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Abstract 
 

The illegal trade in wildlife is a serious and growing crime and one to which Australia is not 

immune.  Worldwide it is thought to cost between US$10 and US$20 billion dollars annually. 

The trafficking of birds, in particular the parrots, is a known feature of the illegal trade in 

wildlife.  The Glossy Black-Cockatoo, Calyptorhynchus lathami, (Psittaciformes: Cacatuidae) 

was chosen as a model species as it is difficult to breed in captivity and, as the rarest of the 

Black-Cockatoos, is vulnerable to poaching.  This thesis explores a number of techniques 

including microscopy and DNA technologies that can be utilised to assist in the investigation 

of instances of illegal trading in wildlife.   

 

One of the greatest challenges facing the policing of the illegal wildlife trade is the provision 

of evidence. For DNA evidence to be presented in court, an understanding of the population 

and genetic structure of target species of concern is required in order to for the results to be 

interpreted. As a result, a great deal of this thesis involves an investigation of the population 

and genetic structure of C. lathami.  In investigating the genetics of C. lathami, a great deal of 

genetic information is obtained that can be used to inform conservation management of the 

species as well as the forensic applications. This highlights the benefit of forensic scientists 

and conservation biologist working together.  

 

This thesis produces a hierarchical approach to the investigation of wildlife crime involving 

birds, where by: (i) feathers can be used to determine a broad range of potential species of 

origin of a seized specimen; (ii) mtDNA analysis can be used to provide details as to the 

likely population of origin, and to exclude an individual as coming from a particular 

matriarchal lineage; and (iii) microsatellite analysis can be used to provide further inference 

regarding the population of origin, to differentiate among individuals and to investigate 

pedigrees.  C. lathami was used as the model species however the approach could be applied 

to other species of bird in the same way.   

 

In Australia, attempts to combat the illegal wildlife trade are complicated by the fact that it is 

situated at the interface between regulation and law enforcement.  In addition, the bulk of the 

expertise resides with individuals working in institutions without accreditation and who are 

not used to operating in the forensic environment.  On the other hand, whilst forensic 

scientists have the appropriate experience in evidence handling to ensure admissibility they 
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are by nature generalists.  For wildlife forensic science to progress in Australia we need to 

develop stronger partnerships between scientists in fundamental areas of science, academia, 

museums and government forensic laboratories. Furthermore there needs to a coordinated 

approach, focusing on the species targeted by those involved in the illegal trade and those 

species at greatest risk from the illegal trade.   
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The study species – the Glossy Black Cockatoo Calyptorhynchus lathami.  Photo by Jo Lee.  
 

"In its disposition it is much far less shy and distrusting than others in its family, so that it is easily killed or 

captured; and the death or disablement of one member of the small band has the effect of paralysing the rest - 

they fly round and round the dead or wounded comrade, or perch in a tree close by, perfectly blind to the danger 

they run, till each one is caught with little trouble." 

 

G. J. Broinowski, Cockatoos and Nestors of Australia and New Zealand, 1888 
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1 Introduction 

1.1 General introduction 

Wildlife crime is a deliberate and purposeful illegal activity involving animals and plants, 

alive or dead (including their parts, products and derivatives) for which purposeful gain is the 

principle motive (McDowell 1997). Wildlife trafficking presents a serious threat to the 

survival or conservation of many endangered species (Cook et al. 2002) as many of the 

species targeted are rare and hence vulnerable to extinction (Hopper and Gioia 2004).  Trade 

in wildlife can also lead to the loss of biodiversity, habitat destruction, an increase in the 

transmission of diseases, potential invasion of pest species and can undermine the legal trade 

(Normile 2004, Pedersen et al. 2007, Reed 2005, Smith et al. 2006, Weigle et al. 2005).   

 

The illegal trade of wildlife is a growing and serious global crime thought to cost between 

US$10 and US$20 billion dollars worldwide annually (Brack 2004, Symondson 2002, Engler 

and Parry-Jones 2007, Roe 2008, Wyler and Sheikh 2008, Ferrier 2009) and is third only to 

that in drugs and human trafficking in scope and value (Haken 2011).  However the true 

extent of the illegal trade of wildlife in Australia or indeed the world is not known (Rosen and 

Smith 2010).  It has been suggested that illegal trafficking of wildlife is increasing in part due 

to the global economic down turn along with the pronounced penalty disparity compared to 

other organised crime types (Leader-Williams and Milner-Gulland 1993, Li et al. 2006, 

Claridge et al. 2005, Alacs and Georges 2008).  Australia’s unique flora and fauna are 

especially prized overseas.  Reptiles and birds are particularly popular, destined mostly for the 

USA, Japan and Europe, where collectors will pay large sums (Halstead 1992). Australia's 

Black Cockatoo species are highly sought after, with individual birds fetching up to $30,000 

(Cameron 2007).   

 

Despite the magnitude and impact of the trade in wildlife, few resources are allocated to 

combating it (Brack 2004, Wyler and Sheikh 2008) and whilst broader attention to this 

problem is beginning to occur (Neme 2010), the application of forensic techniques is still 

predominantly in the research and educational arenas.   
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1.2 Regulation 

The Convention on International Trade in Endangered Species of Wild Fauna and Flora 

(CITES), to which Australia is a signatory, is an international agreement aimed at ensuring 

the international trade in wildlife does not threaten the survival of species.  Fauna and flora of 

concern are listed in one of the three CITES Appendices.  Species threatened with extinction 

for which international trade is prohibited are listed in Appendix I and those vulnerable to 

overexploitation whose trade should be regulated are listed in Appendix II.  Regulation 

involves licensing the import and export of all listed species as well as monitoring the effects 

of trade.  Appendix III includes species regulated at the request of a particular country.  About 

34,000 species are protected by CITES; globally, 600 animals are listed on Appendix I and a 

further 4400 on Appendix II. In Australia, 67 plant and animal species are listed in Appendix 

I, and 958 in Appendix II (Cameron 2007).  

 

Australian compliance with the CITES agreement is implemented through the 

Commonwealth of Australia Environment Protection and Biodiversity Conservation Act 

(EPBC Act), 1999 which also covers species protection.  The international movement of 

wildlife specimens and the CITES agreement is covered in Part 13 of the EPBC Act.  

Enforcement of the act is primarily the responsibility of the Commonwealth Department of 

Sustainability, Envionment, Water, Population and Communities (DSEWPaC), along with 

their state and territory counterparts with Boader agencies (Customs and Quarantine), the 

Australian Federal Police and State and Territory law enforcement agencies where relevant.   

 

Responsibility for licensing regulation also lies with DEWHA along with their state and 

territory counterparts. The number of permits issued a year, for captive-bred and wild 

animals, ranges from about 400 in Tasmania to more than 13,000 in Victoria (Alacs and 

Georges 2008).  These are predominantly issued to breeders, zoos and pet shops owners who 

must provide evidence that they are qualified to care for the animals. Permit holders are also 

required to keep detailed records of births and deaths in a logbook. 
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1.3 Legal wildlife trade in Australia 

In Australia, the export of all live native animals for commercial trade has been banned and 

only six native bird species can legally be taken out of the country (Cameron 2007).  These 

are all popular pets (such as the budgerigar and cockatiel) and must be accompanied by the 

owner. However, whilst the export of live Australian wildlife is effectively prohibited, some 

exports are allowed subject to Government approval and the granting of permits from the 

Sustainability, Envionment, Water, Population and Communities (DSEWPaC).  The bulk of 

these are from commercial fisheries, crocodile farms, native flora and kangaroo products.  

The commercial import of wildlife also requires permits to be granted as does the import and 

export of wildlife for non-commercial purposes such as research, education, exhibition, 

household pets and for personal use.   

 

Australian wildlife can only be trapped where expressly permitted by legislation and after 

securing a permit which is also required when moving wildlife between states and territories.  

However, given the extent of the historical trapping of various Australian species such as 

Cockatoos (Cameron 2007), there is a large number of native Australian fauna already living 

in captivity both here and overseas making it harder to differentiate legally obtained fauna 

from that obtained illegally.  There have also been a number of instances in which harvesting 

of birds was allowed in an effort to increase the availability of captive-bred birds and thus 

reduce the demand for illegally obtained wild birds.  Some trapping of the two white-tailed 

black-cockatoo species; Carnaby’s Cockatoo Calyptorhynchus latirostris and Baudin’s 

Cockatoos C. baudinii was also allowed in Western Australia (WA) between 1972 and 1986 

in an effort to reduce damage to fruit crops (Cameron 2007).  The WA Government also ran a 

captive breeding program for Carnaby’s Cockatoos from 1996-1998 in which nestlings and 

sometimes eggs were harvested for the Carnaby’s Cockatoo (Cameron 2007).  Carnaby’s 

Cockatoos often lay two eggs of which only one generally survives in the wild (Cameron 

2007). This second egg or the resulting nestling was taken and raised in captivity becoming 

part of the commercial aviculture industry.  The increased availability of these cockatoos led 

to a reduction in value of the species making it a lesser target for poachers.  The WA 

Department of Conservation also allows wildlife carers to breed from birds brought into care 

and to sell the progeny, with the profit being divided between the carer and the Department 
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(Cameron 2007).  A similar situation occurred in the Northern Territory (NT) in 1989 and 

again in 1992 and 1993 when a number of Red-tailed Black-Cockatoos C. banksii were 

trapped for use in the aviculture industry (Cameron 2007).  Some trapping of a critically 

endangered subspecies of Yellow-tailed Black-Cockatoo C. funereus was also allowed after 

fires destroyed a number of active nests on the Eyre Peninsula in 2005 (Cameron 2007).  

Again, the second egg of this species rarely survives, so raising a number of these individuals 

ensures the genes of this population are retained even if the wild population becomes extinct. 

1.4 The illegal trade in wildlife 

The worldwide illegal trade in wildlife is massive and complex (INTERPOL 2012).  It ranges 

from individuals taking as pets the odd bird or animal, through to organised trafficking by 

international crime syndicates (Cook et al. 2002, Lowther et al. 2002, Warchol 2004).  It also 

includes logbook tampering, in which permit holders replace legitimate animals that have 

died with a wild animal or pretend that a wild animal was bred in captivity (Cassidy and 

Gonzales 2005). 

 

The full extent of the illegal trade in wildlife both in Australia and around the world will 

never be known with an immeasurable component going undetected (Rosen and Smith 2010).  

Confiscation records provide the only tangible data on the scope and scale of the illegal trade 

(Rosen and Smith 2010).  Investigations of seizure records compiled by TRAFFIC include 

massive amounts of ivory, tiger skins, live reptiles, and other endangered wildlife and wildlife 

products with most seizures originating in Southeast Asia (Rosen and Smith 2010).   

 

However, each year increasing numbers are being detected (i.e. Alacs and Georges, 2008) by 

agencies managing and securing the integrity of Australian borders; principally the Australian 

Customs Service (ACS) allied with the Australian Federal Police (AFP), the Commonwealth 

Department of Agriculture, Fisheries and Forestry (DAFF), the Department of Immigration 

and Citizenship (DIAC) and the Department of Defence (DoD).  In the 2009-10 financial year 

ACS seized plants or animals and their products on 4014 occasions (Alacs and Georges 2008) 

however whether this represents a small or large fraction of all smuggling attempts is 

unknown. In addition to the seizures by customs in Australia there are a growing number of 

examples of international seizures of Australian fauna and flora.  A number of these were 
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reported by various presenters at the INTERPOL meeting of the Wildlife Crime Working 

Group (Brazil, September 2009). 

 

Whilst animal and plant products make up a large portion of the illegal trade, live animals are 

also smuggled often strapped to the body of a smuggler, hidden in luggage, or even mailed 

through the post. Animals and eggs have been detected in film canisters, garden pots, stuffed 

in plastic tubes, stitched into luggage and in purpose-built vests (Australian Customs Service 

2007b).  Consequently, Reptiliaare often preferred as they are resilient and quiet. If detected, 

smugglers generally attempt to destroy their specimens as a means to prevent the 

identification of the species and as a result escape prosecution (Alacs and Georges 2008).  For 

example, in 2004, customs apprehended a man attempting to smuggle 24 cockatoo and galah 

eggs onto a plane in a purpose-built vest.  The man successfully crushed all but two of the 

eggs (Australian Customs Service, 2004a). 

 

The majority of seizures relating to wildlife crime are perpetrated by individuals unaware of 

the laws governing the import/export of wildlife products (Alacs and Georges 2008). Major 

seizures (those for which persons are interviewed or prosecutions commenced) make up less 

than 1% of the total detected (Alacs and Georges 2008). However, organised criminal 

networks conducting large scale illegal smuggling operations spanning several countries have 

been detected (Cook et al. 2002, Lowther et al. 2002, Warchol 2004).  More and more often, 

investigation of the international trade in endangered species leads to well organized, highly 

financed criminal organizations that are attracted to the high profitability of the wildlife trade 

(Gagliardi and Orr 2012).  These networks have also been found to be associated with a range 

of other illegal activity such as the trafficking of drugs, guns and humans as well as the 

forgery of required documentation (Lowther et al. 2002).  The trade is thought to be 

principally coordinated by well-organised, loose networks based in the EU and in the source 

regions including Colombia and Chinese gangs based in Hong Kong (OCTA 2011).  Europol 

has also identified an increased interest in wildlife trafficking by groups involved in drug 

trafficking in Brazil and Mexico.  These groups use methods similar to those used to smuggle 

drugs (Gagliardi and Orr 2012).   

 

Australia is not immune to this and there have been incidences linking Australian nationals to 

wildlife smuggling syndicates spanning New Zealand, South Africa, South East Asia, 

Zimbabwe and the United States of America (Australian Customs Service 2004b, 2006, 
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2007a) targeting specimens such as cycads, orchids, snake and bird eggs and seahorse 

powder.   

 

Due to the international and organised nature of the illegal wildlife trade there has been a 

renewed focus on combatting the illegal wildlife trade.  Perhaps the best way to demonstrate 

this is the formation of the INTERPOL Environmental Crime Programme (EPC) which aims 

to dismantle the criminal networks behind environmental crime (INTERPOL 2012).  The 

EPC includes the Wildlife Crime Working Group that initiates and leads a number of projects 

to combat the poaching, trafficking, or possession of legally protected flora and fauna 

(INTERPOL 2012).  

 

In Australia, further efforts to assess the role of organised crime are being undertaken by a 

new entity; the Transnational Environmental Crime (TEC) Project to investigate emerging 

trends in transnational environmental crime (including wildlife crime) and to examine the 

conditions for successful regulatory and enforcement responses (TECP 2012).  The TEC 

Project is run out of the Australian National University (ANU) Department of International 

Relations (DIR) and is funded by the Australian Research Council (ARC) under a Linkage 

Project grant, with its partner organisations being the Department of Sustainability, 

Environment, Water, Population, and Communities (DSEWPC).  It is hoped that it will 

generate empirical advances and theoretical innovation through the application of network 

models to an under-researched area of transnational crime and an improved knowledge base 

for the development of informed and effective policy-making, law enforcement and 

compliance tools (TECP 2012).   

1.5 Taxa targeted for the illegal trade 

Internationally, products such as ivory, hides, furs, skins, and other wildlife products are 

commonly traded (Rosen and Smith 2010) and there is also a large international trade in 

complementary medicines with products containing tiger, snake, rhinoceros, pangolin and 

plants highly sought after (Alacs and Georges 2008, Rosen and Smith 2010).  There is also a 

significant trade in flora, often in the form of cuttings, of flowering plants, tree ferns and 

orchids (Alacs and Georges 2008).  Exotic fish are also occasionally trafficked along with 

other fauna such as beetles, scorpions and spiders (Alacs and Georges 2008).   
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Analyses of the Australian seizures (i.e. Alacs and Georges 2008) have indicated that reptiles 

are the most targeted with birds the next most prevalent followed by native plants.  This 

however conflicts with the Senate Select Committee on the Commercial Utilisation of Native 

Australian Wildlife (Anon 1998) which considered birds as the most common taxon involved 

in the illegal wildlife trade.  This may reflect a changing market with an apparent reduction in 

the trade of live birds in favour of eggs which are less easily detectable and have a lower 

mortality rate. 

An example of a situation in which black cockatoos Calyptorhynchus spp were targeted for 

the illegal wildlife trade came in 2008 when wildlife law enforcement officers in WA 

discovered an individual with a large number of black-cockatoos and galahs worth thousands 

of dollars on the black market, all of which appeared to have been taken from the wild (White 

et al. 2011b).   

1.6 Impact of illegal trade on Australian flora and fauna 

Wildlife trafficking presents a serious threat to the survival of many species (Cook et al. 

2002) as many of those targeted are rare and hence vulnerable to extinction (Hopper and 

Gioia 2004).  The ramifications of the trade in wildlife includes the loss of biodiversity, 

habitat destruction, an increase in the transmission of diseases, potential invasion of pest 

species and finally, it can undermine the legal trade (Normile 2004, Pedersen et al. 2007, 

Reed 2005, Smith et al. 2006, Weigle et al. 2005).    

 

The illegal commerce of wildlife also creates a biosecurity risk.  Exotic species introduced via 

the illegal trade can establish in the wild and become pests, or spread disease to native 

wildlife and agricultural species (Normile 2004, Pedersen et al. 2007, Reed 2005, Smith et al. 

2006, Weigle et al. 2005).  For example, there have been several instances involving the 

illegal importation of red eared slider turtles, Trachemys scripta elegans (Australian Customs 

Service 2003).  These are considered a major pest species because of their ability to multiply 

rapidly and spread in waterways.  Birds in particular present a major threat to biosecurity 

given the prevalence and impact of diseases such as Newcastle disease, avian influenza and 

the virulent bursal disease (Johnson 2010).  Illegal importation of pigeons is thought to be the 

cause of a recent (2011) outbreak of avian Paramyxovirus (PMV1).  This strain had not 
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previously been found in Australia but was identified in flocks of hobby pigeons in the greater 

Melbourne and Shepparton/Tatura areas of Victoria. It also spread to feral pigeons in 

numerous locations across Melbourne and was detected in a collared sparrow hawk and a 

spotted turtle dove (Victorian Department of Primary Industries 2011). 

1.7 Penalties 

Whilst Australia has tougher penalties in relation to wildlife crime than either the US or UK 

with fines of up to AU$110,000 for individuals or AU$550,000 for corporations, and up to 10 

years imprisonment (Johnson 2010) the actual penalties handed down by the courts are 

generally less severe (Alacs and Georges, 2008).  Fines are by far the most common sentence 

(around 70%) and these are generally only a fraction of the market value of the traded species 

(Alacs and Georges, 2008). For example one of the largest fines has been $AU30,000 for the 

attempted exportation of 19 parrot eggs (Alacs and Georges, 2008).  This is roughly half their 

estimated black market value.   

 

In Australia, attempts to combat the illegal wildlife trade are complicated by the fact that the 

trade is situated at the interface between regulation and law enforcement. Prosecutions are 

largely managed in the regulatory domain, where penalties are often less, and the focus is on 

monitoring and compliance.  The situation is further complicated by the number of agencies 

involved at the state, national and international level, each with their own policies, priorities 

and constraints (Smith and Anderson 2004). In addition, wildlife crime has to compete with 

other forms of serious and transnational crime and as yet the wildlife crime category has not 

received a high priority, despite its scope (Gagliardi and Orr 2012).   

 

The issue is exacerbated by the attitude of large portions of the Australian public, and more 

importantly the Australian media, who appear essentially ambivalent about the issue.  

Consequently, the cruelty and damage caused by the illegal trade in wildlife goes largely 

unnoticed.  This is in contrast to countries such as Africa where a massive amount of effort 

and resources are directed at combating poaching.  So why is this?  In part it is the ‘size’ of 

the issue; we have no “elephant at the table”.  Images of vast, wounded animals left in the sun 

to die a painful death as the result of poachers are great to create a ground swell of public 

opinion that puts pressure on policy makers and in the process creates the political will to do 
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something about it.  Images of snakes, lizards or even a spectacular parrot dead in a tube does 

not evoke the same emotional response.   

1.8 The current status of wildlife forensic science in 

Australia 

Wildlife forensic science is still in its infancy in Australia.  Compared to mainstream forensic 

science, technologies such as DNA analysis are used infrequently, though facilities such as 

the Australian Museum and Murdoch University have assisted with the investigation of 

wildlife crime on a number of occasions (Johnson 2010, White et al. 2011b).  Unlike the US, 

Australia does not have a dedicated laboratory to investigate wildlife crime and whilst, as a 

CITES member, Australia can request support from the US Fish and Wildlife Service, they do 

not have the expertise to perform the analysis when it relates to Australian fauna and flora.  

This expertise resides largely within the Australian scientific community.  It is however 

unlikely, given the volume of wildlife related crime, that Australia will get a dedicated 

wildlife facility in the near future.  Consequently a number of strategies have been devised to 

advertise and access the available knowledge and expertise.  The Australian Wildlife Forensic 

Network (AWFN) was set up in 2007 after a conference coordinated by the National Institute 

of Forensic Science (NIFS).  This group consists of a range of interested parties from a wide 

range of organisations (Government Departments, Policing agencies, Museums and the 

University sector).  AELERT (the Australian Environmental Law Enforcement and 

Regulators neTwork) also provides members with a list of forensic experts who can be 

contacted by investigators in relation to specific cases.  The ‘environmental forensic expert 

list’ also aims to promote information exchange between and amongst forensics practitioners 

and regulators as well as act as a repository for information regarding the processes, 

procedures and best practices in the field of environmental forensics (AELERT 2012). 

 

The Society for Wildlife Forensic Science (SWFS) was formed in November 2009 with the 

aim of developing wildlife forensic science into a comprehensive, integrated and mature 

discipline (SWFS 2012).  The Society for Wildlife Forensic Science has international 

membership including individuals from Australia and New Zealand.  The Society for Wildlife 

Forensic Science has also formed a Scientific Working Group (termed SWGWILD) that will 

help establish standards and prescribe best practices for the discipline of Wildlife Forensic 
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science (Johnson 2012a).  A DNA commission was also formed out of discussions at the 

International Society for Forensic Genetics 23
rd

 Congress in Buenos Aires to outline 

recommendations on the use of non-human DNA in forensic science investigations, and 

includes Australian representation (Linacre et al. 2011).  Whilst these groups include 

individuals with the required scientific expertise, Australia still lacks a strategic or 

coordinated approach.  Consequently whilst suitable expertise may be available, further 

development of this expertise is currently not progressing in a targeted manner.    

 

Coupled with this is the issue that whilst we potentially have individuals with the relevant 

expertise to analyse the evidence, we may be failing to collect the evidence in the first place.  

As with any crime, the investigation starts at the scene and if this is not adequately processed 

then evidence will be lost, simply because the evidence is not recognised or recovered or 

because it is not recorded.  It is also vital that the correct reference samples are collected.  A 

great deal more will need to be done in the future to ensure that individuals with the relevant 

training and expertise are involved in the investigation of the crime scene.   

1.9 Introduction to forensic science principles 

The word forensic simply means pertaining to the law (Robertson 2009). Forensic Science is 

the application of Science in the resolution of legal disputes (Robertson 2009).  It attempts to 

produce knowledge which assists to resolve legal disputes (Robertson 2009).  It starts at the 

crime scene and may relate to a vast array of sample types and scientific disciplines, in many 

cases ending in the presentation of evidence to the courts.   Forensic science is not just about 

identification but has a range of roles in the criminal justice system.  These include 

establishing the elements of a crime (ie it can show that a white powder is an illegal drug and 

in doing so that a crime has been committed), reconstruction of the crime scene (ie blood stain 

interpretation can be used to determine what may have occurred, including the type of weapon 

and force applied), and finally it can associate and/or dissociate an individual from a scene as 

is the case with DNA and fingerprint evidence.  For this last point, an exclusion of an 

individual can be as important to an investigation as an inclusion.  Determination that a 

specimen is not a sample of interest is extremely valuable early in an investigation as it means 

that the limited resources available can be channelled into more fruitful endeavours.   
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Despite the popular belief pedalled by programs such as ‘CSI’, forensic science is not about 

matching samples or about looking for similarities.  Rather it is about looking for differences, 

and if none are found then determining the significance of this. In a wildlife context (as is the 

case with human forensics) determining the significance requires an understanding of 

variability and complexities of the species in question, and how this species relate to others so 

that results are not misinterpreted.  Finally, in forensic science the samples collected or 

presented for analysis are rarely pristine.  More often than not they are in very small 

quantities and potentially degraded.   

1.10 A review of molecular approaches to wildlife 

forensics. 

Whilst each case is different and is likely to require a different set of tools, questions posed by 

law enforcement in relation to wildlife offences generally fall into three main categories: 

species determination; determination of geographic origin and individualisation.  This latter 

grouping also includes additional information such as sex and parentage.  For seizures 

involving all or large portions of the specimen being traded morphological traits can be used 

to determine the species however in many cases the morphological traits may not remain 

discernible.  In some cases, hair or feather fragments may be of use (see below) however if 

traded products are degraded or highly processed these traits will not be available.  In these 

instances molecular technologies may produce results even on degraded or processed 

samples.  Consequently they are capable of addressing a variety of questions including the 

assignment of samples to species, and/or population as well as individualisation (Bollongino 

et al. 2003, Dawnay et al. 2008, Gupta et al. 2006, Lorenzini 2005, Ogden 2008, Palsboll et 

al. 2006, Roman and Bowen 2000). 

 
 

1.11 Species determination 

Species determination is important in wildlife forensic cases as in order for charges to be laid 

under the EPBC Act (1999) or other relevant legislation, species identification is a 

prerequisite (Johnson 2010). Species determination in forensic cases is most commonly 

performed using mitochondrial DNA (mtDNA) sequencing (Tobe and Linacre 2010).  This is 
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because the trace or degraded nature of many forensic samples precludes the use of nuclear 

DNA (nuDNA) whereas the high copy number of mtDNA (Randi 2000) enables results to be 

obtained.  The most commonly used markers for species identification are the mitochondrial 

cytochrome b (cyt b) and the cytochrome oxidase 1 (CO1) genes due in part to the availability 

of universal primers suitable for a wide range of species (Kocher et al. 1989, Tobe and 

Linacre 2010).  After amplification and sequencing species can be determined via comparison 

of the sequence obtained to a database such as GenBank.  The cyt b gene has been 

successfully used for species determination from traded products relating to a range of species 

including sharks (Chapman et al. 2003), snakes (Yau et al. 2002), marine turtles (Lo et al. 

2006), seals (Malik et al. 1997) and tigers (Branicki et al. 2003, Verma et al. 2003, Wan and 

Fang 2003). An international effort as part of the ‘barcoding life project’ is currently 

underway to sequence a 600 base pair (bp) portion of the CO1 gene of all vertebrates.  This 

will provide researchers and law enforcement alike with a vast array of data against which 

seized specimens can be compared.   

 

MtDNA does however have limitations, the major one in this context being that mtDNA may 

not reflect the patterns of genetic relationships between species particularly if there is strong 

sex-biased dispersal (Ballard and Whitlock 2004, Durand et al. 2005) Also, mtDNA is 

typically not informative for investigations of suspected hybrid animals or cases of 

introgression in the wild.Added to this is the issue of heteroplasmy; where there is the 

presence of two or more different genomes within one individual (Breton et al. 2007, Kvist et 

al. 2003, Rokas et al. 2003, Sherengul et al. 2006, Ujvari et al. 2007). The presence of nuclear 

paralogs or pseudogenes of mtDNA genes (also termed numts) can also further complicate the 

situation.  These arise when segments or even entire mtDNA genomes are inserted into the 

nuclear DNA. Nuclear pseudogenes can be amplified simultaneously or at times preferentially 

(Collura and Stewart 1995, Sorensen and Quinn 1998) with the targeted mtDNA gene 

resulting in the amplification of either multiple segments or the incorrect (non-target) 

sequence.   

 

1.11.1 Determination of geographic origin 

Determination of geographic origin can be important in instances where the species is known 

but the provenance of a sample is not.  This is particularly important if poached specimens are 
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to be returned to the wild.  In order for this to be achieved information relating to the genetic 

structure and phylogeography (an assessment of geographic distribution of genealogical 

lineages) of the species is required.  This may include investigation of whether specific 

mtDNA haplotypes are associated with broad geographic regions (Avise et al. 1987).   

 

In instances where genetic differences between individuals from different geographic 

locations are only subtle, population assignment tests based on the different frequencies of 

hypervariable nuclear DNA genetic markers may be required.  Assignment tests estimate the 

probability of an individual belonging to a given population based on the allele frequencies 

displayed by these populations (Cornuet et al. 1999).  Alternatively, an exclusion test that 

rejects the hypothesis that a specimen originated from a particular population can be 

employed (Cornuet et al. 1999, DeYoung et al. 2003, Gomez-Diaz and Gonzalez-Solis 2007, 

Manel et al. 2005). 

 

Assignment tests use a suite of statistical analyses to help interpret the possible origins of 

individuals (Campbell et al. 2003, Cornuet et al. 1999, Duchesne and Bernatchez 2002, 

Evanno et al. 2005, Manel et al. 2007, Manel et al. 2005, Maudet et al. 2002, Paetkau et al. 

2004, Piry et al. 2004, Waples and Gaggiotti 2006). Assignment tests are highly accurate 

providing all populations have been sampled, population boundaries are well defined, 

sampling is random, and populations are in Hardy-Weinberg equilibrium (Cornuet et al. 

1999).  However, in reality this is rarely the case.  Many populations encountered will be 

small and display only a low level of genetic differentiation with other populations.  

Furthermore population boundaries are not always clear.  For these populations clustering 

methods such as the one employed by programs such as STRUCTURE that determine the 

number of populations present based on the genotypes present rather than on predetermined 

boundaries may be more suitable.  Assignment testing has been successfully used in relation 

to the origin of shipments of ivory (Wasser et al. 2007) as well as being used to relocate 

seized European pond turtles (Emys orbicularis) back to their supposed region of origin 

(Velo-Anton et al. 2007). 

 

Along with assignment tests, exclusion tests can be used to exclude individuals as belonging 

to a given population based on their allelic or genotype frequencies. Exclusion tests have been 

successfully used to investigate the suspected translocation of red deer (Frantz et al. 2006) 
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and to discriminate between hatchery-raised versus wild stocks of the marine fish, Sciaenops 

ocellatus (Renshaw et al. 2006). 

 

Markers most commonly used for population assignment or exclusion are Amplified 

Fragment Length Polymorphisms (AFLPs), and microsatellites (also called simple tandem 

repeats or STRs). Microsatellites are more informative than AFLPs as AFLPs are dominant 

markers and hence the heterozygosity of an individual cannot be determined directly from an 

AFLP band (or locus).  On the other hand microsatellites are codominant markers for which 

alleles are inherited from both parents.   

1.11.2 Individual identification, sexing, and parentage 

For the identification of individuals to be achieved highly sensitive hyper-variable markers, 

such as microsatellite DNA (also known as Short Tandem Repeats (STRs)) or single 

Nucleotide polymorphisms (SNPs), that have the resolution to differentiate between 

individuals need to be used.  STRs are repetitive sections of DNA whose core sequence varies 

from one to six nucleotides in length within the population (Oldroyd et al. 1995).  This core 

sequence is repeated in tandem, with the number of repeats variable between enabling them to 

be used to differentiate between individuals.    Single nucleotide polymorphisms (SNPs) are 

the most common type of variation in the DNA and can occur at a rate of approximately 1 in 

every 1,000 base pairs (Cooper et al. 1985). SNPs are single base pair changes at a particular 

point on the DNA leading to a bi-allelic marker.  Their major benefit compared to other 

forensic genetic methods is that they are suitable for use with highly degraded samples and 

are highly reproducible across different laboratories (Amorim and Pereira 2005; Budowle 

2004; Chakraborty et al. 1999; Sarkar and Kashyap 2003). Furthermore, SNPs can be 

multiplexed on a microarray platform exceeding 50 SNPs, enabling rapid and high throughput 

screening of forensic samples (Divne and Allen 2005).  

 

Individualisation can be important in monitoring the commercial trade of wildlife.  For 

example, microsatellite DNA analysis has been used to determine the number of individuals 

of North Pacific minke whales (Balaenopteraacutorostrata spp.) sold in commercial markets 

and compare this with the officially recorded catch (Baker et al. 2007).   
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Similar to the situation currently used in human paternity cases, microsatellite DNA analysis 

can be used to determine parentage of an individual.  This is important in instances when it is 

suspected that individuals are being removed from the wild but sold as a captive breed 

(Cassidy and Gonzales 2005).  

 

Determination of the sex of an individual is significant in instances where there are 

restrictions placed on the hunting of one sex. For example the hunting of female pheasants in 

Korea is illegal (An et al. 2007).  Determining the sex of an animal can be difficult where 

there are no obvious morphological differences between the sexes, if the carcass is 

decomposed or if only a fragment of the carcass remains.  A number of sex tests have been 

developed for the XY mammalian and ZW avian systems and these have been utilised in a 

number of cases to determine the sex of remains (i.e. Gupta et al. 2006, An et al. 2007).   

 

1.12 The use of forensic evidence in the prosecution 

of wildlife offences 

Whilst molecular technologies are used routinely for human crime their application to provide 

evidence for wildlife crime is still in its infancy. Molecular markers capable of investigating 

wildlife crime are only available for a small number of Australian species. Consequently it is 

likely that new markers will need to be developed in response to individual cases.  This is an 

expensive and time consuming process.  The potential to transfer the research applications of 

conservation genetics into investigative tools is widely recognised (Ogden 2009) however in 

most cases the realisation of this is still a long way off.  Whilst there are an increasing number 

of papers claiming to have a potential forensic use many of these are simply explanations of 

genetic markers (e.g. Fitzsimmons et al. 2001, Jones et al. 2002, Moore et al. 2003, Rodzen et 

al. 2007) or descriptions of techniques with forensic applications (e.g. Roman and Bowen 

2000, Wasser et al. 2004, Withler et al. 2004).  There are still very few instances (Gilson et al. 

1998, Branicki et al. 2003, Dawnay et al. 2007, 2009) in which the applications developed 

have been validated to the level expected by the courts (see below).   

 

The provisions for the acceptance of scientific data and theory as evidence need to be 

considered by anyone developing techniques for the provision of evidence.  These were 
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defined by the landmark US case of Daubert v Merell Dow Pharmaceuticals US 570 (1993) 

which set the rules for expert evidence admission into court proceedings.  Under the rules of 

Daubert evidence must be based on scientific method and should be: (i) empirically tested, in 

that the theory or technique must be falsifiable, refutable and testable; (ii) subjected to peer 

review and publication; (iii) known or potential error is quantifiable; and (iv) the theory or 

technique is generally accepted by the relevant scientific community.  This is an American 

case, but the arguments presented have been used in Australia in numerous trials. More 

recently a US National Academy of Sciences (NAS) report emphasised the need for all 

forensic evidence to have been produced in an accredited laboratory using validated methods 

by certified scientists (Anon 2009). Whilst this is standard practice for the Australian forensic 

facilities it is not necessarily the case in the university or museum sector. 

 

1.12.1 Validation of DNA analysis methods 

The presentation at court of DNA based evidence in relation to wildlife offences requires the 

techniques to be validated for use in forensic applications.  Validation is the process by which 

it can be demonstrated that the process is robust, reliable, and reproducible (Butler, 2005).  

That is, the method successfully produces the same accurate result a high percentage of the 

time that correctly reflects the sample being tested. 

 

The most commonly used standard for the validation of DNA tests was developed by 

SWGDAM (Scientific Working Group on DNA Analysis Methods, 2004).  These include 

testing the technology for consistency and reproducibility against standard samples, samples 

in more complex matrices/substrates, investigation of the effect of mixed samples and 

exposing samples to a variety of environmental conditions. It also includes recommendations 

regarding population studies and data interpretation. 

 

Most human DNA tests currently in use in forensic facilities utilise commercially produced 

kits that have undergone extensive validation prior to release.  As a minimum this process 

includes studies of standard specimens, consistency, population studies, reproducibility, 

mixed specimen studies, environmental studies, matrix studies, non-probative evidence, non-

human studies and minimum sample studies (Wilson-Wilde and Kogios 2011).  However, 
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before the test is implemented in a particular laboratory, further verification is required to 

demonstrate that the technique operates as designed within the specific laboratory.   

 

There are now also a number of DNA typing kits for non-human analyses that have 

undergone full validation to a forensic standard.  These include one test for cats (Menotti-

Raymond et al. 2005) and one for cannabis (Howard et al. 2008, 2009). 

1.13 Non molecular approaches to wildlife forensics 

Evidence of the presence of trafficking may be minute, consisting of trace amounts such as a 

single hair or feather fragment.  At times these sample types are not suitable for DNA analysis 

however information regarding source can still be determined.   

 

The forensic examination of animal hair is reasonably well established with keys based on 

morphological features existing in several countries across a wide range of species.  These 

morphological features are based on the microscopic appearance of the outer scale and 

cuticle, the main body or cortex and a central core or medulla.  Differentiating human and 

animal hairs is relatively simple (Robertson 1999).  Differentiating animal hairs is mainly 

based on detailed examination of so called ‘guard hairs’ and relies heavily on the 

interpretation of scale pattern features along the length of individual hairs (Robertson 1999).  

Other resources are also available, including a CD that contains a searchable database of the 

hairs of 110 species of Australian mammals (Brunner and Triggs 2002). However caution 

should be excercised when using these image based databases and significant training is 

required prior to utilising them for identification.Hence, forensic hair examination including 

animal hair examination is relatively advanced albeit restricted to a small number of experts.  

 

On the othe hand minimal forensic work is performed utilising feather morphology, and the 

majority of this relates to the identification ofspecies involved in ‘bird strikes’ or bird-aircraft 

collisions.  Attempts are however being made to expand this discipline and there are a number 

of resources now available to assist with identification such as an online Feather Atlas for the 

identification flight feathers of North American birds (U.S. Fish & Wildlife Service 2013) and 

the multimedia expert bird remains identification system BRIS available on CD-ROM. In 

BRIS the existing knowledge about bird remains identification has been brought together in 
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digital form (Prast & Shamoun 1997). It is important to note however that identifications 

should be made by trained experts, knowledgeable about the macroscopically visible 

characters of a bird’s plumage and the microscopical characters of the downy barbules of the 

contour feathers. 

 

In feathers analysis species identification centres around the examination of microscopic 

features of the downy barbs such as barb and barbule length, nodal and internode 

pigmentation and morphology along with the macroscopic (whole feather) characteristics 

such as colour, pattern, texture and size (Dove 2000).   

 

1.14 The Glossy Black Cockatoo as a model species 

This project is part of a larger research programme funded by the AFP in partnership with the 

University of Canberra (UC) to develop DNA and non-DNA based identification systems for 

Australian wildlife. Three PhD projects have been funded to cover the major taxonomic 

groups including reptiles (Erica Alacs), marsupials (Linzi Wilson-Wilde) and birds (this 

study). 

 

Australia’s birds are coveted by collectors in Europe and North America (Halstead 1992).  

Among parrots, the cockatoos (Psittaciformes: Cacatuidae) are particularly sought after with 

individual birds selling for up to $AU10 000 (Cameron 2007).  The majority of the cockatoos 

are listed in CITES Appendix II, the exceptions being the Cockatiel and the Budgerigar, 

which are unlisted due to their international popularity as caged birds, as well as five cockatoo 

species (Palm Cockatoo, Salmon-crested Cockatoo, Yellow-crested Cockatoo, Philippine 

Cockatoo and Tanimbar Corella) which are listed in CITES Appendix I.  Cockatoos can be 

captured in the wild via trapping or the collection of eggs from nests at little cost with only a 

rudimentary knowledge of the species and its ecology required and the trafficking of 

Cockatoos is a known feature of the illegal trade in wildlife.   

 

The Glossy Black-Cockatoo, Calyptorhynchus lathami, is difficult to breed in captivity and 

this along with the fact that it is the rarest of the Black Cockatoos makes it vulnerable to 

poaching.  Consequently it was seen to be a good choice for a model.  In order to understand 
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the genetics of the Glossy Black-Cockatoo a broader understanding of the biology of parrots, 

more specifically that of the cockatoos, is required. 

 

The Parrots are distributed for the greater part across the continents in the Southern 

hemisphere which were once united in the super continent of Gondwana (Trounson and 

Trounson 1996). Of the more than 300 species over 80 occur almost exclusively in the 

Australasian region, a large proportion of these in Australia itself many of which are endemic 

(Forshaw 1981).  They occupy every niche from rainforest to desert, and many species have 

adapted to life in urban environments (Trounson and Trounson, 1996).  The family-level 

systematics of parrots has been in a state of flux for some time and for this thesis the most 

recent revision of Joseph et al. (2012) is followed.  Joseph et al. (2012) advocate a framework 

of three superfamilies among parrots: Strigopoidea, the New Zealand genera Strigops and 

Nestor; Cacatuoidea, the Cockatoos and Psittacoidea, and all other parrots. These groupings 

are then broken down into family, subfamily and tribe (Table 1-1). 

 

Despite their wide variation in size, colour, voice and diets, parrots are easily recognisable by 

their characteristic short hooked bills in which both their upper and lower mandible is hinged 

as well as their zygodactylous feet (with two toes forward and two backward) (Forshaw 

1989).   

 

The Strigopoidea are confined to New Zealand and the Cacatuoidea to the Australasian and 

South Pacific regions while Psittacoidea are more widespread ranging from South America to 

Australasia, the South Pacific, southern Asia and Africa (Christidis 1991).  
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Table 1-1 Proposed family-level nomenclature of the Order Psittaciformes by Joseph et al. 

(2012). 

†indicates an extinct genus. 

Superfamily  Family Subfamily Tribe Component Genus/Genera 

Strigopoidea Strigopidae   Strigops 

 Nestoridae   Nestor, †Nelepsittacus 

Cacatuoidea Cacatuidae  Nymphicinae  Nymphicus 

  Calyptorhynchinae  Calyptorhynchus 

  Cacatuinae  Microglossini Probosciger 

   Cacatuini Callocephalon, Eolophus, Lophochroa, Cacatua  

Psittacoidea  Psittacidae  Psittacinae   Psittacus, Poicephalus 

  Arinae  Arini  Anodorhynchus, Ara, Cyanopsitta, 

Primolius,Orthopsittaca, Diopsittaca, 

Rhynchopsitta,Ognorhynchus, Leptosittaca, 

Guaruba, Aratinga,Pyrrhura, Nandayus, 

Cyanoliseus, Enicognathus 

   Androglossini  Pionopsitta, Pyrilia, Graydidascalus, 

Alipiopsitta,Pionus, Amazona, Triclaria 

   Incertae sedis  Forpus, Pionites, Deroptyus, Hapalopsittaca, 

Touit,Brotogeris, Bolborhynchus, 

Psilopsiagon,Myiopsitta, Nannopsittaca 

 Psittrichasidae  Psittrichasinae   Psittrichas 

  Coracopseinae   Coracopsis 

 Psittaculidae  Platycercinae  Platycercini  Barnardius, Platycercus, 

Purpureicephalus,Psephotus, Northiella, 

Lathamus, Prosopeia,Eunymphicus, 

Cyanoramphus 

   Pezoporini  Pezoporus, Neopsephotus, Neophema 

  Psittacellinae   Psittacella  

  Loriinae  Loriini  Oreopsittacus, Charmosyna, Vini, Phigys, 

Neopsittacus, Glossopsitta, Lorius, Psitteuteles, 

Pseudeos, Chalcopsitta, Eos, Trichoglossus  

   Melopsittacini  Melopsittacus 

   Cyclopsittini  Psittaculirostris, Cyclopsitta  

  Agapornithinae   Bolbopsittacus , Loriculus, Agapornis 

  Psittaculinae Polytelini Alisterus, Aprosmictus, Polytelis 

   Psittaculini Eclectus, Geoffroyus, Tanygnathus, 

Psittinus,Psittacula, Prioniturus 

   Micropsittini Micropsitta 

 



Chapter One: Introduction 

21 

 

Figure 1-1 A stand of Drooping Sheoak Allocasurina verticillata on Kangaroo Island.  These 

trees provide the primary, if not sole, food source of Glossy Black-Cockatoos.  

Photo by Jo Lee. 
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Figure 1-2 The cones of Allocasuarina verticillata 

Photo by Jo Lee. 
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Figure 1-3 The presence of Glossy Black-Cockatoos is made apparent by the presence of 

‘chewings’ below feed trees. ‘Chewings’ will sometimes display an ‘apple core’ shape 

produced as the birds chew the centre of the cone whilst holding one end.  This is in contrast 

to the fragments produced by rosellas (below).   

Photo by Jo Lee. 
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Figure 1-4 The small fragments of casuarina cones produced by feeding rosellas are clearly 

different to those produced by Glossy Black-Cockatoos, shown in Figure 1-3 (inset shows 

close up of fragments).  

Photo by Jo Lee. 
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1.15 The Cockatoos: Family Cacatuidae 

Morphologically the cockatoos are distinguished from other parrots by having an erectile crest 

and lacking Dyck texture in their feathers, which produces blue and green in the plumage of 

the other parrots.  Cockatoos possess a gall bladder, a non-pericyclic iris, paired patches of 

powder down in the lumber region, and several other derived characters that separate them 

from other parrots (Adams et al. 1984).   

 

Three subfamilies are currently recognized: Calyptorhynchinae, which includes only the 

black-cockatoos Calyptorhynchus spp, Cacatuinae, which includes the Cacatuini and the 

Microglossini, and finally the Nymphicinae.   

 

The black-cockatoos include the five long tailed black-cockatoos: Red-tailed Black-Cockatoo 

(Calyptorhynchus banksii), the Yellow-tailed Black-Cockatoo (C. funereus), the two white-

tailed Black-Cockatoos known as the Carnaby’s Cockatoo (C. latirostris) and Baudin’s 

Cockatoo (C. baudinii), and the Glossy Black-Cockatoo (C. lathami).  Together with the Palm 

cockatoo, Probosciger aterrimus of the Microglossini, these are the largest of the parrots after 

the larger macaws Ara and Anodorhynchus spp of South America; all are endemic to the 

Australasian region (Forshaw 1989).   

1.16 Species overview: Calyptorhynchus lathami (the 

Glossy Black-Cockatoo)  

The Glossy Black-Cockatoo is the smallest species of the genus Calyptorhynchus. It also 

differs from its congeneric species by its unique bill morphology and patterns of plumage 

(e.g., sexual dimorphism, age/sex-related tail colour patterns) (Forshaw 1981) (see Figures 1-

1 to 1-4).  The Glossy Black-Cockatoo is the most diet-specialised of cockatoo feeding almost 

exclusively on seeds extracted from the cones of casuarinas Allocasuarina spp (Forshaw et al. 

1981).  The birds use their bill to husk and dehisce the seed pods within the cones while 

rotating the cone with a foot, exposing the seeds.  Interestingly, this is a learned behaviour 

and young birds sometime have difficulties (Shields and Chrome 1992). 
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The Glossy Black-Cockatoo is sparsely distributed along Australia’s east coast and immediate 

inland districts along the inland slopes of the Great Dividing Range from western Victoria 

north to near Paluma in Queensland; there is an isolated population on Kangaroo Island, 

South Australia (SA) (reviewed in Llewellyn 1974, Forshaw 1981, Joseph 1982a, b) (Figure 

1-5).  It occurs in both lowland and upland/coastal and mountain districts and has a stronghold 

in northern NSW and south-eastern Queensland but is generally scarce.  Glossy Black-

Cockatoos are generally a temperate bird, although towards the north Glossy Black-

Cockatoos are restricted to highland areas.  In coastal areas of the mainland the Glossy Black-

Cockatoos are largely sedentary, moving very little from specific locations.  However in some 

inland areas, there are pronounced movements within local habitats, whereas in others areas 

the birds are unpredictable visitors (Forshaw 1981).  

 

Following Schodde et al. (1993) and the later analysis of Higgins (1999), the species is 

currently divided into three subspecies based on slight variation in morphology (size and 

relative mass of the bill):  C. l lathami, which ranges from southern Queensland through 

coastal and central New South Wales into eastern Victoria, C. l. erebus, which is restricted to 

central east Queensland, and C. l. halmaturinus, which is restricted to Kangaroo Island, South 

Australia.   

 

The Glossy Black-Cockatoo is currently threatened by continued loss of habitat through 

clearing and associated activities such as logging, burning and grazing, all of which also lead 

to fragmentation (Cameron 2007).  It is listed as a vulnerable species on schedule 2 of the 

New South Wales Threatened Species Conservation Act, 1995 and the Riverina population of 

Glossy Black Cockatoos has been listed as an endangered population.  The South Australian 

subspecies C. l. halmaturinus is listed as Endangered under Schedule 7 of that State’s 

National Parks and Wildlife Act, 1972.   
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Figure 1-5 Distribution of the Glossy Black-Cockatoo C. lathami down the eastern coast of 

Australia and on Kangaroo Island. 
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Glossy Black-Cockatoos are most commonly seen in threes, comprising a pair and their 

young but can also form small feeding groups.  Flock sizes increase prior to breeding due to 

aggregation and flocks of up to 60 have been recorded (Pepper 1996, Cameron 2007).  Glossy 

Black-Cockatoos appear to pair for life though they may re-pair if their mate is lost.  They 

have a low breeding rate producing only one egg per year though further eggs may be laid in a 

season if the first attempts are unsuccessful (Lynn Pedler, pers. comm.).  Unusually for a 

southern Australian bird, the breeding season lasts from March to August, with the majority 

of birds laying in April - June.  Glossy Black Cockatoos nest in hollow limbs or holes in the 

trunks of trees between 10 and 20 m above the ground.  Only one egg is laid and unlike most 

parrots, only the females sit with the male roosting nearby.  The male brings food to his mate 

who then regurgitates to feed the chick.  Juveniles display a long period of dependency during 

which the juvenile accompanies the parent at all times, including roosting in physical contact 

(Garnett et al 2000). 

 

The South Australian subspecies C. l. halmaturinus is currently limited to Kangaroo Island 

though there is sub-fossil evidence, from at least 15,000 years B.P., of the species in the 

south-east corner of South Australia (Baird 1985, 1986). The ecology of this subspecies has 

been well studied (Joseph 1982a, Garnett et al. 1999; Crowley and Garnett 2001, Chapman 

2005, Chapman and Paton 2005, 2006, Pepper 1993, 1996, 1997 and Pepper et al. 2000).  The 

population is currently estimated as being approximately 360, which is a substantial increase 

from the 1995 figure of 195 (Pedler and Barth 2011).  Information regarding the historic 

numbers present on the island is scarce however anecdotal reports suggest that the population 

has declined significantly since European settlement in response to fire and land usage.  The 

population size has also been heavily impacted by predation by possums and competition for 

nest hollows from bees (Lynn Pedler, pers. comm.) though these factors are being targeted as 

part of a project to protect the subspecies.  Efforts to protect the nests of Glossy Black-

Cockatoos on Kangaroo Island include the banding of base trees and removal of adjacent 

branches to prevent access by Brush-tailed Possums (Trichosurus vulpecula).  Artificial nest 

hollows are provided to increase suitable nest sites and may also include an insecticide strip to 

deter bees from taking over the nest (Lynn Pedler, pers. comm.). 
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Figure 1-6 Tree with artificial Glossy Black-Cockatoo nesting box along with banding of the 

base of the tree. 
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1.17 Thesis aims and structure 

There is currently a severe lack of forensic tools to assist in the investigation and prosecution 

of wildlife offences.  This includes insufficient knowledge of the population genetics of the 

species targeted and the lack of suitable molecular and other forensic tools to obtain this 

information or to analyse any seized specimens.  Like any hierarchical model the one 

developed in this thesis aims to provide a range of tools capable of providing varying levels of 

detail depending on the question posed and the sample available.  It is designed to work from 

the broadest criteria, i.e., 'Is this part of a feather, and if so can it be used for species 

determination?’, through assignment to a broad species grouping, to a specific species, to a 

potential population of origin, pedigree analysis and finally moving towards identifying 

particular individuals.   

 

On this basis, this thesis investigates three main analysis methods: feather microscopy, 

mitochondrial DNA analysis and microsatellite analysis using the Glossy Black Cockatoo as 

the model species.  The latter two methods are also used to investigate the population genetics 

of the Glossy Black-Cockatoo and hence provide the required knowledge to support forensic 

investigations involving this species.  This thesis has been written as a series of papers 

planned for publication.  On this basis I have used the terms ‘we’ and ‘our’ throughout the 

chapters given any published version of the chapters will be co-authored with my supervisors 

etc.  The specific contribution of others is outlined in the “Statement of Contributors”. 

 

In Chapter 2, I describe how feathers can be used to determine the potential species (or group 

of species) of origin even when only minute fragments of feathers remain (which is important 

in forensic investigations where samples are invariably suboptimal).  I investigate 70 species 

of Australian birds and demonstrate that they generally display similar feather characteristics 

to their well-studied Northern hemisphere relatives (though there were some notable 

differences).  I pay particular attention to feathers from bird species whose overall appearance 

maybe be superficially similar to that of the parrots, and particularly the cockatoos, given the 

prevalence of this group in the wildlife trade and compare these to the feathers of 39 species 

of parrot.  I conclude that microscopic feather characteristics provide investigators with a 
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simple, fast and cheap mechanism to refute an assertion regarding the species of origin of a 

feather.   

 

The use of DNA analysis in forensic investigations requires an in-depth knowledge of the 

population genetics of the species being investigated, but before this can be achieved suitable 

primers must be designed.  To address this issue, in Chapter 3, I report a complete 

mitochondrial genome of a Glossy Black-Cockatoo Calyptorhynchus lathami (Psittaciformes: 

Cacatuidae), along with two other partial mitochondrial Glossy Black-Cockatoo genomes and 

the partial genome of a Yellow-tailed Black-Cockatoo (C. funereus).  I use this sequence to 

design primers and assess the suitability of these, as well as three previously published primer 

pairs, to investigate mitochondrial variation in the Glossy Black-Cockatoo.  I demonstrate that 

the control region is the only region displaying enough variation to enable intraspecific 

research but in doing so I uncover the presence of heteroplasmy as well as nuclear 

pseudogenes/paralogs.  Nevertheless, I demonstrate that whilst the variation near the 5’ end of 

the control region is relatively less than the 3’ end, it represents the only region available to 

researchers for population based studies. 

 

I investigate the population genetics of the Glossy Black-Cockatoo in Chapters 4 and 5 using 

mtDNA and microsatellites.  In Chapter 4, I use a 491bp portion of domain III of the 

mitochondrial control region to investigate the genetic structure of the Glossy Black-

Cockatoo.  The results provide little support for the current taxonomic division of the species 

into C. l. erebus (central east Queensland), C. l. lathami on the mainland and C. l. 

halmaturinus on Kangaroo Island but the latter had limited support.  However, despite low 

levels of variation I conclude that mtDNA haplotypes do enable some connection to certain 

geographic localities and hence could be used to inform investigations of suspected poaching.   

 

In Chapter 5, I investigate the population genetics of the Glossy Black-Cockatoos 

Calyptorhynchus lathami (Psittaciformes: Cacatuidae) via a suite of 7 microsatellites.  I 

investigate the population structure of the species and determine that the current division of 

the species into three subspecies was not supported, though there are indications of 

divergence between C. l. halmaturinus on Kangaroo Island and the mainland breeding groups.  

I also investigate the level of inbreeding in the endangered Glossy Black-Cockatoo 

subspecies, C. l. halmaturinus on Kangaroo Island. I conclude that despite being a small, 

isolated population, C. l. halmaturinus has retained reasonably high levels of genetic 
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diversity.  Whilst this chapter is not written as a validation for forensic purposes, if fully 

validated these microsatellites could be used to investigate population of origin, pedigree 

analysis or to match samples.  Consequently, the information obtained is directly applicable to 

any forensic investigation involving Glossy Black-Cockatoos.   

 

Chapter 6 moves away from forensic investigation, reporting a sex ratio imbalance in the 

Endangered South Australian Glossy Black-Cockatoo C. l. halmaturinus in favour of males 

and discuss the reasons for this.  I demonstrate the accuracy of sex assignment of nestlings 

based on plumage characteristics by comparing data derived from DNA-based sexing of 

nestlings with field techniques. I use comprehensive records from 1996 onwards to 

demonstrate that there is both a nestling and an adult sex ratio imbalance skewed towards 

males. I conclude that this is due to a nestling sex ratio bias and not due to a higher female 

mortality rate.   

 

Chapter 7 is my final synopsis, which draws on each of the previous chapters and highlights 

their contributions to the field of wildlife forensic science as well as conservation genetics. 
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Picture: An adult female Glossy Black-Cockatoo, Kangaroo Island.   

Photo by Eleanor Sobey formerly of the Glossy Black Cockatoo Recovery Program, SA.  
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2  An evaluation of the microscopic characteristics 

of plumulaceous feathers in Cockatoos and other 

Parrots and their utility in Wildlife Forensics 

2.1 Abstract 

The microscopic feather characteristics of the downy barbules of feathers can assist with 

species identification when only minute fragments of feathers remain.  This is important in 

forensic investigations where samples are invariably suboptimal, often consisting of only 

minute or degraded fragments. Using light microscopy (LM) and scanning electron 

microscopy (SEM), 62 species of birds from 18 bird Orders were investigated.  These species, 

including representatives of each bird order found in Australia, bar the Sphenisciformes 

(penguins), illustrated that Australian birds demonstrate similar feather characteristics to their 

well-studied Northern hemisphere relatives (though there were some notable differences).  

Given the prevalence of parrots in the wildlife trade a more detailed investigation of 39 parrot 

species was undertaken. However, differentiation proved difficult, with within individual 

differences often exceeding among species differences.  Some parrot species did however 

display variable characteristics, such as variation in barb length and pigmentation patterns 

which, along with macroscopic features such as colour could be used to exclude particular 

species.  Importantly such characteristics can be used to differentiate the parrots from other 

bird orders and are illustrated in conjunction with characteristics of the other species 

investigated. Particular attention was paid to feathers from bird species whose overall 

appearance maybe be superficially similar to that of the parrots, and particularly the 

cockatoos.  The microscopic feather characteristics provide investigators with a simple, fast 

and cost effective mechanism with which to test assertions about the species of origin of 

contour feathers and or feather fragments.   
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2.2 Introduction 

The Senate Select Committee on the Commercial Utilisation of Native Australian Wildlife 

(Anon 1998) considered birds as the most common taxon involved in the illegal wildlife 

trade.  The discovery of a feather or feather fragment and the subsequent forensic information 

obtained could provide evidence against individuals involved in the illegal trade in birds.  

However, the current dearth of feather expertise in forensic laboratories practically ensures 

potential evidence is being overlooked.  Feather microscopy provides a particularly valuable 

tool in wildlife cases where information regarding species determination in the absence of the 

bird or enough tissue for DNA analysis is required.  Feather microscopy can be used to infer a 

potential species from minute fragments, an important factor in forensic investigations where 

samples are invariably suboptimal.  Further to this, feather microscopy can form part of a 

hierarchical approach to investigating wildlife crime, providing a broad taxonomic 

classification of birds or bird products and acting as a screening tool to determine whether 

further analysis is required.  In this way it can form part of a criminalistics approach 

developed to identify differences, eliminating some species or groups of species whilst 

retaining others.  Once potential species have been determined then a suitable expert can be 

sought to perform further testing (such as DNA analysis) to determine the exact species, 

population of origin and/or individualisation. 

 

Feather examination has been used in a diverse range of disciplines to infer species of origin.  

This includes phylogeny (Dove 1997, 2000), palaeontology (Humphrey et al. 1993, 

Laybourne et al. 1994), archaeology (Hargrave 1965, Messiinger 1965), feeding habits and 

prey remains (Day 1966, Gilbert and Nancekivell 1982, Griffin 1982, Ward and Laybourne 

1985), food contamination (Olsen 1981), and after bird-aircraft collisions, or ‘bird-strikes’ 

(Maniville 1963, Laybourne 1974, Brom 1991, Satheesen 1992) with the landmark work of 

Chandler (1916) underpinning much of this.  In the field of forensics there have been few 

publications (Davies 1970, Deedrick and Mullery 1981, Robertson et al. 1984).None of these 

relate to birds endemic to Australia. 

 

The determination of species of origin from a feather/s or a feather fragment depends on 

factors such as the locality, season, time of day and habitat (Dove, 1997).  Differentiation of 
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species is performed using the microscopic features of the downy barbs such as barb and 

barbule length, nodal and internode pigmentation and morphology along with the 

macroscopic (whole feather) characteristics such as colour, pattern, texture and size of the 

unknown sample that can then be compared with feathers of known origin (Dove, 2000).   

 

In this paper we review the discipline of microscopic feather examination and examine its 

utility in forensic cases with particular reference to the illegal trade in wildlife.  We aim to 

develop a forensic protocol for the examination of feather fragments.   

 

Previous publications (see references above) on feather morphology concentrate on the birds 

of the Northern hemisphere with very little work including birds that are endemic to Australia 

or the Australasian region. The research undertaken here has two principle objectives.  Firstly 

and most importantly it addresses the lack of knowledge about the feather morphology of 

Australian birds generally; and secondly it focuses particularly on those birds that are largely 

of pecuniary interest to the illegal wildlife trade – the parrots, and particularly, the cockatoos.  

The feather morphology of Australian birds is expected to match the corresponding bird 

Order of their Northern hemisphere relatives.  To this end we examine the feather 

morphology of 21 species including a member of each bird order found in Australia (except 

the penguins).  The parrots were chosen for more detailed analysis on the basis that parrots, in 

particular the cockatoos, are those most likely to be encountered in an investigation requiring 

forensic assistance. Whilst a small number of parrots have been included in past studies (i.e. 

Brom 1991 and Robertson 1984) there has been no in-depth investigation of this group of 

birds.  We acknowledge though that differentiation of species that is possible in  some bird 

Orders such as the diverse Charadriiformes (Dove 2000) may not be possible.   

 

In an investigation relating to the illegal wildlife trade a suspect may assert that a feather 

located on them or in their possession is present through contact with wild or domestic birds. 

Thus, a number of bird species were selected on the basis that at first glance, they might have 

characteristics similar to the species suspected of being traded.  Many cockatoos are 

predominantly black or white, consequently a variety of black and white birds, known to 

inhabit the Australian urban environment, are investigated.  These bird species include the 

Pied Butcher Bird, the Magpie, the Pee Wee, the Drongo, the Apostle Bird, the White Winged 

Chough and the Pied Currawong. ‘Domestic’ birds such as poultry have been dealt with in 

various previous studies (i.e. Brom 1991) so further investigations of these species were not  

http://en.wikipedia.org/wiki/Charadriiformes
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Figure 2-1 Illustration of the morphological parts of a typical feather.   
Illustration by Simone Reynolds. 
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conducted. The other major group of ‘domestic’ birds, the companion parrots, were included 

by virtue of them already being part of this study.   

 

That there is substantial variation within a bird and even within a feather is recognised and 

this study was not designed to be an exhaustive analysis of all the variables.  It is recognised 

that further analysis and comparison to known samples will be required to support or refute 

specific scenarios that may arise as is the case in any serious forensic investigation.  

2.3 The structure of feathers 

Feather structure is primarily related to function and whilst there are a number of different 

types of feathers the two main ones can be categorised into flight feathers and contour 

feathers. Flight feathers are large and found on the wings and tail and as the name suggests 

are required for flight.  Contour, covering or body feathers are found on the remainder of the 

body and are designed to insulate the body.  It is the contour feathers that provide the most 

informative characteristics for the purposes of differentiation.  These feathers consist of two 

regions; the stiff pennaceous region and the fluffy down regions. 

 

All feathers display the same overall structural features (Figure 2-1) consisting of a central 

rachis, or shaft, onto which are attached numerous interlocking barbs, the barbs on one side of 

the shaft forming a vane (Robertson et al. 1984).  Most vanes are composed of stiff 

interlocking pennaceous barbs with plumulaceous or downy barbs at the base (Dove 2000).  

The base of the shaft is called the calamus, at the top of which is a pore (the superior 

umbilicus) from which may arise an aftershaft or after-feather (Robertson et al. 1984). Each 

of the barbs consists of a central ramus with many barbules attached (much like a miniature 

feather).  The barbules on one side of the rachilla constitute a vanule, the proximal vanule 

being nearer to calamus, and the distal being nearer the tip (Robertson et al. 1984).   
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Figure 2-2 Photograph of villi: tiny projections found on the basal cell of barbules of some 

species.  Knobbed villi as illustrated here are a diagnostic feature of the passerines. 
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Figure 2-3 Barb of a Major Mitchell Cockatoo (Lophochroa leadbeateri) showing 

subpennaceous area at base. 
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Figure 2-4 Plumulaceous barbules of a Gang-gang Cockatoo (Callocephalon fimbriatum) 

showing long slender internodes with kinking (noted in illustration by blue arrows).  Kinking 

(often more evident at lower magnifications), along with long slender internodes is indicative 

of the parrots. 
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The most striking feature of the majority of downy barbules is the node (Figure 2-1) that 

occurs at intervals along the barbules.  The dimension, shape and pigmentation of nodes along 

with node distribution, node density and pigment distribution can vary dramatically among 

species (Figure 2-2 to Figure 2-4). Other characteristics that can be used to differentiate 

species are the presence of villi; small transparent projections on the base cells (Figure 2-2), 

and the presence of a sub-pennaceous region (Figure 2-3); a region at the base of some 

plumulaceous barbs that is composed of pennaceous lick flattened barbules (Dove, 2000).   

 

The presence of features such as villi, kinking and a subpennaceous region can be used to 

easily exclude species as being the source of a feather.  For example when examining the 

morphology of a suspect feather that is claimed to originate from a Magpie, rather than the 

suspect bird - a cockatoo - the presence of kinking (Figure 2-4) and the absence of the villi 

(Figure 2-2) is enough to eliminate the Magpie and institute a more thorough investigation. 

2.4 Materials and Methods  

2.4.1 Selection of feathers 

Breast feathers were obtained from museum collections from either the Australian National 

Wildlife Collection (ANWC) or from the Australian Museum Ornithology Collection 

(AMOC).  Samples were obtained from male and female specimens of 39 species of parrots 

including 13 cockatoos and 2 New Zealand parrots.  The Passeriformes are a diverse group of 

birds common in the urban environment.  Consequently a male and female from 6 species of 

mainly black and white birds were sampled.  One species of each of the following orders were 

also included: Podicipediformes, Procellariiformes, Pelecaniformes, Ciconiiformes, 

Falconiformes, Gruiformes, Charadriiformes, Columbiformes, Cuculiformes, Strigiformes, 

Caprimulgiformes, Apodiformes, Coraciiformes, Galliformes and the Turniciformes. Table 

1-1 provides details of the species included.   

 

A number of different feathers were taken from one species, the Glossy Black-Cockatoo, to 

assess the variation within a single bird.  This topological survey included feathers from the 

breast, belly, under tail covert, upper tail covert, mantle and upper wing covert. 

 

http://en.wikipedia.org/wiki/Podicipediformes
http://en.wikipedia.org/wiki/Procellariiformes
http://en.wikipedia.org/wiki/Pelecaniformes
http://en.wikipedia.org/wiki/Ciconiiformes
http://en.wikipedia.org/wiki/Falconiformes
http://en.wikipedia.org/wiki/Gruiformes
http://en.wikipedia.org/wiki/Charadriiformes
http://en.wikipedia.org/wiki/Columbiformes
http://en.wikipedia.org/wiki/Cuculiformes
http://en.wikipedia.org/wiki/Owl
http://en.wikipedia.org/wiki/Caprimulgiformes
http://en.wikipedia.org/wiki/Apodiformes
http://en.wikipedia.org/wiki/Coraciiformes
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2.4.2 Feather Preparation 

All feathers were cleaned using compressed air, and those that were to be mounted for SEM 

were washed twice in a RBS detergent/warm water solution and then rinsed after each wash 

in warm water.  The feathers were then washed in 70% ethanol and allowed to air dry.  

Measurements of barb length were made prior to removal from the whole feather. 

 

Downy barbules were removed from the feather using ophthalmological-scissors and 

microforceps and placed in a drop of 70% ethanol on a pre-cleaned microscope slide.  This 

allows the barbules to spread apart and prevents the barbules from shifting prior to the glass 

coverslip being applied (which is done once the ethanol has evaporated).  No mountant was 

used however the edges of the coverslip were sealed with nail varnish to enable long-term 

storage.  Six barbs from each individual were mounted on a single slide in the following order 

(as per Dove, 2000); umbilical barbs, far left; basal barbs centre; intermediate barbs, far right 

(see Figure 2-5 for an explaination of regions).  For the cockatoos a second slide was prepared 

for each individual with two barbs from the after-feather.   

 
Figure 2-5 Plumulaceoous regions of a contour feather. 
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2.4.3 Light Microscopy 

Light Microscopy (LM) was conducted on either a stereo light microscope at up to 100x or a 

Leitz Diaplan compound microscope at 100x, 200x or 400x.  Images of selected species (see 

Table 2-1) were captured using the Leica 6000 where fully focused images were produced 

using Auto-montage Pro software (Syncroscopy).  This software produces fully focused 

images of three dimensional specimens by combining a series of images focused at different 

heights or optical sections thereby overcoming the problems traditionally associated with the 

inadequate depth of field.  

2.4.4 Scanning Electron Microscopy 

A selected set of the downy barbules of breast feathers (Table 2-1) were mounted on SEM 

stubs using double sided adhesive tape and coated with approximately 40 nanometres of gold 

using an EMITECH K550X sputter coater.  Samples were examined in secondary electron 

mode at 15kV using a JEOL 6400 scanning electron microscope (CSIRO, Ecosystem 

Sciences, Canberra). Scanning electron micrographs were collected as digital images. 
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Table 2-1 – Details of the 39 parrot (Psittaciformes) species sampled, including 12 species of 

Cacatuidae, 1 species of Psittaculidae, 6 species of Psittacidae, 1 species of Psittrichasidae, 17 

species of Psittaculidae and 2 species of Nestoridae.  These species also represent most of the 

parrot subfamilies and tribes. 

 

Family Species Common name 

Cacatuidae Probosciger aterrimus Palm Cockatoo 

Cacatuidae Calyptorhynchus banksii Red-tailed Black-cockatoo 

Cacatuidae Calyptorhynchus funereus Yellow-tailed Black-cockatoo 

Cacatuidae Calyptorhynchus baudinii Baudin's Cockatoo 

Cacatuidae Calyptorhynchus latirostris Carnaby's Cockatoo 

Cacatuidae Calyptorrhynchus lathami Glossy Black-cockatoo* 

Cacatuidae Callocephalon fimbriatum Gang-gang Cockatoo 

Cacatuidae Eolophus roseicapilla Galah 

Cacatuidae Lophochroa leadbeateri Major Mitchell Cockatoo 

Cacatuidae Cacatua  galerita Sulphur Crested Cockatoo 

Cacatuidae Cacatua pastinator Corella 

Cacatuidae Nymphicus hollandicus Cockatiel 

Psittaculidae Agapornis roseicollis Peach faced Love Bird 

Psittacidae Amazona ochrocephala Yellow Crowned Parrot 

Psittacidae Ara ararauna Blue and Yellow Macaw* 

Psittacidae Pionites melanocephala Black Headed Parrot  

Psittacidae Pionus menstruus Blue Headed Parrot 

Psittacidae Poicephalus robustus Cape Parrot  

Psittacidae Psittacus erithacus African Grey Parrot 

Psittrichasidae Psittrichas fulgidus Pesquet's Parrot  

Psittaculidae Psittacula krameri Rose-Ringed Parakeet  

Psittaculidae Bolbopsittacus lunulatus Guaiabero  

Psittaculidae Cyanoramphus novaezelandiae Red Crowned Parakeet 

Psittaculidae Micropsitta pusio Buff-faced Pygmy Parrot 

Psittaculidae Lorius noratuis Ecclectus Parrot 

Psittaculidae Trichoglossus haemalodus Rainbow Lorikeet* 

Psittaculidae Alisterus scapula King Parrot 

Psittaculidae Polytelis swainsonii Superb Parrot 

Psittaculidae Cyclopsitta diophthalma Double eyed Fig Parrot 

Psittaculidae Lathamus discolor Swift Parrot 

Psittaculidae Purpureicephalus spurius Red Capped Parrot 

Psittaculidae Barnardius zonarius Australian Ringneck 

Psittaculidae Psephotus haematonotus Red Rumped Parrot 
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Family Species Common name 

Psittaculidae Platycercus elegans Crimson Rosella* 

Psittaculidae Pezoporus wallicus Ground Parrot 

Psittaculidae Melopsittacus undulatus Budgerigar 

Psittaculidae Neopsephotus bourkii Burke's Parrot 

Nestoridae Nestor meridionalis Kaka 

Nestoridae Nestor notabilis Kea* 

*Denotes species selected for SEM. 

 

Table 2-2– Details of the non-parrot species sampled   

*Denotes species selected for SEM. 

Order Family Species Common name 

Passeriformes Artamidae Cracticus nigrogularis Pied Butcher Bird 

Passeriformes Cracticidae Cracticus tibicen Magpie* 

Passeriformes Monarchidae Grallina cyanoleuca Pee Wee * 

Passeriformes Dicruridae Dicrurus bracteatus Drongo* 

Passeriformes Corcoracidae Struthidea cinerea Apostle bird 

Passeriformes Corcoracidae Corcorax melanorhamphos White Winged Chough 

Passeriformes Artamidae Strepera graculina Pied Currawong 

Podicipediformes Podicipedidae Tachybaptus novaehollandiae Australasian Grebe* 

Procellariiformes Diomedeidae Phoebetria palpebrata Light-Mantled Albatross* 

Pelecaniformes Pelecanidae Pelecanus conspicillatus Australian Pelican* 

Ciconiiformes Threskiornithidae Threskiornis molucca Australian White Ibis* 

Falconiformes Falconidae Falco subniger Black Falcon* 

Gruiformes Gruidae Grus rubicunda Brolga* 

Charadriiformes Recurvirostridae Recurvirostra novaehollandiae Red necked Avocet* 

Columbiformes Columbidae Phaps chalcoptera Common Bronzewing* 

Cuculiformes Cuculidae Eudynamys orientalis Common Koel* 

Strigiformes Strigidae Ninox boobook Southern Boobook* 

Caprimulgiformes Podargidae Podargus strigoides Tawny Frogmouth* 

Apodiformes Apodidae Aerodramus terraereginae White-rumped Swiftlet* 

Coraciiformes Halcyonidae Dacelo novaeguineae Laughing Kookaburra* 

Anseriformes Anatidae Cygnus atratus Black Swan* 

Turniciformes Turnicidae Turnix melanogaster Little Button-quail* 

Galliformes Megapodiidae Alectura lathami Australian Brush Turkey* 

http://en.wikipedia.org/wiki/Artamidae
http://en.wikipedia.org/wiki/Cracticidae
http://en.wikipedia.org/wiki/Monarchidae
http://en.wikipedia.org/wiki/Corcoracidae
http://en.wikipedia.org/wiki/Corcoracidae
http://en.wikipedia.org/wiki/Artamidae
http://en.wikipedia.org/wiki/Podicipediformes
http://en.wikipedia.org/wiki/Podicipedidae
http://en.wikipedia.org/wiki/Grebe
http://en.wikipedia.org/wiki/Procellariiformes
http://en.wikipedia.org/wiki/Albatross
http://en.wikipedia.org/wiki/Albatross
http://en.wikipedia.org/wiki/Pelecaniformes
http://en.wikipedia.org/wiki/Pelican
http://en.wikipedia.org/wiki/Ciconiiformes
http://en.wikipedia.org/wiki/Threskiornithidae
http://en.wikipedia.org/wiki/Falconiformes
http://en.wikipedia.org/wiki/Falconidae
http://en.wikipedia.org/wiki/Falcon
http://en.wikipedia.org/wiki/Gruiformes
http://en.wikipedia.org/wiki/Crane_(bird)
http://en.wikipedia.org/wiki/Charadriiformes
http://en.wikipedia.org/wiki/Recurvirostridae
http://en.wikipedia.org/wiki/Columbiformes
http://en.wikipedia.org/wiki/Columbidae
http://en.wikipedia.org/wiki/Cuculiformes
http://en.wikipedia.org/wiki/Cuculidae
http://en.wikipedia.org/wiki/Owl
http://en.wikipedia.org/wiki/Strigidae
http://en.wikipedia.org/wiki/Owl
http://en.wikipedia.org/wiki/Caprimulgiformes
http://en.wikipedia.org/wiki/Frogmouth
http://en.wikipedia.org/wiki/Nightjar
http://en.wikipedia.org/wiki/Apodiformes
http://en.wikipedia.org/wiki/Swift
http://en.wikipedia.org/wiki/Swift
http://en.wikipedia.org/wiki/Coraciiformes
http://en.wikipedia.org/wiki/Tree_kingfisher
http://en.wikipedia.org/wiki/Kingfisher
http://en.wikipedia.org/wiki/Anseriformes
http://en.wikipedia.org/wiki/Anatidae
http://en.wikipedia.org/wiki/Megapodiidae
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2.5 Results 

There were a range of features that differentiated the species sampled.  A number of easily 

recognisable variables among the species are listed in Table 2-3.  These include the presence 

of: villi (Figure 2-2), small transparent projections on the base cells a sub-pennaceous region 

(Figure 2-3); a region at the base of some plumulaceous barbs that is composed of pennaceous 

lick flattened barbules, internodal kinking (Figure 2-4), the distribution and appearance of 

nodal structures and pigmentation.   

 

Nodal shape (morphology) was not included in Table 2-3 due to the variability displayed 

within some feathers, that is the shape, whilst generally consistant within the species can vary 

in its form.  These variations are illustrated in the images of the individual species presented 

in Figure 2-6 to Figure 2-29, which also provide a visual record of the nodal shapes that can 

be used as a reference.  Whilst there is variation within some feathers the overall shape and 

appearance of the nodes are characteristic to the species of origin and can be used to 

discriminate between species.  This should always be checked when attempt are made to 

identify the origin of a feather. 

 

The data show that maximum barb and barbule length varies considerably amongst the 

species sampled as do the node and internode widths (Table 2-4 and Table 2-5).  The number 

of structures per mm ranged from 10 to 46.  The number of structures can also vary 

considerably along the length of the barbule; and in some species nodal features are located 

distally (i.e. the Australian Grebe, Figure 2-14) whereas in others they are located proximally 

(i.e. the Light-mantled Albatross, Figure 2-15). 
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Table 2-3 Details of the diagnostic feather features and their state in each species investigated as part of this study.  Many of these features are 

demonstrated in the species specific illustrations (2.6 to 2.29). 
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Villi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1
 1

2
 0 

Sub-pennaceous region 0 0 1 0 1 0 1 0 1 1 1 1 1 0 0 0 1 0 

Some internodes kinked  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nodes expanded (node or prongs) 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 

Nodal structures display abrupt 

decrease in size 

0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

Prongs  2 1 1 1 1 0 1 0 0 0 0 0 0 1 0 0 1 2 

   Prongs located distally 1 1 0 1 0 NA 0 NA NA NA NA NA NA 1 NA NA 0 2 

   Prongs located proximally 0 0 1 0 0 NA 0 NA NA NA NA NA NA 0 NA NA 0 0 

   Prongs located equally 0 0 0 0 1 NA 1 NA NA NA NA NA NA 0 NA NA 2 0 

   Prongs asymmetrical 0 0 1 2 2 NA 2 NA NA NA NA NA NA 2 NA NA 1 1 

   Prongs minute 1 0 0 0 0 NA 1 NA NA NA NA NA NA 0 NA NA 1 1 

   Prongs long (some at least as 

   long as the internode) 

0 0 1 0 0 NA 0 NA NA NA NA NA NA 0 NA NA 0 0 

Pigmentation 2 0 0 0 0 1 1 1 1 1 1 0 1 0 1 1 0 1 

   mainly in nodes 2 NA NA NA NA 1 0 1 0 0 0 NA 0 NA 1 1 NA 1 

   mainly in internodes 0 NA NA NA NA 0 0 0 0 0 0 NA 0 NA 0 0 NA 0 

   in nodes and internodes 2 NA NA NA NA 0 1 0 0 1 0 NA 1 NA 0 0 NA 2 

0 – not present, 1 – present, 2 – variable, NA – not applicable to species 

1
Knobbed villi present in all Passeriformes except the Drongo, 

2
Pointed villi present, 

3
Psittaciforme species listed in Table 2.1, 

4
Passeriforme species listed in Table 2.2. 

http://en.wikipedia.org/wiki/Grebe
http://en.wikipedia.org/wiki/Grebe
http://en.wikipedia.org/wiki/Albatross
http://en.wikipedia.org/wiki/Swift
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Table 2-4  Maximum barb and barbule length, Nodal structures per mm, Maximum Node and 

internode width for the parrot species sampled as part of this study. 
 

Common name Max. 

barb 

length 

(mm)  

Max. 

barbule 

length 

(mm) 

Nodal 

structures 

per mm  

 

Max. 

node 

width  

(1u = 

2.5µm) 

Max. 

internode 

width  

(1u = 

2.5µm) 

Palm Cockatoo 20 2.8 12-25 6u 3u 

Red-tailed Black-

Cockatoo 

35 4 13-25 7u 4u 

Yellow-tailed Black-

Cockatoo 

30 4.5 12-23 6u 3u 

Baudin's Cockatoo 15 3 14-23 7u 3u 

Carnaby's Cockatoo 25  3 14-23 7u 3u 

Glossy Black-Cockatoo 20 2.5 13-19 6u 3u 

Gang-gang 20 2.5 12-26 7u 3u 

Galah 20 3 12-28 5u 3u 

Major Mitchell 15 3 11-20 6u 3u 

Sulphur Crested 

Cockatoo 

30 3 13-22 6u 3u 

Corella 20 3 13-20 6u 3u 

Peach faced Love Birds 6 2.8 18-30 6u 2.5u 

Yellow Crowned Parrot 6 3.0 13-26 5u 2.5u 

Blue and Yellow Macaw 19 2.0 16-24 5u 3u 

Guaiabero 10 1.4 25-39 6u 3u 

Red Crowned Parakeet 14 2.0 24-32 8u  2.5u  

Buff-faced Pygmy Parrot 6 1.5 28-32 6u  2u 

Kaka 17 2.5 22-32 9u  3u  

Kea 20 2.5 20-32 9u  3u  

Blue Headed Parrot 17 2.8 13-24 4u  2u  

Cape Parrot  16 2.6 18-28 5u 2u 

Rose-Ringed Parakeet  12 2.0 16-27 6u 2u 

African Grey Parrot 12 2.0 14-28 5.5u 2.5u 
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Common name Max. 

barb 

length 

(mm)  

Max. 

barbule 

length 

(mm) 

Nodal 

structures 

per mm  

 

Max. 

node 

width  

(1u = 

2.5µm) 

Max. 

internode 

width  

(1u = 

2.5µm) 

Pesquet's Parrot  25 2.6 14-24 7u 3u 

Ecclectus Parrot 23 3.0 15-25 5u 3u 

Rainbow Lorikeet 12 2.1 16-29 5.5u 3.5u 

King Parrot 14 3.1 14-25 6u 2.5u 

Superb Parrot 14 3.5  16-25 7.5 2u 

Double eyed Fig Parrot 11 1.5 24-42 7u 3u 

Swift Parrot 10 2.2 20-41 5.5u 2.5u 

Red Capped Parrot 15 3.5  14-35 7u 3u 

Australian Ringneck 14 3.5 14-28 7u 3u 

Red Rumped Parrot 10 2 20-26 8u 3u 

Crimson Rosella 13 3 18-32 7u 3.5u 

Cockatiel 11 2 18-26 6u 3u 

Ground Parrot 12 2 18-26 7u 3u 

Budgerigar 9 1.8 22-36 5u 2u 

Burke's parrot 11 2 14-27 6u 3u 
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Table 2-5 Maximum barb and barbule length, Nodal structures per mm, Maximum Node and 

internode width for the parrot species sampled as part of this study. 

 
Max. 

Barb 

length 

(mm) 

Max. 

barbule 

length  

Nodal 

structures 

per mm  

 

Max node 

width 1u = 

2.5um 

Max 

internode 

width 1u = 

2.5um 

Passeriformes  

   Apostle bird 

   Australian Magpie 

   Drongo 

   Pee-wee 

   Pied Butcher Bird 

   Pied Currawong 

   White Winged Chough 

 

15 

15 

15 

11 

15 

20 

18 

 

2 

2 

2 

1.5 

2 

3 

3 

 

28-46 

16-28 

28-36 

26-40 

24-26 

22-36 

23-32 

 

6u 

6u 

3.5u 

6u 

5.5u 

4u 

6u 

 

2u 

2u 

1.5u 

2u 

2u 

2u 

3u 

Podicipediformes  

   Australasian Grebe 

 

12 

 

1 

 

20-22 

 

NA 

 

4u 

Procellariiformes  

    Light-mantled Albatross 

 

40 

 

1.4 

 

NA 

 

NA 

 

4u 

Pelicaniformes  

   Australian Pelican 

 

16 

 

1 

 

16-18 

 

NA 

 

2u 

Ciconiiformes  

   Australian white ibis 

 

27 

 

1 

 

22-30 

 

NA 

 

3u 

Falconiformes  
   Black Falcon 

 

12 

 

2 

 

14-20 

 

40 

 

1.5u 

Gruiformes  

   Brolga 

 

24 

 

2.4 

 

12-14 

 

NA 

 

3u 

Strigiformes  
   Southern Boobook owl 

 

25 

 

3.2 

 

14-16 

 

7u 

 

2u 

Caprimulgiformes     
   Tawny Frogmouth 

 

30 

 

2.6 

 

10-22 

 

4u 

 

2u 

Apodiformes 

   White-rumped swiftlet 

 

23 

 

1 

 

28-32 

 

NA 

 

2u 

Coraciiformes  
   Laughing Kookaburra 

 

30 

 

2 

 

18-20 

 

4u 

 

1.5u 

Columbiformes  
   Bronzewing Pigeon 

 

30 

 

2.9 

 

19-22 

 

9u 

 

2u 

Galliformes 
   Australian Brush Turkey 

 

4 

 

3 

 

14-20 

 

8u 

 

2.5u 

Anseriformes  

   Black Swan 

 

18 

 

0.7 

 

12-14 

 

NA 

 

2u 

Cuculiformes 

   Common Koel 

 

10 

 

3 

 

14-20 

 

6u 

 

2u 

Turniciformes 
   Button quail 

 

13 

 

1.7 

 

24 

 

4u 

 

2u 

Charadriiformes  

   Red necked Avocet 

 

15 

 

1.1 

 

18 -20 

 

NA 

 

2u 

 

http://www.birdsinbackyards.net/finder/display.cfm?id=24
http://www.birdsinbackyards.net/finder/display.cfm?id=25
http://en.wikipedia.org/wiki/Grebe
http://en.wikipedia.org/wiki/Albatross
http://en.wikipedia.org/wiki/Swift
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2.5.1 Microscopic feather characteristics of Parrots (Order 

Psittaciformes). 

In this study we focused primarily on the parrots, supporting and expanding the findings of 

early investigations such as Brom (1991) and Robertson et al. (1984).  Unlike other orders 

such as the Charadriiformes investigated by Dove (2000), the parrots showed very little 

variation in the microscopic features of their downy barbules.  This was the case amongst 

species as well as between the sexes of the same species.  In the majority of parrots studied, 

there was as much variation within a single feather from a single individual in the node and 

internode width, the number of nodes per mm and the appearance of the pigmentation as there 

was among the other parrot species.   

 

Each of the parrot species investigated had long, wavy, slender barbules with internodes 

(Figure 2-6 to Figure 2-10) that at times show kinking (Figure 2-4).  The internodes appear to 

be flattened so that, depending on the orientation, they can vary substantially in their apparent 

width.  Nodes were large (flared) proximally, diminishing slowly to minute nodes distally.  

When present, pigmentation was concentrated in the node and ranged from deeply pigmented 

to unpigmented.  Pigment granule shape was generally rounded though at times extended into 

the internode.  However, all species displayed short non-pigmented subpennaceous regions 

and did not display villi.  The barbule bases were comparatively short (less that 25% of the 

pennulum) and were made up of single cells that were either unpigmented or displayed only 

very light pigmentation (even in the case of black feathers).   

 

The after-feather microstructure was only investigated for the cockatoos.  In these species the 

after-feather displayed the same general characteristics though the features were 

comparatively fine/diminished.  There were no substantial differences detected between the 

sexes in any of the features measured.  There were also no substantial differences observed 

amongst the barbs from feathers relating to the topographic survey.  

 

In parrots, barbule length appears to be loosely linked to the size of the species with smaller 

birds generally displaying shorter barbules, though there were some deviations from this.  For 

example, the Palm Cockatoo, one of the largest of the parrots, had comparatively short 

barbules (2.8mm), and the Cockatiel, a small to medium sized bird, comparatively long ones 
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(2mm).  There was some variation in the internode width (5 - 10µm) and maximum node 

width (10 – 22 µm) though there was no clear pattern observed.  Based on the feathers 

examined, the two New Zealand Nestors; the Kea (N. notabilis) and the Kaka (N. 

meridionalis), appear to display the largest maximum node width, though this may not hold 

across feathers from different parts of the body.   
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Figure 2-6 Microscopic feather characteristics of the downy barbules of a Glossy Black-

Cockatoo illustrated using light and scanning electron microscopy.  Note the long slender 

barbules with expanded nodes. 

Glossy, Calyptorrhynchus lathami 
(Cockatoo/Cacatuidae) 

+ Node c:> lnternode }) Basa l Cell 
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Figure 2-7 Microscopic feather characteristics of the downy barbules of a Kea illustrated 

using light and scanning electron microscopy.  Note the long slender barbules with expanded 

nodes. 

Kea, Nestor notabilis 
(Strigopidae/NZ) 

""- Inter ....., Basal 
¥ node ~ Cell 
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Figure 2-8 Microscopic feather characteristics of the downy barbules of a Macaw illustrated 

using light and scanning electron microscopy.  Note the long slender barbules with expanded 

nodes. 

Blue and yellow Macaw, Ara ararauna 
(Psittacidae) 

Legend 

♦Node 

c> lnternode 

~ Basa l Cell 
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Figure 2-9 Microscopic feather characteristics of the downy barbules of a Rainbow Lorikeet 

illustrated using light and scanning electron microscopy.  Note the long slender barbules with 

expanded nodes. 

Rainbow Lorikeet, Trichoglossus 
haemalodus (Psittacidae) 

Legend 

♦ Node 

E} lnternode 

~ Basa l Cell 
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Figure 2-10 Microscopic feather characteristics of the downy barbules of a Crimson Rosella 

illustrated using light and scanning electron microscopy.  Note the long slender barbules with 

expanded nodes. 
 

Crimson Rosella, Platycercus elegans 
(Psittacidae) 

Legend 

♦Node 

I} lnternode 

~ Basa l Cell 
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2.5.2 Order Passeriformes 

Seven Passeriformes species were sampled representing 5 families (see Table 2-2– Details of 

the non-parrot species sampled for details).  The most notable feature of the Passeriformes, 

both in this study and past studies such as Brom (1991) is the presence of ‘knobbed’ villi, 

generally on broadened basal cells (Figure 2-1 and Figure 2-2).  This was the case for all the 

Australian Passeriform species sampled except for the Drongo for which no villi could be 

located (Figure 2-13). The extent and appearance of villi varied across the other species.  The 

Magpie (Figure 2-11) and the Pee Wee (Figure 2-12) displayed the most dramatic villi with 

multiple villi present on the basal cells whereas villi on the two Artamidae species were 

sporadic, small, and could easily be missed.  Similarly, the basal cells of these species (and 

the Drongo) were far less broadened.   

 

For all species of the Passeriformes the barbules are long and clearly divided into nodes and 

internodes (2.9 and 2.10).  Tips can be blunt (perhaps broken) (2.9) or multi-tipped (2.10). 

The nodes are expanded and diminish gradually along length of barbule.  Pigmentation varies 

across the species; for some the pigment was limited to the node (Pied Butcher Bird, Peewee, 

Apostle Bird, Pied Currawong) whereas for others the pigment extended into the internode 

(Magpie, Drongo) or throughout the internode (White Winged Chough).  The tips end in 

minute prongs that may also be present on the most distal few nodes. 

 

Australasian Grebe Tachybaptus novaehollandiae (Podicipediformes: Podicipedidae) 

The barbules are short with no pigmentation or swelling at the nodes (Figure 2-14).  Prongs 

are present distally but not proximally.  The Australian Grebe is very similar in appearance to 

the Black Swan.   

 

 Light-mantled Albatross Phoebetria palpebrata (Procellariiformes: Diomedeidae) 

The barbules are short and unpigmented, and are sub-divided with well-developed prongs  

(Figure 2-15).  Prongs are long proximally but reduce rapidly and appear to be absent distally.  

Prongs are asymmetrical with one larger prong or only a single prong extending from the 

node.   

http://en.wikipedia.org/wiki/Artamidae
http://en.wikipedia.org/wiki/Grebe
http://en.wikipedia.org/wiki/Podicipediformes
http://en.wikipedia.org/wiki/Podicipedidae
http://en.wikipedia.org/wiki/Albatross
http://en.wikipedia.org/wiki/Procellariiformes
http://en.wikipedia.org/wiki/Albatross
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Figure 2-11 Microscopic feather characteristics of the downy barbules of the Magpie 

illustrated using light and scanning electron microscopy. Note the presence of villi on the 

basal cells. 

Magpie, Cracticus tibicen 
(Passeriformes) 

Legend 
♦ Node 

i> lnternode 
~ Basa l Cell 

'V Villi 
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Figure 2-12 Microscopic feather characteristics of the downy barbules of the Pee Wee 

illustrated using light and scanning electron microscopy.  Note the presence of villi on the 

basal cells. 

 

Pee Wee, Grallina cyanoleuca 
(Passeriformes) 

♦ ♦ 

i> lnternode 
~ Basal Cell 

'V Villi 
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Figure 2-13 Microscopic feather characteristics of the downy barbules of the Drongo 

illustrated using light and scanning electron microscopy.  Note the lack of villi present on the 

basal cells. 
 

.

Drongo, Dicurus bracteatus 
(Passeriformes) 

~ Basal 
,, lnternode ¥ Cell 
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Figure 2-14 Microscopic feather characteristics of the downy barbules of an Australian Grebe 

illustrated using light and scanning electron microscopy.  Note the presence of distal prongs 

and the lack of proximal.prongs  

Australasian Grebe, 
Tachybaptus noveahollandiae 

Podici ediformes 

Legend 

V Prong 

~ BasalCell 
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Figure 2-15 Microscopic feather characteristics of the downy barbules of a Light-mantled 

Albatross illustrated using light and scanning electron microscopy.  Note the long 

asymmetrical prongs located proximally. 

Light Mantled Albatross, 
Phoebetria palpebrata 

(Procellariiformes) 

Legend 

9 1nternode 
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Australian Pelican Pelecanus conspicillatus (Pelecaniformes: Pelecanidae) 

Barbules are short with no pigmentation (2.16).  Nodes are barely perceptible proximally and 

only visible distally due to the presence of prongs that are generally small.  Barbule ends in 

prongs.   

 

Australian White Ibis Threskiornis molucca (Ciconiiformes: Threskiornithidae) 

Barbules are short and stout with no pigmentation (2.17).  Well-developed prongs are present 

and are often asymmetrical.  Prongs are longer proximally and diminish slowly so that the 

prongs are still evident through to the last nodes. 

 

Black Falcon Falco subniger (Falconiformes: Falconidae) 

Barbules are long and slender, often with a wavy appearance and are clearly divided into 

lightly pigmented nodes and unpigmented internodes (2.18). The nodes display minimal 

swelling. 

 

Brolga Grus rubicunda (Gruiformes: Gruidae) 

The barbules are relatively long and straight, and are consistent in appearance along their 

length (2.19).  Nodes are barely swollen and short prongs are present on some nodes that are 

sometimes asymmetrical.  The pigment is concentrated in the node but may extend into the 

internode.  Pigment is light brown and at higher magnification (400x) has the appearance of 

small clusters of beads.  Barbules end in a single point.  

 

Red Necked-Avocet Recurvirostra novaehollandiae (Charadriiformes: Recurvirostridae) 

Barbules are short and display no pigmentation (2.20).  Sub-division of the barbules is 

difficult to visualise due to the lack of any swelling of the node.  Minute prongs are present on 

some nodes, more commonly on distal nodes but also on some proximal nodes.  Barbules end 

in single points. In keeping with Dove (2000), small pointed villi, clearly different to the 

knobbed villi of the Passeriformes were present on the basal cells.   

 

 

http://en.wikipedia.org/wiki/Pelecaniformes
http://en.wikipedia.org/wiki/Pelican
http://en.wikipedia.org/wiki/Ciconiiformes
http://en.wikipedia.org/wiki/Threskiornithidae
http://en.wikipedia.org/wiki/Falcon
http://en.wikipedia.org/wiki/Falconiformes
http://en.wikipedia.org/wiki/Falconidae
http://en.wikipedia.org/wiki/Gruiformes
http://en.wikipedia.org/wiki/Crane_(bird)
http://en.wikipedia.org/wiki/Charadriiformes
http://en.wikipedia.org/wiki/Recurvirostridae
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Figure 2-16 Microscopic feather characteristics of the downy barbules of an Australian 

Pelican illustrated using light and scanning electron microscopy.  Note the short barbule 

length, lack of any swelling around the nodes and/or the absence of prongs. 

Australian Pelican, Pelecanus 
(Pelicaniformes) 
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Figure 2-17 Microscopic feather characteristics of the downy barbules of an Australian White 

Ibis illustrated using light and scanning electron microscopy.  Note the short barbule length 

along with short prongs. 

Australian White Ibis, Threskiornis molucca 
(Ciconiiformes) 

~ lnternode 

~ Basal 
Cell 
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Figure 2-18 Microscopic feather characteristics of the downy barbules of a Black Falcon 

illustrated using light and scanning electron microscopy.  Note the long slender internodes 

with minimal swelling of the nodes. 

Black Falcon, Falco subniger 
(Falconiformes) 

Legend 

♦ Node 

¢ lnternode 

~ Basa l Cell 
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Figure 2-19 Microscopic feather characteristics of the downy barbules of a Brolga illustrated 

using light and scanning electron microscopy.  Note the long straight barbules with nodes that 

are barely swollen. 

 

Brolga, Grus rubicunda 
(Gruiformes) 

Legend """ Basal 
♦Node ..,,. lnternode ¥ Cell 
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Figure 2-20 Microscopic feather characteristics of the downy barbules of a Red Necked-

Avocet illustrated using light and scanning electron microscopy.  Note the short unpigmented 

barbules with no swelling of the nodes, along with the presence of small pointed villi. 

Red Necked Avocet, 
Recurvirostra novaehollandiae 

(Charadriiformes) 

Ii 

y Prong 
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Little Button-Quail Turnix velox. (Turniciformes: Turnicidae). 

Barbules are short and clearly divided into deeply pigmented (dark brown) nodes and 

internodes (2.21). The pigment is concentrated in the nodes distally (as oval in shape) though 

may extend into the internodes proximally where the shape is less defined.  Even proximally 

the nodes are only slightly wider than the internodes.  Some minute prongs are present on 

distal nodes.   

 

Common Bronze Wing Phaps chalcoptera (Columbiformes: Columbidae) 

The barbules are long with no pigmentation and are divided into highly expanded and often 

flattened nodes (2.22).  Only minimal reduction in the size of the nodes along the barbule at 

the base of the barb is observed until the last few nodes.  The second to last and last node is 

hardly present (not expanded) and the barbule ends in long narrow point.   

 

Common Koel Eudynamys orientalis (Cuculiformes: Cuculidae) 

The barbules are long and slender and are clearly subdivided into nodes and internodes (2.23).  

Pigment is confined to a small region just behind the node.  Expanded nodes that are large 

proximally but minute distally tend to reduce in size gradually.  Internodes sometime exhibit 

slight bending and internode width is variable and has a similar appearance to the 

Psittaciformes. 

 

Black Swan Cygnus atratus (Anseriformes: Anatidae) 

The barbules are rather short (up to 0.7mm) and in contrast to the expected heart shaped 

nodes presented by other swans (Brom 1991), the Black Swan displayed barbules with prongs 

present distally (2.24).  Also in contrast to the expected, internodes were straight and did not 

display any kinking.  Barbules were unpigmented.  The Black Swan is very similar in 

appearance to the Australasian Grebe (Podicipediformes: Podicipedidae).  

 

http://en.wikipedia.org/wiki/Columbiformes
http://en.wikipedia.org/wiki/Columbidae
http://en.wikipedia.org/wiki/Cuculiformes
http://en.wikipedia.org/wiki/Cuculidae
http://en.wikipedia.org/wiki/Owl
http://en.wikipedia.org/wiki/Anatidae
http://en.wikipedia.org/wiki/Podicipediformes
http://en.wikipedia.org/wiki/Podicipedidae
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Figure 2-21 Microscopic feather characteristics of the downy barbules of a Little Button-quail 

illustrated using light and scanning electron microscopy.  Note the short barbules with 

minimal swelling of the nodes. 

Little Button-quail, Turnix melanogaster 
(Turniciformes) 

Legend B I 
~ asa 

♦Node ..,,. lnternode ~ Cell 
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Figure 2-22 Microscopic feather characteristics of the downy barbules of a Common Bronze 

Wing illustrated using light and scanning electron microscopy.  Note the greatly expanded 

nodes. 

Common Bronze Wing, Phaps chalcoptera 
(Columbiformes) 

Legen 
8 1 ,.l\_ asa 

+ Node V lnternode ~ Cell 
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Figure 2-23 Microscopic feather characteristics of the downy barbules of a Common Koel 

illustrated using light and scanning electron microscopy.  Note the long wavy barbules with 

minimal pigmentation (with pigment confined to a small region behind node). 

Common Koel, Eudynamys orientalis 
(Cuculiformes) 

Legend 

Node 

¢ lnternode 

~ Basa l Cell 
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Figure 2-24 Microscopic feather characteristics of the downy barbules of a Black Swan 

illustrated using light and scanning electron microscopy.  Note the short barbules with small 

prongs located distally.  Black Swans do not display the ‘heart-shaped’ nodes encountered in 

other swans (Brom 1991). 

Black Swan, Cygnus atratus 
(Anseriformes) 

Legend 

♦Node 

£} lnternode 

~ Basa l Cell 
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Southern Boobook Ninox boobook (Strigiformes: Strigidae) 

Long wavy barbules are clearly subdivided into pigmented nodes (oval in shape) and 

unpigmented internodes (2.25).  The basal cells are very long.  The first 2-3 nodes are 

expanded but rapidly diminish to 'beads'. There is little change in the internode length along 

the length of the barbule.   

 

Tawny Frogmouth Podargus strigoides (Caprimulgiformes: Podargidae) 

The barbules are rather long and are clearly subdivided into heavily pigmented nodes and 

unpigmented internodes (2.26).  The internodes are considerably shorter proximally and 

lengthen slowly.  Proximal nodes are expanded and diminish slowly to ‘beads’ distally.   

 

White-Rumped Swiftlet Aerodramus terraereginae (Apodiformes: Apodidae) 

The barbules are rather short. Nodes and internodes are barely visible (28-32 per mm) due to 

the heavy pigmentation of both and there is a lack of expanded nodes or prongs (2.27).   

 

Laughing Kookaburra Dacelo novaeguineae (Coraciiformes: Halcyonidae) 

The barbules are long and wavy and are clearly subdivided into pigmented nodes (oval in 

shape) and unpigmented internodes (2.28).  The nodes slowly decrease in size towards the tip 

of the barbule and internode length is reasonably consistent along the length of the barbule.  

 

Australian Brush Turkey Alectura lathami (Galliformes: Megapodiidae) 

The barbules are very long and are clearly subdivided into lightly pigmented nodes and 

internodes (2.29).  Light pigmentation is also present in the basal cell.  The nodes are 

expanded and do not display the ring structures typical of many of the Galliformes (Brom 

1991, Robertson 1984), similar to other Megapodiidae (Brom 1991). Barbules end in a single 

point.   

 

http://en.wikipedia.org/wiki/Owl
http://en.wikipedia.org/wiki/Owl
http://en.wikipedia.org/wiki/Strigidae
http://en.wikipedia.org/wiki/Nightjar
http://en.wikipedia.org/wiki/Caprimulgiformes
http://en.wikipedia.org/wiki/Frogmouth
http://en.wikipedia.org/wiki/Swift
http://en.wikipedia.org/wiki/Apodiformes
http://en.wikipedia.org/wiki/Swift
http://en.wikipedia.org/wiki/Kingfisher
http://en.wikipedia.org/wiki/Coraciiformes
http://en.wikipedia.org/wiki/Tree_kingfisher
http://en.wikipedia.org/wiki/Megapodiidae
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Figure 2-25 Microscopic feather characteristics of the downy barbules of a Southern Boobook 

Owl illustrated using light and scanning electron microscopy.  Note the long basal cells and 

the rapid reduction in size of the nodes along a barbule. 

Southern Boobook, Ninox boobook 
(Strigiformes) 
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Figure 2-26 Microscopic feather characteristics of the downy barbules of a Tawny Frogmouth 

illustrated using light and scanning electron microscopy.  Note the short proximal internodes 

that lengthen distally. 

Tawny Frogmouth, Podargus strigoides 
(Caprimulgiformes) 

\ r· \ IP 
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Figure 2-27 Microscopic feather characteristics of the downy barbules of a White-Rumped 

Swiftlet illustrated using light and scanning electron microscopy.  Note the heavily pigmented 

barbules with minimal swelling of the nodes. 

White-rumped Swiftlet, 
Aerodramus terraereginae 

(Apodiformes) 
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Figure 2-28 Microscopic feather characteristics of the downy barbules of a Laughing 

Kookaburra illustrated using light and scanning electron microscopy.  Note the heavily 

pigmented nodes and unpigmented internodes. 

Laughing Kookaburra, 
Dacelo novaeguineae 

(Coraciiformes) 
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Figure 2-29 Microscopic feather characteristics of the downy barbules of an Australian Brush 

Turkey illustrated using light and scanning electron microscopy.  Note the lightly pigmented 

barbules and basal cells. 
 

Australian Brush Turkey, Alectura lathami 
(Galliformes) 
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2.6 Discussion 

In most instances the Australian bird species studied demonstrated the same diagnostic 

features as their Northern hemisphere relatives as presented in previous publications (i.e. 

Brom 1991).  However three species, the Drongo, the Black Swan and the Tawny Frogmouth 

proved to be exceptions.  No villi were observed for the Drongo and as knobbed villi are 

generally thought to be a diagnostic attribute of the Passeriformes their absence in Drongos 

was unexpected.  Further sampling would need to be conducted on feathers from all body 

regions from the Australian Drongo to confirm this is isolated to the barbules or a general 

observation.  Similarly the Black Swan did not display the heart shaped nodes or intermodal 

kinking displayed by its northern hemisphere relatives, making it both distinctive and 

exceptional.  

 

Another variation from the expected was displayed by the Tawny Frogmouth whose feather 

microstructures were not characteristic of the Caprimulgiformes, as reported by Brom (1991).  

However, Brom’s investigations were limited to the Caprimulgidae family (nightjars) rather 

than the Podargidae (frogmouths) to which the Tawny Frogmouth belongs.  The 

Caprimulgidae family have been described as resembling the Apodiformes however the 

Tawny Frogmouth examined here showed closer resemblance to the Boobook owl, a member 

of the Strigiformes (owls).  Classification of the Caprimulgiformes is currently phenetic, 

based predominantly on morphology, song and to a lesser degree behavior, rather than on 

molecular characteristics (Larsen et al. 2007).  Molecular studies by Larsen et al. (2007) based 

on Cytochrome b, indicate that the Podargidae are genetically distant from the Caprimulgidae, 

though their relationship to the Strigiformes was not investigated.  Further investigation of the 

systematics of the Podargidae, via molecular analysis, may represent a study for the future. 

 

The data and images presented here clearly demonstrate the exclusionary power of feather 

microscopy.  By assessing a feather against the diagnostic features presented in Table 2-3 a 

particular species can be excluded or retained.  For example, if knobbed villi are seen then the 

feather clearly comes from a passerine.  Alternately other features, such as prongs, may be 

displayed in a number of bird orders and so a combination of features will be required in 

order for a conclusion to be made. 

http://en.wikipedia.org/wiki/Owl
http://en.wikipedia.org/wiki/Frogmouth
http://en.wikipedia.org/wiki/Caprimulgiformes
http://en.wikipedia.org/wiki/Frogmouth


Chapter Two: An evaluation of the microscopic characteristics 

 
84 

 

In cases such as investigations of cockatoo smuggling where an assertion is made that a 

feather was (say) from domestic fowls, or other wild Australian native birds, feather 

microscopy can be used to quickly and easily refute this.  And whilst differentiating amongst 

the parrot species via feather microscopy appears to be difficult, the fact that the parrots have 

such distinct and colourful plumage means that the macroscopic characteristics in 

combination with the microscopic features will allow many species to be excluded.   

 

The data presented in this study relate only to the breast feathers of adult specimens.  

Variation in other diagnostic feather features between adults, juveniles and fledglings has 

been previously reported by various authors (Chandler 1916, Day 1966, Brom 1991, 

Robertson 1984).  Similarly, variation within species, within individuals and within a feather 

has been reported by a number of other studies (Chandler 1916, Day 1966 and Brom 1991, 

Robertson 1984, Dove 2000).  Despite the considerable variation overall feather 

characteristics are generally the same, the variation relating mainly to the dimensions and 

counts rather than the structures themselves.  Nevertheless caution is warranted in forensic 

cases for which the source of the sample is unknown, and for which only minute fragments 

may be available.   

2.6.1 The role of feather microscopy in forensic 

investigations 

The information sought via the examination of a feather will vary depending on the case. For 

example, in some instances it may be a question of ‘is this feather from a parrot or not?’ 

versus ‘what bird is this from?’.  At times, allocation of a feather to an order, rather than a 

species may be sufficient.  All parrots, except budgerigars and cockatiels are CITES listed and 

hence the trading of them without a permit is illegal.  Due to their size and colouring a large 

proportion of feathers from budgerigars and cockatiels may well be excluded as being the 

potential source species based on macroscopic characteristics (that is size, colouration, 

patterning and texture which, whilst classed as macroscopic can still be present on fragmented 

or damaged samples).   
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Figure 2-30 Schematic description of the hierarchical examination process of feathers in 

forensic cases.   
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In other instances though, species identification and even individualisation may be needed.  In 

these instances feather microscopy can form a valuable step in a hierarchical examination 

process (2.30) eliminating some species whilst including others.  This process then ensures 

that a suitable individual/organisation with expertise in the population dynamics of the species 

in question can be engaged.   

 

In an era when one of the major challenges faced by forensic science providers is limited 

resources (Kobus et al. 2011), techniques that are fast, cheap and effective and that limit the 

numbers of samples for which further analysis is required are extremely valuable.  

Furthermore, the exclusion of a specimen can redirect an investigation without the 

requirement for further testing, such as DNA analysis that may take weeks or even months.  

Finally, there may be instances where techniques such as DNA analyses are simply not 

possible due to the condition of the specimen.  In these instances examination by microscopy 

may provide the only evidence.   

 

Simple stereo and transmitted light microscopy is readily available to most institutions and 

organisations; it does not require a specialist laboratory and can be used in remote locations, 

such as isolated quarantine stations.  Training individuals already familiar with microscopic 

techniques to basic (but not expert) identification levels would be a relatively straightforward 

process requiring minimal time and effort.  These samples could then be forward for further 

analysis to suitably qualified experts.  Alternatively the expert working in another location 

could guide a person in a remote location to obtain the relevant images and measurements on 

theif behalf.  The expanded use of this discipline by forensic scientists or others working in 

the wildlife law enforcement arena has the potential to retain probative evidence almost 

immediately or alternatively, eliminate it as useful. 

 

As for forensic hair examination, forensic feather examination needs to be methodical and 

systematic.  Examination protocols are required to guide the process and ensure systematic, 

reproducible examinations that enable meaningful technical reviews as required.  To this end 

suggested feather examination proformas have been produced (see appendix 1).  The use of a 

light microscope is likely to be sufficient in most cases however, as the images presented in 

this study show, scanning electron microscopy (SEM) may provide increased resolution of 

certain features.  If illustrating these features is important then the use of an SEM should be 

considered.   
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It is important to note that identifications should be made by trained experts, knowledgeable 

about the macroscopically visible characters of a bird’s plumage and the microscopical 

characters of the downy barbules of the contour feathers.  Caution is required when using 

feather microstructure for species or even family level identification and it should only be 

attempted by individuals who are trained thus ensuring that they are using a feather from the 

correct part of the body as well as from the diagnostic part of the feather.   

 

In this study we presented the results as a table and have not included a dichotomous key.  

The use of a dichotomous key is problematic in forensic cases due to the high likelihood of a 

critical feature missing due to the poor condition of the sample.  Resources such as the Bird 

Remains Identification System (CD-ROM) (Prast and Shamoun 1997) are useful, in that 

species can be eliminated on the basis of what characteristics are present, but again, they do 

not include the Australian species.  The production of a table of characteristics at least allows 

field or laboratory based scientists to determine a broad species grouping that can then be 

refined on the basis of literature searches or database comparisons.   

2.6.2 Reporting of results 

Feather microscopy includes a high level of opinion and the ability of an individual to provide 

this opinion will be influenced by their training, experience and resources.  In line with all 

other accredited disciplines an expertise in feather microscopy should be supported by a 

suitable proficiency testing regime.  Ultimately, feather microscopy in the forensic sense is 

about eliminating species or groups of species based on diagnostic characteristics leading to 

the listing of a number of potential species.  However, the strength of the inclusion cannot be 

given a statistical estimate and will depend on the amount and condition of the feather sample 

and the answers being sought. 

 

As with many forensic disciplines, the underlying principle that should govern the approach 

of anyone examining feathers is one of exclusion rather than inclusion.  Consequently, the 

language used in reports should reflect this.  There have been a number of studies into 

forensic science phraseology (i.e. Crocker 1991) regarding the most suitable terms to use, as 

well as a number of Royal Commissions that have criticised the use of certain terms such as 

‘consistent with’ (Shannon 1984 and Kaufman 1998).  For forensic feather examination, the 
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terms ‘excluded’ or ‘cannot exclude’ may be sufficient though ‘could have’ may also be 

appropriate in some circumstances.   

2.7 Conclusion 

We have clearly demonstrated a number of microscopic features which can be used to 

differentiate the contour feathers of different bird Orders.  This makes the microscopic 

examination of feathers a valuable tool to quickly and cheaply refute or support an assentation 

of a suspect regarding the source of a feather. Ultimately, feather microscopy will make up an 

element of a hierarchical examination process (that may include other analysis such as DNA 

profiling) providing support for further examinations and/or an expedited elimination. The 

future expectations of this study are to include feather microscopy as a technique that meets 

the quality assurance standards of any other forensic technique.  To achieve this goal a 

protocol manual will be produced where a comprehensive photographic guide to feather 

features will form an integral part. With time and resources an image database will be 

established aimed at Australian birds generally, with the emphasis on those species that form 

the greatest part of the current illegal bird trade.  
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Appendix 1: Feather Examination Proforma 

<INSERT ORGANISATION>                             Page          of              
FEATHER EXAMINATION RECORD – Sheet 1 Forensic  Case No: __________  

                                                                                                    Item No: __________       

MACROSCOPIC FEATURES  

TYPE OF FEATHER 

(Flight/contour/down/ undetermined 

fragment) 

 

SIZE 

(provide measurements) 

 

COLOURATION 

(natural or artificial) 

 

PATTERNING 

(spots, stripes, banding etc) 

 

TEXTURE 

 

 

General Description and Comments: 

 

 

 Examined By: ____________________________  

Notes by: Day: Date: Time: 
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<INSERT ORGANISATION>                             Page of 
 

 FEATHER EXAMINATION RECORD - Sheet 2  Forensic Case No: __________  

                                                                                                                          Item No: __________ 

MICROSCOPIC FEATURE 
 

VILLI 

(absent or present: knobbed or pointed) 

 

SUB-PENNACEOUS REGION 

(absent or present) 

 

TYPE OF NODAL STRUCTURE 

(Node/prong/absent/other) 

 

SHAPE OF NODES 

(This can be variable. Describe and/or draw.) 

 

SHAPRE OF INTERNODES 

(straight or some kinked) 

 

LENGTH OF PRONGS 

(in mm and/or compare to internode length) 

 

PRONG SYMETRY 

(symmetrical/asymmetrical) 

 

NUMBER OF NODAL STRUCTURES PER MM 

(May vary hence multiple measurements may be 

required ) 

 

ABRUPT CHANGE IN SIZE OF NODAL 

STRUCTURE 

(Abrupt increase and/or decrease) 

 

LOCATION OF NODAL STRUCUTRES 

(Proximally, distally or equally) 

 

PIGMENT DISTRIBUTION 

(mainly in nodes, internodes or both) 

 

 

 Examined By: _____________________ Checked By: _____________________ 

 

 Notes by: Day: Date: Time: 

 

 

<INSERT ORGANISATION>                                                                                  Page of 
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FEATHER COMPARISON RECORD                                               Forensic Case No: __________  

                                                                                                                               Item No: __________  

 

MICROSCOPIC FEATURE Species 1 Species 2 Species 3 

Order: Species    

Feather type (ie. Breast, belly etc.)    

SIZE 

(provide measurements) 

   

COLOURATION 

(describe) 

   

PATTERNING 

(spots, stripes, banding etc) 

   

VILLI 

(absent or present: knobbed or pointed) 

   

SUB-PENNACEOUS REGION 

(absent or present) 

   

TYPE OF NODAL STRUCTURE 

(Node/prong/absent/other) 

   

SHAPE OF NODES 

(This can be variable. Describe and/or draw.) 

   

SHAPRE OF INTERNODES 

(straight or some kinked) 

   

LENGTH OF PRONGS 

(in mm and/or compare to internode length) 

   

PRONG SYMETRY 

(symmetrical/asymmetrical) 

   

NUMBER OF NODAL STRUCTURES PER MM 

(May vary hence multiple measurements may be 

required ) 

   

ABRUPT CHANGE IN SIZE OF NODAL 

STRUCTURE 

(Abrupt increase, decrease or  

   

LOCATION OF NODAL STRUCUTRES 

(Proximally, distally or equally) 

   

PIGMENT DISTRIBUTION 

(mainly in nodes, internodes or both) 

   

  Examined By: _____________________  

 

 Notes by: Day: Date: Time: 
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Appendix 2: Information about birds sampled. 

 

 Accesion numbers Sex 

(maturity
1
) 

Institution 

Passeriformes  

   Apostle bird 

   Australian Magpie 

   Drongo 

   Pee-wee 

   Pied Butcher Bird 

   Pied Currawong 

   White Winged Chough 

 

B49277, B335 

B47994, B49400 

B50053, B6243 

B28579, B28613 

B54513, B54795 

B32536, B34916 

B18532, B32486 

 

M,F 

M,F 

M,F 

M,F 

M,F 

M,F 

M,F 

 

ANWC 

ANWC 

ANWC 

ANWC 

ANWC 

ANWC 

ANWC 

 

Podicipediformes  

   Australasian Grebe 

 

B44277 
 

M 

 

ANWC 

Procellariiformes  

    Light-mantled Albatross 

 

B39122 
 

F 
ANWC 

Pelicaniformes  

   Australian Pelican 

 

B18079 
 

M 
ANWC 

Ciconiiformes  

   Australian white ibis 

 

B16961 
 

M 
ANWC 

Falconiformes  
   Black Falcon 

 

B44130 
 

M 
ANWC 

Gruiformes  

   Brolga 

 

B18707 
 

M,F 
ANWC 

Strigiformes  
   Southern Boobook owl 

 

B47742 
 

M,F 
ANWC 

Caprimulgiformes     
   Tawny Frogmouth 

 

B47742 
 

M,F 
ANWC 

Apodiformes 

   Australian swiftlet 

 

B39819 
 

M,F 
ANWC 

Coraciiformes  
   Laughing Kookaburra 

 

B49160 
 

M,F 
ANWC 

Columbiformes  
   Bronzewing Pigeon 

 

B11640 
 

M,F 
ANWC 

Anseriformes  

   Black Swan 

 

B45990 
 

M,F 
ANWC 

Cuculiformes 

   Common Koel 

 

B41495 
 

M,F 
ANWC 

Turniciformes 
   Little button quail 

 

B11077 
 

M,F 
ANWC 

                                                           
1
 All adults were adults unless noted as being a juvenile. 

http://www.birdsinbackyards.net/finder/display.cfm?id=24
http://www.birdsinbackyards.net/finder/display.cfm?id=25
http://en.wikipedia.org/wiki/Grebe
http://en.wikipedia.org/wiki/Albatross


Chapter Two: An evaluation of the microscopic characteristics 

 
93 

Charadriiformes  

   Red necked Avocet 

Psittaciformes 

   Glossy Black-Cockatoo  

   Palm Cockatoo 

   Red-tailed Black-Cockatoo 

 

   Yellow-tailed Black-Cockatoo 

   Baudin's Cockatoo 

   Carnaby's Cockatoo 

   Gang-gang 

   Galah 

   Major Mitchell 

   Sulphur Crested Cockatoo 

   Corella 

   Peach faced Love Birds 

   Yellow Crowned Parrot 

   Blue and Yellow Macaw 

   Guaiabero 

   Red Crowned Parakeet 

   Buff-faced Pygmy Parrot 

   Kaka 

   Kea 

   Blue Headed Parrot 

   Cape Parrot  

   Rose-Ringed Parakeet  

   African Grey Parrot 

   Pesquet's Parrot  

   Ecclectus Parrot 

   Rainbow Lorikeet 

   King Parrot 

   Superb Parrot 

   Double eyed Fig Parrot 

   Swift Parrot 

   Red Capped Parrot 

   Australian Ringneck 

   Red Rumped Parrot 

   Crimson Rosella 

   Cockatiel 

   Ground Parrot 

   Budgerigar 

   Burke's parrot 

 

B47891 

 

 

B42879,B42926 

B36274, B51773, B43514, 

B41224 

B20549, B45826 

B37119, B37888 

B37904, B37914 

B214, B19166 

B33017, B33178 

B41193, B37092 

B49784, B38024 

B38556, B37713 

O42873, .33899 

O33452 

O45313 

O17 

O44214, .44212 

A.3041 

O30416 

O30418 

O26516 

PA2945 

O32846, O26281 

O26281 

O30572 

B707,B703 

B42772, B34257 

B37405, B47501 

B41187 

B43108, B691 

B47207, B47218 

B16571 

B31025, B40510 

B12606, B28748 

B52341, B47404 

B36379, B51179 

B34188, B38191 

B34829, B47836 

B28965, B48941 

 

M 

 

M,F 

M,F 

M,Fx2 

 

M,F 

M,F 

M,F 

M,F 

M,F 

M,F 

M,F  

M,F 

M,F 

M 

F 

Juv 

M,F 

M 

M 

M 

Juv 

Juv 

M,F 

F 

M 

M,F 

M 

M,F 

F 

M,F 

M,F 

F 

M,F 

M,F 

M,F 

M,F 

M,F 

M,F 

M,F 

 

ANWC 

 

ANWC 

ANWC 

ANWC 

 

ANWC 

ANWC 

ANWC 

ANWC 

ANWC 

ANWC 

ANWC 

ANWC 

Museum Australia 

Museum Australia 

Museum Australia 

Museum Australia 

Museum Australia 

Museum Australia 

Museum Australia 

Museum Australia 

Museum Australia 

Museum Australia 

Museum Australia 

Museum Australia 

Museum Australia 

ANWC  

ANWC 

ANWC 

ANWC 

ANWC 

ANWC 

ANWC 

ANWC 

ANWC 

ANWC 

ANWC 

ANWC 

ANWC 

ANWC 
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Picture: An adult female Glossy Black-Cockatoo, Kangaroo Island.  Photo by Eleanor Sobey, 

formerly of the Glossy Black Cockatoo Recovery Program, SA. 
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3 Species specific primers for the Glossy Black-

Cockatoo (Calyptorhynchus lathami) and 

evidence for mitochondrial heteroplasmy.  

3.1 Abstract 

The Australian Black Cockatoos (Psittaciformes: Cacatuidae: Calyptorhynchus) are a known 

feature of the illegal wildlife trade and yet little work has been done investigating the genetics 

of these species, or designing primers for this purpose.  Here, we focus on the Glossy Black-

Cockatoo Calyptorhynchus lathami (Psittaciformes: Cacatuidae).  The complete 

mitochondrial (mt) genome of a Glossy Black-Cockatoo Calyptorhynchus lathami 

halmaturinus (Psittaciformes: Cacatuidae) is reported, along with two partial genomes of the 

other two C. lathami subspecies (C. l. lathami and C. l. erebus).  A partial genome of a 

Yellow-tailed Black-Cockatoo Calyptorhynchus funereus is also reported.  The mt genome of 

C. lathami is 16835 nucleotides in length and displays the ‘typical’ avian gene order.  Unlike 

many parrot species, no control region duplication was detected.  Mitochondrial DNA 

(mtDNA) variation in C. lathami was investigated using DNA sequence from PCR products 

amplified using primers developed from the whole mitochondrial genome data and from 

previously published material.  The mitochondrial genome of C. lathami is shown to have 

very low levels of intraspecific diversity, with the control region the only sequence containing 

sufficient variation to enable intraspecific research.  We present evidence for heteroplasmy 

within parts of the control region but establish that the 5’ end of the control region is 

nonetheless suitable for assessing intraspecific mitochondrial variation.  We also show 

substantial difference between the sequence we recovered as part of the present study and that 

of an earlier study. 
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3.2 Introduction 

The true extent of the illegal trade in wildlife is not known. However, worldwide it is thought 

to be worth between US$10 and US$20 billion dollars annually (Brack 2004, Symondson 

2002, Wyler and Sheikh 2008) and is third only to the trade in drugs and human trafficking in 

scope and value (Haken 2011).  Reptiles and birds are particularly popular, destined mostly 

for the USA, Japan and Europe, where collectors will pay large sums (Halstead 1992).   

 

The Black Cockatoos Calyptorhynchus spp are an iconic Australian group and are the largest 

parrots after the Macaws of South America. All Black Cockatoos and are endemic to 

Australia (Forshaw, 1989). Owing to their beauty and relative rarity they are coveted by 

collectors, and individual birds can sell for up to $AU30 000 (Halstead 1992, Cameron 2007) 

on the black market.  Despite featuring in the illegal wildlife trade, little work has been done 

investigating the genetics of the Australian Black Cockatoos.  Five species of Black Cockatoo 

are currently recognised in Calyptorhynchus; C. funereus (Yellow-tailed Black-cockatoo), 

two species of white-tailed black-cockatoos C. latirostris (Carnaby’s Cockatoo) and 

C.baudinii (Baudin’s Cockatoo), C. banksii (Red-tailed Black-Cockatoo), and C. lathami 

(Glossy Black-Cockatoo) (Joseph et al. 2012).  C. baudinii, C. latirostris (both white-tailed) 

and C. funereus (yellow-tailed) are thought to be sister taxa however C. lathami (red-tailed) is 

thought to be a sister taxa of C. banksii (red-tailed) (Joseph et al. 2012).   

 

In this study, we investigate the mitochondrial DNA (mtDNA) of the Glossy Black-Cockatoo, 

C. lathami.  The Glossy Black-Cockatoo is difficult to breed in captivity and this, along with 

the fact that it is the rarest of the Black Cockatoos makes it vulnerable to poaching.  

Following analysis by Schodde et al. (1993) and later by Higgins (1999), the Glossy Black-

Cockatoo is currently divided into three subspecies C. l. lathami, C. l. erebus, and C. l. 

halmaturinus. This is based on slight variation in morphology, particularly size and relative 

mass of the bill although to date there is no published molecular analysis of the genetic 

distinctiveness of this group nor genetic support for these divisions. 

 

A detailed knowledge of the mitochondrial DNA (mtDNA) of a species could be used to 

assist with a number of questions often posed by law enforcement in relation to wildlife 
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offences.  These include: species determination; determination of geographic origin and 

individualisation (Bollongino et al. 2003, Dawnay et al. 2008, Gupta et al. 2006, Lorenzini 

2005, Ogden 2008, Palsboll et al. 2006, Roman and Bowen 2000).  This latter grouping also 

includes additional information such as sex and parentage.  MtDNA is particaluarly suited to 

forensic cases where the trace or degraded nature of many forensic samples precludes the use 

of nuclear DNA (nuDNA) whereas the high copy number of mtDNA (Randi 2000) enables 

results to be obtained.   

 

Whilst mitochondrial DNA (mtDNA) can provide a powerful tool to investigate intraspecific 

variation (Moritz et al. 1987, Avise et al. 1987), mtDNA analysis can be complicated by the 

production of multiple sequences similar to that of the targeted gene or region.  This can be 

caused by nuclear paralogs/pseudogenes (numts; nuclear mitochondrial sequences); DNA 

segments in the nuclear genome that have obvious homology to portions of the mitochondrial 

genome, and mitochondrial paralogs/pseudogenes; a duplicated portion of the mtDNA within 

the existing mitochondrial genome.  Mitochondrial duplications have been reported in 38 

parrot species (Eberhard et al. 2001, Schirtzinger 2012) and involved a duplication of the 

control region.  Another factor complicating mtDNA analysis is the presence in some 

organisms of mitochondrial heteroplasmy; the existence of two or more mtDNA sequence 

variants within one individual (Lunt et al. 1998).  The presence of multiple sequences of 

similar length can manifest in a number of ways.  If co-amplified it can lead to ‘non-sense’ or 

‘unreadable sequence’ or, if the sequence differs only by a transversion or a transition, then 

double peaks will result at this point. 

 

There has been very little work investigating the mtDNA of C. lathami.  However, White et 

al. (2011) investigated the phylogeny of the cockatoos based on three mitochondrial genes 

(ND2, cyt b and COI) and three nuclear genes (Eukaryotic translation elongation factor 2, a 

non-histone chromosomal protein known as the High mobility group and the Transforming 

growth factor beta 2) that included C. lathami.  In addition, they sequenced five entire 

cockatoo mitochondrial genomes; Glossy Black-Cockatoo (Calyptorhynchus lathami), 

Carnaby’s Black-Cockatoo (Calyptorhynchus latirostris), Baudin’s Black-Cockatoo 

(Calyptorhynchus baudinii), Western Corella (Cacatua pastinator butleri), and Salmon-

crested Cockatoo (Cacatua moluccensis) generated through Roche (454) FLX sequencing of 

two overlapping 9kb PCR fragments.  White et al. (2011) found the C. lathami (consistent 

with the four other cockatoos) to have the ‘typical’ avian mtDNA gene order (Figure 3-1).  
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While White et al. (2011) provides a C. lathami mitochondrial genome of one individual, 

without multiple genomes or sequencing of each individual gene/region, it is not possible to 

determine the potential areas of mtDNA variation based on this data.   
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Figure 3-1 Illustration of the ‘typical’ avian gene order.  Relative gene sizes are approximate 

only.  tRNAs between the genes are marked but not labelled. 

 

The principle objective addressed here is to determine the levels of intraspecific variation in 

the Glossy Black-Cockatoo (C. lathami) to enable the development of diagnostic primer pairs 

that can be used as a forensic identification tool, focusing on sub-species/geographic and 

individual variation.  We aim to do this by, sequencing the whole mitochondrial DNA of the 

species and using these sequences to identify areas of potential variation suitable for 

diagnostic markers.  We first constructed whole mtDNA genomes for the three subspecies of 
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C. lathami and then compare the genomes to identify diagnostic regions for PCR 

amplification.  We also aimed to produce mtDNA sequence for two other species of Black-

Cockatoo; the Yellow-tailed Black-Cockatoo (C. funereus) and the Red-tailed Black-

Cockatoo (C. banksii) for comparison to the Glossy Black-Cockatoo mitochondrial genome, 

to potentially identify target sequeces suititable for species determination.   

 

Given the prevalence of mtDNA duplications found in the parrots (Schirtzinger 2012) and 

some ambiguous sequence data obtained during the course of the present study, we also test 

the proposition that a control region duplication is not present in C. lathami.  Also, whilst the 

presence of nuclear paralogs is a well-known complication for researchers investigating 

mitochondrial DNA, steps are rarely taken to ensure that the sequences obtained are truly 

derived from mitochondrial DNA.  To address this, a mitochondrial enhancement kit was 

used on a small subset of samples, so that the results can be compared to results obtained 

using traditional extraction techniques. 

3.3 Materials and Methods 

3.3.1 Sample information 

For the whole mt genome study five samples comprising one or more from each of the three 

currently recognised Glossy Black-Cockatoo (C. lathami) subspecies along with samples 

from a Yellow-tailed Black-Cockatoo (C. funereus) and a Red-tailed Black-Cockatoo (C. 

banksii) were selected from a genomic DNA extracts held at the Museum of Victoria, 

Melbourne, Australia.  These were derived from specimens accessioned at the Australian 

National Wildlife Collection (ANWC).  The sequence produced via the whole mt genome 

study was verified using 6 or 14 individuals representing the geographic range of the species 

(see Table 3-1).  Mitochondrial enrichment was performed on four individuals  and 

investigation of the mitochondrial duplication and plasmid cloning was conducted on a single 

individual (see Table 3-1). 

3.3.2 Extraction and amplification 

All extractions (other than the samples for mitochondrial enrichment) were extracted using 

the animal tissue bench protocol in the Qiagen DNeasy
®

 Blood and Tissue Kit (Qiagen, 



Chapter Three: Species specific primers for the Glossy Black-Cockatoo 

 
102 

Valencia, CA, part 69506).  Amplifications were conducted using either DyNAzyme EXT
TM

 

for High Performance PCR, from FINNZYMES (whole mt genome study and mitochondrial 

duplication) or BioTaq™ Red DNA polymerase (Bioline), for all others.  Amplification using 

DyNAzyme EXT
TM

 was in a 10µl reaction containing 1 x PCR buffer (supplied), 1.5 mM 

MgCl2, 1µM of primer, 200µM each dNTPs, and 1U polymerase.  The PCR cycling 

conditions were as follows: 94°C for 3min, followed by 30 cycles of  94°C for 30s, 50°C for 

30s, 72°C for 2.5min and a final extension step of 72°C for 5 min.  Amplification using 

BioTaq™ Red was in a 25 µl polymerase chain reaction (PCR) containing 1 x PCR buffer, 

1.5 mM MgCl2, 0.25 µM of primers, 200µM each dNTPs, and 0.5U BioTaq™ Red. The PCR 

cycling conditions were as follows: 94 °C for 5 min, followed by 35 cycles of 94 °C for 45s, 

56-58°C for 45s, 72 °C for 60s and a final extension for 6 min.  Negative controls were used 

in all PCRs regardless of amplification system used and amplification success for all loci was 

assessed visually after separation on agrose gels.   
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Table 3-1 Origin of samples used in this study. Museum Victoria (MV), Australian National Wildlife Collection (ANWC). 

 ID Number Species/subspecies Tissue type Source 

Whole mt genome ANWC B 39035 C. lathami lathami Unknown (muscle or liver) MV 

ANWC B 43427 C. lathami erebus Unknown (muscle or liver) MV 

ANWC B 42614 C. lathami halmaturinus Unknown (muscle or liver) MV 

D708 C. funereus Unknown (muscle or liver) MV 

RTBZ C. banksii Unknown (muscle or liver) MV 

12S, 16S, cyt b, CRA, CRB and 

CRC 

ANWC B 44424 C. lathami erebus Liver ANWC 

ANWC B 42142 C. lathami erebus Unknown (muscle or liver) ANWC 

ANWC B 43534 C. lathami erebus Unknown (muscle or liver) ANWC 

ANWC B 43544 C. lathami erebus Liver ANWC 

ANWC B 43543 C. lathami erebus Unknown (muscle or liver) ANWC 

ANWC B 43535 C. lathami erebus Liver ANWC 

ANWC B 43427 C. lathami erebus Liver ANWC 

ANWC B 43428 C. lathami erebus Liver ANWC 

ANWC B 10275 C. lathami erebus Unknown (muscle or liver) ANWC 

ANWC B 10276 C. lathami erebus Liver ANWC 

ANWC B 43426 C. lathami erebus Liver ANWC 

D650 C. lathami lathami Unknown (muscle or liver) ANWC 

ANWC B 42614 C. lathami halmaturinus Unknown (muscle or liver) ANWC 

ANWC B 42615 C. lathami halmaturinus Unknown (muscle or liver) ANWC 
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 ID Number Species/subspecies Tissue type Source 

BC-CR, Insertion and variable ANWC B 39035 C. lathami lathami Unknown (muscle or liver) ANWC 

D651 C. lathami lathami Unknown (muscle or liver) ANWC 

ANWC B 42142 C. lathami erebus Liver ANWC 

ANWC B 44424 C. lathami erebus Liver ANWC 

ANWC B 42614 C. lathami halmaturinus Liver ANWC 

ANWC B 42615 C. lathami halmaturinus Liver ANWC 

Mitochondrial enrichment ANWC B 42142 C. lathami erebus Liver ANWC 

ANWC B 42614 C. lathami halmaturinus Liver ANWC 

ANWC B 10275 C. lathami erebus Liver ANWC 

ANWC B 42615 C. lathami halmaturinus Liver ANWC 

Investigation of mt duplication ANWC B 34171 C. lathami (captive) Liver ANWC 

Cloning (CRA, CRB, CRC and 

BC-CR)) 

B 43535 C. lathami lathami Liver ANWC 
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3.3.3 Fragment Sequencing  

PCRs were purified prior to sequencing using polyethylene glycol (PEG) and all sequencing 

(other than the whole mt genomes) was performed either CSIRO (Black Mountain 

Laboratories) (12S, 16S, cyt b) or Macrogen (control region domain I, CRA, CRB and CR).  

Sequence data was edited and aligned using Sequencher 4.10.1 (Gene Codes Corporation).  

3.3.4 Whole mt genome study 

Five pairs of primers designed to provide overlapping fragments of the whole mtDNA 

genome for the Glossy Black-Cockatoos and Yellow-tailed Black-Cockatoos (Table 3-2 and 

Figure 3-2) were identified from Sorenson et al. (1998).  As the primer pair 5 (L15710, 

H2284) failed to produce amplified product in the Red-tailed Black-Cockatoo, a sixth pair of 

primers was tested. The resulting shorter fragment meant that an approximately 1048bp 

portion of the mtDNA genome was not captured for this species (Table 3-2).  Amplicon 

sequencing was performed by the Joint Genome Institute (Walnut Creek, California) as per 

Mueller et al. (2004).  Sequences were determined using ABI3730xl DNA sequencers, 

assembled to form deep contigs, and annotated in Dogma.   
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Table 3-2 Primer sequences used for sequencing of the whole mtDNA genomes. International 

Union of Pure and Applied Chemistry (IUAPC) nucleotide ambiguity codes used in some 

sequences. 

Primer 

pair 

Primer 

Name 

Primer sequence 5’ to 3’ Expected length (based 

on the Chicken genome) 

1 L8929  GMCARTGCTCAGAAATYTGYGG 4093 

 H13022 GATRGGTGGTTCCTAAGACCA RTGG  

2 L2258 CGTAACAAGGTAAGTGTACCGGAAGG 4423 

 H6681 GGTAKAGRGTGCCRATRTCTTTRTG  

3 L6615 CCYCTGTAAAAAGGACTACAGCC 2618 

 H9233 AARAAGGTTAGGWTCATGGTCAGG  

4 L12976 CAAGAACTGCTAATTCYTGYATCTG 3088 

 H16064 CTTCRKTYTTTGGTTTACAAGACC  

5 L15710 CCMMCMCAYATYAARCCMGAATG 3332 

 H2294 CTTTCAGGTGTAAGCTGARTGCTT  

6 L16758 GGYYTGAAAAGCYRTYGTTG 2284 

 H2294 (as 

above) 

CTTTCAGGTGTAAGCTGARTGCTT  

 

3.3.5 Verification of whole mitochondrial genome sequence 

Four regions; 12S, 16S, cytb and domain I of the control region (BC-CR) were selected to 

verify the C. lathami whole mtDNA genome sequence using primers from previous (see 

Table 3-3).  These sections were sequenced individually and the resulting sequence compared 

to that obtained via the whole mtDNA genome sequencing. 

 

Sequences produced as part of the whole mt genome construction (ND2, COI, cyt b and the 

control region) were also compared to a number of sequences from GenBank using 

Sequencher 4.10.1 (Gene Codes Corporation).  Maximum likelihood trees were developed in 

MEGA 5.05 (Tamura et al. 2011) including bootstrap analysis using 500 replications using 

either the HKY+I model (ND2 I and control region, domain III), the HKY+G (COI and cyt b), 

T92+G (control region, domain 1) as recommended by the Model Test in MEGA. 
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A number of maximum likelihood trees for the Black-Cockatoos were constructed, rooted 

with the cockatiel, Nymphicus hollandicus and using the whole mitochondrial genome 

sequence obtained in this study and supplemented with other Calyptorhynchus spp. sequence 

from GenBank (Table 3-4).  This included trees for 897bp of ND2, 612bp of COI, 411bp of 

cytb, 445bp of control region, domain I and 567bp of control region domain III (Figures 3–4 

to Figures 3–5) which represent the only mitochondrial genes/regions for which Black 

Cockatoo mtDNA sequence is available on GenBank. 

 

3.3.6 Assessment of variable sites 

 

Comparison of the genome sequences produced in this study identified a number of regions of 

variation.  Primers were designed to encompass 122bps situated in the ATP6/ATP8 overlap 

(referred to as ‘Variable’) as well as a section of COI (referred to as ‘Insertion’).  Whilst 

variation was noted in these two areas, given their location in coding regions, there was a 

distinct possibility that the variation seen represented an anomaly in the sequence assembly 

rather than true variation.  Never-the-less, thises sections were sequenced to confirm the 

correct sequence.   

 

Additionally, three pairs of primers were designed to produce overlapping fragments spanning 

the control region.  These will henceforth be referred to as CRA, CRB and CRC.  The 5’ end 

of CRA is anchored in the 3’ end of ND6 and the 3’ end of CRC is anchored in tRNA
Phe

.  All 

primers for these sites were developed using Primer3 (Table 3-3). 
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Figure 3-2 Location of primers used in this study.   

Primers to produce segments for the whole mt genome amplification and their approximate 

locations are shown on the outside of the genome along with the LThr, 12sHc pair used to 

amplify a large fragment for primer walking.  Primers used to amplify individual 

genes/regions are on the inside of the genome or on the control region inset.  Corresponding 

primer pairs are shown in the same colour.  Three primers are coloured blue as two different 

light strand primers were paired with H2294 (see also Table 3-2).  tRNAs between the genes 

on the genome are marked but not labelled. 
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Table 3-3 Primer information 

 

Target gene Primer 

Name 

Primer sequence 5’ to 3’ Reference 

cyt-b L15298  TGAGGCCAAATATCATTCTGAGGGGC Sorenson et al. 

(1998) 

H15764 CCTCCYAGTTTGTTRGGGATTGA  

12S L1735 GGATTAGATACCCCACTATGC Sorenson et al. 

(1998) 

H2170m AGGGTGACGGGCGGTRTGTACG  

16S 16SF CAAGCGAGCTACTCACAAGC Sorenson et al. 

(1998) 

16SR CTTGAGTTTGCCGARTTYC  

Control Region, 

domain I  

BC-CR F ATCGGGCATTCAGTAATTATCCTT  White, 

pers.comm. 

BC-CR R GATATTATATAGATAGTTCGTGGTGTTGGG  

ATP6/ATP8 

overlap 
Insertion 

F 

GGAGGTTCAACCAGCAAGAA This study 

Insertion 

R 

CAGGGCGATGTCCATTACTT  

COI Variable 

F 

TCCCTACAAACCTCCCCACT This study 

Variable 

R 

GGGTATTTTGTGCTGGGA  

Control Region, 

domain I 
CRAF GGTGAGTTTTATTTTAGCTGSG This study 

CRAR TGTAGGGGGAAAGAAAGRRC  

Control Region, 

domain II 
CRBR CCTGAAACTTGCATAACGAGAR This study 

CRBR GGGGAGATGAAGGTAGATGGA  

Control Region, 

domain III 
CRCF TAATYYACCCYTGAGGACCA This study 

CRCR TCTTCAGTGCTGTGCTTTGG  

tRNA
Thr 

to 12S LThr TGGTCTTGTAAACCAAAAGA Eberhard, 2001 

 12sHc CCGCCAAGTCCTTAGAGTTT  
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3.3.7 Investigation of the mtDNA Control Region duplication 

The presence of a control region duplication is wide spread throughout the parrots and has 

been detected in the Psittacinae and Psittaculidae families but not the Psittrichasidae, 

Cacatuidae (containing the Black Cockatoos), Nestoridae or Strigopidae (Schirtzinger et al. 

2012).  This duplication involves ND6, tRNA
Glu

 and control region and results in a gene order 

of cytochrome b/tRNA
Thr

/pND6/pGlu/CR1/tRNA
Pro

/ ND6/tRNA
Glu

/CR2/ tRNA
Phe

/12S 

rRNA, where CR1 and CR2 refer to duplicate control regions, and pND6 and pGlu indicate 

the duplicated sequence.  

 

The presence or absence of this duplication was investigated firstly via the sequencing of the 

whole mt genome and secondly on the basis that if  such a duplication were present in the 

Glossy Black-Cockatoo, primers including these areas would produce a much larger fragment 

than if the standard gene order was present.  To test this, a portion of DNA from tRNA
Thr

 

through to inside 12S was amplified using the primer pairs LThr; and 12sHc (Eberhard et al. 

2001).  This approximately 2590bp sample was sent to Macrogen to perform primer walking 

in order to obtain the sequence for comparison to the whole mt genome sequence.   

 

Additionally, the large fragment produced with the primer pairs LThr and 12sHc was used as 

a template for subsequent amplification using CRA, CRB and CRC primers to inform whether 

the sequences resulting from these primers were mitochondrial or nuclear in origin (ie a 

nuclear paralog).  This is based on the presumption that the fragment amplified using the 

LThr and 12sHc amplicon as template would be longer than a nuclear paralog.   

3.3.8 Mitochondrial enrichment 

A mitochondrial enrichment procedure was used on four samples (see Table 3-1) to further 

investigate sequence origin.  This technique works best when large amounts of fresh tissue are 

available.  However, given the endangered/vulnerable status of C. lathami, it was not possible 

to obtain large amounts of fresh material.  Liver samples were selected on the basis that liver 

is known to be high in mitochondrial DNA (Sorenson and Quinn 1998).  MtDNA was isolated 

with the Wako BioProducts mtDNA Extractor CT kit (Wako Chemicals USA Inc. Richmond, 

Va; cat No. no291-55301).  Briefly, plasmid-safe ATP-Dependent DNase (Epicentre) and 
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RNaseA were used to selectively digest linear nuclear DNA and RNA without effecting the 

circular mtDNA.  The mtDNA was purified by Phenol/Chloroform extraction, precipitated 

and resuspended in water.  The extracted DNA was screened using PCR amplification of a 

portion of the nuclear gene chromo-helicase domain 1 (CHD-1) (Griffiths et al. 1998) and the 

mitochondrial ND3 gene (Chesser 1999) to determine the success of the mtDNA isolation.  

Amplification was performed using Bioline Red Taq (as above) and amplification success 

was assessed by agarose electrophoresis.  Once successful mtDNA isolation was established, 

amplifications of CRA, CRB and CRC were conducted.  Purifications and sequencing were 

performed as per the early analysis. 

3.3.9 Plasmid Cloning 

After sequencing of control region amplicons resulted in mixed sequence and/or mixed peaks 

(see results section), plasmid cloning was undertaken to ensure a single template in each 

sequencing reaction and determine the number, if any, of different sequences present.  This 

was performed by BGI-Hong Kong Co., Ltd on amplicons created using the primers pairs for 

CRA, CRB, CRC and BC-CR on a single individual (B43535).  Ten colonies selected for 

sequencing each of the CRA, CRB and CRC amplified products and 20 colonies were 

selected for the BC-CR amplified product. 

 

3.3.10 Dilution series 

To further investigate the mixed sequence and/or mixed peaks (see results section), a group of 

five samples were amplified at neat, as well as at a 1 in 10 dilution and a 1 in 100 dilution to 

determine whether this lead to a disappearance of one of the copies.   
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Table 3-4 Origin of sequence used to develop maximum likelihood trees. 

Common Name Species/Sub-species Source Genes/Regions 

Glossy Black-Cockatoo Calyptorhynchus lathami lathami This study COI, cyt b, control region 

 Calyptorhynchus lathami erebus This study COI, control region 

 Calyptorhynchus lathami hamaturinus This study COI, cyt b, control region 

 Calyptorhynchus lathami White et al. (2011), GenBank (JF414241) COI, cyt b, ND2, control region 

 Calyptorhynchus lathami White et al. (2011), GenBank (JF414310) cyt b 

 Calyptorhynchus lathami White et al. (2011), GenBank (JF413361) ND2 

 Calyptorhynchus lathami White et al. (2011), GenBank (JF414241))  

Red-tailed Black-Cockatoo Calyptorhynchus banksii Schirtzinger et al. (2010), GenBank (JQ360567) control region 

 Calyptorhynchus banksii Joseph et al. (2011), GenBank (HQ316873) ND2 

 Calyptorhynchus banksii naso White et al. (2011), GenBank (JF414280) COI 

 Calyptorhynchus banksii naso  White et al. (2011), GenBank (JF414308) cyt b 

 Calyptorhynchus banksii naso White et al. (2011), GenBank (JF414334) ND2 

 Calyptorhynchus banksii samueli White et al. (2011), GenBank (JF414281) COI 

 Calyptorhynchus banksii samueli White et al. (2011), GenBank (JF414335) ND2 

Yellow-tailed Black-Cockatoo Calyptorhynchus funereus This study ND2, control region 

 Calyptorhynchus funereus Schindel et al (2011) GenBank (JQ174240) COI 

 Calyptorhynchus funereus Wright et al. (2008), GenBank (EU327606) ND2 

Baudin’s Cockatoo Calyptorhynchus baudinii White et al. (2011), GenBank (JF414242) COI, cyt b, ND2, control region 

 Calyptorhynchus baudinii White et al. (2011), GenBank (JF414277) COI 

 Calyptorhynchus baudinii White et al. (2011), GenBank (JF414305) cyt b 

 Calyptorhynchus baudinii White et al. (2011), GenBank (JF414331) ND2 

Carnaby’s Cockatoo Calyptorhynchus latirostris White et al. (2011), GenBank (JF414243) COI, cyt b, ND2, control region 

 Calyptorhynchus latirostris White et al. (2011), GenBank (JF414274) COI 

 Calyptorhynchus latirostris White et al. (2011), GenBank (JF414302) cyt b 

 Calyptorhynchus latirostris White et al. (2011), GenBank (JF414329) ND2 

Cockatiel Nymphicus hollandicus Pacheco et al. (2010) GenBank (HM640215) COI, cyt b, ND2, control region 
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3.4 Results 

3.4.1 Whole mitochondrial genome study 

A complete mitochondrial genome was obtained for one Glossy Black-Cockatoo-subspecies 

(C. l. halmaturinus) and a partial genome for a second subspecies (C. l. erebus), which was 

missing only tRNAs (tRNA
Trp

, tRNA
Ala

, tRNA
Asn

, tRNA
Cys

 and tRNA
Tyr

).  Two further 

partial genomes were obtained; one from the Glossy Black-Cockatoo subspecies C. l. lathami, 

which included from CO1 to ATP8 and tRNA
Leu

 to 12S and the other from the Yellow-Tailed 

Black-Cockatoo (C. funereus), which consisted of approximately 75% of the genome and 

including ATP6 – NAD4 and tRNA
Val

 – tRNA
Asn

.  No sequence was obtained for the Red-

tailed Black-Cockatoo (C. banksii).  The failure to produce full mt genomes in each istance 

was likely to be a result of the sub-optimal size of the fragments sent to the Joint Genome 

Institiue. 

 

The mitochondrial genomes produced for each of the Glossy Black-Cockatoos subspecies and 

also the Yellow-tailed Black-Cockatoos display the typical avian gene order and no evidence 

of the duplicated control region seen in some birds was detected.  This is consistent with the 

findings of Schirtzinger et al. (2010).   

 

The C. l. halmaturinus genome is 16835nt in length and exhibits the typical avian gene order.  

The base composition is 56% A/T and 44% G/C, such that the distribution of purines and 

pyrimidines is relatively balanced.  The sequences produced as part of this study indicate 

extremely low levels of variation among the subspecies.  Outside the control region, there are 

only 42 variable sites observed across the available sequence from all three mtDNA genomes.  

Eleven of these variable sites are in a 122 nucleotide section of the overlapping reading 

frames of ATP6 and ATP8.  The remaining 31 variable sites are located evenly throughout the 

remaining genome.  The C. l. erebus whole mitochondrial genome sequence contains an 

apparent 80bp duplicated section COI.  Whilst this is unlikely to be a true representation of 

the actual sequence given this is a coding region and more likely to be a anomaly in the 

assembly of the sequence, if a duplication was present across all C. l. erebus samples, it 

would provide a diagnostic feature.  Furthermore, a duplication of this region has not been 
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documented previously in any other parrot.  However, screening of a further six individuals of 

this sub-species (reported above) did not detect this duplication in any other birds.   

 

The control region of each of the C. lathami subspecies, measures 1233nt, and with 29 

variable sites, contains most of the sequence variation present among the mtDNA genomes.  

The base composition of the control region calculated using the C. l. halmaturinus genome is 

59% A/T and 41% G/T, which is similar to that seen in other avian control regions (Ruokonen 

and Kvist 2002).  Given the similarity of the other C. lathami genomes reported here the base 

composition would only vary minutely for the other subspecies so is not reported.  As 

expected, the control region variation is concentrated in the 5’ end (corresponding to domain 

I) with a conserved middle (domain II) and a second area of relatively high variation in the 3’ 

end (domain III).  The control region contains many of the expected conserved features 

present in most avian control regions including a ‘c-string’/goose hair pin located in the first 

part of domain I, and consensus sequences blocks (F box, D box, and bird similarity box 

(BSB) in domain II (Baker and Marshal 1997).  Similar conserved regions were also present 

in the Yellow-Tailed Black-Cockatoo (C. funereus) control region. Comparison of the control 

region sequence obtained here with other published bird control region sequences indicates 

the closest match (90% similarity) is with the Red-tailed Black-Cockatoo (C. banksii) 

Schirtzinger et al. (2010). This is not unexpected as C. banksii is the closest sister taxa to C. 

lathami. 

 

Noteworthy differences were detected between the sequences of the C. lathami genomes 

presented here and that of White et al. (2011) (Genbank ID JF414241). Approximately half 

the mt genome from COIII through into the beginning of 12S (including ND3, ND4L, ND4, 

ND5, cytb, ND6) differ by up to 20% (Figure 3.3).  In contrast, from the latter part of 12S 

through to ATP6 (including 16S, ND1, ND2, COI, COII, ATP8), were almost identical.  The 

White et al. (2011) C. lathami genome was constructed by first amplifying two overlapping 

9kb fragments.  Comparison of the primers used by White et al. (2011) to our C. lathami 

genomes and to the C. lathami genome of White et al. (2011) demonstrates that the region of 

concordance and the region of difference are reflected by the location of these primers.  That 

is the portion of our C. lathami genome that displays concordance with the White et al. (2011) 

C. lathami genome reflects the location of the primers White et al. (2011) used to amplify one 

of the ~9 kb fragments.  The region of concordance between the genome includes the region 

of overlap that would be provided by the two ~9kb fragments.   
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The portion of the White et al. (2011) C. lathami genome that differs from our C. lathami 

genome displays approximately 95% similarity to the corresponding portions of the C. 

baudinii and C. latirostris genomes obtained by White et al. (2011) as well as the C. funereus 

partial genome presented here.  C. baudinii, C. latirostris (both white-tailed) and C. funereus 

(yellow-tailed) are thought to be sister taxa however C. lathami (red-tailed) is not, instead 

being thought to be a sister taxa of C. banksii (red-tailed) (Joseph et al. 2012).   
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Figure 3-3 An illustration indicating regions of similarity and differences between the C. 

lathami genome developed in this study and the White et al. (2011) genome 
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As well as presenting a whole mt genome, White et al. (2011) sequenced a number of 

individual mitochondrial genes (COI, ND2 and cyt b) for the Calyptorhynchus spp.  This 

sequence will henceforth be referred to as ‘stand-alone’ sequence to differentiate it from the 

sequence of the same genes obtained from the whole mt genomes.  The cyt b gene represents 

a gene from the portion of the mt genome that differed between the C. lathami genomes.  

Comparison of the C. lathami cyt b whole mt genome derived sequence from this study and 

C. lathami cyt b whole mt genome derived sequence of White et al. (2011) showed a 10% 

mismatch, but is almost identical to the C. lathami cyt b stand-alone sequence of White et al. 

(2011).  In contrast, comparison of two genes (COI and ND2) from the portion of the mt 

genomes for which there is concordance demonstrated that the C. lathami COI and ND2 

sequence presented here was almost identical to both the White et al. (2011) C. lathami whole 

mt genome derived COI and ND2 sequence and the White et al. (2011) ‘stand-alone’ COI and 

ND2 sequence.   

 

In contrast to the differences detected between the C. lathami genomes, the partial C. funereus 

genome presented here differs from the White et al. (2011) C. baudinii and C. latirostris 

whole mt genomes by less than 5%, even in the control region.  In fact, it is noteworthy that 

the C. lathami, C. baudinii and C. latirostris control regions of White et al. (2011); were 

remarkably similar (displaying around 95% similarity), and all three measure exactly 1280bp.   

 

3.4.2 Verification of the mitochondrial DNA whole mt genome 

Four pairs of primers (Table 3-3) targeting cytb, 12S, 16S and domain 1 of control region 

(BC-CR) were used to verify the mtDNA whole mt genome produced for C. lathami.  Using 

gDNA as a template, all sequences produced with these primers matched the whole mt 

genome sequence obtained in this study, other than a single variable base being observed in 

one of the 14 individuals for each of the three genes.  Additionally, the COI sequence and 

ATPase6/ATPase overlap sequence of the 6 individuals tested was confirmed to match one of 

whole mtDNA sequences with the variation noted in the whole mt genome sequences likely to 

be due to have been falsely created as part of the whole mt genome assembly process.   
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3.4.2.1 Comparison of whole mtDNA genome sequence with other sequence.   

Sequences produced as part of the whole mt genome construction (ND2, COI, cyt b and the 

control region) were compared with a number of sequences from GenBank using the 

Sequencher 4.10.1 (Gene Codes Corporation).  Maximum likelihood trees were developed in 

MEGA 5.05 (Tamura et al. 2011) including bootstrap analysis using 500 replications using 

either the HKY+I model (ND2 I and control region, domain III), the HKY+G (COI and cyt b), 

T92+G (control region, domain 1) as recommended by the Model Test in MEGA. 

 

A number of maximum likelihood trees for the Black-Cockatoos were constructed, rooted 

with the cockatiel, Nymphicus hollandicus and using the whole mitochondrial genome 

sequence obtained in this study and supplemented with other Calyptorhynchus spp. sequence 

from GenBank (Table 3-4).  This included trees for 897bp of ND2, 612bp of COI, 411bp of 

cytb, 445bp of control region, domain I and 567bp of control region domain III (Figure 3-4– 

to Figure 3-8) which represent the only mitochondrial genes/regions for which Black 

Cockatoo mtDNA sequence is available on GenBank. 

 

Maximum likelihood analysis was conducted on 5 genes/regions (ND2, COI, cyt b, control 

region domain I and control region domain III).  Two of these genes (ND2 and COI) are from 

the portion displaying concordance and three are from the portion that differed.  This analysis 

was conducted on our data (from both our whole mt genomes and, for cyt b, our stand alone 

sequence), the Calyptorhynchus spp. whole mt genome derived sequence and the ‘stand-

alone’ sequence of White et al. (2011), along with some other ‘stand-alone’ sequence present 

on GenBank (see Figures 3-4 to 3-8 and Table 3-4).   

 

Maximum likelihood analysis of ND2 and COI (located in the region of concordance) results 

in two clades, one including the Red-tailed Black-Cockatoos (C. banksii) as well as all the 

Glossy Black-Cockatoos (C. lathami), sequence and the other the Yellow-tailed Black-

Cockatoo (C. funereus) and the two White-tailed Black-Cockatoos (C. baudinii and C. 

latirostris) (Figure 3-5 and Figure 3-4).  However, there is poor resolution of C. baudinii and 

C. latirostris and even of C. funereus when using the gene ND2.   
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For cyt b and the control region (located in the region of difference), the White et al. (2011) 

Glossy Black-Cockatoo sequence from the whole mt genome falls within the White and 

Yellow Tailed-Cockatoo clade, and not with the other Glossy Black-Cockatoos.  In contrast, 

the White et al. (2011) Glossy Black-Cockatoo ‘stand-alone’ sequence (JF41310) groups with 

the sequences obtained from both our whole mt genome study and our ‘stand-alone’ sequence 

(Figure 3-6 to Figure 3-8).  This demonstrates that there is an anomaly with the whole gnome 

derived C. lathami cyt b sequence of White et al. (2011).   

 

Whilst more comprehensive sampling would be required to draw firm conclusions, the data 

suggests that ND2, and COI may have difficulty in discriminating the Black-Cockatoo 

species.  No suitable 3-4 to Figure 3-8 cyt b sequence was available for C. funereus on 

GenBank so the suitability of this could not be assessed.  Further investigations need to be 

carried out before it can be determined whether the control region can be used for species 

determination although these preliminary findings seem promising.   
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Nymphicus hollandicus HM640215 (Pacheco et al. 2010, whole genome sequence)

C. baudinii JF414242 (White et al. 2011, whole genome sequence)

C. baudinii JF414277 (White et al. 2011, stand-alone sequence)

C. latirostris JF414243 (White et al. 2011, whole genome sequence)

C. funereus JQ174240 (Schindel et al. 2011, stand-alone sequence)

C. latirostris JF414274 (White et al. 2011, stand-alone sequence)

C. banksii samueli JF414281 (White et al. 2011, stand-alone sequence)

C. banksii naso JF414280 (White et al. 2011, stand-alone sequence)

C. lathami lathami (This study, whole genome sequence)

C. lathami halmaturinus (This study, whole genome sequence)

C. lathami JF414241 (White et al. 2011, whole genome sequence)

C. lathami JF414282 (White et al. 2011, stand-alone sequence)

C. lathami erebus (This study, whole genome sequence)

 

Figure 3-4 Maximum likelihood tree of 612bp of COI sequences obtained for the Black-Cockatoos from this study along with previously 

published sequence (GenBank accession numbers noted where appropriate).  Numbers at the nodes represent bootstrap values from 500 

replicates.  Each of the species is represented by its own specific colour (e.g. C. lathami is red and C. baudinii is blue). 
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Nymphicus hollandicus HM640215 (Pacheco et al. 2010, whole genome sequence)

C. latirostris JF414243 (White et al. 2011, whole genome sequence)
C. baudinii JF414331 (White et al. 2011, stand-alone sequence)
C. latirostris  JF414328 (White et al. 2011, stand-alone sequence)

C. funereus EU327606 (Wright et al. 2008, stand-alone sequence)

C. baudinii JF414242 (White et al. 2011, whole genome sequence)

C. funereus (This study, whole genome sequence)

C. banksii samueli JF414335 (White et al. 2011, stand-alone sequence)

C. banksii HQ316873 (Joseph et al. 2011, stand-alone sequence)

C. banksii naso JF414334 (White et al. 2011, stand-alone sequence)

C. lathami halmaturinus (This study, whole genome sequence)

C. lathami JF414241 (White et al. 2011, whole genome sequence)

C. lathami JF414336 (White et al. 2011, stand-alone sequence)

 

Figure 3-5 Maximum likelihood tree of 897bp of ND2 sequences obtained for the Black-Cockatoos from this study along with previously 

published sequence (GenBank accession numbers noted where appropriate).  Numbers at the nodes represent bootstrap values from 500 

replicates.  Each of the species is represented by its own specific colour (e.g. C. lathami is red and C. baudinii is blue). 
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C. lathami lathami (This study, stand-alone sequence)

C. lathami halmaturinus (This study, whole genome sequence)

C. lathami erebus (This study, whole genome sequence)

C. lathami JF414310 (White et al. 2011, stand alone sequence)

C. banksii naso JF414308 (White et al. 2011, stand-alone sequence)

C. baudinii JF414242 (White et al. 2011, whole genome sequence)

C. latirostris JF414243 (White et al. 2011, whole genome sequence)

C. latirostris  JF414302 (White et al. 2011, stand-alone sequence)

C. baudinii JF414305 (White et al. 2011, stand-alone sequence)

Nymphicus hollandicus HM640215 (Pacheco et al. 2010, whole genome sequence)

C. lathami JF414241 (White et al. 2011, whole genome sequence)

 

Figure 3-6 Maximum likelihood tree of 446 bp of cyt b sequences obtained for the Black-Cockatoos from this study along with previously 

published sequence (GenBank accession numbers noted where appropriate).  Numbers at the nodes represent bootstrap values from 500 

replicates.  Each of the species is represented by its own specific colour (e.g. C. lathami is red and C. baudinii is blue). 
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C. baudinii JF414242 (White et al. 2011, whole genome sequence)

C. latirostris JF414243 (White et al. 2011, whole genome sequence)

C. lathami JF414241 (White et al. 2011, whole genome sequence)

C. funereus (This study, whole genome sequence)

C. banksii JQ360567 (Schirtzinger et al. 2010, stand-alone sequence)

C. lathami lathami (This study, stand-alone sequence)

C. lathami halmaturinus (This study, whole genome sequence)

C. lathami erebus (This study, whole genome sequence)

Nymphicus hollandicus HM640215 (Pacheco et al. 2010, whole genome sequence)

 

Figure 3-7 Maximum likelihood tree of 445 bp of control region (domain I) sequences obtained for the Black Cockatoos from this study along 

with previously published sequence (GenBank accession numbers noted where appropriate).  Numbers at the nodes represent bootstrap values 

from 500 replicates.  Each of the species is represented by its own specific colour (e.g. C. lathami is red and C. baudinii is blue). 
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Nymphicus hollandicus HM640215 (Pacheco et al. 2010, whole genome sequence)

C. lathami lathami (This study, stand-alone sequence)

C. lathami halmaturinus (This study, whole genome sequence)

C. lathami erebus (This study, whole genome sequence)

C. baudinii JF414242 (White et al. 2011, whole genome sequence)

C. latirostris JF414243 (White et al. 2011, whole genome sequence)

C. lathami JF414241 (White et al. 2011, whole genome sequence)

C. funereus (This study, whole genome sequence)

 

Figure 3-8 Maximum likelihood tree of 567 bp of control region (domain III) sequences obtained for the Black Cockatoos from this study along 

with previously published sequence (GenBank accession numbers noted where appropriate).  Numbers at the nodes represent bootstrap values 

from 500 replicates.  Each of the species is represented by its own specific colour (e.g. C. lathami is red and C. baudinii is blue). 
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3.4.3 Assessment of variable sites and mixed sequence  

 

The CRA, CR and, CRC primer pairs all produced single products of the expected size for the 

Glossy Black-Cockatoo.  Sequencing of the product amplified with the CRC primers 

(henceforth referred to as CRC) produced high quality sequence identical to the whole mt 

genome sequence.  The only anomaly is the presence of double peaks within positions 388–

395 (CRC) which displayed either the short repeat sequence GATT-GATT, AATC-AATC or 

RATY-RATY (where R represents A/G and Y represents C/T as per the IUB mixed base 

codes).  We take RATY-RATY to be a combination of the two sequences.  Of note is the fact 

that GATT-GATT is the reverse complement of AATC-AATC and that this repeat is flanked 

on each side by a 14 nucleotide palindromic sequence, and hence may be capable of forming a 

stem and loop structure.  Cloning of the CRC confirmed the presence of both sequences 

within one individual, at approximately 50% each, and with no intermediaries (ie GATC).  

This is consistent with the whole mt genome sequence, which displayed either GATT-GATT 

or AATC-AATC and not an intermediary.  

 

Sequencing of the amplified product produced with the CRA and CRB primers failed to 

produce quality sequence in the majority of samples though, in the few that were successful, 

the sequences were identical to the sequence from the whole mt genome.  Cloning of 

amplicons revealed the presence of multiple different sequences within one individual, 

presumably responsible for the low amplicon sequence success rate.  CRA yielded six 

different sequences displaying slight length variation, explaining why standard sequencing 

using the CRA primers failed to produce readable sequence despite the presence of single 

bands on the ‘checking’ gels.  Of these, all or part were highly similar with significant 

variation at the 5’ end displayed by two of the sequences.  Cloning of the CRB and BC-CR 

amplicons produced sequences that were extremely similar to each other but contained a 

number of single base pair substitutions and importantly, indels, explaining why standard 

sequencing using these primers was not successful.  None of the sequences produced via 

cloning match the control region in the White et al. (2011) Glossy Black-Cockatoo whole mt 

genome, but did match the whole mt genome sequence produced in this study.   
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In the case of nuclear paralogs, the higher copy number of mitochondria relative to nuclear 

DNA would be expected to favour amplification of the mitochondrial copy, unless the primers 

are a better match to the nuclear DNA as the mtDNA amplified sequence will be present in 

much greater quantities.  We believe this to be unlikely given that these primers were 

designed from a whole mt genome sequence.  The ratios of the different sequences resulting 

from cloning suggest relatively equal copy number of the different sequences. This result is 

better explained by heteroplasmy than nuclear paralogs.  Furthermore, the base substitutions 

detected via cloning are all transitions for which there is a strong bias in mtDNA (Benasson et 

al. 2001). This supports the hypothesis that the variation in the sequences obtained is the 

product of heteroplasmy rather than nuclear paralogs.   

 

3.4.4 Investigation of the mtDNA Control Region duplication 

There was no evidence of a mtDNA duplication in any of the whole mt genomes (C. lathami 

or C. funereus) presented here.  The presence of a duplication was not detected via the 

analysis of the large fragment amplified using the Lthrmod and 12sHc primer pairs.  These 

primers produced the approximately 2500bp fragment as expected if there was no duplication 

present.  Sequencing of this fragment produced a 945bp of quality sequence in one direction 

only.  The sequence was identical to both the mitochondrial genomes reported in this study 

and the CRC product.  Multiple attempts to extend this fragment by designing new primers 

were unsuccessful, suggesting that even this large fragment may contain multiple sequences.  

It is impossible to know if this is due to heteroplasmy or nuclear paralogs. 

3.4.5 Mitochondrial enrichment 

The mitochondrial enrichment process used in this study works best when large amounts of 

fresh tissue is used (Ibrargunchi et al. 2006).  Whilst this was unobtainable in our instance, the 

extraction process proved successful for two of the four samples.  Following DNase digestion, 

the CHD-1 band was no longer amplifiable confirming absence of nuclear DNA.  However, a 

strong ND3 product was amplified, as were CRA, CRB and CRC products.  For CRC, 

approximately 440bp of quality sequence was obtained, but for CRA and CRB sequencing 

still remained problematic.  We interpret the inability to produce sequence for CRA and CRB 

despite the presence of strong single bands after mtDNA enrichment as being a result of the 
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presence of multiple mtDNA derived sequences.  The absence of a (nuclear) CHD-1 band 

adds further support to the proposition that the multiple bands are mitochondrial in origin.  

The lack of any evidence of a mtDNA duplication (above) thus leads to a conclusion of 

heteroplasmy whereby the heteroplasmic sequences vary only at one end of the control 

region.  Determination of the mechanisms which could produce such heteroplasmy was 

outside of the aims of this thesis.   

 

3.4.6 Dilution series 

Comparison of the sequencing results indicated that the results did not vary even in the highly 

diluted samples (1:100) in which it would be expected that the nuclear DNA would have been 

diluted to a point that it would not amplify.  This suggests that the mitochondrial results are 

unlikely to be because of nuclear pseudogenes.  

 

 



Chapter Three: Species specific primers for the Glossy Black-Cockatoo 

127 

 

3.5 Discussion  

The construction of whole mitochondrial genomes for the Glossy Black-Cockatoo (C. 

lathami) allows the mitochondrial genome to be assessed for regions suitable for intraspecies 

comparisons.  However, the mitochondria of C. lathami was shown to have very low levels of 

intraspecific variation with the 5’ end of control region the only accessible region providing 

significant intraspecies variation.  

 

Analysis of the control region in parrots is known to be problematic and others have also had 

difficulties sequencing this region (Eberhard et al. 2001, Harrison et al. 2004, Schirtzinger et 

al. 2012).  As an extension of the work of Eberhard et al. (2001) detailing the control region 

duplication in Amazona parrots, Schirtzinger et al. (2012) investigated three segments of 112 

parrot species to check for a duplicated control region.  Sequence could not be obtained from 

four species, (Aprosmictus erythropterus, Guarouba guarouba, Nandayus nenday and 

Rhynchopsitta pachyrhycha) owing to a lack of PCR amplification and a further five species 

(Eos reticulata, Graydidascalus brachyurus, Hapalopsittaca pyrrhops, Pionites 

melanocephala and Psittrichas fulgidus) produced ambiguous results.  In two species 

(Psittrichas fulgidus and Tanygnathus lucionensis), sequences were produced but could not be 

reconstructed in an internally consistent manner, owing multiple and/or mismatching 

sequences involving ND2, CR and 12S (Jessica Eberhard, pers. comm).  The cause of this was 

not resolved but given the similarity of results, it is possible this may result from similar 

factors to that experienced here with C. lathami. 

 

Additionally, Harrison et al. (2004) experienced experimental difficulty with the control 

region of the New Zealand parrot, the Kakapo Strigops habroptilus.  They constructed the 

bulk of the mitochondrial genome, but were unable to include parts of the control region or 

tRNA
Phe

 which proved difficult to sequence without cloning which was not justified within 

the scope of their study.  As a result, the cause of their sequencing problems was not resolved 

but it is possible that similar issues to those seen here may be at play.   

 

The detection of substantial variation between the C. lathami mitochondrial genomes 

constructed as part of this study and that of White et al. (2011) raises the possibility that one 
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may contain sequence of nuclear origin (paralogs), particularly in light of the mixed sequence 

obtained when we attempted to sequence the control region and surrounding genes.  However, 

the White et. al. (2011) C. lathami genome sequence (or similar) was not detected in any of 

the control region cloning in this study, despite the isolation of several other sequences. 

Furthermore, the phylogenies illustrate that the anomaly lies with approximately half of the 

White et al. (2011) C. lathami genome sequence.   

 

It is possible that the White et al. (2011) C. lathami mitochondrial genome sequence 

represents an unusual genotype, not detected in this study. However, we do not consider this 

likely because of its most unexpected phylogenetic placement and also the extremely low 

levels of variation in C. lathami observed in both the whole mt genome comparisons and the 

sequencing of individual genes in birds from across the species’ geographic range.  We 

consider that the most likely explanation for the discrepancy between the results presented in 

the present study and those of White et al. (2011) is contamination of the C. lathami sample 

or the entry of the wrong sequence onto GenBank on the part of White et al.  Alternatively, 

given the White et al. (2011) C. lathami mitochondrial genome and the genome presented 

here were derived using two quite different techniques (‘next generation sequencing’ in the 

case of White et al. (2011) versus traditional Sanger sequencing) there is a possiblilty that 

there was an issue with the assembly of the anamolous White et al. (2011) mitochondrial 

genome sequence.   

 

The discovery of the anomaly between the ‘next generation’ and the sequences produced via 

Sanger sequencing of the C. lathami mitochondrial genome highlights the issues of utilising 

new techniques and underlines the need for new techniques to be introduced with extreme 

caution, especially in realtion to forensic disciplines.  For C. lathami in particular, the 

substantial differences between the data could potentially confuse species identification, 

which can be the key to prosecution.   

 

The evidence from the enrichment, cloning, and long template PCR, all conducted to ensure 

that amplification is from genuine mitochondrial template only, indicate that the persistent 

production of multiple concurrent sequences, are the result of mitochondrial heteroplasmy 

evident in the control region (see Figure 3-9) and not a duplication within the mitochondrial 

genome.  This is also supported by the outcome of the amplifications of the serial diluteions.  

However it is less clear why this heteroplasmy is more prevalent at the 3’ end of the control 
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region though the fact that variation in the control region of birds is generally highest at the 3’ 

end suggests that variation at the 3’ end is less constrained.  The presence of the bi-directional 

transcription promoter in domain III (the 5’ end of the control region) (Baker and Marshal 

1997) may be a factor in constraining the 5’ end.   

 

3.5.1 Species identification 

Species identification was outside of the scope of this study but the phylogenies produced in 

this study demonstrate that mtDNA is likely to be able to differentiate the Calyptorhynchus 

spp.  Certainly, it will be able to identify C. lathami from other Calyptorhynchus spp.  This is 

of great importance for wildlife forensics as the prosecution of wildlife offences in Australia 

(and overseas) is often dependant on establishing that a seized specimen is a CITES listed 

species.  Consequently, tests capable of determining what species a sample came from are 

valuable forensic tools.  In addition, in an industry where analysis of minute, degraded or 

highly processed samples may be necessary, mtDNA may provide the only suitable genetic 

marker.  We have shown that with suitable databases (especially for possibly cryptic diversity 

within species such as the Red-tailed Black-Cockatoo (C. banksii), it is likely that species 

determination would be possible.  Furthermore, the construction of whole mt genomes for C. 

lathami and a partial genome for C. funereus provides the sequence to enable primers for 

species identification of Calyptorhynchus spp. to be designed.   
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Figure 3-9 Illustration of the control region and flanking genes detailing variable regions and information regarding factors affecting the 

accessibility of these regions. 
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3.6 Conclusion 

C. lathami and C. funereus were shown to have the ‘typical’ avian mtDNA gene order and did 

not display the mtDNA duplication seen in other parrot species.  C. lathami was shown to 

have low levels of mtDNA variation which hampered the goal of developing primers for 

assessing within species mtDNA variation.  Only the control region was found to have 

sufficient variation to enable intraspecies assessment however the analysis of this region was 

hampered by the production of multiple sequences.  Investigation of this via enrichment, 

cloning, and long template PCR and serial dilutions support the proposition that the 

production of multiple concurrent sequences, are the result of mitochondrial heteroplasmy and 

not a duplication within the mitochondrial genome or nuclear paralog/s.  Based on this we 

believe that the 3’ end of the control region may still be suitable for assessing intraspecies 

variation, despite the presence of double peaks at two sites those sites be excluded from any 

analysis. 
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Picture: A female Glossy Black-Cockatoo on Kangaroo Island, with an unusual 

predominantly yellow barred tail.  Photo by Eleanor Sobey formerly of the Glossy Black 

Cockatoo Recovery Program, SA.  
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4 Molecular genetic assessment of geographic 

differentiation in the Glossy Black-Cockatoo 

Calyptorhynchus lathami 

4.1 Abstract 

The Glossy Black-Cockatoo (C. lathami) is a rare and iconic Australian bird thought to be a 

target of the illegal wildlife trade.  The genetic structure of the C. lathami was investigated 

using a 491bp portion of domain III of the mitochondrial control region in 119 birds 

originating from across the species range.  Despite limited variation, five variable sites 

defined eight haplotypes.  Nucleotide diversities were consistently low as were net nucleotide 

divergences between the subspecies/sub-groups.  Despite these low levels of variation, some 

haplotypes were exclusive to specific locations (ie. Kangaroo Island, Nowra and Eden), 

whereas other haplotypes were shared across multiple geographic locations.  A preliminary 

investigation of a captive population in the Canberra area found that all individuals displayed 

the same haplotype.  The results provide little support for the current taxonomic division of 

the species into two subspecies C. l. erebus (central east Queensland), and C. l. lathami on the 

mainland, but offer some tentative support for a historical basis to C. l. halmaturinus on 

Kangaroo Island.  The results are consistent with geological evidence suggesting that the 

Kangaroo Island population has been isolated from the Eastern Australian populations for 

around 10,000 years.  Unlike many other Australian bird species, there is no evidence of a 

Pleistocene population expansion though the small sample sizes for the mainland subspecies 

coupled with the species wide low levels of variation may have affected the detection limits 

of these tests.  The results presented here demonstrate that analysis of domain III of the 

mitochondrial control region has the capacity to inform investigations of suspected trafficking 

involving C. lathami.   
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4.2 Introduction 

Black-Cockatoos (Calyptorhynchinae: Calyptorhynchus) are iconic Australian birds, several 

of which are threatened by a combination of illegal poaching, shooting, habitat loss, 

competition for nest hollows and food resources (Garnett and Crowley 2000, Saunders and 

Ingram 1995).  The ability of authorities to detect instances of illegal poaching is limited 

owing to minimal technologies existing for identification of the species of interest.  

Mitochondrial DNA is a powerful tool used to investigate genetic structure (Avise et al. 1987, 

Ballard and Whitlock 2004, Ballard and Rand 2005) and suggest the provenance of an 

individual.  The geographic origin of a seized specimen can be used to distinguish between 

legal and poached specimens (Stam et al. 2006, Waldman et al. 2008, Withler et al. 2004), 

and also to identify ‘hotspots’ of poaching activities where wildlife enforcement and policing 

need to be strengthened (Wasser et al. 2007, Wasser et al. 2008).  Furthermore, it can also 

inform the release of seized individuals back into their population of origin reducing the risk 

of outbreeding depression.  Additionally, and from a conservation perspective, targeted 

releases can minimise the possibility of corrupting the evolutionary processes leading to 

divergence among geographic isolates, an important precursor to speciation. 

 

C. lathami is a known feature of the legal trade in wildlife and is thought also to be part of the 

illegal trade (Halstead 1992).  Molecular tools to confirm this have not previously been 

available.  Resolution of this issue is additionally important because C. lathami is currently 

threatened by continued loss of habitat through clearing and associated activities such as 

logging, burning and grazing, all of which also lead to fragmentation (Cameron, 2007).  C. 

lathami is primarily distributed along Australia’s east coast and immediate inland districts 

from far western Victoria to south-eastern Queensland; an isolated breeding record is from 

near Paluma in the Wet Tropics of Queensland (Britton and Britton 1999) (Figure 4.1).  

Following Schodde et al. (1993) and later analysis of Higgins (1999), the species is currently 

made up of three subspecies identified by slight variation in morphology, specifically size and 

relative mass of the bill; C. l. lathami, which ranges from southern Queensland through 

coastal and central New South Wales into eastern Victoria, C. l. erebus, which is restricted to 

central east Queensland, and C. l. halmaturinus, which is restricted to Kangaroo Island, South 

Australia.  However, there are no published molecular analyses assessing the genetic 
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distinctiveness of these populations. Garnett et al. (2011) considered the whole species to be 

of Least Concern but listed the nominated subspecies C. l. lathami as Near Threatened, as 

defined by the IUCN (International Union for the Conservation of Nature).  

 

The significance of the Pleistocene in shaping intraspecific phylogeographic structure of birds 

in Australia (Joseph et al. 2002, 2006, Jennings and Edwards 2005, Joseph and Wilke 2006), 

as well as world-wide (e.g. Avise et al 1998, Voelker 1999, Joseph et al. 2003, Bowie et al. 

2004, Pavlova et al. 2005),  has been reported on a number of occasions.  We will use the data 

obtained to investigate also the population history of C. lathami, specifically the presence of a 

Pleistocene population expansion.   

 

In order to identify the geographic origin of seizures to either the regional or population level, 

knowledge of the genetic structure across its entire range is required. We aimed to determine 

the genetic variation and structure of C. lathami utilising the domain III of the mitochondrial 

control region and investigate whether there is any geographic differentiation present.  Should 

this be the case, it may be possible to determine the provenance of birds from unknown 

sources.  Additionally, a number of captive-bred birds were included as a preliminary 

investigation into genetic diversity and provenance of the captive population.  Following from 

this, we aimed to investigate whether the current morphology-based intraspecific boundaries 

are reflected in the distribution of haplotypes.  Finally, we investigate and discuss the source 

of any intraspecific differentiation.   

4.3 Materials and Methods 

A total of 124 samples were obtained from 7 sites from the Australian mainland and 9 sites 

across Kangaroo Island (Table 4-1).  The mainland sites represented one breeding area in 

North Queensland (C. l. erebus) and three breeding areas in New South Wales (C. l. lathami).  

Stringent laws relating to the collection of shed feathers (and indeed all tissue types) 

constrained further sampling across the range of C. lathami.   

 

Samples were collected from nine sites across the Kangaroo Island range of C. l. 

halmaturinus, and represented five of the six flocks currently (2012) present on the island.  

The majority of samples from Kangaroo Island were feathers plucked from chicks during the 
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2004 – 2007 breeding seasons as part of a larger study by the South Australian Glossy Black-

Cockatoo Recovery Project.  Samples from the mainland were either large shed feathers or 

tissue samples held by the Australian National Wildlife Collection (ANWC) and Museum 

Victoria.  Shed feathers from five birds of unknown geographic provenance were supplied by 

a local Canberra area breeder.   

 

Table 4-1 Geographic origin of the 124 Glossy Black-Cockatoos (C. lathami) sampled. 

 

Nominal Subspecies (n) Locality / Breeding group  n 

C. l lathami (16) Goonoo State Forest, Dubbo 10 

 Boonoo Boonoo, near 

Tenterfield 

1 

 Yambulla State Forrest, 

Eden  

1 

 Currumbene State Forrest, 

Nowra  

4 

C. l. erebus (12) Kroombit Tops  5 

 Shoalwater Bay  6 

 Dawson Range  1 

C. l. halmaturinus (91)  Kangaroo Island 91 

Captive bred individuals Unknown 5 

 

Genomic DNA was extracted using the Qiagen DNeasy
®

 Blood and Tissue Kit (Qiagen part # 

69506), as per the DNeasy® Blood & Tissue Handbook (Qiagen, 2006).  Amplification of the 

mitochondrial control region was in a 25 µl polymerase chain reaction (PCR) containing 0.25 

µM of primers (CRCF – TAATYYACCCYTGAGGACCA and CRCR - 

TCTTCAGTGCTGTGCTTTGG) 0.2 mM each dNTP, 1.5 mM MgCl2, 1 x PCR buffer, and 

0.5U Taq DNA Polymerase (Bioline Red Taq). The PCR cycling conditions were as follows: 

94 °C for 5 min, followed by 35 cycles of  94 °C for 45s, 55 °C for 45s, 72 °C for 60s and a 

final extension for 6 min.   

 

Amplification success was assessed visually after separation on agarose gel.  Purification was 

by standard polyethylene glycol (PEG) procedure, and sequencing was performed by 
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Macrogen Inc., Seoul, Korea.  DNA sequences produced using the CRC primers developed in 

this study were proof read and aligned using Sequencher 4.2.2 (Gene Codes Corp.).   

 

Haplotypes were linked in a statistical parsimony network with a 95% confidence limit using 

the software TCS v1.21 (Clement et al. 2000).  DnaSP 4.10.2 (Rozas et al. 2003) was used to 

estimate net divergence (Da), haplotype diversity (Hd) and nucleotide diversity (π) and to test 

whether C. lathami populations have undergone growth/decline or maintained constant size 

using Fu’s Fs (Fu 1997), Tajima’s D (Tajima 1989), R2 (Ramos-Onsin and Rozas 2002), and 

Fu and Li’s F* and D* (Fu and Li 1993). Fs and R2 were both developed to test for sudden 

changes in population size vs. stability. These tests were calculated within and between each 

subspecies and between the Kangaroo Island and mainland populations. 

 

4.3.1 Steps taken to avoid nuclear paralogs 

A number of strategies were implemented to ensure that the amplification of any potential 

nuclear paralogs was avoided.  This included the following: (i) All primers were developed 

from a whole mitochondrial genome sequence constructed for C. lathami (Chapter 3) and the 

sequences obtained here were compared with this genome.  The control region sequence was 

analysed to detect the presence of the expected features such as conserved regions, and the 

expected control region base composition was demonstrated.  (ii) A mitochondrial enrichment 

study was conducted on a small number of samples (Chapter 3) and the subsequent sequence 

produced with the primers used in this study matched the whole mt genome.  (iii) Given 

different tissues contain different relative amounts of nuclear and mitochondrial DNA, a 

number of different tissue types (liver and muscle tissue, blood, shed and plucked feathers) 

were included to test whether the tissue type had any influence on the result obtained.  (iv) 

The amplification behaviour of the CRC primers was investigated via comparison with 

amplification of an alternative mtDNA gene (ND3) and a nuclear gene (CHD-1).  (v) A 

number of individuals were amplified across a seris of dilutions to ensure that this did not 

affect the sequence generated.   
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Figure 4-1 Location of Glossy Black-Cockatoo C. lathami collection sites from Eastern and South Australia (Kangaroo Island) 

C. lathami erebus 

C. /athamilathami 

Kangaroo Island 

(e) 2005 COffW"l'IOf'M'eafth of Aullratia 
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CHD-1 was amplified in a 10.6µl reaction using a Master Mix made up of 5µl Go Taq Green
®

 

Master Mix 2X (Promega cat # M712C) and 0.3µl of primers P2 and P8 (Griffiths et al. 

1998).  5.6µl of Master Mix was added to a 96 well plate after which 5µl of genomic DNA 

was added.  ND3 was amplified in the same way using H11151 and L10755 (Chesser, 1999).  

Negative controls were used in all PCRs.  The PCR cycling conditions were as follows: 94°C 

for 3min, followed by 40 cycles of  94°C for 30s, 45°C for 30s, 72°C for 60s and a final 

extension step of 72°C for 7 min.   

 

4.4 Results 

Tests for nuclear paralogs confirmed mitochondrial origin of all sequences obtained for this 

study. Specifically, the sequences analysed were consistent with those obtained from the 

whole mitochondrial genome (Chapter 3), and all the expected sequence features of that 

stretch of the control region could be identified. Tissue of DNA origin had no influence on the 

DNA sequence obtained; double peaks were detected in samples from the different tissue 

types tested but equally there were samples from each of the different tissue types that did not 

display double peaks. . Finally, no variation in the sequence obtained was detected when 

amplification was conducted on samples of varying dilutions.   

 

The success of CRC amplification corresponded well to the production of sequence using the 

ND3 (mitochondrial) primers but contrasted with that produced with the CHD-1 (nuclear) 

primers.  For example, amplification of CHD-1 failed completely for a number of the large 

shed feathers but amplification of both (mitochondrial) ND3 and CRC were successful.  This 

is consistent with expectations since shed feathers can often be degraded due to prolonged 

exposure to harsh environmental conditions hence the amplification of high template mtDNA 

is more likely than nuclear DNA (Hogan et al. 2008).   

 

491bp of the control region (domain III) was obtained for 124 individuals representing the 

entire C. lathami range.  As expected, the sequence displayed double peaks at four sites 

(within an eight base-pair region), owing to the heteroplasmy previously identified (Chapter 

3).  The presence of double peaks was not influenced by tissue type or by the strand being 

sequenced.  These four (or eight) sites were excluded from subsequent analysis.   
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Excluding the above sites, five variable sites over the 491bp resulted in eight haplotypes, 

assigned A – H (Table 4-2). Haplotypes A, B, F and G were shared by multiple individuals 

whereas C, D, E and H were represented by one individual each.  Haplotypes A (Kangaroo 

Island), B (Nowra) and C (Eden) were all unique to a single breeding group and common to 

all individuals from that breeding group (n = 1 for Eden).  Shoalwater Bay, Kroombit Tops 

and Dubbo contained multiple haplotypes, and Dawson Range and Tenterfield were each 

represented by one individual both of whom were Haplotype G.  

 

Haplotype G was identified by TCS as the most probable ancestral haplotype, and it was this 

haplotype that all the captive bred birds comprised.  A statistical parsimony tree, constructed 

using TCS did not reveal any correlation between the molecular data and the mainland 

subspecies though it does differentiate C. l. halmaturinus / Haplotype A (Figure 4-2).  

Furthermore, there is no evidence of a population expansion as would be indicated by a star 

burst pattern. 

 

Net nucleotide divergences among pairwise combinations of subspecies were low, ranging 

from 0.026% (C. l. lathami v. C. l. erebus) to 0.355% (C. l. halmaturinus v. C. l. erebus) with 

C. l. halmaturinus v. C. l. lathami being 0.320% (Table 4-3).  Net nucleotide divergence 

between C. l. halmaturinus and the combined mainland birds was 0.344%.   

 

Nucleotide diversities across C. lathami, including within subspecies were consistently low, 

(ranging from 0.002 – 0.004%).  Estimates of population size change and tests for selection 

were consistent across all groupings.  Calculations of Tajima’s D, Fu and Li’s F* and D* 

were not significant for any of the population groupings and this was also the case for the Fs 

and R2 values (Table 4-3).  A unimodal mismatch curve consistent with population expansion 

was obtained for C. l. erebus (figure not shown), although not for the other subspecies or 

groupings, which demonstrated multiple peaks typical of stable populations.   
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Table 4-2 Haplotype diversity within the Glossy Black Cockatoo (C. lathami) for a 491-bp 

sequence of Control Region (Domain III). 

Haplotype Variable site  Sample location (number of 

individuals) 

 195 

(A/C) 

286 

(A/G) 

347 

(T/C) 

373 

(T/C) 

483 

(T/-) 

 

A A A T C T Kangaroo Island (91) 

B A A T T T Nowra (4) 

C C A C C T Eden (1) 

D C A T A T Shoalwater Bay (1) 

E C G T C T Kroombit Tops (1) 

F A G T C T Kroombit Tops (3), Shoalwater 

Bay (2) 

G A A T C T Dubbo (9), Kroombit Tops (1), 

Shoalwater Bay (3), Dawson 

Range (1), Tenterfield (1), 

Captive breed (5) 

H A A C C - Dubbo (1) 
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Table 4-3 Nucleotide diversity statistics for C. lathami and subspecies or geographic groups based on 491 bp of control region sequences. For 

haplotype diversity, Hd, the number of haplotypes is given with its standard deviation (s.d.). Nucleotide diversity, π, is given as a percentage with 

s.d., Fu’s Fs, Fu and Li’s F*, Fu and Li’s D* Tajima’s D, and Ramos-Onsins and Rozas’s R2 are given with 95% confidence limits. NS – 

Diversity statistic not significant.  
#
Observed value of relevant diversity statistic just outside 95% confidence interval in repeated runs, suggesting 

borderline significance.  

 Haplotype 

diversity, 

Hd 

Nucleotide 

diversity, π (%) 

Fs F* D* Tajima’s D R2 

C. lathami 

(n = 33) 

0.717±0.047 0.004±0.0004 -0.521  

(-4.6, 5.66) 

-1.323 NS  

(-2.25, 1.66) 

-1.727 NS  

(-2.23, 1.44) 

0.091 NS  

(-1.57, 

2.17) 

0.1182 NS  

(0.043, 

0.188) 

C.l.lathami and C. 

l. erebus combined 

(n = 28) 

0.629±0.06 0.003±0.0004 
0.101  

(-4.01, 5.32) 

1.287 NS  

(-2.11, 1.60) 

0.993 NS  

(-2.38, 1.35) 

1.339 NS  

(-1.68, 

1.97) 

0.175 NS  

(0.04, 

0.202) 

C. l. lathami (n = 

16) 

0.476±0.081 0.003±0.0006 
3.294  

(-3.87, 7.87) 

1.442 NS 

(-2.41, 1.62) 

1.050 NS  

(-2.315, 

1.366) 

1.698 NS  

(-1.64, 

1.95) 

0.208 NS  

(0.06, 0.21) 

C. l. erebus (n = 

12) 

0.714±0.056 0.002±0.0003 
-0.304  

(-2.49, 3.30) 

1.06 NS  

(-2.28, 1.50) 

0.837 NS  

(-2.17, 1.17) 

1.133 NS  

(-1.51, 

1.81) 

0.203 NS  

(0.08, 0.25) 

C. l. halmaturinus1 

(n = 91) 

0.200±0.154 0.002±0.0012 
1.744  

(-1.55, 2.61) 

-2.077 NS
#
  

(-1.93, 1.45)  

-1.916 NS  

(-1.78, 1.24) 

-1.667 NS  

(-1.56, 

1.64) 

0.300 NS  

(0.15, 0.30) 

1
This is included a subset of only 5 C. l. halmaturinus individuals rather than the full 91 samples. 
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T 373 C C 347 T C 195 A
A (5)B (4) E (1) F (5)

G (15)D (1)C (1) H (1)
G 347 T C 195 A T 483 -

G 286A G 286 A

G 286 A

 

Figure 4-2 Statistical parsimony tree showing substitutional relationships among haplotypes of the 119 Glossy Black-Cockatoos (C. lathami) 

analysed in this study (captive individuals not included).   

Circles represent haplotypes and their size indicates the approximate sample size, but is not to scale. Sample size shown in parentheses. (Note: 

only 5 Kangaroo Island individuals included to better represent the comparative population sizes.  Solid lines link haplotypes that could be linked 

to the network within the limits of statistical parsimony (95%). The proposed ancestral haplotype is represented by the shaded blue circle.  

Figures and numbers above the line (e.g. T 373 C) indicate variable base pairs and position.    
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4.5 Discussion  

4.5.1 Genetic variation 

In this study we have demonstrated that the level of variation present at the control region 

among C. lathami individuals is very low.  Whilst we focused on the control region, earlier 

whole mt genome analysis (Chapter 3), identified that in C. lathami, such low levels of within 

species variation was not limited to the control region.  In fact, there were only a handful of 

variable sites outside the control region.   

 

There is increasing evidence that these low levels of mtDNA variation may not be limited to 

C. lathami and may in fact be a feature of all the black-cockatoos (Calyptorhynchus spp). A 

study of domain I of the control region of Carnaby’s Cockatoo failed to detect any variation 

(Nicole White, pers. comm.) and unpublished preliminary investigations of cyt-b, ND2, ND3, 

ATP6 and ATP8 conducted on all Black-Cockatoo species indicate that levels of variation for 

these loci were extremely low both within and among species (Janette Norman, pers. comm.).  

In addition, an earlier study (Christidis and Norman 1997) on just eight C. lathami samples 

from across the species’ range (all samples of which were also included in the present study), 

detected only two variable positions in a 724bp section of ND2.  Finally, investigation of the 

small amount of black-cockatoo sequences lodged on GenBank, included in the phylogenetic 

trees presented in Chapter 3, also supports the finding of low levels of mtDNA variation in 

black-cockatoos (Calyptorhynchus spp.).  Clearly further extensive sampling and analysis will 

be required to confirm this.   

 

Birds are known to display lower levels of mtDNA variation than other animals (Garcia-

Moneno 2004, Berlin et al. 2007, Hickey 2008, Nabholz 2009) but the level of variation 

displayed by C. lathami is even lower than those typically displayed in birds (Avise 1987, 

Baker and Marshall 1997, Roy 1997, Zink 1997, Mila et al. 2000, Zink et al. 2000, Joseph and 

Omland 2009).  However, low levels of mtDNA diversity are not unprecedented and has been 

detected in other bird species including control region studies of red knots Calidris canutus 

(Baker et al. 1994), Crested Ibis Nipponia nippon (Zhang et al. 2004) the razorbill Alca torda 

and common guillemot Uria aalge (Moun and Árnason
 
2001), raptors Bonelli’s Eagle 

Hieraaetus fasciatus (Cadahıa et al. 2007) and the Spanish Imperial Eagle Aquila adalberti 
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(Martinez-Cruz et al 2004), and two sparrows; the White-crowned (Zonotrichia leucophrys) 

and Golden-crowned (Z. atricapilla) Sparrows (Weckstein et al 2001).   

 

Low levels of mtDNA variation are generally thought to result from one of two factors, the 

first being a severe population bottleneck and the alternative being a selective sweep where by 

a selectively advantageous mtDNA arises and sweeps through the populations replacing older 

haplotypes (Maruyama & Birky 1991, Mila et al 2000, Glenn et al 2002).  In the case of a 

selective sweep, selection at one locus reduces variation at linked but not unlinked loci 

(Brookfield, 2001). Whilst parts of the mtDNA are non-coding (i.e., the control region) and 

sequences appear to be selectively neutral (Edwards, 1993), the mitochondrial genome is a 

single linkage group, and selection on an advantageous mutation in any gene could sweep the 

entire haplotype towards fixation (Baker and Marshall 1997, Ballard and Rand 2005).  As the 

mtDNA is not linked to any nuclear loci, selection of mtDNA should not greatly affect the 

levels of variation present in nuclear loci.  In contrast, a genetic bottleneck will affect both 

mtDNA and nuclear loci though the smaller effective population size of mtDNA is likely to 

cause mtDNA variation to be reduced more dramatically than for nuclear DNA variation 

(Maruyama and Fuerst 1984, 1985).  Microsatellite analysis (Chapter 5) revealed reasonably 

high levels of nuclear variation.  In addition, the analysis of the C. lathami data did not detect 

any sign of a population expansion.  Thus, the overall pattern of mtDNA and nuclear variation 

in the C. lathami population is more consistent with a single selective sweep, occurring prior 

to the Kangaroo Island population becoming isolated from the mainland population (or 

populations) than with a species wide bottleneck (though see comments below regarding how 

a low mutation rate may affect the detection of a bottleneck). 

 

The occurrence of a selective sweep or a bottleneck would explain why a particular species 

(i.e. C. lathami) displays low levels of variation but it does not explain why a group of related 

species, in this case all the Calyptorhynchus species display low levels of mtDNA variation.  

Clues to this may instead come from the longevity of the Calyptorhynchus species, estimated 

to live in excess of 50 years (Brouwer et al. 2000).   

 

Nabholz et al. (2009) found a wide variation in the mtDNA mutation rate across bird species 

and found a strong relationship between species maximal longevity and mitochondrial 

mutation rate.  Nabholz et al. (2009) also showed psittaciformes (parrots) to have slowly 

evolving mtDNA compared with other bird orders.  Given larger parrots live longer than 



 Chapter Four: Molecular genetic assessment of geographic differentiation 
 

148 

 

smaller ones (Munshi-South and Wilkinson 2006), the low levels of variation in the large 

Black-Cockatoos may be a result of a slowly evolving mtDNA genome.  A slowly evolving 

mtDNA genome may also explain why, unlike so many of the Australian bird species outlined 

above, there was no evidence of a Pleistocene population expansion for C. lathami.   

 

Another factor potentially relevant to explaining the low levels of variation in C. lathami is 

the suggestion of biased reproductive success of females.  Observations of banded birds on 

Kangaroo Island have shown one female to be the mother or maternal relative of one third of 

the island’s population (Lynn Pedler pers. comm.).  If this is a species-wide, or even genus-

wide, phenomenon, biased reproductive success may be having a disproportionate influence 

on the species genetic diversity.   

4.5.2 Genetic structure 

Despite the presence of only five variable sites, the resulting eight haplotypes were able to 

distinguish animals from some geographic locations with a number of haplotypes being 

exclusive to specific locations (i.e., Kangaroo Island, Nowra and Eden).  However, other 

haplotypes were shared across multiple geographic locations, the most notable being 

Haplotype G (also the most likely ancestral population), which was shared by individuals 

from a wide geographic range: northern Queensland to northern New South Wales (NSW), 

but not any from southern NSW or South Australia (i.e., Kangaroo Island).   

 

These results provide little genetic support for a historical basis to the subspecific division of 

the species by Schodde et al. (1993) and Higgins (1999), especially as far as the mainland 

subspecies C. l. erebus and C. l. lathami are concerned.  The genetic data provides some 

support for the division between the mainland animals and C. l. halmaturinus on Kangaroo 

Island.  It is clear that mtDNA can be used to assign a bird to Kangaroo Island or to the 

Eastern Australian mainland.  Whilst our results are not able to separate C. l. lathami and C. l. 

erebus, there does appear to be some genetic structure present (given the Kangaroo Islands 

birds displayed a single haplotype npt detected on the mainland), and with further sampling it 

may be possible to distinguish birds from coastal south-eastern Australia (i.e., Nowra and 

Eden).  However, the shared haplotypes and variation in the other populations preclude 

further differentiation of these populations.  There are a number of ways that discordance 

between mtDNA and phenotypic diversity, recognised as subspecies may arise.  The mtDNA 
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results do not provide a simple, direct kind of concordance with the morphological based 

taxonomy but this need not negate the taxonomy because of the different rate of evolution of 

molecules and morphology.   

 

4.5.3 Population history 

There was no evidence of the post-Pleistocene population expansions in either C. lathami as a 

whole or in the nominated subspecies as has been reported for a number of Australian birds 

(Edwards 1993, Jennings and Edwards 2005, Joseph and Wilke 2006, Toon et al. 2007).  

Notwithstanding small samples sizes and possibly low mutation rates, these results suggest 

that populations of C. lathami were able to survive in refugia during the glacial maxima and 

that there was occasional gene flow among these areas.  However, the differentiation of the 

Kangaroo Island samples from the mainland suggests prolonged genetic isolation of this 

population though rapid genetic drift is also a possibility.  This may be also true of Eden and 

Nowra, which are also represented by only one haplotype each, but given the low sample 

numbers from these as well as surrounding sites, it would be unwise to draw major 

conclusions from this for those sites.  In any event, the large sample size from Kangaroo 

Island suggests that these individuals have a unique and identical haplotype, though extensive 

sampling of mainland birds, especially the most westerly localities, would be required before 

this can be stated categorically.  Whilst inbreeding could be having an impact, these results 

suggest that the Kangaroo Island population is currently genetically separated from the 

Eastern Australian populations.  Inferring the time since isolation from mtDNA data alone is 

difficult given the variation in mutation rates across species (see Garcia-Moreno 2004, 

Nabholz 2009 for detailed reviews).  Consequently, it is appropriate to examine the influence 

of geography and habitat through palaeo-environmental data.   

 

The Kangaroo Island population is currently an isolated population with the nearest mainland 

occurrence of the species being in the south-eastern Riverina, approximately 800 km away 

(Joseph 1982b; Figure 4-3).  The sub-fossil record, from at least 15,000 years B.P., 

demonstrates the presence of C. lathami on the South Australian mainland some 300km to the 

south east of Kangaroo Island in the lower south-eastern parts of that state (Baird 1985, 1986; 

Figure 4-3). These South Australian populations probably became isolated from other eastern 

Australian populations around 10,000 years B.P following the retreat of Allocasuarina 
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verticillata, the drooping sheoak and C. lathami’s primary (possibly even sole) food source, 

which in turn resulted from rising sea levels after the last glacial period. Further, the 

availability of edaphically suitable habitat was probably diminished around the same time 

(Dodson 1974a, 1974b, 1977, Baird 1985, 1986).  Together, these studies indicate that 

Allocasuarina verticillata was widespread around the southern Australian coast between 

Gippsland and the South Australian gulfs until 10,000 to 11,000 years ago.  These factors 

support the proposition that the present-day Kangaroo Island C. l. halmaturinus population 

has been separated from the eastern Australian populations for around for around 10,000 

years, consistent with the mtDNA results presented.   

 

4.5.4 Analysis of captive population 

The finding that all the captive bred birds displayed the same haplotype indicates that all birds 

originated from populations with the presumptive ancestral haplotype.  This is perhaps not 

surprising given that it is also the most common haplotype. However, it could also indicate 

that these birds all descend from a single individual brought into the captive population and 

hence may all be quite closely related.  Were this result found to extend to all captive birds, 

then detection of another haplotype will be a clear indication of illegal activity (excluding a 

rare mutation event).  Alternatively, if further study determines that the captive population 

displays a number of haplotypes (reflecting the wild population) then comparison to the 

alleged mother will still be informative and at times exclude an individual from being the 

progeny of a particular bird.   

 

http://en.wikipedia.org/wiki/Last_glacial_period
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Figure 4-3 Location of Quaternary age Glossy Black-Cockatoo (C. lathami) sub-fossil 

remains and location of the current closest eastern Australian population of Glossy Black-

Cockatoos in relation to Kangaroo Island.  

Blue circles indicate geographic features between which Allocasuarina verticillata was 

widespread until 10,000 to 11,000 years ago.   

South Australia 
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4.6 Conclusion 

The lack of variation in the mtDNA of C. lathami presents difficulties for both forensic 

science and population genetics since the power to assign individuals to populations will be 

low.  We have shown that despite this, 491 bp of mitochondrial control region contains 

sufficient variation to provide a diagnostic test to differentiate Kangaroo Island birds for those 

from the mainland.  This may extend to other populations such as Eden and Nowra although 

further testing will need to be carried out in order to confirm this.  These results can be used 

to inform investigations of suspected poaching and in some cases the release of seized 

individuals back to the wild.  The results provide little support for the current taxonomic 

division of two of the subspecies C. l. erebus (central east Queensland), C. l. lathami on the 

mainland, but offer some tentative support for the subspecies separation of C. l. halmaturinus 

on Kangaroo Island.  The results are consistent with geological and palaeobotanical evidence 

suggesting that the Kangaroo Island population has been isolated from the Eastern Australian 

populations for around 10,000 years.   

 

Further sampling of the mainland populations is needed to determine whether the haplotypes 

detected in Nowra and Eden are truly unique to those areas and to better investigate any 

mtDNA genetic structure on the mainland.  Also, given the recent reviews renewing concerns 

over studies that are based solely on mtDNA (Ballard and Whitlock 2004, Edwards et al. 

2005, Bazin et al. 2006, Zink and Barrowclough 2008), we recommend that a study involving 

nuclear markers now be undertaken.  This will be examined in a later chapter. 
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Picture: An adult female (left) Glossy Black-Cockatoo feeding on casuarina cones, Kangaroo 

Island.  Photo by Desley Whisson, printed with permission of the Glossy Black Cockatoo 

Recovery Program, SA. 
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5  Genetic diversity and population genetic 

structure in the Glossy Black-Cockatoo 

Calyptorhynchus lathami to combat illegal wildlife 

trade and assist conservation. 

5.1 Abstract 

As the rarest of the Black-Cockatoos and one that is difficult to breed in captivity, the Glossy 

Black-Cockatoo is a potential target of wildlife smugglers.  This study provides molecular 

tools to assist with the detection and investigation of cases involving the illegal trade of 

Glossy Black-Cockatoos Calyptorhynchus lathami (Psittaciformes: Cacatuidae).  Given that 

any investigation of wildlife trafficking requires not only the tools of detection but also an in-

depth knowledge of the population genetics of  target species, the genetic structure of the 

Glossy Black-Cockatoo and the genetic basis of its currently recognized subspecies is also 

analysed.  Seven microsatellite loci were developed and investigations of the species 

performed.  There is strong evidence for evolutionary divergence of the Kangaroo Island 

populations (subspecies C. l. halmaturinus) from the mainland populations but the results 

provide at best weak support for the current division of the mainland populations into two 

subspecies (currently divided into C. l. lathami and C. l. erebus).  The microsatellite data 

present a strong argument supporting the suggesting that mainland birds have immigrated to 

Kangaroo Island with the microsatellite based genetic profile of some of the Kangaroo Island 

individuals is more like those from the mainland.  However this conflicts the distributional 

and palaeo-environmental evidence.  Despite being a small, isolated population, C. l. 

halmaturinus shows minimal signs of genetic erosion.  This bodes well for the long term 

survival of the Kangaroo Island population providing the size of the population can be 

maintained and/or increased.  The microsatellite markers developed here, and the supporting 

investigation of the population genetic structure of the Glossy Black-Cockatoo can form the 

basis of future forensic validations and provide those involved in combating wildlife crime 

with molecular tools to aid investigations.   
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5.2 Introduction 

Wildlife trafficking presents a serious threat to the survival or conservation of many 

endangered species as many of the species targeted are rare and hence vulnerable to extinction 

(Cook et al. 2002; Hopper and Gioia 2004).  The true extent of the illegal trade in wildlife is 

not known however worldwide it is thought to be worth between US$10 and US$20 billion 

dollars annually (Brack 2004, Symondson 2002, Wyler and Sheikh 2008) and birds (as well 

as reptiles) are particularly popular (Anon 1998, Alacs and Georges 2008).  The Australian 

Black Cockatoos are targeted by poachers (Halstead 1992) owing to their perceived beauty 

and relative rarity and can sell for over $AU30,000 (Halstead 1992, Cameron 2007) on the 

black market.  In particular, the Glossy Black-Cockatoo, C. lathami, which is difficult to 

breed in captivity and is the rarest of the Black Cockatoos, is a species of interest.   

 

Microsatellites are excellent forensic tools and are used extensively in human forensic science 

(Wilson-Wilde 2005).  A vast literature has developed showing that microsatellites are an 

excellent tool for determining differences among individuals and for addressing genetic 

structure within and among populations and species (McDonald and Potts 1997, Sunnucks 

2000, see also Zink 2010 for caveats in their use).  They have also been used to investigate 

genetic diversity (i.e. Furlan et al. 2012), the effects of population bottlenecks (i.e. Houlden et 

al. 1996) and the integrity of subspecies (Pruett et al. 2008).  The sensitivity of microsatellites 

to population genetic phenomena also makes them appropriate for application to questions of 

conservation management, particularly where the species of concern are isolated or 

endangered with genetic diversity being an important factor influencing a population’s long-

term potential for survival (Bouzat 2010).  However, the utility of these markers for forensic 

analysis depends on the presence of in-depth knowledge of the population genetic structure of 

the species of interest. 

 

To date, little work has been conducted on the genetics of the cockatoos (White et al. 2011b is 

one example), and even less in relation to population structure, although, a number of 

microsatellites have been characterised for various other parrots (Russello et al. 2001, 

Russello et al. 2005, Caparroz, 2003, Taylor and Parkin 2007).  These include 29 for the 

Carnaby’s cockatoo Calyptorhynchus latirostris (McInnes et al. 2005, White et al. 2009). 

These have been shown to have cross-species success with a number of cockatoo species, 
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although to date, the Carnaby’s Cockatoo is the only Black Cockatoo species whose genetics 

have been investigated using microsatellites (McInnes et al. 2005, White et al. 2009, White et 

al. 2011b).   

 

Here, we focus on another Black-Cockatoo; the Glossy Black-Cockatoo Calyptorhynchus 

lathami.  The Glossy Black-Cockatoo is sparsely distributed along Australia’s east coast and 

immediate inland districts along the inland slopes of the Great Dividing Range from western 

Victoria to near Paluma in Queensland and an isolated population on Kangaroo Island, South 

Australia (SA) (reviewed in Llewellyn 1974; Forshaw 1981; Joseph 1982a, b).  It occurs in 

both lowland and upland/coastal and mountain districts but is generally scarce with its 

strongest populations believed to be in northern NSW and south-eastern Queensland 

(Forshaw 1981).  The species is currently divided into three subspecies based on slight 

variation in morphology (size and relative mass of the bill): C. l lathami, which ranges from 

southern Queensland through coastal and central New South Wales into eastern Victoria, C. l. 

erebus, which is restricted to central east Queensland, and C. l. halmaturinus, which is 

restricted to Kangaroo Island, South Australia following Schodde et al. (1993) and the later 

analysis of Higgins (1999).  However, there are no published molecular analyses of the 

genetic distinctiveness of these populations.  Apart from the forensic issues, resolution of this 

issue is important because the Glossy Black-Cockatoo is threatened by continued loss of 

habitat through clearing and associated activities such as logging, burning and grazing, all of 

which also lead to fragmentation (Cameron 2007).  Garnett et al. (2011) considered the whole 

species to be of Least Concern but listed the nominate subspecies C. l. lathami as ‘Near 

Threatened’.  The Glossy Black-Cockatoo is listed as a ‘Vulnerable Species’ under 

Queensland and New South Wales legislation and the South Australian subspecies, C. l. 

halmaturinus, is listed as ‘Endangered’.   

 

Glossy Black-Cockatoos are most commonly seen in threes, comprising a pair and their most 

recent young, but can also form small feeding groups.  Flock sizes are at their largest at the 

end of the breeding season and flocks of up to 60 have been recorded (Pepper 1996 and 

Cameron 2007).  Glossy Black-Cockatoos appear to pair for life though they may re-pair if 

their mate is lost.  They have a low breeding rate, producing only one egg per year though 

further eggs may be laid in a season if the first attempts are unsuccessful (Lynn Pedler, pers. 

comm.).   

 



Chapter Five: Genetic diversity and population genetic structure 
 

158 

 

The subspecies C. l. halmaturinus is currently limited to Kangaroo Island. Reports of Glossy 

Black-Cockatoos in the Mount Lofty Ranges south of Adelaide date from European 

settlement in 1836 until 1966 although these sightings are essentially unverified and 

unverifiable (Joseph 1989).  The ecology of this subspecies has been well studied (Joseph 

1982a; Garnett et al. 1999; Crowley and Garnett 2001; Chapman 2005; Chapman and Paton 

2005, 2006; Pepper 1993, 1996, 1997, Pepper et al. 2000).  C. l. halmaturinus is known to 

aggregate into nine flocking areas (Pepper 1996) and the vast majority of birds live and 

subsequently nest within one of these areas, although observations of a small number moving 

into neighbouring areas have been documented (Lynn Pedler, pers. comm.).   

 

The population of C. l. halmaturinus is currently estimated to number approximately 360 

(Pedler and Barth 2011) individuals, having undergone a substantial increase from 195 in 

1995 (Pedler and Barth 2011).  Information regarding the historical numbers present on the 

island is scarce, although anecdotal reports suggest that the population has declined since 

European settlement, most likely owing to fire and land usage (Joseph 1982b).  The 

population size has also been heavily impacted by predation by possums and competition for 

nest hollows by bees, factors that are being targeted as part of a project to protect the 

subspecies (Pepper 1996; Lynn Pedler, pers. comm.).   

 

As a small isolated population, the Glossy Black-Cockatoos on Kangaroo Island (C. l. 

halmaturinus) are vulnerable to inbreeding and genetic drift, both of which will reduce 

genetic diversity and potentially lead to reduced fitness and an increased risk of extinction 

(Frankham 1997).  On this basis we expect the genetic diversity of C. l. halmaturinus to be 

reduced relative to the mainland populations, although the effect of the reduction in numbers 

may have been mitigated by the long life span of the species.  The reduction in genetic 

diversity is also dependant on how long C. l. halmaturinus has been isolated from the eastern 

Australian populations, which is currently unclear but will be discussed.   

 

This study was not designed to be a full validation of microsatellites for forensic purposes.  In 

the present study, we aimed to identify a set of polymorphic microsatellite markers capable of 

investigating the population genetic structure of the Glossy Black Cockatoo.  Our goal was to 

test the prediction that the KI population is genetically isolated from populations on the 

mainland and will display features of an isolated population such as low levels of genetic 

variation and elevated levels of inbreeding.  



Chapter Five: Genetic diversity and population genetic structure 
 

159 

 

5.3 Materials and Methods 

5.3.1 Specimen information 

A total of 83 samples were obtained from seven sites from the Australian mainland and nine 

sites across Kangaroo Island (Table 5-1and Figure 5-1 and Figure 5-2).  All samples from the 

mainland birds were tissue samples held by the Australian National Wildlife Collection 

(ANWC) and Museum Victoria.  Stringent laws relating to the collection of samples including 

shed feathers constrained further sampling across the range of Glossy Black-Cockatoos.  

Samples were collected from nine sites across Kangaroo Island (Figure 5-2) encompassing 

five of the six flocks currently present on the island (Figure 5-2).  Birds from the Kangaroo 

Island flocks nest in multiple locations within the flock area.  The association of the flocks to 

their nest sites is represented in Figure 5-2.  All Kangaroo Island samples are feathers plucked 

from chicks during the 2004 – 2007 breeding season. 

 

Table 5-1 Distribution of samples analysed in this study.   

Current subspecies designation (n) Locality  n 

C. l lathami (9) Goonoo State Forest, Dubbo  3 

 Boonoo Boonoo, near Tenterfield 1 

 Yambulla State Forrest, Eden  1 

 Currumbene State Forrest, Nowra  4 

C. l. erebus (12) Kroombit Tops  5 

 Shoalwater Bay  5 

 Dawson Range  2 

C. l. halmaturinus (62) Eastern (18) 

 Parndarna Conservation Park 

 Cygnet River  

 American River  

 

5 

9 

4 

 Middle River (14) 

 Middle River  

 King George Creek  

 

13 

1 

 Southern (8) 

 North East River  

 

8 

 Stokes Bay (14) 

 Stokes Bay  

 Hummocky Gorge  

 

11 

2 

 
Western River (9) 

 Western River  

 

9 

 



 

160 

 

 

Figure 5-1 Location of Glossy Black-Cockatoo C. lathami collection sites from eastern Australia and Kangaroo Island. 
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Figure 5-2 Location of Glossy Black-Cockatoo C. l. halmaturinus collection sites and flock areas on Kangaroo Island.  
Blue dots indicate collection sites with associated labels in blue.   Flock areas labelled in black with black boundaries indicated (approximate only).  Vacant indicates that 

there is currently no birds present though they have been recorded present in these areas previously.   
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5.3.2 Selection of microsatellite loci  

A total of 63 previously published psittacine (parrot) microsatellites (Table 5-2) were tested 

for amplification from Glossy Black-Cockatoos.  29 of the loci tested were isolated from the 

closely related Carnaby’s Black Cockatoo C. latirostris by White et al. (2009) and McInnes et 

al. (2005) and the remainder were from other cockatoos and parrots (Robertson et al. 2000, 

Russello et al. 2001 and 2005, Caparroz 2003, Taylor and Parkin 2007). 

 

Genomic DNA was extracted using the Qiagen DNeasy
®

 Blood and Tissue Kit (Qiagen part # 

69506), as per the DNeasy® Blood & Tissue Handbook (Qiagen, 2006).  To assess the 

primers, amplification using the polymerase chain reaction (PCR) was performed on genomic 

DNA isolated from 8 - 10 Glossy Black-Cockatoos.  Amplification success of the C. 

latirostris loci was assessed by separation of amplicons on an Applied Biosystems 3730 DNA 

Analyser. Size was determined by co-running a size standard (Genescan
TM

-500 LIZ
TM

; 

Applied Biosystems, Melbourne). Screening of all loci was assessed visually after separation 

on polyacrylamide gels.  Whilst all primers produced amplicons, many were monomorphic 

and some failed to produce consistent amplification.  Ten loci), all derived from C. latirostris, 

were selected for population analyses (Table 5-3).  These were amplified using a multiplex 

containing 12 pairs of primers (see below for details).  Further testing of these loci using a 

greater number of individuals indicated that three of these (P2, P4 and P6) were also 

monomorphic or resulted in inconsistent scoring of alleles leavingseven loci (P7, P10, P12, 

P14, P15, P20, P22) for genetic analyses of all sampled populations. 

 

DNA profiling of all polymorphic loci was performed in two multiplexes.  The first contained 

primers for P2, P4, P12, P20 and P22 and the sex marker chromo-helicase domain 1 (CHD-1) 

(Griffiths et al. 1998), optimised for parrots by Nicole White (pers. comm.). The second 

multiplex contained primers for P6, P7, P10, P14, P15 and P17(P17 primer sequence not 

provided as data not informative for C. lathami.  Each 25 µl reaction contained approximately 

50ng DNA, 1x PCR buffer, 2.5mM MgCl2, 400 µM each dNTP, 0.1 mg BSA, 0.16 µM of 

each primer, and 2.5 units of Taq polymerase (Fisher Biotec). Parameters for thermal cycling 

were as follows: 95°C for 3 min followed by 35 cycles at 95°C for 30s, 60°C for 45s and 

72°C for 45s, followed by 72°C for 10min.  DNA fragments were separated on an Applied 

Biosystems 3730 DNA Analyser. Size was determined by co-running a size standard 
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(Genescan
TM

-500 LIZ
TM

; Applied Biosystems, Melbourne) and fragments were scored 

manually with the aid of GeneMarker
TM

 Software (Soft Genetics). 

 

Table 5-2 Microsatellite loci tested for suitability of use in the Glossy Black-Cockatoo. 

 

Species in which 

microsatellite was 

developed 

Loci examined Source ref. 

Calyptorhynchus 

latirostris  

(Carnaby’s Black 

Cockatoo) 

Cl2, Cl3, Cl5, Cl6, Cl8, Cl12 

Cl3 Cl5 and Cl8  

McInnes et al. 

2005 

Calyptorhynchus 

latirostris  

(Carnaby’s Black 

Cockatoo) 

pClA119, pClA125, pClA139, pClA105, pClA9, 

pClA118, pClA128, pClA138, pClB11, pClD108, 

pClD122, pClD11 , pClD7, pClD105 , pClD109, 

pClD114 , pClD112, pCl3b, pCl5b, pCl8 

White et al. 

2009 

Cacatua moluccensis 

(Moluccan Cockatoo) 

Cmoμ01, Cmoμ02, Cmoμ03, Cmoμ04, Cmoμ05, 

Cmoμ08, Cmoμ09 

Taylor and 

Parkin 2007 

Ara ararauna  

(Blue-and-gold Macaw) 

Una21, Una32, Una41, Una43, Una55, Una74 Caparroz, 

2003 

Amazona guildingii (St 

Vincent Amazon)  

Ag02, Ag04, Ag07, Ag08, Ag12, Ag17, Ag19, Ag21, 

Ag22, Ag29, Ag32, Ag42, Ag72, Ag79, Ag81, Ag83, 

Ag90 

Russello et al. 

2001 and 

Russello et al. 

2005 

Strigops habroptila 

(Kakapo) 

Sha1, Sha2, Sha3, Sha6 Robertson et 

al. 2000 
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Table 5-3 Primer information for the microsatellites utilised in the population survey of the 

Glossy Black-Cockatoo. 

 

Locus Repeat 

motif 

Abbrev. 

name  

Primer sequence - 5' to 3' 

pClD108 (TAGA)15 P12 F: FAMATCCTGCTGTGTTTAGAAAATACTTTGTAAT 

R: TCAGATATTTACATAACAGCCAGACTTG 

pClD112 (ATCT)8 P22 F: NEDGCAGATGCAAATGTTACAGCAAC 

R: AACTAAATGGATATATTAAATGGAGAAATAGATG 

pClD114 (CTAT)9 P20 F: GTCTTGTATTAAATCACTGCAGAGAACTGT 

R: FAMATGATACACTGGGAGCTGGGAG 

pCl5 (CA)13 P7 F: NEDGTGCAGGGACCACTTGTATG 

R: CACATGGAGCATGAGCCC 

pCl8 (GGAT)13 P15 F: PETGTCCTCCGAATAACCTGTGCA 

R: TGCTAAAAAGGTGGTAACACAGTGTC 

pCl3 (AC)11 P10 F: NEDTGCAAAATAAACTTGTCCCAGATG 

R: GAGACGTGAGAAATGGGTTCTGT 

pClD118 (TAGA)13 P14 F: VICCTATTGACTAGGAGATCTACAAGCCGT 

R: TGCACCCCTCTTCTGCATC 

pClA125 (CA)20 P2* F: VICGCTTAGCGAACATTAAATCTGCAC 

R: TCAGGTTTCCTGAAGAGAAACCAG 

pClA105 (CA)15 P4* F: PETTCCCATCCACCCCATGC 

R: TCATGTGTTCTTGCCCAGTTTG 

pClA118 A118 

(GT)15 

P6* F: NEDGCTGCAGAACATGGTCACATTC 

R: ACTCTGATAACTCAACATTGCCCA 

* further analysis of loci indicated that locus was monomorphic or yielded inconsistent scoring of alleles. 

 

5.3.3 Analysis of genetic diversity and differentiation 

Allele size distributions for each locus were assessed using the program MICRO-CHECKER 

2.2.3 (van Ossterhout et al. 2004) and used to detect potential genotyping errors caused by the 

presence of null alleles (non-amplifying alleles), large-allele dropout (the preferential 

amplification of short alleles) and mis-scoring through the presence of stutter bands.  

MICRO-CHECKER indicates the presence of null alleles if the combined probability test 

shows there is an overall significant excess of homozygotes (van Ossterhout et al. 2004).   
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FSTAT 2.9.3 (Goudet 2001) was used to calculate allelic richness over loci and Weir and 

Cockerham’s (1984) measure of FIS.  GenAlEx 6.2 (Peakall and Smouse 2006) was used to 

calculate the number of alleles, observed (HO) and expected (HE) heterozygosity for each 

population and for departures from Hardy-Weinberg equilibrium (HWE).  Genetic 

differentiation among Glossy Black Cockatoo populations was assessed using FST (Weir and 

Cockerham 1984) in GenAlEx as well as FSTAT.  GenAlEx was also used to conduct 

Assignment testing (Paetkau et al. 2004). Pairwise FST was calculated via analyses of 

molecular variance (AMOVA, Excoffier et al. 1992) (pt) based on 999 permutations in 

GenAlEx. 

5.3.4 Analysis of genetic structure and isolation by distance 

The program STRUCTURE version 2.3.2 (Pritchard et al. 2000) was run to determine the 

relationship between individuals.  This program estimates the number of genetic populations 

(k) within a sample, using a Bayesian approach to minimise deviations from Hardy-Weinberg 

and genotypic equilibrium, and then calculates the probabilities that each individual belongs 

to a given genetic population.  The program was run under both the admixture and no-

admixture models, using sampling site as prior information. This assists in data sets where 

there is genuine population structure but where the signal is too weak for the standard 

structure models, which may be the case if there are few markers, individuals or if there is 

very weak structure (Pritchard et al. 2009).  Use of alternative settings did not change the 

most likely value of k, although assignment probabilities for individual birds differed slightly. 

K was determined from both the ln likelihood values (Pritchard et al. 2009) and using the 

method of Evanno et al. (2005). The data were analysed with the admixture model, a 100,000 

burn in followed by 100,000 MCMC repetitions.   

 

Isolation-by-distance was used to determine whether genetic similarity among individuals 

decreased as geographic distance increased.  A Mantel test (Mantel, 1967) regressed a matrix 

of genetic distances (FST) against a matrix of geographical distances calculated from 

latitudinal and longitudinal coordinates with significance values assessed following 999 

permutations in GenAlEx.   

 

The Program BOTTLENECK version 1.2.02 (Cornuet and Luikart 1996) was used to assess 

whether the Kangaroo Island population had experienced a recent bottleneck.  
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BOTTLENECK incorporates a stepwise mutation model (SMM) (Kimura and Ohta 1978), 

and a two-phase model (TPM, Di Rienzo et al. 1994) in which 90% of the mutations follow 

the SMM, and 10% represent multistep changes (Estoup and Cornuet 1999). Wilcoxon sign-

rank tests (Luikart et al. 1998) were used to determine whether deviations of observed 

heterozygosity relative to that expected at drift-mutation equilibrium were significant at 

P<0.05. A mode shift in allele frequency distribution was used as an indicator of a population 

bottleneck (Luikart et al. 1998). 

5.4 Results 

5.4.1 Assessment of allele distributions 

Analysis using MICRO-CHECKER did not detect any evidence of scoring errors, stuttering or large-

allele dropout.  By homozygote excess, there is no evidence of null alleles in the mainland 

samples but analysis from Kangaroo Island suggests the potential for null alleles in P12, P22 

and P14.  Given the absence of significance in the larger populations, we consider that the 

small size of the Kangaroo Island population (~350 individuals), with its subsequent likely 

degree of inbreeding, is likely responsible for the causal homozygote excess. Given the lack 

of consistency around departures at these loci and subpopulations (flocks) we retained all 

seven loci in the analysis.  Furthermore, analysis without these loci did not alter the major 

trends reported (data not presented). 

 

No departures from HWE were detected for the mainland individuals.  Departures from HWE 

were detected for the Kangaroo Island individuals at P12, P22, P15 and P6 (P<0.001 for all).  

Departures from HWE were also present if the Kangaroo Island flocks are analysed separately 

with but with no consistency among loci.  Similar to the null alleles, we consider that as an 

isolated, island population, genetic drift is likely responsible for the observed deviations from 

HWE in C. l. halmaturinus. 
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5.4.2 Population Genetic Structure 

Analysis of all individuals in STRUCTURE revealed two major genetic clusters (K = 2), 

largely delineating the mainland (red) and Kangaroo Island (green) samples, with the majority 

of probabilities being > 0.8.  One individual (from Dubbo in New South Wales) was assigned 

to the Kangaroo Island cluster however the probability was low (just over 0.5).  Six of the 

Kangaroo Island individuals were assigned to the mainland with probabilities ranging from 

0.6 – 0.9 (Figure 5.3). These results are extremely consistent across multiple runs. Separate 

analysis with samples from only within Kangaroo Island and within the mainland did not 

detect any substructure.   

 

 

 

Figure 5-3  Structure cluster assignment for the Glossy Black-Cockatoo C. lathami across the 

species range when K = 2.  Columns represent individual genotypes with column shading 

representing assignment probabilities of birds to the individual cluster.  Vertical black bars 

separate breeding groups which correspond to the numbers as follows:  

Mainland; 1 – Dubbo, 2 – Eden, 3 – Nowra, 4 – Tenterfield, 5 – Dawson Range, 6 

– Kroombit Tops, 7 – Shoalwater,  

Kangaroo Island;  8 – Eastern, 9 – Middle River, 10 – Southern, 11 – Stokes Bay, 12 – 

Western River.  

 

The assignment testing conducted in GenAlEx based on the two populations; Kangaroo Island 

and the mainland produced a result consistent with the STRUCTURE analysis, indicating that 

individuals are allocated to their correct population 90% of the time.  
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The findings of the STRUCTURE analysis are supported by the pairwise FST values (Table 

5-5).  Overall AMOVA analysis of the Kangaroo Island population versus the mainland 

populations indicated FST is significantly different to zero (0.133, p < 0.001).   

 

Pairwise FST values of each individual locality sampled (except for Eden where only one 

individual was sampled) are presented in Table 5-6.  There are no significant differences 

between any of the subpopulations when the Bonferroni correction is applied.  

 

Given the morphological/geographical based subspecies groupings and the suggestion of 

differentiation between some sub-populations pairwise FST values were also calculated for 

the three subspecies groupings (Table 5-6).  Pairwise FST values between C. l. halmaturinus 

(Kangaroo Island) and each of the two mainland subspecies are significant after Bonferroni 

correction.   
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Table 5-4 Pairwise estimates of population differentiation based on FST (below the diagonal) with p-values (above the diagonal) for each of the 

localities sample.  Eden was excluded due to the small sample size (1 individual).  Numbers of individuals are indicated in parenthesise.  

Significant pairwise values are marked in bold.  All values in bold are not significant after Bonferroni correction (α = 0.05, p < 0.00091). 
 

 

Dawson 

(2) 

Dubbo 

(4) 

Kroombit 

(5) 

Nowra 

(4) 

Shoalwater 

(5) 

Tenterfield 

(2) 

Eastern 

(18) 

Middle 

River (14) 

Southern 

(8) 

Stokes 

Bay (13) 

Western River 

(9) 

Dawson  0.070 0.050 0.100 0.160 0.330 0.010 0.020 0.040 0.020 0.010 

Dubbo 0.272  0.010 0.050 0.020 0.070 0.010 0.030 0.030 0.030 0.020 

Kroombit 0.231 0.276  0.050 0.070 0.560 0.010 0.010 0.010 0.010 0.010 

Nowra 0.096 0.175 0.108  0.220 0.560 0.010 0.030 0.020 0.060 0.030 

Shoalwater 0.140 0.191 0.078 0.065  0.340 0.010 0.010 0.010 0.040 0.020 

Tenterfield 0.000 0.207 0.000 0.000 0.047  0.020 0.060 0.070 0.020 0.050 

Eastern 0.355 0.253 0.269 0.142 0.188 0.284  0.010 0.010 0.430 0.080 

Middle River  0.329 0.171 0.265 0.142 0.168 0.210 0.069  0.420 0.200 0.420 

Southern 0.427 0.263 0.305 0.175 0.217 0.290 0.079 0.009  0.140 0.420 

Stokes Bay 0.290 0.180 0.209 0.111 0.101 0.185 0.000 0.015 0.054  0.190 

Western River  0.312 0.190 0.264 0.168 0.175 0.245 0.054 0.000 0.005 0.030  
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Table 5-5 Pairwise estimates of population differentiation based on FST (below the diagonal) 

with p-values (above the diagonal) for the each of subspecies.   

Numbers of individuals are indicated in parenthesise.  Significant pairwise values are marked 

in bold.  Figures in bold italics are still significant after Bonferroni correction (α = 0.05, p < 

0.017). 

 

 

C. l. halmaturinus 

(62) 

C. l. lathami 

(11) 

C. l. erebus 

(12) 

C. l. halmaturinus  0.010 0.010 

C. l. lathami 0.112  0.020 

C. l. erebus 0.192 0.049  

 

 

5.4.3 Genetic Diversity 

Expected heterozygosity (HE) and allelic richness (AR) were lower for the Kangaroo Island 

individuals than the mainland (HE = 0.562, AR = 3.064 and HE = 0.762, AR = 3.94 

respectively) (Table 5.6).  

 

The overall expected heterozygosity for the Glossy Black Cockatoo at the species level (HE = 

0.714) was substantially higher than that reported for Carnaby’s Cockatoo (C. latirostris ) 

(HE = 0.672) using the same loci, although the number of contributing individuals is not 

noted (White et al. 2009).  The number of alleles displayed by the Glossy Black Cockatoo (Na 

= 9.714) is also substantially higher than that displayed by the Carnaby’s Cockatoo (Na = 

5.428).  FIS for the Kangaroo Island individuals was 0.276 and 0.156 for the mainland 

individuals indicating that inbreeding is higher on Kangaroo Island.   

 

Genetic diversity statistics for the individual flocks on Kangaroo Island are generally similar 

(or slightly lower) to the overall Kangaroo Island population figures and were relatively 

consistent across the populations (Table 5-6).   

 

BOTTLENECK revealed no evidence for a population bottleneck in the Kangaroo Island 

samples. There was no shift in the mode of distribution of alleles from the standard L-shaped 

distribution (P<0.05).   
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Table 5-6 Physical details and population statistics for the 12 sites/breeding groups studied: subspecies designation; locality name/breeding 

group; coordinates (Latitude and Longitude); sample size (n); allelic richness (AR, based on a minimal sample size of 5); mean number of alleles 

(Na); mean expected and observed heterozygosity (HE and HO); and inbreeding coefficient (FIS).   

Subspecies designation (n) Locality / Breeding group  n AR Na HE HO FIS 

C. l lathami (10) Goonoo State Forest, Dubbo 3 a 1.571 0.264 0.262 b 

 Boonoo Boonoo, near Tenterfield 2 a 2.429 0.536 0.500 b 

 Yambulla State Forrest, Eden  1 a 1.429 0.214 0.429 b 

 Currumbene State Forrest, Nowra  4 a 3.571 0.536 0.500 b 

C. l. erebus (12) 

 

Kroombit Tops  5 a 4.571 0.644 0.733 b 

 Shoalwater Bay  5 a 4.714 0.702 0.654 b 

 Dawson Range  2 a 1.857 0.304 0.500 b 

C. l lathami and C. l. erebus pooled (22) Mainland pooled 22 3.94 0.857 0.762 0.602 0.156 

C. l. halmaturinus (62) Eastern  18 3.186 4.000 0.388 0.529 0.303 

 Middle River 14 3.160 3.857 0.514 0.388 0.294 

 Southern 8 2.804 3.000 0.461 0.433 0.144 

 Stokes Bay 13 3.468 4.143 0.559 0.452 0.241 

 Western River 9 2.877 3.286 0.430 0.416 0.105 

C. l. halmaturinus pooled (62) Kangaroo Island pooled 62 3.064 5.286 0.562 0.412 0.276 

a – AR not calculated for this location owing to small sample sizes.  b - FIS not calculated for this location group owing to small sample sizes.   
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5.5 Discussion 

Forensic investigations require not only the tools for analysis, such as the polymorphic 

microsatellites developed here, but also a good understanding of the population genetic 

structure and diversity of the species of interest.   

5.5.1 Population genetic structure 

Our results provide strong evidence for population level divergence between the Kangaroo 

Island subspecies C. l. halmaturinus and the mainland populations of the Glossy Black-

Cockatoo, but not for the division of the two mainland subspecies.  

 

Kangaroo Island populations have been found to be distinct from mainland populations in a 

range of other species: the marsupial Macropus fuliginosus (Neaves et al. 2009), the frog 

Crinia signifera (Symula et al., 2008), the lizard Varanus rosenbergi (Smith et al. 2007), and 

two passerine birds; the superb fairy-wren Malurus cyaneus (Dudaniec et al. 2011) and the 

southern emu-wren Stipiturus malachurus (Donnellan et al. 2009).  This separation is not 

universal and several other species such as the tigersnake Notechis scutatus (Keogh et al. 

2005) and the bush rat Rattus fuscipes greyii (Hinten et al. 2003) and several birds (Paton et 

al. 2002, Myers et al. 2010, Joseph et al. 2008), show little or no divergence or genetic 

differentiation.  The reasons and influences affecting genetic differentiation in each of these 

species will clearly be different but will likely reflect mobility, dispersal habits and 

distribution of each of the species.  

 

The STRUCTURE analysis presents a strong case for immigration, given that the 

microsatellite based genetic profile of some of the Kangaroo Island individuals is more like 

those from the mainland.  This suggests there has been ‘recent’ gene flow (i.e. there is still 

migration occurring or migration was still occurring recently enough that that some birds 

currently on the island came from the mainland).  This finding is not supported by the 

mitochondrial DNA (mtDNA) evidence (presented in chapter 4 and including the individuals 

in this study) which provide little evidence for gene flow, with only a single unique haplotype 

detected on Kangaroo Island.    Furthermore none of the Kangaroo Island birds in this study 

could have come from the mainland as they were all nestlings and hence were too young to 
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migrate.  However, there remains a possibility that their (male) parent may have been an 

immigrant.   

 

The clear suggestion of immigration came as a great surprise particularly as it conflicts with 

the commonly held beliefs and observations of the distribution and dispersal of C. lathami 

both in the present and in the past, as detailed below.  C. lathami has only been recorded 

dispersing distances of up to 60km, and these distances are only covered if there is suitable 

availability of Allocasuarina food trees (Higgins 1999, Garnett and Crowley 2000, Cameron 

2007).  Currently, the closest occurrence of C. lathami to Kangaroos Island is 800km (Joseph, 

1982b) (Figure 5.5).  (Analysis of individuals from this region was not possible due to the 

lack of samples).  However, there is evidence from the sub-fossil record which demonstrates 

the presence of C. lathami on the South Australian mainland some 300 km to the south east of 

Kangaroo Island at least 15,000 years B.P. (Baird 1985, 1986) (Figure 5.5).  The reason for 

the disappearance of C. lathami from this area is probably the result of a change in 

environmental conditions caused by rising sea levels after the last glacial period (Dodson 

1974a, 1974b).  This is likely to have caused the retreat of Allocasuarina verticillata from 

much of the southern Australian coast between Gippsland and the South Australian gulfs, 

which is known to have occurred around 10,000 years B.P. (Dodson 1974a, 1974b, 1977, 

Baird 1985, 1986).  Consequently, from this time there would have been an absence of 

Allocasuarina food trees in this region making it almost impossible for populations of C. 

lathami to be supported.   

 

Fossil pollen records indicate that Allocasuarina was still present on the Fleurieu Peninsula, 

South Australia, at European settlement in the 1830’s (Bickford and Gell, 2005) but declined 

soon after this.  Similarly, Allocasuarina was present in the hills around Adelaide at European 

settlement but these hills were quickly denuded to provide timber for mine and furniture etc. 

(Joseph 1989).  Despite this, reports from the 1930’s of C. lathami in the Mount Lofty Ranges 

south of Adelaide suggest that some C. lathami individuals persisted or visited the area and 

were  able to find sufficient food there (Joseph 1989).  These essentially unverified and 

unverifiable sightings continued until 1966 though it is unclear whether these birds were 

permanent residents of the mainland and hence represented a separate population or whether 

they were visitors from Kangaroo Island.  Without access to these birds it is impossible to 

determine their genetic make-up including whether they reflected (in part or total) the genetic 

profile of the eastern Australian populations or that of the Kangaroo Island one.  However, if 

http://en.wikipedia.org/wiki/Last_glacial_period
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the mainland South Australian birds had retained some of the diversity present in the eastern 

Australian birds then this may assist in explaining the microsatellite data presented here.  That 

said, even if there were a permanent population of C. lathami on the South Australian 

mainland, the gap between these birds and the eastern Australian birds is still extremely large.  

And whilst there may have been small pockets of potential habitat prior to extensive clearing 

by European settlers there have been no credible sightings of C. lathami in the region between 

the South Australian mainland (adjacent to Kangaroo Island) in the last 180 years or so. 

 

If it is the case that the Kangaroo Island and eastern Australian populations have been isolated 

for 10000 years or so then the presence of individuals whose microsatellite genotypes appear 

to be more like that of mainland individuals must be a case of homoplasy (that is when 

different copies of a locus are identical in state but are not identical by descent).  However, 

the amount of genetic diversity demonstrated by C. l. halmaturinus (discussed below) is 

surprising if the Kangaroo Island population has been a small isolated population for this 

amount of time.  Consequently, the microsatellite data presented here supports the proposition 

that whilst C. lathami on Kangaroo Island and on the eastern Australian mainland are 

currently largely isolated from each other there has been some smale scale movement of birds 

between the eastern Australian mainland and Kangaroo Island in the recent past.  A future 

study involving extensive analysis of individuals from those eastern Australian mainland 

areas closest to South Australia as well as any museum specimens of historic South Australian 

mainland birds may be able to clarify the issue of immigration versus homoplasy. 
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Figure 5-4 Location of quaternary age Glossy Black-Cockatoo sub-fossil remains and location 

of the current closest eastern Australian population of Glossy Black-Cockatoos in relation to 

Kangaroo Island. 
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5.5.2 Within island substructure 

Despite the presence of a number of flocks derived almost wholly from individuals from 

particular breeding grounds on Kangaroo Island, there appears to be little population genetic 

structure within Kangaroo Island though there are indications that the Eastern flock may be 

differentiated from the other Kangaroo Island flocks.   Extensive field work documenting 

individuals in the Kangaroo Island population includes detailed records regarding sightings 

and nestlings as well as extensive banding of chicks.  There have been 20 recorded instances 

since 1995 of marked nestlings moving to a non-natal region and subsequently breeding 

(Lynn Pedler, pers. comm.).  These were mostly females, as males are older when they start to 

breed, consequently only those from the earlier years of recording have started to breed.  

There are also a number of instances of birds moving to a non-natal region but that have not 

bred (Lynn Pedler, pers. comm.).  This movement of a small number of individuals appears to 

be sufficient to prevent establishment of genetic structure that may have otherwise formed.   

5.5.3 Genetic diversity 

The relatively high level of microsatellite based genetic diversity of the Glossy Black-

Cockatoo demonstrated here bodes well for the species as a whole.  Whilst the diversity levels 

were lower on Kangaroo Island, this population has retained substantial levels of diversity and 

shows minimal signs of genetic erosion or elevated levels of inbreeding, despite the small size 

of the Kangaroo Island population.  This retention of diversity may be buffered by the 

longevity of the species; the generation time of the Glossy Black-Cockatoo is estimated as 15 

years (Garnett & Crowley 2000).  Furthermore, doubt remains regarding evidence for gene 

flow between eastern Australian and Kangaroo Island populations as evidenced by the 

STRUCTURE results.  If migration is occurring, or if it occurred until relatively recently, this 

would also have buffered the sub-species against the effects of reductions in population size.  

Finally, examples of instances where species have retained unexpectedly high levels of 

genetic diversity despite drastic reductions in population numbers are available i.e., giant 

tortoises (Beheregaray et al. 2003) and elephant seals (Weber et al. 2000), though equally 

there are examples of species experiencing a loss of diversity following a substantial 

population size reduction with no evidence of detrimental effects such as the black robin 

species Petroica traversi (Ardern and Lambert 2003). 
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There was no evidence of a recent bottleneck in the Kangaroo Island population.  This is 

despite the fact that we know that the Kangaroo Island population only consisted of around 

160 birds in 1993 (Pedler and Barth 2011), and may have been even lower in the 1980s 

(Joseph 1982a).  The lack of a recent bottleneck signature on Kangaroo Island could be 

explained as follows. If the population has been small for a long period, then any bottleneck 

resulting from initial isolation might no longer be detectable under a new mutation-drift 

equilibrium.   

5.5.4 Conservation implications 

The Glossy Black-Cockatoo on Kangaroo Island is a genetically distinct group and, regardless 

of whether it is recognised as a separate subspecies or not, constitutes a ‘management unit’ 

(Moritz 1994).  The levels of genetic diversity for the Kangaroo Island population are lower 

than those of the mainland and the level of inbreeding is higher as would be expected given 

the smaller population size.  Low levels of genetic diversity are known to have a potential to 

negatively impact on the long term survival of a population (Frankham 1997).  However, this 

study has demonstrated that whilst the levels of genetic diversity are lower on Kangaroo 

Island than on the mainland, they appear to have remained substantial.   

 

If in the furture numbers do decrease the potential to introduce a small number of new 

individuals to the population on the basis that the contribution of just one effective migrant 

per generation is thought to be sufficient to alleviate the effects of drift and reduce inbreeding 

depression while maintaining local adaptation (Wang 2004) may need to be investigated.  

However, the maintenance of distinct populations as separate units is important to ensure 

diversity is retained within each, and that overall species diversity is not compromised from 

increased gene flow and resultant genetic homogenisation (DeYoung and Honeycutt 2005, 

Moritz 1994, Moritz 1999).  Mixing genetically differentiated populations can also cause 

outbreeding depression, a reduction in reproductive output and fitness that can result when 

two genetically distinct populations interbreed (Lynch 1991, Frankham 2004).  Consequently, 

the most immediate concerns for the management of the Kangaroo Island population should 

focus on increasing or at the very least retaining the current population size.   
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5.5.5 Forensic implications 

The microsatellites developed here have the potential to provide those working against 

wildlife trafficking with a tool to differentiate between individuals and to perform pedigree 

analysis.  In addition, they have the ability to differentiate between the mainland and 

Kangaroo Island populations.  However, further work needs to be undertaken to validate these 

tests to the standard required by the courts, including extensive sampling of individuals from 

the mainland.   
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Picture: Lynn Pedler reading band numbers through a telescope of during the 2011 Glossy Black-Cockatoos 

census on Kangaroo Island.  The best vantage point from which to read band numbers (attached to the on left 

ankle of the bird) is not always comfortable.  Photo by Jo Lee.   
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6  Sex ratio bias in the Endangered South 

Australian Glossy Black-Cockatoo 

Calyptorhynchus lathami halmaturinus 

6.1 Abstract 

An apparent adult sex ratio imbalance biased towards males in the endangered South 

Australian Glossy Black-Cockatoo Calyptorhynchus lathami halmaturinus (Psittaciformes: 

Cacatuidae) has been observed.  Such an imbalance can result from skewed sex ratios at 

hatching, reduced survival of females to adulthood, or biased censusing approaches. We use 

DNA-based sexing of nestlings to test the accuracy of sex assignment of nestlings based on 

differences in coloured spots on contour feathers (body plumage) prior to the development of  

the coloured  subterminal tail panels for which sexual dimorphism of juvenile, immature and 

adult birds is well understood.  This affirmed the use of nestling plumage-based records to 

investigate the presence and cause of the imbalance.  Records of the sex of 405 nestlings 

collected since 1996, shows significantly more males than females.  This suggests that the 

adult sex ratio is a function of a skewed sex ratio at hatching and not due to higher rates of 

female mortality.   

6.2 Introduction 

Skewed adult sex ratios have been reported in a large number of wild bird populations, and 

the majority tend towards excess of males (Donald 2007, Promislow et al. 1992, Liker and 

Székely 2005). Examples include other Psittaciformes such as the critically endangered New 

Zealand Kakapo Strigops habroptilus (Trewick 1997, Merton 1999) and the New Zealand 

Kaka Nestor meridionalis (Greene and Fraser 1998).  In contrast, the adult sex ratio in 

mammals is often strongly skewed to females (Promislow 1992).  This may relate to the fact 

that in birds (that display the Z/W chromosome combination) it is the female that is the 

heterogametic sex, unlike in mammals (that display the X/Y chromosome combination) in 

which it is the male. Consequently, increased mortality rates of the heterogametic sex may be 

a product of the expression of recessive mutations on the unpaired chromosome (Trivers 
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1985, Breitwisch 1989, Promislow 1992, Promislow et al. 1992, Liker and Székely 2005, 

Székely et al. 2006).   

 

Other reasons for male-skewed adult sex ratios have been debated, and may vary.  In species 

where the female dispersal rate is higher than that of males, as is common among birds, 

females may be more exposed to predation as they move through unfamiliar territory 

(Sargeant et al. 1984).  Incubating females may be more vulnerable to predation even in 

species with cavity nests (Lundberg and Alatalo 1992, O’Donnell 1996). Egg production and 

incubation also increases metabolic demands (Thomson et al. 1998) meaning that females 

may be more vulnerable to shortages in food resources (Marra 2000, Pechacek 2006, Donald 

2007, Benkman 1997, Marra and Holmes 2001). 

 

A skewed sex ratio is particularly relevant in small or endangered populations because of the 

effect it has on the effective population size (Bessa-Gomes et al. 2004).  Here we investigate 

an apparent adult sex ratio bias in the endangered South Australian Glossy Black-Cockatoo 

(Calyptorhynchus lathami halmaturinus).  The South Australian Glossy Black-Cockatoo (C. l. 

halmaturinus) is now isolated on Kangaroo Island where it is listed as Endangered under 

Schedule 7 of that State’s National Parks and Wildlife Act, 1972.    

 

The endangered status of C. l. halmaturinus has led to it being the subject of a number of 

studies.  Observations of an apparent adult sex ratio imbalance were first published by Joseph 

(1982).  Since then, this phenomenon has consistently been recorded via observations of 

individuals’ plumages each year since 1996 as part of the annual censuses (Garnett et al. 

1996, Prime et al. 1997, Pedler and Prime 1998, Pedler 1999, 2000, 2001, 2002, 2003, 2004, 

2005 Pedler et al. 2006, Pedler and Sobey 2007, 2008, Pedler and Barth 2009, 2011, Barth 

and Mooney 2010).  Schodde et al. (1993) also made general observations of an adult sex 

ratio bias in the Glossy Black-Cockatoo subspecies Calyptorhynchus lathami erebus found in 

far north Queensland though these were not part of a systematic census and have not been 

verified.  It has been postulated that the cause of the adult sex ratio bias in Glossy Black-

Cockatoos is a product of higher predation rates of females, which may be more visible due to 

their yellow head plumage, from predators such as Wedge-tailed Eagles (Garnett et al. 1999).  

However, this conflicts with a review of sex ratios in a number of sexually dimorphic and 

monomorphic species of bird populations that found no significant difference in estimated 
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adult sex ratios with respect to size or plumage (Donald 2007).  Furthermore, Harris et al. 

(2012) found no variation in the male/female survival rates of C. l. halmaturinus. 

 

The Glossy Black-Cockatoo is a sexually dimorphic species in which adults are easily 

identified by plumage of the head and tail.  Adult males have brown heads and clear red 

subterminal tail panels with no transverse black barring. Adult females, however, display 

irregularly shaped, individually variable yellow head markings and individually variable 

transversely black barred subterminal orange-red tail panels that usually include some orange 

and yellow at the edges  (Joseph 1984, Higgins 1999) (Figure 6-1 and Figure 6-2).  Immature 

males up to four years are brown-headed like adult males but retain some barring of red tail 

panels. Immature females are brown-headed until some yellow feathers appear at about two 

years of age and have black barred tail panels of red, orange and yellow (Pedler 2007).  In 

nestlings prior to tail feathers growing long enough to show coloured panels, sex has been 

determined based on the colour of distal spots present on otherwise black contour feathers of 

the underparts, under-wing coverts and upper-wing coverts.  Whilst there is considerable 

individual variation, the most obvious difference between the sexes is that females have a 

greater number of spots and the spots are larger and mainly yellow or orange yellow (Figure 

6-5) compared to red in males (Lynn Pedler, pers. comm.).  Male nestlings have fewer spots 

which are smaller or sometimes even absent and generally red in colour (Figure 6-6).  Yellow 

spotting occasionally occurs on the under body of males but these spots are almost always 

fewer, smaller and tending to orange or have orange or red centres or edges.  In these 

instances red spotting on the upper and underwings will indicate the nestling is a male (Lynn 

Pedler, pers. comm.).   

 

From 1996 – 2012, the coloured body spots of 405 nestlings (approximately six weeks old) 

were recorded as part of a banding regime.  A small proportion of these were older nestlings 

which showed some colour in their tail panels adding support to assigned sex from body 

spots. A high proportion of these nestlings have subsequently been individually identified via 

observation of their band number as flying immatures or adults allowing confirmation from 

plumage of their sex as assigned at banding.  
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Figure 6-1 Picture of adult female with transverse black barring on the subterminal red panel 

and yellow head markings. (Photo by Lynn Pedler).  
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Figure 6-2 Picture of adult male (right) with ‘unbarred’ red tail band. (Photo by Eleanor 

Sobey, Glossy Black Cockatoo Recovery Program, SA) 
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Figure 6-3 Male GBC Tail Feathers: from left 1: Adult. 2-4: Immature.5-7: Juvenile. (Photo 

by Lynn Pedler). 
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Figure 6-4 Female Glossy Black-Cockatoo Tail Feathers. 1—3: Juvenile; 4—6:Adult. (Photo 

by Lynn Pedler) 
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Figure 6-5 Orange-yellow spots on upper wings and yellow spots on under body of female 

nestling. (Photo by Lynn Pedler).  Note that the fine speckles on the face give no clear 

indication of nestling sex.  
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Figure 6-6 Red spots on underwings and belly of a male nestling. (Photo by Lynn Pedler). 
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To test this morphological testing approach, the sexes of nestlings hatched over three seasons 

(2004 – 2006) were subjected to molecular sex testing using sex-specific polymorphism in the 

sex-linked chromo-helicase domain 1 gene (CHD-1) (Griffiths et al. 1998).  This has been 

used widely as a sex test in birds and has been shown to be accurate across a wide range of 

non-ratite bird species (Griffiths et al. 1998; Kahn et al 1998; Dawson et al. 2001) including 

parrots (Jensen et al. 2003).   

 

Here, our aims were: (1) to test the accuracy of morphological sex assignment of nestlings 

based on variation in morphological traits by comparing its results with those of molecular 

sexing and (2) to determine whether the reported sex ratio imbalance in the South Australian 

Glossy Black-Cockatoo is affirmed and, if so, (3) to determine whether the adult sex ratio 

imbalance is the result of a skewed offspring sex ratio or whether it can be attributed to higher 

female mortality.   

 

6.3 Materials and Methods 

Observations of the sex structure of the adult Glossy Black-Cockatoo population are recorded 

for a portion of the adult population during annual censuses of the whole Kangaroo Island 

population of C. l. halmaturinus, on the basis of plumage characteristics.  These records were 

used to calculate the adult sex ratios presented in the results.   

 

Molecular sex testing was conducted on feathers plucked from 63 nestlings raised in either 

natural or man-made nesting hollows from across the Kangaroo Island population during the 

2004 – 2006 nesting seasons.  The putative sex of these nestlings based on morphology was 

recorded at collection.  Molecular sex testing was also conducted on tissue samples obtained 

from 24 adults from across the Glossy Black-Cockatoo species range, whose sex was evident 

at capture from their plumage.  The molecular sex testing was conducted blind (that is without 

prior reference to the morphological sex determination).   

 

Genomic DNA was extracted using the Qiagen DNeasy
®

 Blood and Tissue Kit (Qiagen part # 

69506), as per the DNeasy® Blood and Tissue Handbook (Qiagen, 2006).  Sex testing was 

conducted using the sex marker CHD-1, optimised for parrots by Nicole White (pers. comm.).  
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The sex testing was performed as part of a wider population genetics study and so primers for 

CHD-1 were contained in a multiplex with five other primer pairs.   

 

Each multiplex (25 µl) PCR contained approximately 50ng DNA, 1x PCR buffer, 2.5mM 

MgCl2, 400 µM each dNTP, 0.1 mg BSA, 0.16 µM of each primer, and 2.5 units of Taq 

polymerase (Fisher Biotec). Parameters for thermal cycling were as follows: 95°C for 3 min 

followed by 35 cycles at 95°C for 30s, 60°C for 45s and 72°C for 45s, followed by 72°C for 

10min.  DNA fragments were separated on an Applied Biosystems 3730 DNA Analyser by 

staff at Murdoch University. Size was determined by co-running a size standard 

(GenescanTM-500 LIZ
TM

; Applied Biosystems, Melbourne) and fragments were scored 

manually with the aid of GeneMarkerTM Software (Soft Genetics). 

 

The statistical significance of a departure from the expected balanced sex ratio of 0.5 was 

assessed using Pearson’s χ
2
 goodness-of-fit statistic (Wilson and Hardy 2002).   

6.4 Results 

6.4.1 Molecular sex testing 

The blind molecular sex testing of all adult birds included in this study matched the 

morphological designation on all occasions.  Similarly, the morphological and molecular sex 

testing of the nestlings matched in all but one instance.  In this case a nestling recorded as 

‘query female’ at time of collection was found to be a male via molecular sex testing.  The 

morphological designation of this individual had been noted as being unclear due to its 

ambiguous patterning and lack of tail colour.  Subsequent sightings of this individual 

confirmed the sex to be male.   

 

Given the strong correlation of the morphological and molecular sexing result we can be 

confident that the morphological sexing of both adults and nestlings is accurate and 

consequently that morphological records can be used to calculate sex ratios.   
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6.4.2 Nestling sex ratios 

To date (August 2012), the sex of 405 nestlings has been recorded at banding.  The 

determination of sex is based on plumage however a great many have been subsequently seen 

as free flying birds thus confirming their sex.  Of these, 230 were male and 175 were female 

which equates to a sex ratio of 0.57 (sex ratios are expressed as the proportion of the 

population made up by males as per Wilson and Hardy 2002).  The proportion of male 

nestlings is significantly higher than the expected 50:50 ratio (χ² = 7.47, df = 2, p < 0.05). 

6.4.3 Adult sex ratios 

The number of male and female adult birds observed each year since 1996 are presented in 

Table 6.1, along with the adult sex ratios.  These ranged from 0.55 to 0.62 for individual years 

with the number of males recorded higher for each year.  The combined total of each year is 

1301 males and 899 males producing a sex ratio of 0.69 which is significantly different to the 

expected 50:50 ratio (χ² = 73.00, df = 2, p < 0.001). 
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Table 6-1 Annual counts of adult males and females; sex of bird determined by plumage.  Sex ratios are expressed as the proportion of the 

population made up by males. 

 

 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 Average Total 

Male 83 74 77 81 63 83 79 65 86 92 97 105 93 43 64 116 81.31 1301 

Female 51 49 50 50 47 61 49 53 61 59 67 66 67 31 53 85 56.19 899 

Total 134 123 127 131 110 144 128 118 147 151 164 171 160 74 117 201 137.50 2200 

Sex Ratio 0.62 0.60 0.61 0.62 0.57 0.58 0.62 0.55 0.59 0.61 0.59 0.61 0.58 0.58 0.55 0.58 0.59 0.69 
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6.5 Discussion 

The results of the molecular sex testing presented in this study confirm the accuracy of 

morphological sex assignment of nestlings. This in turn supports the plumage-based 

observations of male skewed sex ratios in C. l. halmaturinus.  This skewed ratio is significant 

in nestlings, indicating that the adult sex ratio is not due to higher post fledging female 

mortality or a biased censusing approach but instead due to a skewed nestling sex ratio.  It is 

acknowledged that the statistical significance of sex ratio skews in small populations should 

be interpreted cautiously as in small populations sex ratio skews can occur by chance alone.  

However, this is unlikely to be the case here given the longevity of the study and the numbers 

of adults and nestlings observed. 

 

The exact reason for the skewed nestling sex ratio is unclear.  There are two mechanisms that 

can lead to a deviation from the expected equal sex ratios, one being parental ‘manipulation’ 

of the egg sex ratio and the other being differential egg or chick mortality (Donald, 2007).  

Parental ‘manipulation’ of the egg sex ratio may be related to a number of physiological 

mechanisms or environmental cues (West et al. 2002, Pike and Petrie 2003, Alonso-Alvarez 

2006).  Donald (2007) reviewed the individual level factors influencing the sex of a chick and 

outlined a number of different factors reported by a number of authors.  These were the age 

and the condition of the parent (Daan et al. 1996, Yamaguchi et al. 2004, Weimerskirch et al. 

2005, Dowling and Mulder 2006), clutch size (Dyrcz et al . 2004), sexual dimorphism and the 

relative costs of raising chicks of each sex (Trivers and Willard 1973, Wiebe and Bortolotti 

1992), postnatal dispersal patterns (Gowaty 1993, Julliard 2000), the supporting role of nest 

helpers or the presence of brood parasites (Komdeur 1998, Legge et al. 2001, Griffin et al. 

2005, Zanette et al. 2005), climate (Weatherhead 2005), habitat fragmentation (Suorsa et al. 

2003) and the quality and availability of food and nest-sites (Byholm et al. 2002, Clout et al. 

2002, Dubois et al. 2006).  Clearly not all these factors are applicable to C. l. halmaturinus 

however; further investigations to determine whether any of them are may assist with the 

continued management of this population.   

 

The fact that the female is the heterogametic sex and hence more vulnerable to deleterious 

mutations on the unpaired chromosome, may be a factor in differential egg or chick mortality 
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(Breitwisch 1989, Promislow et al. 1992, Liker and Székely 2005, Székely et al. 2006).  To 

determine whether this is a factor, sexing of unhatched eggs and any deceased nestlings 

would need to be conducted at a minimum.  It is also unclear whether the sex ratio bias seen 

in C. l. halmaturinus is present across the species as a whole though observations of C. l. 

erebus by Schodde et al. (1993) suggest that this may so. If affirmed, the sex ratio bias of C. l. 

halmaturinus would not be a product of its endangered status.   

 

The confirmation of the adult sex ratio bias is a concern for the survival of C. l. halmaturinus 

as the extinction possibility of small populations is lowest when the sex ratio is balanced 

(Bessa-Gomes et al. 2004).  Morales et al. (2005) predicted that population viability will 

decline when the adult sex ratio rises above 0.55, which is below the figure demonstrated by 

C. l. halmaturinus in this study.  Consequently, the adult sex ratio displayed by C. l. 

halmaturinus could pose a threat to the long term survival of the Kangaroo Island Glossy 

Black-Cockatoo population.  Clearly, this aspect of the population’s biology warrants 

ongoing, close monitoring.  
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Picture: An adult female (left) and juvenile (right) Glossy Black Cockatoo on Kangaroo Island.  Photo by Mike 

Barth, Glossy Black Cockatoo Recovery Program, SA. 
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7  Synopsis 

A property of a South Australian man, thought to be involved in the illegal export of birds is 

raided.  No live birds are found, however, a number of cages containing black feathers are 

located in the man’s vehicle.  When challenged, the man claims that the feathers come from 

chickens that he had transported earlier in the week.  Microscopic analysis of the feathers 

excludes a chicken as being the potential source, instead suggesting that the feather is likely 

to have come from a parrot, the size and colour consistent with one of the Black Cockatoos.  

The man quickly withdraws his earlier claim indicating instead that the feather could have 

come from a Black Cockatoo he transported for a breeder.  MtDNA analysis reveals a 

haplotype matching the Kangaroo Island population.  Furthermore, mtDNA analysis of 

samples from the birds belonging to the breeder excludes the feather as coming from the same 

matriarchal line as that of the other birds of the breeder in question.  This is later supported 

with full DNA profiling (microsatellite analysis) and pedigree analysis.  Faced with damning 

evidence the man admits to handling Glossy Black-Cockatoos poached from the wild on 

Kangaroo Island for export overseas.  

 

This fictitious scenario demonstrates just one way in which the techniques developed as part 

of this thesis could be used to combat the illegal trade in wildlife.  There are many other 

scenarios that could be imagined, involving all aspects of the investigation from the crime 

scene, through the analysis steps and ending in the presentation of evidence.   

 

In order for the investigation and prosecution of wildlife crime to be successful individuals 

involved in investigating the scenes of wildlife crime need to be able to recognise the vast 

array of evidence available to them.  This includes establishing the elements of the crime (ie 

what crime has been committed), reconstruction of the crime scene (ie how was it 

committed), and association/ disassociation of individuals (human or animal).  They need to 

be able to recognise what constitutes evidence and having done so what steps need to be taken 

to record, recover and store these items.  Finally they need to be able to determine what the 
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appropriate analysis is and where or by whom this can be done.  The research presented here 

can provide assistance in all these areas as outlined below.    

 

7.1 A forensic toolkit for the investigation of wildlife crime  

This project was part of a suite of three projects aimed at exploring the application of DNA 

and other related technologies to the investigation and policing of the wildlife trade.  As such 

I aimed to produce a hierarchical approach to the investigation of wildlife crime involving 

birds, where by: (i) feathers could be used to determine a broad range of potential species of 

origin of a seized specimen; (ii) mtDNA analysis could be used to provide details as to the 

likely population of origin, and to exclude an individual as coming from a particular 

matriarchal lineage; and (iii) microsatellite analysis could be used to provide further inference 

regarding the population of origin, to differentiate among individuals and to investigate 

pedigrees.  This hierarchical approach is summarised in Figure 7.1.  The Glossy Black-

Cockatoo (Calyptorhynchus lathami) was used as the model species however the approach 

could be applied to other species of bird in the same way.  The techniques developed as part 

of this thesis are similar and in many cases the same as those used in conservation and as such 

this thesis makes contributions both to the discipline of wildlife forensics and to the 

application of phylogeny, phylogeography and population genetics of The Glossy Black 

Cockatoo.  

7.2 Feather microscopy to infer species of origin. 

The results presented in chapter 2 demonstrated how the microscopic features of the downy 

barbs along with the macroscopic (whole feather) characteristics such as colour and size of an 

unknown sample can be used to narrow down the likely species of origin (though it is 

important to note that feather microscopy should be used with extreme caution and only with 

adequate training).  Furthermore, the microscopic feather characteristics of the downy 

barbules can be used to infer a potential species of origin when only minute fragments of 

feathers remain.  This is important in forensic investigations where samples are invariably 

suboptimal.  In this way feather microscopy can be used to quickly and easily refute 

assertions of a suspect who may attempt to pass off remains as belonging to a wild or 
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domestic bird with which he has come in contact.  It can be used to exclude a sample as being 

from a species of interest potentially removing the requirement for any further work.  Feather 

microscopy requires minimal equipment and consequently it can be performed in any facility 

with access to a light microscope.  This could include locations such as remote quarantine 

stations.  Individuals, with experience in microscopy could be trained to a basic level 

relatively easily, and if this were the case, investigators would have access to the means to 

direct an investigation within a matter of minutes.   

7.3 mtDNA analysis 

Assigning specimens to a species and determining geographic provenance, or at least, 

providing approaches that can challenge assertions made by defendants regarding the source 

of specimens, is an extremely important tool in the investigation of wildlife crime.  Chapter 3 

reported the construction of a whole mt genome for one subspecies of Glossy Black-cockatoo, 

partial genomes for the other two subspecies and a partial genome of a Yellow-tailed Black-

Cockatoo.  These, along with a number of other Cockatoo genomes that have recently been 

made available provide law enforcement with an invaluable tool to develop markers for 

species identification.  Chapter 3 also demonstrated that with adequate sampling, species 

identification using mtDNA is likely to be possible for the Black Cockatoos, though 

sequencing of multiple genes may be required.   

 

The control region analysis in Chapter 3 flags a challenge for forensic scientists and 

conservation geneticists alike and underlines the complexities that mtDNA analysis can 

present.  The spectre of nuclear pseudogenes (numts), coupled with heterogeneity and 

mitochondrial duplications will remain one of the biggest challenges to forensic scientists and 

population geneticists alike and this chapter highlights the care that needs to be taken to 

ensure that the correct sequence is being isolated.   

 

The anomalies produced by the gene trees produced in Chapter 3 highlight the problem of 

working with a database (such as GenBank) that has limited controls for data quality.  Whilst 

such databases provide valuable investigative information they are not suitable for evidentiary 

purposes.  Databases such as the Barcode of Life Database (BOLD) that have higher quality 

control requirements may offer wildlife crime forensic scientists a more reliable source of 
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information.  BOLD is aiming to obtain three sequences from each species in order to capture 

the geographical variation of the species, as there will be some variation in the sequence 

within a species. Additionally, for each sequence, the relevant trace files (raw data) must also 

be submitted. These measures ensure the quality of the data submitted. 

 

Whilst this is an important distinction to other database systems which do not require this 

information, it still falls short of the standard forensic validation requirements (Budowle et al. 

2005, Linacre et al. 2011). Consequently, there is an urgent need to develop local databases 

that contain this information.  BOLD is currently limited by the lack of sequences for 

Australian animals, though this could be addressed via targeted sequencing of the species of 

interest.  However, even if this were the case, it is unlikely that the COI gene is capable of 

differentiating all closely related species because of incomplete lineage sorting, hybridization 

and introgression all leading to non-monophyly of nominal species. It is likely that other 

markers would be required (Mallet and Willmott 2003, Johnson and Cicero 2004, Moritz and 

Cicero 2004, Will and Rubinoff 2004, Erpenbeck et al. 2006, Tobe et al. 2011). 

 

Despite the extremely low level of mitochondrial DNA (mtDNA) variation displayed by the 

Glossy Black-Cockatoo (Chapter 4), this research has demonstrated that some level of 

geographic differentiation is present and that some populations (such as the one on Kangaroo 

Island) are genetically distinct.  This was also supported by the microsatellite results for 

which assignment testing demonstrated that individuals could be assigned to either Kangaroo 

Island or the mainland with a high degree of accuracy.  Consequently, my results demonstrate 

that mtDNA can be used to provide a strong inference as to whether a seized Glossy-Black 

Cockatoo came from Kangaroo Island or the mainland.  As a rare population, the Kangaroo 

Island Glossy Black-Cockatoo population is vulnerable to extinction from poaching (Hopper 

and Gioia, 2004).  Consequently these results can also be used to assist in safeguarding this 

population.  The ability to determine the population of origin also provides wildlife managers 

with an ability to determine whether release of seized birds back to the wild is a viable option, 

on the basis of genetic compatibility.   
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Figure 7.1 This figure outlines the hierarchical process by which samples from birds can be 

examined.  Depending on the question posed and the sample available entry and exit points 

will vary.   
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7.4 Microsatellite analysis 

The analysis of microsatellites reported in Chapter 5 provides law enforcement with a set of 

markers that can be developed into a fully validated test to differentiate between individuals.  

They can also be used for pedigree analysis, which is valuable in instances in which it is 

suspected that individuals are being removed from the wild but sold as a captive-bred bird 

(Cassidy and Gonzales 2005).  Given Glossy Black-Cockatoos are notoriously difficult to 

raise in captivity (Daniel Gowlan, pers. comm.) due to their unusual dietary needs (Forshaw 

1981), there is a heightened likelihood of wild Glossy Black-Cockatoos being inserted into 

the legal trade.  Consequently these microsatellites can be utilised in instances where this is 

suspected.   

 

The microsatellite analysis presented in Chapter 5 also provides information regarding the 

population genetic structure of the Glossy Black-Cockatoo, which must be well understood if 

statistical calculations are to be applied to findings; that is determining the statistical strength 

of any match obtained, whether it is a direct match to an individual or pedigree analysis.  The 

population genetic structure also has implications for conservation genetics (discussed 

below).   

7.5 Future work 

Whilst the work undertaken and data generated in this thesis can be used to inform future 

investigations into wildlife trafficking, further work needs to be undertaken to develop both 

mtDNA and microsatellite databases for the Glossy Black-Cockatoos as well as the other 

Black Cockatoos.  Additional sampling across the species’ range to detect any geographic 

structure would be beneficial.  This study was hampered by the laws surrounding the 

collection of samples, a situation that is unlikely to be resolved.  In Australia, our laws require 

any individual collecting a sample to have a permit.  This extends to the collection of shed 

feathers, so the initial plan to recruit members of the public or members of field naturalist 

groups and the like to collect samples on my behalf could not be realised.  Furthermore, given 

the status of the Glossy Black-Cockatoo, it is difficult to get permits to collect samples by any 

methods that could be construed as being invasive to individual birds.   
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Whilst the number of microsatellites in this study is sufficient to distinguish between 

individuals in a forensic context, more loci would be beneficial to further investigation of the 

presence of subtle genetic structure on the mainland and for further investigations of the 

genetic structure of the species.  This would also assist forensic analyses by providing a more 

accurate assessment of the significance of any ‘match’.   

 

Further work would also need to be undertaken to validate these tests to the standard required 

for accreditation (see Linacre et al. 2011).  These requirements ensure that the limitations of 

the method are established so that an accurate representation of the strength of the evidence 

can be presented in court. Validation includes the determination of false positives, error rates 

and sensitivity studies, all of which should be published in a peer reviewed journal.  In 

addition, any laboratory conducting this testing would need to perform verification studies to 

ensure consistent results are obtained regardless of where the analysis is conducted. 

7.6 Versatile techniques for conservation and forensic 

application 

This research makes contributions both to the discipline of wildlife forensic science and to 

conservation genetics of the Glossy Black-Cockatoo.  The techniques developed in this 

research will benefit the conservation of the Glossy Black-Cockatoo, particularly endangered 

populations such as the one on Kangaroo Island.  It provides wildlife managers with a genetic 

assessment of the species, including information about the population’s uniqueness, genetic 

isolation and levels of inbreeding hence informing the future management of the species.  The 

confirmation of a Sex Ratio Bias on Kangaroo Island is an extension of this and demonstrates 

yet again how the work of forensic science can complement the work of conservation 

genetics.   

 

The results of both the mtDNA and microsatellite analyses provide previously unavailable 

insight into the subspecies, both forms of testing indicating isolation of the Kangaroo Island 

population from the eastern Australian populations but neither providing independent 

molecular support for the division of the mainland populations into two subspecies.   
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7.7 The Future of Wildlife Forensics in Australia 

It is clear that wildlife crime in Australia is increasing (Alacs and Georges 2008) and with this 

the threat to our biodiversity and biosecurity also increases.  However there is still minimal 

work being undertaken relating to wildlife forensics in Australia.  Part of this is due to the fact 

that there is no coordinated approach to the provision of services and to research and 

development activities.  The Australian Federal Police has shown the initiative to support 

three research projects however this will need to be followed up with ongoing, coordinated 

and directed research across the country and an implementation strategy for the resulting 

techniques.  For this to happen, dedicated government funding is required along with 

coordination from the government agencies tasked with wildlife law enforcement.   

 

Future strategies may include the involvement of a service provider as is the case in New 

Zealand where Ecogene® provides a range of DNA-based diagnostic services for biosecurity 

and biodiversity, and has been involved in a number of prosecutions relating to wildlife 

offences (Dianne Gleeson, pers. comm.).  Ecogene® is currently looking to expand into 

Australia and may be able to provide services in the coming years.   

 

Whilst it would be desirable to have a dedicated public wildlife forensic laboratory in 

Australia this is unlikely given the current low level of wildlife crime investigations.  The 

creation of a number of networks, such as the Australian Wildlife Forensic Network (AWFN) 

and the AELERT Environmental forensic experts contact list is assisting by linking wildlife 

crime investigators with experts in the relevant field however these do not assist with 

important issues such as chain of custody, storage of forensic samples, and the coordination of 

a national network of experts to present the evidence and testimony. 

 

Part of the issue is that in Australia our forensic facilities do not (generally) have individuals 

with the required wildlife expertise.  Furthermore, these forensic facilities are unlikely to 

expend the time and money to validate the required techniques when the tests are used so 

infrequently, and the facilities are already struggling with resource constraints.  The 

individuals with the required expertise (generally) reside in institutions that are not accredited, 

do not necessarily have the required infrastructure, and are not used to interacting with the 
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law.  The majority are not trained to present evidence or to handle it in the ways required by 

the courts.  Forensic accreditation and the associated training is onerous and it is unlikely that 

many wildlife laboratories will be willing to go down this path, though facilities such as the 

Australian Museum is looking to obtain accreditation (Johnson 2012b). 

 

One way to overcome this divide may be to follow the lead of a number of other forensic 

disciplines such as Textile Damage Interpretation (TDI) and Blood Stain Pattern Analysis 

(BPA) that have moved to a tiered system recognising 3-4 levels of expertise.  Level 1 relates 

to the recognition of evidence and an awareness of the potential of the evidence.  It also 

includes the crime scene aspects, including: issues of what to collect and how much is 

appropriate; establishing a chain of custody and proper packaging (as per the Australian 

Standard AS 5388.1-2012; Forensic Analysis Part 1: Recognition, recording, recovery and 

storage of material).  

 

Level 2 relates to classification into broad groups and level 3/4 to full expertise.  The level 3/4 

expertise for wildlife forensic science which in the case of DNA technologies would include 

detailed knowledge of the genetic and population structure of the species of interest, will 

almost always reside outside of the mainstream forensic facilities.  However, by training a 

small number of personnel in a few designated forensic facilities to conduct the initial 

assessments and processing prior to handover to an expert, some of the issues associated with 

the lack of accreditation of the wildlife facilities may be abated.  These facilities could also be 

responsible for the coordination of exhibits and engaging the relevant higher level experts. 

 

Whilst more work on animal and bird species should undoubtedly be undertaken in forensic 

laboratories it is important to note the complexities around working with animal species, 

when compared to human analysis.  A massive amount of work has gone into optimising the 

tests used in human analysis and optimisation to the same level is never going to be possible 

for the range of animals and birds involved in wildlife forensics or indeed mainstream 

forensic analyses.  In addition, the complexities of population structure are much more 

extensive in wildlife analysis, not to mention the potential of hybridisation in some species.  

This is not to suggest that this work should not be undertaken in forensic laboratories, but 

simply a reminder to anyone entering this arena of the complexities of wildlife analysis.  It 

may be that some individuals in some forensic laboratories do have the appropriate level of 

expertise. However, for the most part this expertise is likely to sit in our museums and 
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universities, and the role of the forensic laboratory will be to narrow the potential species 

down and then engage an appropriate expert on that basis.   

7.8 Future directions for Wildlife DNA Forensics 

The advent of next generation sequencing (NGS) has provided us with the ability to process 

millions of sequences in parallel enabling massive amounts of data to be produced (Lerner 

and Fleisher 2010).   This has led to an increasing number of genomes becoming available for 

a range of species.  As a result there should be an increasing amount of sequence available in 

the future to investigate the species targeted by the wildlife trade.  Furthermore, the increased 

availability of sequence should enable detection of informative molecular markers suitable for 

identification of specimens at the species, regional and population levels (Budowle 2004; 

Cutler et al. 2001; Dalma-Weiszhausz and Murphy 2002; Divne and Allen 2005; Jenkins and 

Gibson 2002; Kwok 2001; McGaugh et al. 2007; Syvanen 1999, Lerner and Fleischer 2010). 

The sensitivity of NGS also makes it attractive to forensic scientists but it has limitations that 

may mean that it falls short of being as useful or as ubiquitous as promised.  This includes i) 

the short read length, which may not be sufficient to generate an alignment (particularly in 

non-model species), ii) the sheer amount of data produced that then has to be managed and iii) 

that in many smaller studies the amount of sequence produced is excessive to the point that 

the cost is actually more than traditional methods (Lerner and Fleisher 2010).  Whether or not 

NGS will in fact be the universal panacea some predict is yet to be seen. 

7.9 Conclusion 

In Australia, attempts to combat the illegal wildlife trade are complicated by the fact that it is 

situated at the interface between regulation and law enforcement.  In addition, the bulk of the 

expertise resides with individuals working in institutions without accreditation and who are 

not used to operating in the forensic environment.  On the other hand, forensic scientists are 

by nature generalists and cannot be expected to be specialists, but what they do have is the 

appropriate experience in evidence handling to ensure admissibility.  Hence, what we need to 

develop is a partnership between scientists in fundamental areas of science, academia, 

museums and government forensic laboratories. Finally there needs to be continued, targeted 

research to produce the tests and databases required to investigate and prosecute wildlife 
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crime in Australia.  We need a coordinated approach, focusing on the species targeted by 

those involved in the illegal trade and those species at greatest risk from the illegal trade.  And 

whilst classical wildlife studies are valuable, full validation of the tests developed will be 

required to ensure admissibility, and the future success of wildlife forensic science.   
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Picture: A Glossy Black Cockatoo (Calyptorhynchus lathami halmaturinus) family group 

feeding on its primary food tree Allocasuarina verticillata on Kangaroo Island.  Photo by Jo 

Lee. 

 

 

 

 

“Now this is not the end. It is not even the beginning of the 

end. But it is, perhaps, the end of the beginning.” 

 

Winston Churchill 

 

 

http://www.brainyquote.com/quotes/authors/w/winston_churchill.html
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