ratites form one of  the most basal lineages of  birds, with living representations (Ostrich, 
Rhea, Kiwi, Emu and Cassowary) distributed throughout the southern hemisphere. 
These ancient birds separated from a common Gondwanan ancestor approximately 65 
million years ago and have therefore played an active role in the formation of  the current 
Australian biological landscape. Although the two species occupy different habitats, the 
service they provide for ecosystem dynamics is similarly important (Stocker & Irvine 
1983; McGrath & Bass 2001; Sales 2009). Thus, the disappearance of  either the Emu 
or the Cassowary from the landscape may not have immediately observable impacts, 
however in time, effects would likely be significant and long-lasting.
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In the science of  wildlife conservation management there are certain characteristics of  
species that may predict extinction, and the Cassowary and Coastal Emu fulfil the top 
three of  these characteristics (i.e. large body size, small populations and variable growth 
rates). Both birds are listed as endangered – the Cassowary under the Environmental 
Protection and Biodiversity Conservation Act (1999) and the Coastal Emu under the New 
South Wales Threatened Species Conservation Act (1995). Coastal Emus are geographically 
isolated from their more common inland counterparts, with preliminary DNA analysis 
indicating they are genetically disjunct (NCC 2014). Therefore, an integrated and 
adaptive management approach involving both in-situ and ex-situ techniques will be 
required for their long-term survival.

Current in-situ species management plans focus on the in-situ protection and restoration 
of  habitat for both the Southern Cassowary (Latch 2007) and the Coastal Emu (OEH 
2018). However, with a steadily growing human population and inadequate legislation to 
prevent the piecemeal conversion of  suitable habitat, the threatening processes for these 
species are not likely to dissipate. Without the additional assistance of  reproductive 
technologies and establishment of  well managed ex-situ insurance populations, managers 
may struggle to preserve adequate levels of  genetic and demographic diversity.

Ex-situ populations of  Southern Cassowaries are managed in Australian, North 
American and European zoos but no Coastal Emus (only Inland Emus) are known to 
exist in captivity. With the exception of  artificial incubation and hand rearing, no in-situ 
or ex-situ reproductive technologies for the purposes of  active population management 
are known for either species.

The following case studies present current and emerging reproductive technologies 
available for the conservation and population management of  the Southern Cassowary 
and the Coastal Emu. The technologies discussed are not intended to replace in-situ 
management efforts but compliment them in creating sustainable populations. The 
strength of  this research is in assisting ex-situ populations to serve as a genetic reservoir 
for wild birds in the event of  continued population decline or catastrophic loss.

Southern Cassowary
The Southern Cassowary (Figure 2) is listed as Endangered under the Federal 
Government’s Environment Protection and Biodiversity Conservation Act 1999 and managed 
over two separate regions of  northern Queensland. For the purposes of  this paper, the 
authors will concentrate on the southernmost Wet Tropics population that exists between 
Cooktown and (just north of) Townsville. The Wet Tropics population provides a sound 
case study for the Cassowary as existing threats are compounded by anthropogenic 
activities in the region and it is generally more accessible for the implementation and 
monitoring of  assisted reproductive technologies. The employment of  a conservation 
detector dog may also assist in locating injured or deceased threatened species, including 
the Cassowary and the endangered Mahogany Glider (Petaurus gracillis), in less accessible 
forested areas.
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Less than 20% of  critical coastal 
lowland habitat remains in the Wet 
Tropics region, much of  which 
is fragmented. This has resulted 
in the isolation of  at least 10 
separate Cassowary populations 
within the Wet Tropics region, six 
of  which are considered to have 
extreme current and potential 
threats (Latch 2007). Current 
conservation efforts for the most 
vulnerable populations could be 
stripped in the event of  one or 
more severe tropical cyclones. 
Recommendations from post-
cyclone research in the Wet Tropics 
region have called for disaster 
management planning to treat 
the protection and rehabilitation 
of  threatened species in a similar 
vein to that of  human livelihoods 
(Turton 2012). 

Although some endemic mammal 
species have proved remarkably 

resilient to the impacts of  cyclones, Cassowaries have been found to be highly 
vulnerable, especially in fragmented areas such as Mission Beach (Turton 2012). This 
was highlighted in the aftermath of  Severe Tropical Cyclone Larry in 2006, wherein over 
30% of  Cassowaries from one region affected by the cyclone perished (Turton 2012); 
all dependent chicks were presumed killed and almost 20% of  the surviving adults and 
sub-adults perished from starvation and disease in the 12 months following the cyclone 
(Moore 2007; Goosem et al. 2011). It was estimated to take 30–40 years to restore the 
forest canopy which was still repairing from Cyclone Winifred 20 years earlier (WTMA 
2007) when the region was hit again in 2011 by Severe Tropical Cyclone Yasi. It is well 
reported that the intensity of  severe tropical cyclones is predicted to increase with the 
effects of  climate change (Garnett & Franklin 2014). Thus, it is realistic to predict the 
extirpation of  entire Cassowary populations in future cyclone events. In light of  this 
information, the debate that surrounds the involvement of  ex-situ contributions should 
become less contentious.

An ex-situ population management program is in place for the Southern Cassowary and 
a detailed husbandry manual exists (Biggs 2013). Participating zoos are accredited by the 
regional Zoo and Aquarium Association of  Australasia and endorse their annual report 

Figure 2.  Southern Cassowary male ‘Rocky’ with a 
clutch of  eggs at Australia Zoo. (James R. Biggs)
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and recommendations for breeding and animal transfers. Despite these administrative 
achievements, unpredictable reproductive success and non-recommended breeding 
continues to threaten future management options (Biggs 2018).

There are multiple scenarios in which the reproductive technologies described above 
might benefit Cassowary management. The following are three such examples:

Scenario 1 – Improve and maintain high levels of  genetic diversity in ex-situ population
Australia’s captive population of  Southern Cassowary consists of  a stable population of  
65 birds (32 males and 33 females) with a genetic diversity of  89.3% (Biggs 2018), close 
to the 90% recommended to maintain genetic diversity over 100 years (Frankham et al. 
2010). With current limitations in carrying capacity and successful breeding, the ex-situ 
population is reliant on one in-situ acquisition every five years to maintain an acceptable 
level of  genetic diversity (Biggs 2018). Managers of  in-situ and ex-situ populations alike, 
have an invested interest in facilitating this transfer. 

Acquisition of  wild birds into captivity has consisted of  unreleasable birds from 
rehabilitation facilities. This should continue to be the case, however if  the opportunity 
arose for the acquisition of  eggs, this would also be beneficial. Chicks can be hand reared 
from eggs but subsequent young often respond poorly to breeding behaviours upon 
maturation (Romer 1997; Biggs 2013). Ideally, an egg would be placed with an incubating 
or broody male (Figure 2). Ratite males have been observed brooding inanimate objects 
such as rocks or even bricks. Although not yet trialled in ratites, injections of  prolactin 
have been used to induce broodiness in Rock Pigeons (Columba livia) (Lahr & Riddle 
1938), Barbary Doves (Streptopelia risoria) (Lehrman & Brody 1964) and Chickens (Gallus 
gallus domesticus) (Riddle et al. 1935), indicating that it may also be effective in developing 
this behaviour in Cassowaries. 

It is most important to manage the sex ratio of  an ex-situ population as the birds cannot 
naturally disperse and mortalities do not appear to be sex-specific. Cassowaries are long-
lived and expensive to maintain ex-situ. Thus, it is imperative that sex ratios in captive 
populations are tailored to maximise carrying capacity and reproductive effort. The 
sexing of  eggs in-ovo would enable managers to achieve this. The future use of  gonadal 
xenotransfer also offers an excellent avenue for introducing founder genetics without 
the ethical deliberation of  accessioning wild birds.

Scenario 2 – Permanent isolation of  an in-situ population
Since the 1600s, more than 90% of  all recorded extinctions have been from isolated 
populations (Newton 1998; Frankham et al. 2010). Small, isolated populations require 
regular monitoring for genetic health (Frankham et al. 2010), which was recently done 
for the Cassowary by DNA faecal analysis and camera-trap detection using visual lures 
(McLean et al. 2017). The use of  computer projections (population viability analysis - 
PVA) might assist in identifying approptiate timing for genetic supplementation and the 
creation of  defensible thresholds. These can then be used to decide when and where 
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to introduce new birds. If  ex-situ birds are selected, they should be as close to the 
founder level as possible, with low inbreeding and high genetic diversity to ensure the 
highest level of  fitness and ability to adapt to the new environment (Frankham et al. 
2010). New birds, of  either captive or wild origin, will require varying degrees of  soft 
release to a new environment. In-ovo sexing may be used to introduce a specific sex 
via nest manipulations, or to address sex linked genetic problems. The future use of  
xenotransfer in the Cassowary is a promising option for isolated populations. Gonadal 
material from deceased individuals would preferrably be introduced to a new host in-
ovo, or theoretically, to sterile adult individuals.

Scenario 3 – A Severe Tropical Cyclone decimates lowland coastal habitat and multiple 
cassowary populations
Securing gonadal tissue from deceased birds is highly desirable after a cyclonic event as 
this tissue may be cryopreserved for use in future reproductive technologies. Following 
Cyclone Larry, 82% of  Cassowary deaths in the Mission Beach area occurred on roads 
as a result of  vehicle strike as birds wandered in search of  food (Moore & Moore 
unpublished data (in Turton 2012)). The collection of  samples in a timely manner is 
therefore not only an important acitvity but also a realistic acheivement in some areas.

The xenotransfer of  this tissue into future embryos would enable managers to restore 
populations that were genetically predisposed to the region. As the reconstruction or 
regeneration of  forested areas progress, birds may be incrementally returned to the area 
with the option of  supplementary feeding stations, similar to those used to support 
starving birds following Cyclone Yasi (Turton 2012). Selected birds would prefferably 
be rehabilitated individuals from the region, or occur via natural immigration. If  this 
were not possible however, birds of  a selected age class, sex and demographic may be 
solicited from either nearby wild populations, or captive populations, or both wild and 
captive populations.

It is preferable that new birds are introduced as eggs to benefit from the knowledge and 
rearing of  a paternal male, however, the chance of  synchronising hatching events is low. 
It may become a genetically viable option to swap an entire clutch with a neighboring 
population or from the ex-situ population which would also provide some leeway 
in timing for hatching chicks. If  this were to occur, activity trackers might be placed 
on incubating males or a movement sensor placed within a fake egg to monitor their 
movements and incubation behaviour, as has been used in the conservation management 
of  New Zealand’s endangered Kakapo (Nestor notabilis) (DOC 2019). Trackers were 
used in wild Cassowary by Campbell et al. (2012) to acquire home range data. The safe 
attachment and follow up removal of  these GPS telemetry devices provides proof  of  
concept for this proposal. Cassowaries are territorial, with females only tolerating an 
overlap with male birds (Moore 2007). In-ovo sexing might be used to tailor the addition 
of  a specific sex, or sex ratio to maximise the carrying capacity. As with Scenario 2 above, 
the individuals selected must have low inbreeding and high genetic diversity. Although 
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hormone supplementation is an option for sex specific management, more research is 
required before it is implemented in-situ.

Coastal Emu
Emus were once distributed throughout most of  mainland Australia and Tasmania, 
however they are now largely absent from southeastern coastal and subcoastal regions 
and other densely settled areas (OEH 2018). Two Emu species and one subspecies 
are now listed as extinct in Australia. The first to disappear was the once-abundant 
King Island Emu (Dromaius ater) which was swiftly driven to extinction by seal hunters 
and their dogs at the turn of  the 19th century, disappearing in just a few years by 1805 
(Brasil 1914). Next was the Kangaroo Island Emu (Dromaius baudinianus), which is 
believed to have become extinct in 1927 after being reported in great numbers only 
eight years previously (Parker 1984) [A painting of  this bird appeared in the previous 
issue of  Northern Territory Naturalist (Hermes 2018).] The Tasmanian Emu (Dromaius 
novaehollandiae diemenensis) was the last island population to disappear. Although never 
recorded as ‘abundant’, it was last recorded in the wild in 1865, believed to have become 
extinct as a result of  hunting and poaching of  eggs (Dove 1926). Following this same 
trajectory is the endangered population of  the Coastal Emu from the New South Wales 
North Coast Bioregion and Port Stephens local government area.

The Coastal Emu is recognised as an endangered population by the state government 
of  New South Wales with recent estimates of  only 40–100 birds (OEH 2018) (Figure 
3). It is highly susceptible to stochastic threats including fragmentation of  habitat, 
anthropogenic disturbance, inappropriate fire regimes and predation of  young and eggs. 

Figure 3.  Coastal Emu male with chicks, northern coast New South Wales. (Penelope Smith)
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The cumulative effects of  which have led to a feedback loop of  population decline known 
as an ‘extinction vortex’. The establishment of  a captive population is considered by the 
New South Wales Saving our Species (SOS) program to compliment the imperatives of  
in-situ conservation. The IUCN recommends a five-step decision-making process when 
considering ex-situ management to evaluate its appropriateness and document process 
clarity and transparency (McGowan et al. 2017). Although it is considered outside the 
scope of  this research, it is an essential first step. 

There is a danger of  leaving the establishment of  an ex-situ population too late (IUCN/
SSC & CBSG 1987; Mills 2013), and this may be the case with the Coastal Emu. The 
recommended number of  founding individuals for an ex-situ population is 20–30 to 
establish an effective genetic base (Frankham et al. 2010). If  wild collection is required, 
this should occur when the wild population is still relatively large (McGowan et al. 
2017). This allows the collection of  birds with low inbreeding, and has less impact on 
wild populations (Frankham et al. 2010). The establishment of  an ex-situ population 
is recommended when wild populations drop below 1000 individuals (IUCN/SSC & 
CBSG 1987). Although that time has long passed for the Coastal Emu, it is expected 
that any negative impacts of  small collection size from the wild population will be 
outweighed by the positive impact on the overall conservation effort. 

The following scenarios provide examples of  how reproductive technologies may assist 
the conservation of  the Coastal Emu through improved population management both 
in- and ex-situ.

Scenario 1 – Establishment of  a captive population
An aim to acquire at least 10 wild founders for an ex-situ population is necessary to 
maintain the minimum acceptable levels of  genetic diversity (Frankham et al. 2010). 
Although this is not likely to capture a broad spectrum of  alleles present in the 
population, considering the small existing population and length of  presumed isolation, 
the number may be sufficient.

Initially, there would be little discrimination as to the sex of  acquired birds with efforts 
concentrated on obtaining the most genetically diverse sample. Acquisition of  eggs is 
preferable due to the ease of  transport and limited stress on the individual. Although the 
chance of  finding an incubating male is slim, it may be improved with the employment 
of  trained conservation detector dogs. Eggs removed during the laying sequence or early 
in the breeding season should encourage egg replacement or reclutching by femlaes. 
Upon the acquisition of  wild eggs, a captive male Inland Emu may be stimulated to 
incubate an artificial clutch by the incremental placement of  artificial eggs, with or 
without the use of  prolactin injection. Meanwhile, wild eggs might simultaniously be 
artificially incubated for safety and to monitor weight loss. Artificial eggs would then 
be replaced with their viable counterparts during the early stages of  hatching for follow 
up rearing. Artificial ‘smart eggs’ (DOC 2019) are a recent development used to mimic 
the movement and sounds of  a developing chick. These would alert the incubating male 
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to an iminent hatching event, prior to the egg switch. In the absence of  the paternal 
services of  a male Emu, eggs may be artificially incubated and hand reared by zoo 
professionals, preferrably in the company of  farmed Inland Emu foster clutch mates.

Following the maturation of  founder birds, the program enters a growth phase where 
reproductive technologies could play a major role in creating a demographically secure 
population. Efforts to collect additional founders from unrelated or disjunct populations 
should continue to be a high priority during this time. It is known from farming 
Inland Emus that females will breed as long as they are in sight of  a male. Thus, using  
in-ovo sexing techniques or after further research, hormone supplementation, small 
breeding units may be created of  multiple females and one male. Embryonic gonadal 
tissue of  undesired sexes could be cryopreserved for future use in xenotransfer and to 
further reduce changes to the founder gene pool during captivity. The use of  artificial 
insemination technologies (Malecki et al. 2008) could be employed to ensure maximum 
genetic diversity amongst the ex-situ population with minimum cost and need to facilitate 
animal transfers. Presently, this would only be possible in an ex-situ environment as birds 
require some familiarisation with the technique.

Scenario 2 – Re-establishment or supplementation of  a wild population
The end goal of  ex-situ conservation of  species is reintroduction in the hope of  
establishing a self-sustaining population or supplementing the genetic or demographic 
health of  an existing population. There are, however, concerns for the genetic 
adaptation to captivity. Limiting the number of  generations in captivity is essential in 
reducing these effects and may be lessened further by the reintroduction of  founder 
genetics via xenotransfer in released birds. Natural selection will assist to reverse the 
effects of  deleterious adaptations accrued in captivity (Frankham et al. 2010) as long as 
adequate fitness is present to persist through the process. The monitoring and genetic 
management of  reintroduced populations would be ongoing until it numbered the 500 
individuals recommended to be free from human support (Becker 1984). This would 
involve techniques as described for the Cassowary in Scenario 2 above.

Conclusion 
Conservation science is complex, and as we consider the endless practical questions 
involved with each species or population, it may raise more questions than it is able to 
answer. Although species habitat continues to reduce in size, quality and connectivity, 
the techniques for managing them are improving. The success of  introducing such 
techniques as part of  the Southern Cassowary and Coastal Emu management programs 
will hinge upon the financial support, facilities and experience of  individual accredited 
zoo facilities in Australia, and their governing body. It will also require improvements 
in communication between government authorities and zoo professionals and increases 
in federal funding for threatened species management. With the assistance of  new and 
emerging reproductive technologies, the integrated management of  robust in-situ and  
ex-situ populations will create a brighter future for Australian ratites.
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