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Abstract

An assessment of genetic diversity and inbreeding in the Noisy Scrub-bird
(Atrichornis clamosus) using microsatellite and Major Histocompatibility Complex

loci

The main aim of this project has been to use molecular markers to investigate the
degree of genetic diversity in the unique remnant population of the noisy scrub-bird
(NSB) in Western Australia for a conservation management program for this
threatened species. Birds from an original founding population and from two other
populations derived from the original population by translocations, approximately 30
and 20 years previously, were assessed. The management program for the NSB was
initiated due to the small size of the original population and its innate vulnerability to

stochastic events such as fire, non-native predators or disease.

Blood and feather samples were collected from individuals from each of the three
populations. DNA was extracted from these samples for subsequent discovery of
genetic markers using molecular techniques. Short tandem repeat loci (referred to as
microsatellites) have been widely used in genetic diversity studies and were therefore
selected for this study. The advent of new generation DNA sequencing technology
provides an efficient and cost-effective method for the discovery of these markers,
especially in species for which no previous information is available. Consequently
second-generation sequencing technology, as implemented in the 454 Life Sciences
(Roche) sequencing technology, was used in this study on Noisy Scrub-bird genetic
diversity. Approximately 1.1 million genomic sequence reads (averaging 278 base

pairs long) were obtained.

Sequence analysis of these sequences identified 2,625 di-nucleotide loci, 989 tri-
nucleotides and 1,450 tetra-nucleotide loci. Of these only the tetra-nucleotide loci were
further characterised for genetic diversity studies because they are less prone to
amplification error and it is easier to discriminate between allelic variants at these loci

relative to di-nucleotide loci. A panel of 10 polymorphic tetra-nucleotide loci was



selected for genotyping of DNA samples from individual NSBs from each of the three
populations in order to generate allele frequency data for each population.

Results of population genetic analysis using these microsatellite loci highlighted the
low genetic diversity across all populations, with a marginally higher allelic diversity
in the original remnant population than in the two derived populations. Allelic
diversity in general was comparable with a range of avian species that have
experienced critical population bottlenecks. Deviation from Hardy-Weinberg
Equilibrium was observed for all three populations. However, only the original
population and one of the translocated populations produced statistically significant
inbreeding values (Fis). Statistically significant differentiation was observed between
the two derived populations but not between either of these populations and the
original. Evidence for putative null alleles was obtained for two loci. However,
confirmation by breeding experiments was not possible and homozygote excess
observed in two of the three populations could account for this observation. Allelic
frequency data was used to model and estimate past bottleneck sizes, intra-population
genetic structure and effective population size. Modelling the size and occurrence
bottlenecks was probably compromised by overall low allelic diversity and relatively
low numbers of loci, with just one bottleneck predicted (Mt Manypeaks) despite our
knowledge of bottlenecks in all three populations. Population structure modelling
predicted three demographic clusters but these were within populations, rather than
between geographic populations, suggesting no inter-population structure. However,
there was some evidence of intra-population structure, which may be important for
sourcing founders for future translocations. Estimates for effective population sizes
were potentially informative and suggested a relatively small reproductive
demographic cohort, which might be expected in a presumed polygynous species.
However, due to large variation for the 95% confidence interval, these results should
be treated with caution. This was also true for estimates for the number of reproductive

founders of the Bald Island population.

A second aspect of this study involved identifying and sequencing DNA from the
Class Il region of the MHC in the NSB. Priming sequences were identified by testing
sequences derived from published reports of Class Il MHC loci a in variety of avian
and reptilian species. NSB Class Il sequence fragments were successfully amplified

and these were cloned for subsequent sequencing and alignment. A large number of
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sequences for exon 2 to exon 3 from NSB Class Il loci were obtained. It was clear that
multiple Class Il loci were identified for each of the three populations studied and that
each locus was polymorphic. Translation and subsequent alignment of the Class Il
peptides from exons 2 and 3 clearly confirmed the presence of several distinct loci
characterised by unique amino acid sequence motifs. This result indicates extensive
genetic diversity within the Class Il region of the NSB MHC and contrasts with the
paucity of genetic diversity observed using microsatellite loci. While this result is
consistent with the importance of diversity within the MHC for the expression of
immunity against a variety of pathogens, very few pathogens have been detected in the
NSB. In the absence of a candidate pathogen, the mechanism driving the MHC Class
Il B evolution is not apparent in the NSB, despite analyses showing that the observed

diversity has resulted from a combination of gene conversion and balancing selection.

Finally, to elucidate the role of pathogen exposure in driving MHC Class Il B
evolution a search for allelic associations with specific pathogens was undertaken.
Like the NSB, the black-and-white fairy-wren (Malurus leucopterus edouardi) and
the spinifexbird (Eremiornis carteri) are Passerine bird species and the populations
of these species on Barrow Island in north-west Western Australia have been found
to have a high prevalence of pathogens, particularly Chlamydophila psittaci. Exon 2
to Exon 3 of the MHC Class Il B was successfully amplified and sequenced for a
cohort of the population of each species. Sequence alignment for both species
revealed large numbers of alleles at multiple loci but overall diversity was lower than
in the NSB. However, ratios of synonymous vs. non-synonymous substitutions in
these sequences revealed little evidence of balancing selection, whereas in the NSB
evidence for selection was strong. These data indicate that the strain of C. psittaci on
Barrow Island has not driven the evolution of the observed MHC Class Il B
diversity. Furthermore, while the presence of an unknown pathogen may be a driver
of evolution of the MHC Class Il B in the NSB, another (possibly behavioural)
mechanism is postulated as a more likely candidate to have produced the observed

levels of sequence and locus diversity.

The studies reported in this thesis describe the discovery and characterisation of a
panel of tetra-nucleotide microsatellite loci in the NSB genome utilising second-

generation DNA sequencing. Population genetics analysis based on these loci has
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shown deviations of all three populations from Hardy-Weinberg equilibrium and an
associated degree of moderate inbreeding. Significant differentiation was also
observed between the two translocated populations. DNA and amino acid sequence
data and alignments from the Class Il region of the NSB MHC were obtained. These
data showed the presence of multiple Class Il loci, each of which exhibited
significant polymorphism. MHC Class Il B in two other bird species was also high
but failed to elucidate any relationship between pathogen load and sequence
diversity. Drivers of MHC evolution in the NSB are therefore likely to be cryptic and
possibly related to breeding behaviour.

The data generated in this study are the first to extensively characterise NSB at the
genomic level. In particular the sequence data reported for the MHC Class 1l loci are
unique and provide a basis for further characterisation of this important genomic
region associated with adaptive immunity. Furthermore, these data may allow the
augmentation of management strategies for the NSB, whilst improving our
knowledge of the population dynamics and breeding system of this endangered bird
species. Finally, this study lays foundations for developing a strategy for genetic
management of NSBs and highlights key areas where knowledge is currently
lacking, e.g. mating systems, pathogen loads in coexisting bird species and effective

population size.
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Chapter 1 — Background

1.1 Threats to global biodiversity

At present 20,000 species are listed as being threatened with extinction (IUCN,
2012) and currently the rate of extinction is 100 to 1000 times pre-human levels as
indicated by the fossil record (Pimm et al., 1995), leading some scientists to suggest
we are facing a ‘mass extinction’ equivalent to the five previous mass extinctions
over the last 540 million years or more (Barnosky et al., 2011). The last mass
extinction occurred 65 million years ago at the end of the Cretaceous Period and led
to the extinction of the dinosaurs and the next event could be upon us within 240
years (Hooper et al., 2012). Meanwhile, there is currently more global diversity in
organisms as well as “their genetic and phenotypic variation and the ecosystems and
communities in which they are a part” (Dirzo & Raven, 2003) (otherwise referred to
as ‘biodiversity’) than at any other period in the earth’s history (Rosenzweig, 1995).
Biodiversity is understood to have a key role in ecosystem function (Balvanera et al.,
2006) and loss of biodiversity may have a detrimental impact on the services
provided to mankind by ecosystems (Myers, 1997; Cardinale et al., 2012; Pereira et
al., 2012). This includes the genetic component of biodiversity (Frankel, 1974;
Myers, 1997). Threats to biodiversity are myriad but most are directly or indirectly
anthropogenic, from the divisive issue of climate change to habitat loss, invasive
species introduced by humans to direct persecution either for food or through
competition for resources (Spangenberg, 2007; Rodriguez-Labajos et al., 2009;
Pereira et al., 2012). These threatening processes have led to declines and extinctions
throughout the entire eukaryote taxa.

The need to conserve biodiversity may be considered by some to represent a
philosophical paradigm, in which proponents and sceptics argue whether the current
rate of extinction of organisms represents an inexorable and terminal decline in the
health of planet Earth or rather a natural process of attrition that is driven by the
dynamic character of natural ecosystems. The latter argument is attractive, since it
implies that extinction can be excused or even embraced as the logical end-point of
the process of evolution by natural selection. The idea that the ‘survival of the fittest’
dooms those species that are unable to adapt to changes in their environment to
extinction is a popular one that is hard to contest, especially as the ebb and flow of

different forms of organisms is as old a process as life itself.
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However, the perpetuation of the belief that extinction is an unfortunate but
necessary by-product of the often brutal process of evolution is a misconception that
needs to be addressed in the first instance. As previously stated, modern extinction
rates are several orders of magnitude higher than prior to the appearance of humans
(Pimm et al., 1995; Balvanera et al., 2006). Previously the rate of extinction could be
expected to be equalled or even outstripped by the emergence of new forms,
especially as there are now more species than any other time in the Earth’s history
(Rosenzweig, 1995). So, while the gradual attrition of species is undeniably part of
the evolutionary dynamic, the current rate of attrition is without precedent in the last
65 million years (Hooper et al., 2012). This is unequivocally significant and such a
rapid loss of biodiversity can be expected to have some detrimental impact on the
planet.

Biodiversity does not simply represent species as single entities but rather
encompasses the enumerable phenotypic and genetic variation found within whole
communities and ecosystems (Dirzo & Raven, 2003). Therefore, the importance of
conserving biodiversity goes beyond the value (monetary or otherwise) applied to
individual or even groups of species. The phrase ‘biodiversity-ecosystem services’
represents the benefits that biodiversity and ecosystems provide to human and
provides a quantifiable measure of the value of biodiversity. Examples of
biodiversity-ecosystem services include the pollination of crops, carbon sequestration
and biocontrol of pests and, although linking the role of biodiversity in augmenting
these services is challenging, there is a growing body of evidence that shows that this
is the case for many biodiversity-ecosystem services (Balvanera et al., 2006; Duffy,
2009; Cardinale et al., 2012). As an example of the value of these services, Costanza
et al. (1997) put their global economic value at US$33 trillion (US$44 trillion today
(Holzman, 2012)), nearly twice global Gross National Product.

However, there is also an argument that asserts that the intrinsic value of biodiversity
goes beyond simple economics to something eminently less tangible. Wilson (1984)
coined the term ‘Biophilia’ as the “innate tendency to focus on life and life-like
beings”, which in essence is the fascination that humans have with the natural world.
Biophilia’s grasp on the human psyche can be seen throughout history and pre-
history from cave-paintings to friezes, frescoes and murals to the symbolism of
animals on totems, coats-of-arms, flags and even sports teams. Humanity’s bond

with (and the cultural significance of) biodiversity is undeniable and the impetus to
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conserve species and stall the current crescendo of extinctions is not merely a

philosophical paradigm, but rather an ecological, economic and cultural imperative.

1.2  Biodiversity conservation and genetics

1.2.1 Genetic diversity as biodiversity

The need to conserve biodiversity at a genetic level is also highly important (Frankel,
1974; Frankham, 2005), although it is a facet of biodiversity that we least understand
(Pereira et al., 2012). As populations of species decline towards extinction, they
experience a loss of the genetic variability available through the processes of genetic
drift and inbreeding (Keller & Waller, 2002). A reduction in this genetic diversity
can negatively effect populations, either through the increased likelihood of
recombination of deleterious alleles (which may directly reduce fitness) or simply by
reducing the evolutionary potential of a population, i.e. the ability of a population to
withstand and adapt to stochastic changes to their environment. Therefore, the
genetic component of biodiversity can be important for the short-term survival of
extant taxa, or it may represent a significant part of the evolutionary heritage of a
species which may in turn influence the future evolution of its descendants.

Genetic diversity in a conservation context can be quantified in different ways,
according to the type of genetic markers used. These markers can be defined as either
neutral or adaptive (functional) based on whether they occur in non-coding or coding
regions of a genome, and therefore whether they are under selection constraints or
not. Examples of the most commonly used markers are listed in Table 1.1. For
example, microsatellites (single locus), minisatellites (multi-locus) and isozymes are
among the most frequently used neutral markers and mitochondrial DNA (mtDNA)
and Major Histocompatibility Complex (MHC) are commonly used adaptive
markers. Neutral markers are general used to reflect global diversity across genomes,
whereas adaptive markers quantify variation in specific functional gene groups.
Some markers such as microsatellites and the MHC are highly polymorphic
(Goldstein & Schlotterer, 1999; Hess & Edwards, 2002) and are popular markers for
this reason. However, variation in adaptive markers is not directly linked to neutral
variation (Holderegger et al., 2006) and each must be examined in isolation.

Previous studies have shown that genetic diversity of populations or species is
intrinsically linked to its extinction risk (Frankham, 2005; Evans & Sheldon, 2008)
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and, therefore, the consideration of genetic factors should play a key role in the
management of threatened populations. As a consequence, studies on genetic
diversity in species of conservation concern are abundant in the scientific literature.
Work with the cheetah (Acinonyx jubatus) has underlined the importance of genetic
studies in understanding how low genetic variability within populations can have
detrimental impacts on fitness (O’Brien et al., 1983; O’Brien et al., 1985; O’Brien et
al., 1987). It appears that cheetahs have undergone at least two major population
bottlenecks and are the most genetically depauperate among felid species (O’Brien et
al., 1987). Captive populations were found experience significantly reduced
fecundity (semen quality) (Wildt et al., 1983) as well as fluctuating assymmetry of
their skeletal form (Wayne et al., 1986). Furthermore, allogenic skin grafts between
unrelated individuals were accepted and this was possible due to a monomorphism at
the Major Histocompatibility Complex (MHC) locus. However, a later study found
that the immunocompetence of wild cheetahs has not be impacted by low MHC
diversity, reflecting a paradox which may relate to the difference in conditions
experienced by captive and wild populations (Castro-Prieto et al., 2011). This study
compares the low MHC diversity in cheetah populations and similarly low diversity
in other mammals, such as the Northern elephant seal (Mirounga angustirostris)
which have no apparent influence on immunocompetence (Weber et al., 2004), with
the desert bighorn sheep (Ovis aries) which has high MHC diversity but a high
susceptibility to a number of diseases (Gutierrez-Espeleta et al., 2001) . Clearly, it is
of high importance to put the results of genetic analysis into the both context of the
populations being investigated and the results of other similar studies. Furthermore,
other work has found that despite low MHC variation, Cheetahs retain extensive
microsatellite diversity (Menotti-Raymond & O’Brien, 1995) highlighting the
importance of using both adaptive and neutral markers to ascertain an informed
assessment of genetic diversity in a taxon.

However, another example of how low genetic diversity in a population can be
highly detrimental to fitness is the Florida subspecies of puma, also known as the
Florida panther (Puma concolor coryi). It is estimated that this population went
through a bottleneck as low as six individuals (Culver et al., 2008) and now it only
numbers 70-80 after genetic restoration with puma from Texas (Johnson et al., 2010;
IUCN, 2012). Two morphological characteristics of the low genetic diversity

resulting from this bottleneck are apparently harmless (cow-lick & tail-kink).
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Table 1.1 Examples of bird taxa of conservation significance that have been subjects of genetic diversity studies

Species Scientific Name Bottleneck IUCN listing* Trend* Study Markers References

Asian crested ibis Nipponia nippon 7 &5¢ EN increasing microsatellites, MHCa He et al., 2006; Zhang et al., 2006

black robin Petroica traversi 5 EN increasing minisatellites, MHCa Ardern & Lambert, 1997; Miller & Lambert, 2004a
California condor Gymnogyps californianus 14 CR increasing mtDNAoo, minisatellites, microsatellites Geyer et al., 1993; Adams & Villablanca, 2007; Romanov et al., 2009
Forbes’ parakeet Cyanoramphus forbesi EN Increasing mtDNA, microsatellites Boon et al., 1999; Chan et al., 2006; Chan et al., 2009
Galapagos hawk Buteo galapagoensis nla VU stable minisatellites, microsatellites, MHCa Bollmer et al., 2005; Bollmer et al., 2011
golden-cheeked warbler Dendroica chrysoparia n/a EN decreasing microsatellites Lindsay et al., 2008

great Indian bustard Ardeotis nigriceps n/af CR decreasing mtDNAoo Ishtiaqg et al., 2011

greater prairie-chicken Tympanuchus cupido nla VU decreasing mtDNAoo, microsatellites, MHCa Johnson et al., 2003; Eimes et al., 2010

Hawaiian goose Branta sandvicensis c.30 VU increasing minisatellites, microsatellites Rave, 1995; Veillet et al., 2008

Laysan finch Telespiza cantans ¢.100 VU stable microsatellites Tarr et al., 1998

little spotted kiwi Apteryx owenii 58§ NT stable microsatellite, MHCo. Ramstad et al., 2010; Miller et al., 2011

Madagascar fish-eagle Haliaeetus vociferoides n/ai CR decreasing microsatellites Johnson et al., 2009

Mariana crow Corvus kubaryi n/aj CR decreasing mtDNAoo, minisatellites, microsatellites ~ Tarr & Fleischer, 1999

Mauritius kestrel Falco punctatus 4 VU decreasing microsatellites Groombridge et al., 2000

millerbird Acrocephalus familiaris <50 CR stable mtDNAoo, microsatellites Addison & Diamond, 2011

Okinawa rail Gallirallus okinawae 717 EN decreasing mtDNAoo Ozaki et al., 2010

Rarotonga monarch Pomarea dimidiata 29 \Y{V) stable mtDNAoo; microsatellites Chanetal., 2011

saddleback Philesturnus carunculatus 360 NT increasing microsatellites, isozyme Lambert et al., 2005; Taylor et al., 2007

Seychelles warbler Acrocephalus sechellensis <30 \4 increasing microsatellites, MHCa Richardson et al., 2000; Richardson & Westerdahl, 2003
Spanish imperial eagle Aquila adalberti 30 pairs VU increasing mtDNAoo; microsatellites Martinez-Cruz et al., 2004

stitchbird Notiomystis cincta nla \4 stable microsatellites Brekke et al., 2011

whooping crane Grus americana 14 EN increasing microsatellites, mtDNAo Glenn et al., 1997; Glenn et al., 1999

(Order Passeriformes in bold) *IUCN listing and population trend from IUCN (2012) IUCN Red List of Threatened Species. Version 2012.2. <www.iucnredlist.org>. Downloaded on 18 November 2012, CR —
Critically Endangered, EN — Endangered, VU — Vulnerable, NT — Near Threatened; 1 figures for separate bottlenecks in Chinese and Japanese populations respectively (BirdLife International 2012. Nipponia nippon.
In: IUCN 2012. IUCN Red List of Threatened Species. Version 2012.2. <www.iucnredlist.org>. Downloaded on 18 November 2012; 1 bottleneck likely still ongoing based on current population trends; § figure
represents bottleneck on Kapiti Island, from which other island populations are mostly descended from (Miller et al., 2011); @ figure represents South Island subspecies Philesturnus carunculatus carunculatus (Taylor
et al., 2007); o Major Histocompatibility Complex; oo mitochondrial DNA
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However, other characteristics are more clearly fitness-related, such as high
incidences of abnormal sperm-morphology, poor seminal quality, cryptorchidism (or
undescended testes), cardiac defects (atrial septum) and high pathogen loads (Roelke
etal., 1993).

These examples show the impact that low genetic diversity can potentially have and
underlines the importance of retaining as much of the genetic component of
biodiversity as possible. There is an extensive range of other examples of genetic
studies of species of conservation interest that have undergone population
bottlenecks or long-term declines. Table 1.1 shows some of the work that has been
done on a broad range of bird taxa, encompassing species endemic to single islands
or archipelagoes (e.g. black robin, Galapagos hawk, Laysan finch etc), species with
historically small distributions (e.g. golden-cheeked warbler, Spanish imperial eagle)
as well as continental species whose distributions were previously much larger (e.g.
whooping crane, greater prairie-chicken). However, all these species are of current
conservation concern, as denoted by their listing on the International Union for the
Conservation of Nature’s (IUCN) Red List. While none of the species listed are at
the highest priority level (Extinct in the Wild), five species are listed at the second
highest tier, Critically Endangered, three of which (Madagascar fish-eagle, great
Indian bustard, Marina crow) are currently understood to be still in decline (IUCN,
2012) and therefore currently still experiencing a population bottleneck. Other
species have recovered from bottlenecks as small as 4-5 wild individuals to as large
as 717 in the case of the Okinawa rail. For some other species the loss of diversity
has occurred across multiple populations, where the size of specific bottlenecks are
hard to ascertain. However, the uniting factor in all of these avian genetics studies is
relatively low genetic diversity in post-bottleneck populations.

Unlike the cheetah and the Florida panther, the impact of low genetic diversity on
fitness or the ability of many of these species to recover is not clear. However, there
are several studies that have found strong links between genetic diversity and fitness-
related traits in birds, such as pathogen resistance (Worley et al., 2010),
immunocompetence (Tompkins et al., 2006; Hale & Briskie, 2007) and fecundity
(Briskie & Mackintosh, 2004; Ortego et al., 2007a), although other studies have
shown that this relationship may not always be the case (Ortego et al., 2007b).

Nevertheless, the weight of evidence suggests that a reduction in genetic diversity is
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likely to affect the ability of threatened species to recover and adapt to new
environmental challenges.

As already mentioned, it is clear that low genetic diversity is inherent tied to
increased extinction risk. However, unlike the cheetah and the Florida panther, the
impact of low genetic diversity on fitness or the ability of many of these species to
recover is not clear. Nevertheless, there are several studies that have found strong
links between genetic diversity and fitness-related traits in birds, and while these
studies have focused on more widespread species, they present evidence that low
genetic diversity and inbreeding can have a significant impact. For example, Worley
et al. (2010) found that red junglefowl (Gallus gallus) that are heterozygous for the
MHC are more likely to survive infection by coccidia parasites (i.e. ‘heterozygote
advantage’), with heterozygous surviving 42% longer on average than homozygotes.
Furthermore, it was found that an inbred population of New Zealand robins (Petroica
australis) showed a significantly reduced immune response to gastrointestinal
parasites and a phytohaemagglutinin skin test than outbred individuals of the same
species (Hale & Briskie, 2007). Fecundity in 22 species of native bird species from
New Zealand was assessed through hatching failure and it was found that bottleneck
size had a significant impact with average hatching failure 3.0 (x0.6%) in non-
bottlenecked species compared to 25.3 (+£5.0%) in species with bottleneckes under
150 individuals (Briskie & Mackintosh, 2004). Similarly, Ortego et al. (2007a) found
that clutch size positively correlated with female heterozygosity in lesser kestrels
(Falco naumanni). However, the same authors failed to find a similar relationship
with avian malaria prevalence. Nevertheless, the weight of evidence suggests that a
reduction in genetic diversity is likely to affect the ability of threatened species to
recover and adapt to new environmental challenges.

There are examples of species in in Table 1.1 that have been used to demonstrate the
relationship between genetic diversity and fitness and illustrates the need for
conservation managers to be informed about the genetics of a threatened species. In
the Galdpagos hawk, a study of diversity in minisatellite loci (DNA-fingerprinting)
found a strong negative correlation between genetic diversity and parasite loads and
positive correlation between diversity and natural antibody levels (Whiteman et al.,
2006). The study found that inbred individuals had higher loads of parasites and
lower immune responses compared to more outbred individuals and additionally the

levels of antibodies in individuals was negatively correlated with the abundance of
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lice, underlining the link between immune response and susceptibility to parasites.
This study demonstrates clearly the effect that genetic diversity can have on fitness in
this species and, as discussed in Whiteman et al. (2006), the information provided by
this study will help inform management practices and strategies for the conservation
of the Galdpagos hawk. This is a key point as the rationale for many genetic diversity
studies of conservation-dependent species is to improve and adjust the way we
manage species threatened with extinction and the environments which they inhabit.
Another threatened bird species that has been shown to link low genetic diversity to
fitness-related traits is the Forbes’ parakeet (Cyanoramphus forbesi). This species
was confined to two islands in the Chatham archipelago off New Zealand’s South
Island and one of these populations (Mangere Island) became extinct in 1930 and this
island wasn’t recolonised until 1973 (IUCN, 2012). The population on the remaining
island (Little Mangere) was poorly known for this period. These populations have
relatively low genetic diversity, compared to populations on the New Zealand
mainland (Chan et al., 2009). Tompkins et al. (2006) showed that immune function
in this species is lower than in the closely related but outbred red-crowned parakeet
(Cyanoramphus novaezelandiae). Interestingly, it was found that immune function in
hybrids between the two species was also higher than in pure C. forbesi individuals,
presenting a feasible rescue strategy for this taxon (Chan et al., 2006; Tompkins et
al., 2006).

Finally, the California condor has experienced a severe bottleneck of 14 individuals,
which has led to an increased frequency in the allele for the lethal form of dwarfism
known as chondrodystrophy (Ralls & Ballou, 2004). Of 169 eggs laid in captivity,
five contained embryos which exhibited signs of chondrodystrophy and the
frequency of this deleterious allele was estimated at 9% (Ralls et al., 2000). While
captive breeding strategies have sought to mitigate this, the relatively high frequency
of this lethal genetic mutation in the California condor further highlights the impact
that low genetic diversity and inbreeding can have on threatened bird species.

In summary, there is a strong body of evidence showing the important of genetic
diversity and associated inbreeding depression in influencing extinction risk through
impacts on fitness. This includes a range of bird species, with some empirical
evidence coming from those species that are most at risk of becoming extinct,

including species restricted to island populations.
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Table 1.2 Examples of island bird taxa of conservation significance that have had their genetic diversity evaluated

Bottleneck IUCN  Population
Species Scientific Name Size Status* Trend* Reference(s)
Abbott's booby Papasula abbotti n/a EN decreasing  Morris-Pocock et al., 2012
Amsterdam albatross Diomedea amsterdamensis 5 pairs CR decreasing  Milot et al., 2007
Balearic shearwater Puffinus mauretanicus n/a CR decreasing  Genovart et al., 2012
black robin Petroica traversi 5 EN increasing  Ardern & Lambert, 1997; Miller & Lambert, 2004a
Chatham Island taiko Pterodroma magentae > 4 pairs CR increasing  Lawrence et al., 2008
Christmas Island frigatebird Fregata andrewsi n/a CR decreasing  Morris-Pocock et al., 2012
Forbes’ parakeet Cyanoramphus forbesi EN increasing  Boon et al., 1999; Chan et al., 2006; Chan et al., 2009
Galapagos hawk Buteo galapagoensis n/a VU stable Bollmer et al., 2005, Bollmer et al., 2011
Guam rail Gallirallus owstoni 22 EW n/a Haig & Ballou, 1995
Hawaiian goose (nene) Branta sandvicensis c.30 VU increasing  Rave, 1995; Veillet et al., 2008
kakapo Strigops habroptilus <50 CR increasing  Miller et al., 2003
Laysan finch Telespiza cantans 100 VU stable Tarretal., 1998
little spotted kiwi Apteryx owenii 5 NT stable Ramstad et al., 2010; Miller et al., 2011
Mariana crow Corvus kubaryi n/a CR decreasing  Tarr & Fleischer, 1999
Mauritius kestrel Falco punctatus 4 VU decreasing  Groombridge et al., 2000
Mauritius parakeet Psittacula eques >10 EN increasing  Raisin et al., 2009
millerbird Acrocephalus familiaris <50 CR stable Addison & Diamond, 2011
Okinawa rail Gallirallus okinawae 717 EN decreasing  Ozaki et al., 2010
palila Loxioides bailleui n/a CR decreasing  Fleischer et al., 1994
pink pigeon Nesoenas mayeri 10 EN decreasing  Swinnerton et al., 2004
Puerto Rican amazon Amazona vittata 13 CR stable Beissinger et al., 2008
Rarotonga monarch (kakerori) Pomarea dimidiata 29 VU stable Chanetal., 2011
saddleback Philesturnus carunculatus 36 NT increasing  Lambert et al., 2005; Taylor et al., 2007
Seychelles warbler Acrocephalus sechellensis <30 VU increasing  Richardson & Westerdahl, 2003; Brouwer et al.2007
stitchbird (hihi) Notiomystis cincta n/a VU stable Brekke et al., 2011
takahe Porphyrio hochstetteri 250-300 EN increasing  Grueber & Jamieson, 2011

*IUCN listing and population trend from IUCN (2012) IUCN Red List of Threatened Species. Version 2012.2. <www.iucnredlist.org>. Downloaded on 16 December 2012, EW — Extinct in the Wild, CR — Critically
Endangered, EN — Endangered, VU — Vulnerable, n/a - data not available or no bottleneck applicable to this species (i.e. population decreasing).
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Online Project (http://www.nationsonline.org))
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1.2.2 Conserving genetic diversity in island bird species

The conservation of endemic species on islands presents some unique challenges, not
least that island populations tend to be naturally small. The taxonomic group that
best illustrates the challenges that island species face, and how that impacts on
genetic diversity, are birds. Figure 1.1 shows the geographical distribution of some of
the examples of island bird species of conservation significance that have had their
genetic diversity evaluated. These species cover a broad range of avian forms and
taxa, including pelagic seabirds that return to specific islands to breed (Abbott’s
booby, Amsterdam albatross, Balearic shearwater, Chatham Island taiko, Christmas
Island frigatebird) to sedentary species including several that are completely
flightless (Guam rail, kakapo, little spotted kiwi, Okinawa rail, takahe). Table 1.2
shows the size of the bottlenecks experienced by these species and their current
population trends. While some of these species show remarkably high genetic
diversity given their population histories (e.g. Chatham Island taiko (Lawrence et al.,
2008); stitchbird (Brekke et al., 2011), generally most island species that have been
studied have relatively low genetic diversity.

MacArthur and Wilson (1967) were among the first to understand that ecological
processes on islands are different from those in mainland systems and coined the
term ‘island biogeography’ or ‘island theory’. One of the key principles of island
biogeography is that extinction rates are intrinsically higher on smaller islands than
large ones and this has been reinforced in other work (Diamond, 1984; Vitousek,
1988; Flesness, 1989; Case et al., 1992; World Conservation Monitoring Centre,
1992; Smith et al., 1993). Furthermore, we understand that small isolated populations
are more vulnerable to stochastic environment and demographic pressures, which can
elevate extinction risk (Keller & Waller, 2002). Therefore, theoretically island
species limited to one or a few small islands will be at greater extinction risk than
species found across a large island or archipelago, which in turn will be at less risk
than continental species.

This theory is validated by the fact that the majority of extinctions in the last 400
years have been of island species (Frankham, 1997). The extinctions of birds in
particular have mainly been on islands (Johnson & Stattersfield, 1990; Donald et al.,
2010) with 39% of all threatened bird species being on islands (Johnson &
Stattersfield, 1990) despite the fact only 20% of all birds are found on islands
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(Diamond et al., 1989). Therefore, the species in Table 1.2 represent a key theme in
species conservation, in that there is a strong emphasis on the threat to island species.
Traditionally, the main risk factors for island extinctions have been those tangible
threats that are observeable and quantifiable. For example, non-native invasive
species introduced (usually by humans) to islands have been identified as past or
present threats through competition or predation for 100% of the island species listed
in Table 1.2 (IUCN, 2012). This is unlikely to be coincidental and the introduction of
non-native species by humans is often ranked as the top threat to island endemics.
This is a view shared by Blackburn et al. (2004) and Duncan & Blackburn (2004)
who show positive correlations with the introduction of alien mammalian predators
and extinction probability. However, mammalian predators are only part of the story,
since e.g. yellow crazy ants (Anoplolepis gracilipes), guava (Psidium cattleianum)
and brown tree-snake (Boiga irregularis) are, or have been, significant threats for
Abbott’s booby, Mauritius parakeet and Guam rail respectively (IUCN, 2012).
Furthermore, threats such as habitat loss/fragmentation (e.g. Christmas Island
frigatebird; Puerto Rican amazon), disease (Hawaiian goose; pink pigeon; Hawaiian
honeycreepers (Drepanidinae) (which includes palila & Laysan finch) (Jarvi et al.,
2001)) and continued pressure from hunting and persecution (Galdpagos hawk)
(IUCN, 2012) have been implicated in the declines of many other threatened bird
species.

However, Jamieson (2007) argues that the threat that non-native species pose to
island ecosystems should not be viewed in isolation and that genetic diversity and
inbreeding both have a key role in extinction risk. Frankham (1997) presented
empirical evidence of intraspecific genetic variation (allozyme) in island and
mainland populations from a wide range of taxa and found that in 165 of 202
comparisons, variation was lower on islands. Furthermore, in 34 of 38 endemic
island species allozyme variation was lower than in closely related mainland species.
This evidence was followed up by Frankham (1998) who found that inbreeding
coefficients were significantly higher in island populations, especially in endemic
island species. Ardern & Lambert (1997) found that much of the low minisatellite
diversity in the black robin was due to its persistence on one small island for ~100
years, rather than the extreme bottleneck of five birds (Table 1.1) (including just one

breeding female) ¢.1980.
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As already discussed, genetic diversity is intrinsically linked to extinction risk
(Brook et al., 2002; Evans & Sheldon, 2008; Frankham, 1996; Frankham, 2005) and
reduced fitness (Keller & Waller, 2002; Rolke et al., 1993), so in light of this
evidence it must be accepted that island populations must have a inherently higher
extinction risk compared to mainland populations. Accordingly, genetic factors are
listed as threats for many island bird species (e.g. Galdpagos hawk; Hawaiian goose;
millerbird etc (IUCN, 2012), reflecting their perceived importance.

Nevertheless, given the large body of evidence that the primary risk factors in island
exinctions are environmental it seems a reasonable assertion that genetic factors
work in tandem with other threats (e.g. mammalian predators) to increase extincton
risk rather than isolation (Duncan & Blackburn, 2004; Reed, 2007). However, this
doesn’t account for the fact that low genetic diversity and high inbreeding
coefficients appear to be intrinsic to island populations. Therefore, island populations
are inherently vulnerable, not just through biogeography but also genetically, to
environmental stochasticity, including (but not limited to) incursions by invasive
species. The overall extinction risk presented to island populations by invasive
species, climate change, novel pathogens etc, is secondary to their fundamental
genetic vulnerability.

Figure 1.1 shows a global distribution of selected island species. These species are,
or have been, of such significant conservation concern that researchers and
conservation managers have felt it necessary to gain a better understanding of
conservation genetics. While these species are widespread across three different
oceans, three specific archipelagoes stand out as being of particular interest: New
Zealand (and surrounding islands e.g. Chatham Islands), Hawai’i (including outlying
islands e.g. Laysan and Nihoa) and Mauritius. The original pre-European
colonisations of New Zealand and Hawai’i precipitated extinctions of many species
in the bird-rich biota of these islands (Diamond et al., 1989; Pimm et al., 1994;
Duncan & Blackburn, 2004), not least the large, flightless species such as the moa
(Dinornithidae) in New Zealand and the goose-like moa-nalo (Thambetochen spp.) in
Hawai’i, for which hunting for food was a major contributing factor (Duncan et al.,
2002; Donald et al., 2010; Hume & Walters, 2012)'. However, the arrival of

Europeans to these islands has initiated a lengthy attrition of native species, with

! On Mauritius, hunting by European settlers was also implicated in the extinction of the flightless
dodo (Raphus cucullatus) but this was unlikely to be the primary reason (Hume & Walters, 2012).
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Hawai’i losing 34% of its endemic birds and the Mascarene Islands (including the
islands of Mauritius, Réunion and Rodrigues) losing 50% of its native bird fauna
(Johnson & Stattersfield, 1990) since the European colonisation. Some of these
extinctions have continued up until relatively recently, with the disappearance of the
Kauai 0’0 (Moho braccatus) in the Hawaiian archipelago after 1987 and the bush
wren (Xenicus longipes) in New Zealand since 1972 (IUCN, 2012). Fortunately,
conservation efforts have been successful in preventing the loss of more species,
such as those listed in Table 1.2 but, as previously discussed, the impact of the
threatening processes (non-native species introductions, habitat loss and
fragmentation, hunting etc) has had an impact on the genetics of some island species,
which may already be wvulnerable due to intrinsically low genetic diversity
(Frankham, 1998).

Indeed, the declines and near-extinctions of e.g. black robin, kakapo, saddleback,
takahe and little spotted kiwi in New Zealand, Hawaiian goose, millerbird, Laysan
finch and palila in Hawai’i and pink pigeon, Mauritius kestrel and Mauritius parakeet
in Mauritius appear to have led to generally low genetic diversity in these species.
The black robin, for example, was reduced to just one breeding female and
consequently has been shown to have lost diversity at neutral markers (Ardern &
Lambert, 1997) and, more significantly, is monomorphic for Major
Histocompatibility Complex Class Il B, an important immunological gene (Miller &
Lambert, 2004a). A pre- and post-bottleneck study of the Mauritius kestrel has
shown a dramatic 55% reduction in allelic diversity (Groombridge et al., 2000) and
the extinction of the South Island subspecies of saddleback from the mainland led to
a reduction from 143 to 35 alleles at 22 loci (Taylor et al. 2007). An analysis of the
genetic diversity of the extant Nihoa subspecies of millerbird (Acrocephalus
familiaris kingi) found extremely low variability in both microsatellite and
mitochondrial markers, with 10 of 14 microsatellite loci being fixed at one allele
(Fleischer et al., 2007), probably as a result of multiple bottlenecks (Conant &
Morin, 2001). The only apparent exception is the stitchbird, which appears to have
retained surprising levels of genetic diversity, in contrast to other threatened birds in
New Zealand (Brekke et al., 2011) and indeed most other island species worldwide.
All of species dealt with thus far have been endemic to true islands or archipelagoes.
However, ‘islands’ of habitat can occur in mainland ecosystems (MacArthur &

Wilson, 1967) and corridors that may previously have provided a degree of
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connectivity between ‘islands’ can be eroded, leading to increased fragmentation
(Wiens, 1995). Species that are restricted to these pockets of habitat may then be
geographically isolated in the same way as island species are, leading to a reduction
in genetic diversity through genetic drift or inbreeding or a combination (Frankham,
1997; Frankham, 1998; Keller & Waller, 2002). In this study, | maintain that the one
area of isolated habitat at Two Peoples Bay Nature Reserve, which the distribution of
the noisy scrub-bird contracted to, represents the equivalent of an island with all the

associated challenges that island populations may face.

1.3 Translocations and biodiversity conservation

1.3.1 Translocations as conservation management strategy

Translocations have become a useful and popular tool in the conservation of
populations of threatened species (Griffith et al., 1989; Pullin, 2002; Rout et al.,
2007), and generally entail the introduction of individuals from one population into
a) a location where the species was previously extant (reintroduction) (Armstrong &
Seddon, 2008) b) a location where the species is not believed to have been extant but
where suitable habitat exists (introduction) or c) a location where the species is
currently extant to ameliorate the gene pool at that location (genetic restoration)
(Hedrick, 2005; Bouzat et al., 2009). The primary aim of most translocations is to
reduce extinction risk of a species through establishing new populations, thereby
minimising the likelihood that a stochastic event will result in the loss of the entire
species. To date, translocations have been executed successfully for a wide range of
taxa, for example the IUCN Reintroduction Specialist Group (RSG) has published
reports of successful translocations of plants (e.g. Corrigin grevillea (Grevillea
scapigera) (Dixon & Krauss, 2008) and Banksia montana in south-western Western
Austalia (Barrett et al., 2011)), invertebrates (e.g. leaf-vein slug (Pseudaneitea
maculata) (Bowie, 2010a) and Banks Peninsula tree weta (Hemideina ricta) (Bowie,
2010b) in New Zealand), fish (e.g. Yargon bleak (Acanthobrama telavivensis) in
Israel (Goren, 2010) & Colorado pikeminnow (Ptychocheilus lucius) in the western
USA (Bain, 2010)), amphibians (e.g. natterjack toad (Epidalia (Bufo) calamita)
(Griffiths et al., 2010) and Romer’s tree-frog (Chirixalus (Philautus) romeri) in
Hong Kong (Lau & Banks, 2008)), reptiles (e.g. shore skink (Oligosoma smithi)
(Baling et al., 2010) in New Zealand and Antiguan racer (Alsophis antiguae) (Daltry
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et al., 2010), birds (e.g. noisy scrub-bird (Atrichornis clamosus) (Comer et al., 2010)
in south-western Western Australia and red kites (Milvus milvus) in the UK (Murn et
al., 2008)), and mammals (e.g. Arabian oryx (Oryx leucoryx) in Saudi Arabia and
United Arab Emirates (Kiwan et al., 2008; Simkins, 2008; Zafar-ul Islam et al.,
2010) and grey wolves (Canis lupus) in Wyoming and ldaho, USA (Bangs & Smith,
2008).

However, while many translocations have proved successful in reducing extinction
risk, there may be an array of potential issues to overcome in order to achieve this. A
clear understanding of the ecology of the species and associated taxa is an important
prerequisite as potential translocation sites must be assessed for suitability and the
impact on existing taxa must be understood and potentially ameliorated.
Translocation strategy must also be adaptive to allow for issues that may be apparent
later. For example, when threatened species populations are subjected to threats from
alien predators, there is some evidence that individuals translocated from source
populations where predators are not present (e.g. zoos) may be naive and more
vulnerable to predation (Whitwell et al., 2012). In these cases, predator awareness
training has often proved successful.

The use of islands is a common feature in many translocations and New Zealand
presents a particularly good example in this regard. The translocation of six species
of bird (kakapo (Miller et al., 2003), little spotted kiwi (Miller et al., 2011),
saddleback (Taylor & Jamieson, 2008), black robin (Ardern & Lambert, 1997),
stitchbird (Brekke et al., 2011), takahe (Grueber & Jamieson, 2011)) native to New
Zealand (Table 1.2 and Figure 1.1) to islands (both offshore within lakes as well as
habitat ‘islands’ (Jamieson, 2009)) has been instrumental in the successful recovery
of these species (Jones & Merton, 2012). This has largely been to alleviate extinction
risk quickly by removing populations from threats (e.g. non-native predators)
(Jamieson, 2009) initially, while methods of controlling those threats are put into
place. Additionally, a translocation program has established new populations of
Laysan finch (Tarr et al., 1998) and another is underway to translocate Nihoa
millerbird (subspecies kingi) to Laysan Island where another subspecies (familiaris)
formerly occurred (Farmer et al., 2011). Islands have also been used in the
translocations of other taxa other than birds. In New Zealand, for example, robust
(Oligosoma alani), Suter’s (O. suteri) and Whitaker’s skinks (O. whitakeri) and
Auckland tree weta (Hemideina thoracica) have all been successfully translocated to
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Korapuki Island in the Mercury Islands; the weevil Hadramphus stilbocarpae was
successfully introduced to Breaksea Island; Cook Strait giant weta (Deinacrida
rugosa) to Maud and Maitu/Somes Islands; Mercury Island tusked weta (Motuweta
isolata) to Red Mercury Island (all Sherley et al., 2010). And, although translocation
attempts of lesser short-tailed bats (Mystacina tuberculata) to Kapiti and Ulva
Islands were not considered to be successful (Sherley et al., 2010), strategies were
revised and met with more success with a follow-up release on Kapiti (Ruffell &
Parsons, 2010). Finally, the translocations of noisy scrub-birds and Gilbert’s
potoroos to Bald Island in south-west Western Australia have both proved successful
(Comer et al., 2010; Garnett et al., 2011; Roache, 2011) as have translocations of
Barrow Island golden bandicoot (Isoodon auratus barrowensis), white-winged fairy-
wrens (Malurus leucopterus edouardi) and spinifexbirds (Eremiornis carteri) to

Hermite Island in the Montebello Group (A.H. Burbidge pers. comm.).

1.3.2 Translocations and genetic diversity

Translocations (particularly those involving islands) have a key role to play in the
conservation of threatened species. However, an important factor that has often not
been well addressed in translocations are genetic considerations. In the case of local
or co-adaptation, the hybridisation of individuals sourced from populations in
differerent environments may lead to a loss of fitness, i.e. outbreeding depression
(Templeton et al., 1986). Additionally, maladaptation to environments may be
equally detrimental to the success of a translocation (Tufto, 2001). Moreover, the
genetic variation available in the parent and founder populations is also an important
consideration and one which will be a significant aspect of this thesis.

Translocations may use individuals from existing wild populations or from captive-
breeding (Sarrazin & Barbault, 1996) and the source and number of translocation
founders will have an impact on the genetics of the new population (Armstrong &
Seddon, 2008). However, the source and size of a translocation will not only have an
inherent impact on the genetics of the translocated (secondary) population but also
potentially on the parent (primary) population (Armstrong & Seddon, 2008; Bain &
French, 2009). Translocations can also be used as a tool to restore genetic diversity
to an existing population and, while the effectiveness of genetic ‘rescue’ or
‘restoration’ can be complex (Tallmon et al., 2004), in theory (Hedrick, 1995;
Ingvarsson, 2001; Hedrick 2005) and also in practice (Bouzat et al., 2009; Johnson et
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al., 2010) it remains a potentially useful conservation tool for reducing the genetic
‘load’ in a population. Genetic load is the loss of fitness through the build up of
deleterious alleles through the processes of mutation, segregation etc (Crow &
Kimura, 1970) and in small populations can lead to inbreeding depression (Keller &
Waller, 2002), which we already know positively correlates with extinction risk of a
population. It has already proved useful in alleviating inbreeding depression in
Florida panthers (Johnson et al., 2010) and also greater prairie-chickens (Bouzat et
al., 2009) and could potentially be of use in ameliorating low genetic diversity and
genetic load in other species (e.g. stitchbird (Brekke et al., 2011)). In fact, Heber &
Briskie (2013) showed that reciprocal translocations of New Zealand robins as part
of a genetic restoration could result in reduced inbreeding depression (i.e. increased
fitness), even if the populations involved were inbred and translocation numbers
were small. This example is striking in that it suggests that even if the only donor
populations available are themselves inbred that there is still merit in undertaking a
for a genetic rescue/restoration. However, when undertaking genetic rescues, as with
any articifical mixing of genetic populations, consideration should always be given
to the possibility of outbreeding depression (see above).

One of the main impacts of translocations on the secondary population is that
imposed by founder group size, which is often small (Taylor & Jamieson, 2008).
These small founder groups may act to reduce genetic diversity in two ways. Firstly,
the random sampling of alleles that occurs by establishing a new population from a
small group of individuals from one location, may not capture all genetic variability
available from that parent population. This instanteous loss of genetic diversity may
be compounded by post-translocation loss of variation through inbreeding and
genetic drift (Keller & Waller, 2002), especially if initial population growth is slow
(Nei et al., 1975).

A few studies have clarified this link by showing clear associations between
translocations and a reduction in genetic diversity. Mock et al. (2004) used molecular
techniques to elucidate the complex genetic effects of translocations of Merriam’s
turkey (Meleagris gallopavo merriami) in the south-west United States and found
significant reductions in genetic diversity in translocated populations, even in
populations with large founder numbers in location with high quality habitat. Tarr et
al. (1998) used microsatellite loci to assess variation betweens translocated and

parent populations of the Laysan finch (Telespiza cantans) and found translocated
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populations had significantly lower numbers of alleles and polymorphic loci.
Variations in genetic diversity between translocated populations corresponded with
founder population size, with smaller founder groups resulting in greater reductions
in diversity. Stockwell et al. (1996) examined genetic diversity in source and
introduced populations of Western mosquitofish (Gambusia affinis) and also showed
that translocations resulted in lower genetic diversity in these populations.

New Zealand’s history of translocations of threatened bird species to offshore islands
provides a range of genetic diversity case studies. Both neutral markers
(minisatellites) and fitness-related genes (Major Histocompatibility Complex (MHC)
Class Il B) were used to compare genetic diversity between translocated and source
populations of New Zealand robins (Petroica australis) as well as the severely
bottlenecked population of black robin (Petroica traversi) (Ardern & Lambert, 1997;
Arden et al., 1997; Miller & Lambert, 2004a). These studies showed that, while both
source and bottlenecked populations of New Zealand robins had retained some
genetic diversity at both minisatellite and MHC loci (even in populations with tiny
founder groups), the black robin was apparently monomorphic at the MHC Class 11
B locus and had the one of the lowest neutral marker diversities of any bird yet
reported. These results show that comparisons between heavily bottlenecked
populations and translocations using small founder groups should be used advisedly
as founder groups as small as n = 5 may still provide adequate genetic diversity in
the longer term (Arden et al., 1997). Arden & Lambert (1997) also maintain that
even species that have undergone a bottleneck as major as that of the black robin,
may still persist in spite of this and that high levels of diversity are not essential for
their recovery. This is also appears to be true of the Mauritius kestrel (Falco
punctatus) (Groombridge et al., 2000), which suffered a similar bottleneck.

A study of another New Zealand species, the South Island saddleback (Philesturnus
carunculatus carunculatus), focused on sequential translocations, which impose
serial bottlenecks (Taylor & Jamieson, 2008). The recovery of this bird from just 36
individuals in one remnant population to over 1,200 is remarkable and mirrors that of
the recovery of the noisy scrub-bird (Atrichornis clamosus) (see 1.4.2). However,
what is more surprising is that this is a result of sequential translocations, often using
small founder groups (22 — ¢.400). Theoretically, each serial bottleneck will cause
reduction in genetic variability through the action of random sampling of alleles, drift

and potentially inbreeding. Despite this, the study found genetic variation between
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populations was not significantly different, which indicates that species that are
genetically depauperate prior to translocation will suffer minimal further loss of
genetic diversity as the remaining alleles will persist. Futhermore, there is evidence
for the stitchbird (Brekke et al., 2011) (yet another New Zealand endemic) that
reintroduced populations of this species have retained relatively high genetic
diversity, compared to that experienced by other translocated populations of New
Zealand bird species. The authors underline the importance of high population
growth rates in translocated populations and also emphasise the role that high levels
of extra-pair matings in a breeding system have in maintaining relatively high levels
of genetic diversity. That said, the authors point out that despite maintainance of
higher than expected levels of diversity, some variability has been lost and remains a
consideration for future translocations.

In considering the evidence that these studies provide, it appears that the negative
effects of translocations on genetic diversity may be dependent on the history of the
species and the available genetic variability pre-translocation. Translocations of
small founder groups will inherently capture only a subset of the overall genetic
variability. Therefore, populations established from donor populations with
significant variability will experience a greater difference in genetic diversity than
translocated populations from genetically depauperate donor populations.
Furthermore, the value of establising new populations vs. the inherent loss of genetic
diversity represents a trade-off, which should be carefully considered. Still, from the
evidence presented here the risks involved with translocations of small numbers of
individuals is greatly outweighed by the reduction in extinction risk brought about by
the establishment of a new population.

However, to maximise the chances of success of a translocation, it seems reasonable
that higher numbers of founder individuals will be preferable. Several studies have
modelled what they believe to be an ‘ideal’ number of individuals for translocation,
with Briskie & Mackintosh (2004) recommending >150 individuals, while work on
the yellowhead or mohua (Mohoua ochrocephala) by Tracy et al. (2011) suggests
that, in a fast-growing population, ~60 individuals may be ideal, since this will
capture close to 95% of available genetic variability and more than this will increase
this figure by disproportionately small increments. However, Tracy et al. (2011) also
state that the buffering effect (from mortality etc) that more individuals will provide

is potentially important.
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Crucially, however, the scale of translocation programs is highly resource dependent
and, consequently, the number of founders in New Zealand, for example, is usually
30-40 (Briskie & Mackintosh, 2004; Tracy et al., 2011), substantially less than that
recommended by either of these studies. This may be compounded in species that are
rare, elusive or cryptic as the resource input for the capture and movement and
subsequent monitoring of single individuals will be higher than for species that are
easier to capture and monitor (e.g. Sumatran rhinoceros (Dicerorhinus sumatrensis)
vs. other rhinoceros species, (Emslie et al., 2009)). In these cases (and others
besides) the downstream monitoring of genetic diversity is an alternative and this can
be used to inform population and genetic management strategies (Sarrazin &
Barbault, 1996; Cardoso et al., 2009; De Barba et al., 2010). This study takes the
form of just such a downstream monitoring approach and we hope to use the
information obtained from this work to inform the future management of the noisy
scrub-bird, including future directions for the translocation program.

1.4  Study species

1.4.1 Noisy scrub-bird

The noisy scrub-bird (NSB) (Atrichornis clamosus (Gould 1844)) is a small
passerine, endemic to the region of south-western Australia. It is a member of the
family Atrichornidae, the only other member of which, the rufous scrub-bird
(Atrichornis rufescens (Ramsay 1867)), is confined to south-east Queensland and
north-east New South Wales in eastern Australia. Morphological and phylogenetic
studies have placed these taxa as a sister group to the lyrebirds (Menuridae) (Chesser
& ten Have, 2007) and together they form the basal group for the Oscine-passerine
radiation in Australasia (Barker et al., 2004). They are a relatively primitive species,
sharing characteristics with non-passerines and reptiles rather than with closer
passerine relatives (Chesser & ten Have, 2007).

The NSB is listed as Endangered by IUCN (IUCN, 2012) and as Endangered (B1 &
B2) by The Action Plan for Australian Birds 2010 (Garnett et al., 2011) and key
threats are listed as inappropriate fire regimes, predation by feral cats, introduced
herbivores, weed invasion and climate change (DPaw, 2011)

NSBs are chestnut-brown in colouration and the adult male is distinguished from the
female by a striking black throat and mask, contrasting with a white moustachial
stripe (Pizzey & Knight, 2007). Males are generally heavier than females, with males
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weighing between 47.0g and 57.0g and females between 31.5g and 39.2g (Danks et
al., 1996). They have reduced wing structure which limits their flying abilities
considerably, but they have powerful legs which make them agile amongst
vegetation and on the ground (Smith, 1985; Danks et al., 1996).

Figure 1.2 Male noisy scrub-bird showing diagnostic black throat, white moustachial stripe and
short wings (Alan Danks/DPaW)

The NSB earns its name from the powerful territorial song of the male (Pizzey &
Knight, 2007), which easily distinguishes it from other bird species in its range
(Danks et al., 1996). They are renowned for their elusive nature which, combined
with cryptic plumage and a preference for dense vegetation, consequently means
they are rarely observed (Danks et al., 1996). Nevetheless, they are an inquisitive
species and will approach at close quarters without being heard or seen (Smith,
1985).

NSBs have a preference for wetter and well-vegetated areas of long-unburnt scrub
and low forest habitats, particularly in gullies, drainage lines, swamps and the
margins of other wetlands (Danks et al., 1996). Smith (1985) characterises the
ecological preference of the NSB as being the wet zone of the distribution of marri
(Corymbia callophylla) and jarrah (Eucalyptus marginata) forest, especially the
ecotone between forest and swamp, which holds true for much of their current and
historical distribution (Figure 1.3). On Bald Island the vegetation structure is slightly
different, with Bald Island marlock (Eucalyptus conferruminata), peppermint
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(Agonis flexuosa) and Melaleuca spp. being the dominant overstorey species (Figure
1.4) and NSBs occupy more areas of understorey habitat that would be considered
‘marginal’ on the mainland (S. Comer & A. Danks pers. comm.). NSB nesting
habitat requires the presence of long-leaved sedges (e.g. Lepidosperma spp. and
Anarthria scabra (Smith & Robinson, 1976)) both for nesting material and nest sites,
although they will also nest in other dense vegetation (Danks et al., 1996). The
female lays one egg which she incubates for between 28 and 46 days (Smith &
Robinson, 1976), usually from late May through to early October with a peak in June
(Smith 1985). If the nest fails due to the loss of the egg, the female will re-nest some
distance (20-50m) away but will not re-nest if the chick is lost (Smith, 1985) or
fledged (Smith & Robinson, 1976). Therefore, we can infer that in natural
conditions, NSBs will be a slow-breeding species with a maximum of one chick

produced per nest per year. We would also expect such low reproductive output to be

associated with a relatively long-lived species.

Figure 1.3 Noisy scrub-bird habitat on Mt Gardner (including areas of Lepidosperma sp. sedge

nesting habitat in centre right of photograph (circled) (Saul Cowen/DPaWw)
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Figure 1.4 Noisy scrub-bird habitat on Bald Island showing Eucalyptus conferruminata and

Melaleuca sp. overstorey) (Saul Cowen/DPaW)

Little is known of the mating system of the NSB. A doctoral study by A. Berryman
(unpublished; pers. comm.) suggested that the singing behaviour of territorial males
was indicative of a polygynous system, where singing males cluster forming a
discrete ‘song-group’, where members of this group perform the same song pattern.
This situation fits the ‘hot-shot’ theory for a polygynous mating system, whereby
males form a ‘lek’ around a dominant male, who controls the song group and wins
the majority of matings to attendant females. Smith (1985) stated there was no direct
evidence for polygamy in NSBs but males have been known to visit breeding
females outside their territories and the author suggests males may be opportunistic
in their polygyny. This statement was supported by evidence from a captive male
NSB who mated with three different females in successive years.

Due to the cryptic nature of the NSB, this theory is conjectural at present but there is
some evidence to back this idea. Polygynous mating systems place increased
selection pressure on secondary sexual characteristics which increase the mating
success of males including increased size and aggressive territorial behaviour

(Selander, 1965), both of which are conspicuous in the NSB. Male NSBs are, on
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average, nearly 50% heavier than females with a mean mass of 51.8g compared to
females at 34.6g (Danks et al., 1996). Size dimorphism in polygynous species has
been shown in mammals (Weckerly, 1998) and is believed to be driven by sexual
selection (Darwin, 1872), either through female choice or by male-male competition
(Dunn et al., 2001) and, theoretically, variations in size and plumage between the
sexes will be highest when sexual selection is most intense, i.e. in polygamous
mating systems. This disparity in mass would perhaps seem to favour a polygynous
mating system. Additionally, NSBs are known for their aggressive territorial
displays, which are exploited in their capture for translocation and tissue sampling
(see section 2.2.2.).

Secondly, it is apparent that male NSBs play little or no part in the raising of their
offspring (Danks et al., 1996), another trait that can be considered typical of a
polygynous or ‘lek’ mating system (Silver et al., 1985).

Therefore, despite the lack of empirical evidence, it seems a reasonable assumption
that the song sharing among groups of male NSBs is an indication of a polygynous
mating system, rather than a socially monogamous system. This is a crucial factor for
the estimation of effective population size (N¢) which in turn is a vital component of
population genetics theory. If NSBs are a polygynous species, with a few males
monopolising many females, this would reduce the N (Nunney, 1993) and hence the
genetic diversity of the population as a whole. Through examining the genetic
diversity of NSB populations, particularly on Bald Island, this study hopes to add to
the knowledge of their breeding system which may influence the future management
of the species.

The NSB was known to indigenous Nyoongar peoples long before the arrival of
Europeans as ‘Jeemuluk’ (Danks et al., 1996). In 1842, John Gilbert became the first
European to encounter the species at Drakebrook, near what is now Waroona south
of Perth and populations were later recorded from the south-west between Margaret
River and Augusta and also on the south coast of Western Australia around Albany
and Mt Barker (Figure 1.4), the latter region holding the greatest abundance.
However, by the early 1900s the species was apparently extinct, with several
extensive searches failing to find any individuals in locations where the species had
been previously recorded (Danks et al., 1996). The apparent extinction is believed to

be have been driven by increased fire frequency and loss of habitat after European
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settlement (Danks et al., 1996). In 1949 a memorial, commemorating both Gilbert
and the NSB, was erected at the original site of discovery.

Therefore, when a population of NSBs was discovered in 1961 on Mt Gardner near
Two Peoples Bay, 30km east of Albany (Figures 1.5 & 1.6), it was particularly
providential. The discovery of this previously ‘extinct’ species led to the gazetting of
Two Peoples Bay Nature Reserve in 1967, which was then under threat of
development (Orr et al., 1995). The original population was estimated at 40-45
territorial males but careful management of the population helped the population to
reach 179 territories in 1994 (Danks et al., 1996). From 1983 until the present,
translocations of birds from Two Peoples Bay have been used to try and establish
new populations in a number of locations around the south-west of Western Australia
(Figure 1.5). Some translocations have proved successful and new populations have

been seeded around Mt Manypeaks Nature Reserve and Waychinicup National Park
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Figure 1.5 Current and former distribution of the noisy scrub-bird (adapted from Danks et al.,
1996)
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as well as on Bald Island Nature Reserve, leading to the distribution we see today in
Figure 1.6. Management of NSBs by the Western Australian Department of Parks
and Wildlife (DPaW; formerly Department of Environment and Conservation) takes
place on lands under DPaW tenure in the Albany area, known as the Albany
Management Zone (AMZ). The AMZ is divided into discrete zones, which are
largely used for population work such as censuses (Figure 1.6). However, the
division of these zones is largely arbitrary and in several cases, movement of NSBs is
known to occur. For example, although the Angove-Normans, Manypeaks,
Waychinicup and Mermaid zones are considered discrete populations, individual

NSBs frequently move between zones, for example, the post-fire exodus from Mt
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Figure 1.6 Map of Albany Management Zone (AMZ) census zones, indicating which zones are

included into putative demes for the purposes of this study (DPaW)
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Manypeaks in 2004/2005 where territory numbers spiked in Waychinicup
immediately after the fire but then declined as refugees returned to Manypeaks as
post-fire conditions improved (Figure 1.7). Therefore, for the purpose of this study,
NSBs from Angove-Normans to Mermaid will be considered one genetic population
or deme with no barriers to gene flow between any of the arbitrary ‘zones’.However,
while these four zones can be considered to be one single population, the two other
zones are more safely described as discrete populations. The original population on
Mt Gardner at Two Peoples Bay Nature Reserve is largely confined to the peninsula
from Nanarup Beach in the west to Two Peoples’ Bay in the north-east, with a thin
isthmus between the two the only connection to the rest of the mainland. NSBs have
dispersed through the isthmus into both the ‘Lakes’ area (between Moates and
Gardner Lakes) to the north-west (from 1979 onwards) and to the Angove River in
the north (in 1982) (Danks et al., 1996), the latter being part of the Angove-Normans
census zone. The occurrence of birds in this area was prior to any translocations to
Mt Manypeaks so they were indisputably immigrants from Mt Gardner. In this case,
these two populations could be considered meta-populations, with Mt Gardner acting
as a source and the Lakes as a sink. However, numbers in these areas have declined
in recent years (Figure 1.7) and since a wildfire in 2000 wiped out all territories in
the Lakes area, it seems unlikely that further immigration has taken place since then.
For that reason, Mt Gardner and the Lakes have been considered a separate deme to
the rest of the extant mainland populations.

The third and final population considered by this study was the translocated
population on Bald Island Nature Reserve. Bald Island is approximately two
kilometres off the mainland of Western Australia and this presents an unfeasible
barrier to NSBs since they are such poor fliers, incapable of sustained flight.
Therefore, the population on Bald Island is an entirely closed system, with all NSBs
on the island being descended from the original members of the translocated founder
population. For this reason, Bald Island presents a fascinating example of a
population derived from a relatively tiny founder group (maximum 11 individuals)
that is completely free of immigration and emigration, but has still managed to thrive
in a new environment (Figure 1.7). Seeking to better understand this remarkable
situation will be a key element of this study. BA will be considered as the third

deme.
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There are other zones within the AMZ that haven’t been considered by this study. Mt
Taylor is the name of the zone within Gull Rock National Park (Figure 1.8). A
successful translocation in 1990 led to the establishment of a small population of
NSBs at Mt Taylor. However, subsequent wildfires have extinguished this
population and a further translocation to Mt Taylor in 2007 has proved unsuccessful.
Therefore, this area was not considered for this study.

The final area with the AMZ which has held NSBs in recent years is Porongurup
National Park (Figure 1.8), where eight male birds were released in 2006 (Tiller et
al., 2007). Despite a promising start, these birds were all but wiped out in February
2007 with a wildfire that burned most of the park. In 2008 only two singing males
were present in the vicinity of the park and in 2009 no birds were heard. However,
even if this, or the Mt Taylor translocation in 2007, had been successful, most of the
birds occurring in these areas would very likely be the original translocated
individuals (not their offspring) given the timescales involved.

In summary, this study considered three core areas where NSBs could be considered
to be in discrete genetic populations or demes: Mt Gardner (MG), Mt Manypeaks
and surrounds (MP) and Bald Island (BA) (Figure 1.6). For simplicity, NSBs
occurring between the Angove River and Cheynes Beach will be referred to being
part of the ‘Manypeaks’ or MP deme, since Mt Manypeaks is the most dominant
feature of the area, both geographically, topographically and also in terms of the
numbers of NSB territories recorded on and around it in the past.

Only a little was known of NSB genetics prior to this study, all from a study by J.
McLoughlin (2003). This study sought to characterise microsatellite loci and assess
the diversity in source and translocated populations, although sufficient samples of
DNA for the analysis of individuals translocated populations were unable to be
extracted. This was mainly due to difficulties in extracting sufficient quantities from
feather samples and led to the recommendation that blood tissue samples were
preferable for DNA analysis.

Three polymorphic dinucleotide microsatellite markers were characterised in this
study, representing the first genetic markers of any kind in the species. The author
suggested that for the original population at Mt Gardner, despite some loss of genetic
diversity, significant diversity may still exist. However, given that this study only
used three dinucleotide loci for one population, it is difficult to form robust

conclusions based on these data. In an effort to build on this early work, this study
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will concentrate on characterising at least 10 tetranucleotide microsatellites which
will provide more meaningful data and finer-scale resolution.

An important aspect of NSB population genetics are the sizes of the founder groups
used in the translocations. Founder size is crucial for the genetic diversity of the
translocated population and, as shown by Table 1.3, NSB founder sizes have tended
to be small, even in those populations that have been successful in the longer term
(e.g. Manypeaks and Bald Island) and fall below the thresholds suggested in 1.3.2.
Furthermore, the presumed ‘extinction’ of the NSB ¢.1900 and its subsequent
rediscovery in 1961 at Two Peoples Bay, may represent a significant population
bottleneck. Therefore, the small founder groups taken from this population to seed
new ones may exacerbate the potential problems associated with long-term
bottlenecks (e.g. Mock et al., 2004). This will be a key facet of this study of the
conservation genetics of the NSB.

Table 1.3 Translocation founder group sizes of noisy scrub-birds ((from Comer et al., 2010)

Location Translocation Years Males Females Total
Mt Manypeaks* 1983-1985 18 13 31
Nuyts Wildernesst 1986-1987 16 15 31
Quarram NR 1989-1990 15 11 26
Mt Taylori 1990-1992 6 6 12
Bald Island* 1992-1993 8 3 11
Mermaid*§ 1992-1994 8 2 10
Stony Hill|| 1994 5 0 5
Darling Range 1997-2003 60 20 80
Porongurup NP 2006 8 0 8
Mt Taylori 2007 5 0 5
Jane NP 2010 5 1 6

* populations that are currently extant; 1 part of Walpole-Nornalup NP; I part of Gull Rock NP; §
Arpenteur NR and part of Waychinicup NP; || part of Torndirrup NP (see Figure 1.8)

1.4.2 Barrow Island white-winged fairy-wren
The white-winged fairy-wren (Malurus leucopterus, (Dumont 1824)) is a small
passerine and a widespread member of the family Maluridae (Pruett-Jones & Tarvin,

2001), which includes the fairy-wrens, grass-wrens and emu-wrens.
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Figure 1.9 Male Barrow Island white-winged fairy-wren showing black (rather than blue) and

white breeding plumage (Alan Danks/DPaW)

While the male of the mainland subspecies M. leucopterus leuconotus is vivid blue-
and-white in full breeding plumage, the island subspecies of M. I. leucopterus (Dirk
Hartog Island, Western Australia; Figure 1.10) and M. |. edouardi (Barrow Island
and the Montebello Islands, Western Australia; Figure 1.10) are black-and-white
(Figure 1.9) (Driskell et al., 2010) and are also known as the black-and-white fairy-
wren (BWW). Both M. I. leucopterus and M. |. edouardi are both listed as
Vulnerable (D2) by The Action Plan for Australian Birds 2010 (Garnett et al., 2011)
since both subspecies occur in single populations at risk from large-scale fires and
introduction of alien predators.

On Barrow Island, BWWs are the second most abundant bird species with ¢.8000
individuals (Pruett-Jones & O’Donnell, 2004) and are found in most habitat types but
appear to be most abundant on ridges with Triodia wiseana mixed with open and
dense shrubby vegetation (Pruett-Jones & Tarvin, 2001). In this respect M. .

edouardi is ecologically quite similar to the mainland subspecies.
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Figure 1.10 Locations of study populations of noisy scrub-bird (Atrichornis clamosus) (Two
Peoples Bay/Bald Island), white-winged fairy-wren (Malurus leucopterus leucopterus (Dirk
Hartog)/Malurus leucopterus edouardi (Barrow Island/Montebello Group)) and spinifexbird
(Eremiornis carteri) (Barrow Island/Montebello Group) within Western Australia (adapted from
University of Melbourne 1994-2011)

However, breeding ecology may differ somewhat between these taxa, since M. I.
leuconotus is a cooperative breeder with a ‘clan’ mating system and studies on Dirk
Hartog Island have shown M. I. leucopterus to be largely socially monogamous
(Rathburn & Montgomerie, 2003). Studies on Barrow Island have suggested that M.1.
edouardi may also be socially monogamous rather than cooperative, but this is based
on limited evidence (Pruett-Jones & Tarvin, 2001). This may, in turn, have an impact
on the effective population size (N¢) of this population, in comparison to the
mainland subspecies. Rathburn & Montgomerie (2003) cite the work of Griffith
(2000) who found that extra-pair copulations were significantly less common in
island than mainland populations, due to decreased sexual selection on islands. This

fact may explain why cooperative breeding does not occur on Dirk Hartog and, by
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extrapolation, Barrow Island, since there is little advantage in related individuals
acting as helpers if there are fewer opportunities for extra-pair copulations. Fewer
extra-pair copulations will also have an impact on N, and hence genetic diversity as
Ne is strongly linked to mating system type (Nunney, 1993).

Historically, M. |. edouardi was not solely confined to Barrow lIsland but also
occurred on Trimouille Island in the Montebello Group, NNE of Barrow (Burbidge
et al., 2000). However, the species became extinct after the introduction of the black
rat (Rattus rattus) and feral cat (Felis catus) to the islands and efforts were made to
eradicate these species to facilitate reintroductions of M. |. edouardi and spinifexbird
(Eremiornis carteri) (Algar et al., 2002; Burbidge, 2004). In 2010, both species were
reintroduced to Hermite Island (Garnett et al., 2011) and this translocation, as well as
another in 2011, provided this study with tissue samples for DNA analysis.
Phylogenetic work from Driskell et al. (2002) found that M. |. edouardi diverged
from M. I. leuconotus and M. I. leucopterus in the Late Pleistocene 220,000-245,000
yrs ago, consistent with a post ice-age sea-level rise before which a land-bridge
would have connected Barrow Island with mainland Australia. The authors also
suggest that subsequent sea-level changes would have resulted in land-bridges,
unsuitable coastal habitat which may have acted as a barrier to mixing of
populations. This long-term geographic isolation is relevant from a genetic viewpoint
and will be discussed later.

Another study also found that the black colouration of breeding males found in the
two island subspecies evolved in isolation from blue pigmented birds (i.e. M. I.
leuconotus on mainland Australia) on both Barrow and Dirk Hartog in separate
events (Driskell et al., 2010), although why this may have occurred is not clear.
Finally, low genetic differentiation was found between all three subspecies but there
was support for western M. |. leuconotus and the two island subspecies forming a
group distinct from eastern M. I. leuconotus, although this was not supported by
bootstrapping.

The long-term isolation of M. I. edouardi is relevant for this study, since we can
predict that the lack of gene-flow will have led to the loss of genetic diversity
through drift (Keller & Waller, 2002). Therefore, we might expect M. I. edouardi to
have less genetic variation than mainland birds of the subspecies M. I. leuconotus, or
for that matter the nominate subspecies M. |. leucopterus on Dirk Hartog, which has

been shown to have interbred with M. |. leuconotus more recently (Driskell et al.,

45



2002). Additionally, the evolution of the black pigmentation in male breeding
plumage from blue also raises interesting questions regarding the reasons why this
has occurred. One theory is that it might be related to the differences observed in
mating systems in mainland and island populations and this would potentially have

an associated influence on effective population size and genetic diversity.

1.4.3 Spinifexbird

The spinifexbird (SPB) (Eremiornis carteri (North, 1900)) is a small passerine of the
family Locustellidae (formerly part of the Old World Warblers (Sylviidae)) that is
widespread across northern Australia in areas of Triodia spp. spinifex grasses
(Wooller & Bradley, 1981). It is the most abundant bird species on Barrow Island
(Figure 1.10) with approximately 25,000 individuals present on the island (Wooller
& Bradley, 1981; Pruett-Jones & O’Donnell, 2004).

SPBs are thought to be both seasonal and opportunistic breeders that will breed in
response to heavy rains (e.g. cyclones) (Ambrose & Murphy, 1994) and are usually
seen in groups of two (Wooller & Bradley, 1981), suggesting that they are socially
monogamous, although apparently little is known of their breeding behaviour. It is a
weak flier (Ambrose et al., 1996) and is usually a shy and cryptic species, aided by

Figure 1.11 Adult spinifexbird showing light-brown colouration, aiding the often cryptic
behaviour of the species (Alan Danks/DPaW)
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its light-brown colouration (Figure 1.11) and consequently rarely observed away
from its apparent stronghold on Barrow Island (Wooller and Bradley, 1981).

The SPB was previously known to occur on Hermite and Trimouille Islands in the
Montebello Group 20-40km NNE of Barrow Island but became extinct (Burbidge et
al., 2000). The eradication of black rat (Rattus rattus) and feral cat (Felis catus) from
the islands has allowed reintroductions of SPB and BWW (Algar et al., 2002;
Burbidge, 2004). These reintroductions have provided tissue samples for DNA

analysis in this study.
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Chapter 2 — Materials and methods

2.1 Population census

2.1.1 Aims of surveys for census

Annual census surveys of NSBs are used to provide a population index (Smith &
Forrester, 1981), which is used to monitor population changes and trends over a
period of more than 50 years from when the species was rediscovered in 1961
(Danks et al., 1996). These trends can be used to inform management decisions for
these populations and the areas they occur in. The observed trend lines allow
potential population declines to be quickly identified and acted upon, which is
particularly important in the maintenance and success of translocated populations
(Danks et al., 1996). However, this is also relevant for populations that are used as
sources for translocations, where individuals are captured and removed from the
population. For example, the decline in singing male NSBs on Mt Gardner up to
1999 led to the halting of the use of this population as a source for translocations
(Comer & Danks, 2000). Therefore, the census of populations that are used as
sources for translocations is also a high priority.

A secondary aim of annual census surveys is to identify and locate active male
territories. This provides information on the spatial and temporal activity of male
NSBs in any one season and these data are comparable between annual censuses.
This serves as an indicator of the general suitability of the habitat for NSBs (Smith
1985), which is hypothesised to vary spatially and temporally according to a range of
factors, not least fire age (or years since burned). For example, the differential use of
vegetation by individuals dispersing from Mt Gardner may suggest that this locality
does not actually represent optimal habitat for the NSB (Danks, 1997).

The NSB’s cryptic habits make it a very difficult species to observe readily (Smith &
Forrester, 1981), with sighting-based surveys being of minimal use as an index of
population size. Fortunately, the powerful territorial song of the male NSB is audible
at a distance of over one kilometre (Smith & Forrester, 1981), making it a much
more suitable cue for recording active territories. Therefore, the main survey
technique in this species focusses entirely on recording territorial singing males

(Danks et al., 1996). Only males vocalise in this way and to the trained ear
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vocalisations are readily distinguished from practically all other Australian bird
species (Danks et al., 1996).

2.1.2 Survey locations

NSB surveys have been conducted almost annually since 1966, five years after the
species was rediscovered on Mt Gardner at Two Peoples Bay Nature Reserve. Since
1970, this subpopulation? has been surveyed almost every year (excluding 1978 and
1981) (Danks et al., 1996) and represents the only ‘original’, and hence most
significant, subpopulation (both from a management and genetic point of view) of
this species in the entire region. The Mt Gardner subpopulation is broken up into 15
individual census zones to facilitate comprehensive coverage of the subpopulation
(Figure 2.1).

0 0.250.5 1 15 2
e Kilometers|

Figure 2.1 — Map of Mt Gardner area of Two Peoples Bay Nature Reserve showing noisy scrub-

bird census zones (DPaW)

Surveys of other NSB populations have been carried out less frequently, often on an
ad hoc basis, depending upon the availability of funds and personnel. These

? In the context of management, discrete populations will be referred to as ‘subpopulations’ rather than
‘demes’, since current management doesn’t take genetic populations into consideration.
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populations are broken up arbitrarily into zones so that they can be more easily
covered (Figure 1.6). The area from north of Two Peoples Bay to Cheynes Beach is
broken up into five separate zones. Bald Island occupies its own census zone.
Additionally, the area of Two Peoples Bay to the north and west of Mt Gardner is
designated as a separate census zone, known as Lakes due to the proximity to Moates
and Gardner Lakes. These combined census zones comprise the management area
known as the Albany Management Zone (AMZ) (see 1.4.1).

2.1.3 Survey methodology

Surveys for territorial male NSBs are carried out during the breeding season from
May to September and generally take place in the early morning when calling
frequency is highest. Surveys incorporate walks around reserves and other localities
where NSBs occur, focussing particularly on previously recorded territories, as the
same territory has been shown to be occupied consistently for many years.
Additionally, particularly in new and expanding populations, any other areas of
suitable habitat are included in the survey.

The powerful call of the male NSB can be heard at significant distance (>400m) and
when calling is heard the direction (compass bearing) and an approximate distance
are recorded. A GPS location of the position the bird was heard from is taken and
plotted on a map (using a recent satellite orthophoto) and from this location the
position of the bird can be estimated. Often it is necessary to take two or more
bearings on a calling bird to ensure accurate positioning. Only birds giving the
distinctive territorial song are recorded as the population index is of territorial birds
(subordinate birds may also give a variety of other calls but rarely territorial song)

and also it avoids confusion with other species.

2.2  Capture and tissue sampling

2.2.1 Aims of tissue sampling

In order to provide this study with an insight into genetic diversity in all three extant
subpopulations of NSBs, samples of tissue were required from the translocated
population on Bald Island, which had not been previously sampled since it was
established. Optimal sample size was selected using the formula of Lowe et al.
(2004): P[A", A"] =1-(1-p)"- (1 -p2) "+ (1 - pr - p2)"
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Where A; and A, are alleles and p; and p, are the frequencies of each allele, P[A™y,
A’;] is the probability that a random sample of n gametes contains at least one of
each allele. This finds that for a pair of alleles of which the most common has a
frequency of 80%, to ensure both alleles are sampled in a population, a minimum of
20 samples are required. If the frequency of the allele is 95%, then ~59 samples are
required. Since the capture of 59 individual scrub-birds is unlikely, the desired
sample size was at least 20 animals and a maximum of 60 animals.

Tissue samples from BWWs and SPBs were obtained from individuals captured as
part of a translocation from Barrow Island to Hermite Island in the Montebello
Group. Samples of blood feathers were taken, ostensibly for gender determination
work, but the subsequent extracted DNA samples obtained for this purpose were all

used in this study.

2.2.2 Capture methodology

The capture of live NSBs for translocation has been a fundamental part of the
conservation management strategy for this species since the 1980s (Burbidge et al.,
1986, Danks et al., 1996) and individuals used in this programme have had tissue
samples taken for subsequent DNA analysis. Due to the cryptic and shy nature of this
species, passive capture (e.g. not using call-playback) techniques have not proved
suitable. Hence, a specific technique has been developed for the capture of individual
NSBs using modified mist-nets on areas of bare ground or ‘netlines’. Territorial male
birds are easily discerned and located by their loud territorial song and this allows a
suitable site for a netline to be located. Ideally, netlines should be located in dense
vegetation of at least 1.5 metres high with some canopy cover. This minimises the
amount of light and wind on the net, which may allow birds to see the net more
clearly, which reduces the likelihood of capture success. Favoured vegetation types
for netlines in this study usually included Thomasia spp., Melaleuca spp. and Acacia
sp., often with Agonis flexuosa overstorey, although this varied with the primary
location (in this case Bald Island).

Netlines must be clear of any material that may snag a net as the bottom shelves of
the net are laid horizontally on the ground (see Figure 2.1) and hides must be
established at either end of the netline for the capture team to use during a capture

attempt.
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Figure 2.2 - Volunteers and Department of Environment and Conservation staff practice setting
up a modified mist-net for noisy scrub-bird capture (N.B. this site was a not a capture attempt
location) (Sarah Comer/DPaW)

Once a netline is established and the mist-net erected as illustrated in Figure 2.2,
audio speakers are secreted on either side of the net and connected via cable to an
audio device (e.g. mp3 player) which is controlled from a hide at one end of the net
(‘playback’ end). This audio device is used to entice territorial birds into the vicinity
of the netline by playing NSB calls, although only through a single speaker at a time.
Territorial birds will approach the speaker, responding aggressively with their own
alarm calls and territorial song and at this point the active speaker will be alternated
to draw the bird across the netline. The lower shelves of the net contain a string
running along each outer edge, and these run to the hide located opposite the
‘playback’ end (‘string-pull’ end). When the strings are pulled tight, the lower
shelves close vertically and, when timed to meet a NSB attempting to cross the
netline, will often trap the bird in the net. It is usually the responsibility of the
individual at the ‘playback’ end to ensure the successful capture of the bird by
retrieving it from the net before it can escape. Although this technique is not 100%
successful, it has proven the most efficient way of capturing significant numbers of
NSBs for translocations (Danks, 1994).

Previous capture attempts with the NSB have used Elliott live traps (Upwey,

Victoria) to successfully capture individuals of range of ages and sexes. This
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technique was used on Bald Island in 2011 combined with the use of a ‘drift-fence’
(see Figure 2.3) to encourage individuals to approach the traps. However, while two

‘drift-fences’ of approximately 20 metres length each were opened daily for seven

days, no capture success was recorded.

Figure 2.3 - example of 'drift-fence’ on Bald Island Nature Reserve. Live traps were inserted in

holes at base of mesh when fence was 'live’ (Saul Cowen/DPaW).

On Barrow Island, SPBs and BWWs were caught using traditional mist-net
techniques but using call-playback to lure individuals into the net (A. H. Burbidge

pers.comm.).

2.2.3 Tissue sampling methodology

Individual NSBs captured on Bald Island in 2009, 2010 and 2011 had tissue samples
taken for subsequent DNA extraction and analysis. In 12 individuals, blood samples
were taken directly from the ulnar wing vein. The vein was pierced using a
hypodermic needle and blood collected using a non-heperinised capillary tube. Blood
droplets were then deposited into an EDTA vacutainer and stored in a fridge or other
cool, dark environment until transfer to a -20°C freezer for long term storage. In
three birds, blood samples were unable to be obtained and blood feathers or large

feathers containing a large quantity of pulp were collected for DNA extraction.
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For SPBs and BWWs, blood feathers were taken (usually 2-5) and stored in 5ml of
ethanol. This provided sufficient DNA for subsequent analysis.

2.2.4 Summary of capture work
On Bald Island in 2009, 2010 and 2011 a total of 15 individuals were captured for
DNA sampling. Table 2.1 below shows which individuals were captured and which

types of tissue samples were obtained from each 