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Abstract For species that are habitat specialists or sed-
entary, population fragmentation may lead to genetic
divergence between populations and reduced genetic
diversity within populations, with frequent inbreeding.
Hundreds of kilometres separate three geographical regions
in which small populations of the endangered Eastern
Bristlebird, Dasyornis brachypterus, a small, ground-
dwelling passerine that occurs in fire-prone bushland in
eastern Australia, are currently found. Here, we use mito-
chondrial and microsatellite DNA markers to: (i) assess the
sub-specific taxonomy designated to northern range-edge,
and central and southern range-edge D. brachypterus,
respectively, and (ii) assess levels of standing genetic
variation and the degree of genetic subdivision of remnant
populations. The phylogenetic relationship among mtDNA
haplotypes and their spatial distribution did not support the
recognised subspecies boundaries. Populations in different
regions were highly genetically differentiated, but in
addition, the two largest, neighboring populations (located
within the central region and separated by ~ 50 km) were
moderately differentiated, and thus are likely closed to
migration (microsatellites, Fst = 0.06; mtDNA, Fgr =
0.12, Ogr = 0.08). Birds within these two populations
were genotypically diverse and apparently randomly mat-
ing. A long-term plan for the conservation of D. brac-
hypterus’s genetic diversity should consider individual
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populations as separate management units. Moreover,
managers should avoid actively mixing birds from different
populations or regions, to conserve the genetic integrity of
local populations and avoid outbreeding depression, should
further translocations be used as a recovery tool for this
species.
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Introduction

Threatened species often exist as small and fragmented
populations, confronted by continuing degradation and loss
of their habitat (IUCN 2010). For populations of such
species, low levels or a loss of standing genetic variation is
predicted to reduce the likelihood of short-term population
persistence and long-term evolutionary potential. Indeed, a
low or reduced number of genotypes within a population
imply a reduced probability that a set of fit genotypes will
be present, and thus able, to adapt in the face of future
environment changes (Frankham 2005; Willi et al. 2006;
Frankham et al. 2010). Moreover, inbreeding depression
has been observed in small, genetically depauperate pop-
ulations, where the combination of inbreeding, accumula-
tion of deleterious recessive alleles and low levels of
genetic diversity may be detrimental to fitness (Keller et al.
1994; Ralls et al. 2000; Keller and Waller 2002; Hale and
Briskie 2007; Leberg and Firmin 2008).

The effects of inbreeding and loss of genetic diversity are
predicted to be particularly severe for small relatively or
absolutely isolated populations. Indeed, fragmentation of
large continuous terrestrial populations often results in a set
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of disjointed, remnant populations within a highly modified
matrix or environment (e.g. Laurance et al. 2002; Watson
et al. 2005; Stouffer et al. 2006). Under such circumstances,
connectivity among populations may be reduced, because
organisms may not disperse across, or experience increased
rates of predation within, the surrounding matrix (Rodriguez
etal. 2001; Laurance et al. 2004; Laurance and Gomez 2005;
Uezu et al. 2005; Castellon and Sieving 2006). At the
extreme however, extensive habitat loss or modification with
a consequent high number of local population extinctions
across the range of a species, may mean that only a limited
number of remnant populations persist, and that such popu-
lations occur separated by hundreds of kilometres (e.g.
Reding et al. 2010). In this instance, current dispersal and
subsequent gene flow is likely to be rare or indeed improb-
able, particularly for taxa that are sedentary or habitat spe-
cialists (Hudson et al. 2000; Brown et al. 2004; Boessenkool
et al. 2007; Taylor et al. 2007).

Biodiversity strategies typically strive to conserve eco-
systems and their component species as well as the genetic
diversity within and among populations of individual species
(e.g. Commonwealth of Australia 1996). However, for most
species we lack information concerning the spatial distri-
bution of genetic variation, thus the conservation of this level
of biodiversity is rarely planned with species-specific
knowledge. Nevertheless, a key goal in long-term plans for
the conservation and management of threatened species in
fragmented environments is the preservation of genetic
diversity and the maintenance of gene flow among popula-
tions. In some instances, the only realistic way to achieve this
goal is by translocation (e.g. Wolf et al. 1996). Indeed, the
establishment of a new population/s within a species his-
torical range may buffer the species against extinction by
increasing the absolute number of individuals and spatial
extent over which the species occurs, thus providing insur-
ance against demographic stochasticity or environmental
catastrophes that may affect local populations. Moreover, a
new population may provide a stepping-stone for gene flow
between nearby populations, further increasing the geneti-
cally effective population size of remnant populations (e.g.
Roberts et al. 2007). For especially small and isolated pop-
ulations, supplementation may enlarge effective population
size, and novel genetic variation may increase adaptive
potential by providing the raw material for selection to act on
or ameliorating inbreeding depression (Ingvarsson 2001).
Translocation programs involving the mixing of genetically
distinct populations have been very successful (e.g. sea otters
Bodkin et al. 1999; Larson et al. 2002). However, the scale
over which the supplementation of individuals should occur
depends on the scale of genetic subdivision within the spe-
cies and the potential for genetic mixing to impact detri-
mentally on fitness e.g. through outbreeding depression
(Templeton 1986; Edmands 2007; Frankham et al. 2010).
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The Eastern Bristlebird, Dasyornis brachypterus, is a
small, cover-dependent, ground-dwelling, semi-flightless
passerine, which is endemic to southeastern Australia,
occurring in a handful of isolated populations in fire-prone
vegetation spread across approximately 1,000 km (Baker
1997, 2000). Radio tracking and banding of birds indicates
that birds have home ranges of approximately 10 ha but may
move upto 5 km through suitable habitat in 18 months (Baker
and Clarke 1999, unpublished data). Schodde and Mason
(1999) designated D. brachypterus located at the northern
range-edge of the species, subspecies monoides, and central
and southern D. brachypterus, subspecies brachypterus,
based on slight differences in plumage colouration (refer to
Schoode and Mason 1999 for detail). However, a preliminary
phylogenetic study by Elphinstone (2008) based on mito-
chondrial DNA sequence variation for a small number of
northern (n = 2), central (n = 27) and southern birds (n = 1)
did not support this distinction because there was no obvious
geographic partitioning of mtDNA haplotypes in a phylo-
gram, indicating a lack of genetic structure. Dasyornis brac-
hypterus is listed as endangered in all relevant jurisdictions
because of the small total population, extreme fragmentation
of remnant populations and threat of catastrophic fire. In an
attempt to prevent the otherwise seemingly inevitable
extinction of the northern range-edge population, a captive
breeding programme was established, while within the cen-
tral-region wild-caught birds have been translocated to two
locations in an attempt to mitigate against local extinction
from future catastrophic fire. Further translocations are likely
to be required to contribute to the species’ recovery.

We currently know nothing about the population genetic
structure of D. brachypterus, although its highly frag-
mented distribution and its natural demography are likely
to lead to high levels of genetic divergence between pop-
ulations and reduced genetic diversity within populations,
with frequent inbreeding. Here we use a survey of mito-
chondrial DNA sequence variation and microsatellite
DNA markers to assess genetic differentiation between
northern and southern range-edge, and central, populations
of D. brachypterus. Furthermore, we characterise levels of
standing genetic variation, assess population differentiation
and test for evidence of inbreeding and past genetic bot-
tlenecks, for the two largest populations, which occur in the
centre of the species range.

Methods
Study system and species history
Dasyornis brachypterus was probably wide-spread in

eastern Australia during the wetter Tertiary Period (Smith
1977) in the relative absence of fire. However, historic
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Fig. 1 Suitable areas of Eastern Bristlebird (Dasyornis brachypterus)
habitat and the current distribution of birds, south east Australia.
Source Birds Australia (2010)

Eastern Bristlebird records

Towns

records suggest that the species was highly fragmented two
centuries ago, and since then a number of local populations
have gone extinct (Baker 1997). In particular, the species
was extirpated at 11 of 13 locations at its southern limit and
12 of 23 locations at its northern limit (Baker 1997, 2000,
2003) and fire was implicated in many of these local
extinctions. The species is currently found in a small
number of locations (local populations) within three dis-
junct regions (Fig. 1). The southern population occurs in
the Nadgee and Croajingalong wilderness areas (near the
Victorian and New South Wales state border) and is in the
order of 250 birds (Bramwell 2008; J. Baker unpubl. data;
M. Bramwell unpubl. data). There are approximately
300 km separating the southern and central-region popu-
lations, which occur near Barren Grounds Nature Reserve
and Jervis Bay (central NSW) and each supports in the
order of 1,000 birds (J. Baker unpubl. data). These two
central-region locations are neighboring populations, sep-
arated by only 50 km. Both of these locations have a four-
decade recent history of relatively small-area, low intensity
fires, but with long periods between fires, over much of the
available habitat. The northern population lies approxi-
mately 700 km further north and is spread sparsely through
the ranges near the NSW and Queensland state border and
numbers less than 50 birds (D. Rohweder and D. Stewart
pers. comm. 2010). The breeding biology and dispersal

ability of D. brachypterus suggests a very limited capacity
for population growth or expansion, and natural founder
events to areas outside the current range of occupancy
seem improbable (Baker 1997, 2000, 2001).

Population sampling and genetic markers

Using existing collections of DNA, pin feathers or blood
samples (for DNA extraction) we compiled nuclear
microsatellite genotype data (using loci: Db03; Db07;
Db09; Dbl3; Dbl6 & Dbl7), and mitochondrial DNA
sequence data (870 base pairs [bp] of the ATPase 8/6 genes
using primers CoMT7828L & CoMTS8720H, Elphinstone
2008), for a total of 118 and 106 birds. Overall, we gen-
otyped, and sequenced (no. sequenced per location), 58
(48), and 47 (32) birds from Jervis Bay (JB) and Barren
Grounds (BG) in the centre of D. brachypterus’s range, and
7 (13) and 6 (5) birds from the southern and northern
population, respectively (Table 1 online supplementary
material). Information concerning the DNA extraction
protocol, microsatellite and mtDNA markers and the PCR
amplification conditions can be found in Perrin and Roberts
(2010) and Elphinstone (2008).

Genetic analyses
Mitochondrial DNA

The sequencing reactions were performed at Macrogen Inc.
(Korea) using a Big Dye™ terminator cycle sequencing kit
(Applied Biosystems). Eight hundred and seventy bp of
sequence were aligned using Clustal W (Thompson et al.
1994) implemented in the software Bioedit (Hall 1999) and
checked manually. We constructed a medium joining net-
work (MJIN) of the D. brachypterus mtDNA haplotypes
allowing a visual representation of the pattern of molecular
evolution of haplotypes, and their spatial distribution and
frequencies. Haplotypes were joined using a 95% confi-
dence criterion to form the most parsimonious network or
gene tree. The analysis was performed using Network
4.2.0.1(Bandelt et al. 1999). The gene tree was compared
and checked for consistency with the topology of a phy-
logenetic tree produced using a Bayesian analysis (in the
program Mr Bayes, Huelsenbeck and Ronquist 2001). The
reconstruction of the mtDNA phylogeny was based on a
Generalised Time-Reversible (GTR) model of sequence
evolution. The GTR model was chosen from 24 different
models of sequence evolution, based on the results of
hierarchical likelihood ratio tests used to evaluate the most
likely mode of sequence evolution, given the observed
pattern of variation in the mtDNA sequence (MrModeltest,
Nylander 2004). We used default priors for the analysis in
Mr Bayes, set four chains of the MCMC each for 10°
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generations, and sampled phylogenetic trees every 100
generations. The first 25% of trees were discarded as ‘burn
in’ before calculating a consensus phylogenetic tree. To
ensure that independent runs converged on a similar
topology, we conducted three separate analyses. For all
runs, the final average standard deviations of split fre-
quencies were below 0.01, and scale reduction factors were
close to unity for all parameters, indicating that the runs
had converged. We also generated DNA sequence data for
two individuals of the congener, Dasyornis broadbenti
(Rufous Bristlebird). These sequences were included in the
analyses to root the phylogenetic tree.

For each location, we estimated haplotype () and
nucleotide diversity (m), and the number of pairwise
sequence differences. Genetic differentiation between
central-region populations (i.e., JB & BG) was estimated
using Fgt and @gr, with the level of statistical significance
determined using a re-sampling approach based on 10°
permutations. The analyses were based on haplotype fre-
quencies (Fst), and on both haplotype frequencies and
sequence differences (@gr), and were performed in Arle-
quin (Excoffier et al. 2005). Small sample sizes precluded
the inclusion of specimens from the southern and northern
population in the analyses outlined above.

Microsatellites

Here we used a subset of six of the available ten micro-
satellite markers for this species because genotyping a
small number (n = 10) of progeny (including re-extraction
and re-genotyping) produced from a single mating between
a pair of birds held in captivity revealed non-Mendelian
inheritance due to the presence of null alleles (Table 2
online supplementary material). PCR products were visu-
alised with an ABI 3130 automated capillary sequencer.
Assignment of allele size (bp) was achieved with reference
to LIZ size standard present in each lane and scoring
was performed using GeneMapper software (Applied
Biosystems).

We visualised the level of genetic differentiation among
D. brachypterus genotypes using a Factorial Correspon-
dence Analysis (FCA). We performed the FCA on the
matrix of allele counts with the procedure “AFC” on
individuals in GENETIX 4.05 (Belkhir et al. 2002). We
used an assignment test approach (implemented in the
program STRUCTURE, Pritchard et al. 2000; Falush et al.
2003) to estimate the number of discrete genetic clusters,
for birds sampled from across D. brachypterus’s distribu-
tional range. Under the assumptions of linkage and Hardy—
Weinberg equilibrium, STRUCTURE uses observed allele
frequency data (in a Bayesian framework) to estimate the
likelihood of K genetic clusters or populations (where
K=1, 2, 3...n), while simultaneously estimating the
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ancestry of individuals i.e., the proportional membership of
each individual’s genotype in one or several inferred
genetic clusters. We used the admixture model to calculate
individual g-values, (q; the mean posterior proportion of
ancestry £95% CI’s), as well as the log probability or
likelihood of K genetic clusters, for values of between 1
and 6. An uninformative prior was used so that information
concerning the sampling location of each individual was
not included in the analysis. An initial burn-in period of 10*
iterations preceded data collection, which was for 10°
iterations, and there were 20 replicate runs for each value
of K. Default values were used for all other parameters.
The results were consistent across runs and the number of
clusters detectable by STRUCTURE (i.e., K) for which the
likelihood value was highest was taken as the number of
distinct genetic clusters.

For each location, we calculated standard population
genetic parameters, including the average, and standard-
ised, number of alleles per locus, and the average observed
and expected heterozygosity (using POPGENE, GenAlEXx,
Yeh et al. 1999; Belkhir et al. 2002; Peakall and Smouse
2006). Where sample sizes were large enough (JB & BG),
we performed a linkage disequilibrium analysis (using
exact tests in GENEPOP, Raymond and Rousset 1995) to
determine if each locus was independent. Three pairwise
tests between loci were statistically significant (P < 0.05),
however, the loci in disequilibria were different at JB and
BG suggesting that loci are not physically linked but rather,
such non-random association of alleles reflects some aspect
of the population history of each location. We proceeded to
use each locus as an independent test of the extent of
genetic diversity and differentiation. We assessed popula-
tion subdivision using Weir and Cockerham’s (1984)
estimation of Wright’s (1969) F-statistics. The analysis
was performed in FSTAT (Goudet et al. 1996), with esti-
mates based on microsatellite allele frequencies for indi-
vidual loci, and as an average across loci. Bootstrapping
and jackknifing over loci were used to estimate standard
deviations and 95% ClIs. F-statistics were judged to be
statistically significant when the lower 95% confidence
interval did not overlap zero. To infer the past mating
system and assess inbreeding in D. brachypterus we used
estimates of f, the inbreeding coefficient, Fig, and tested the
statistical significance of heterozygous deficits (or exces-
ses) using exact test implemented in GENEPOP (Raymond
and Rousset 1995).

For selectively neutral loci, the number of alleles per
locus and their frequency within a natural population
reflect equilibrium between the creation and loss of alleles
through mutation and genetic drift. The creation and loss of
alleles respectively depend on the locus-specific mutation
rate and the genetically effective population size. Reduc-
tion to the absolute size of a population (i.e., a
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demographic bottleneck) is generally predicted to have a
corresponding effect on the genetically effective popula-
tion size (Ne), resulting in a loss of alleles and heterozy-
gosity. However, the loss of alleles has been shown to
occur more rapidly than the loss of heterozygosity (Nei
et al. 1975). Thus, if a sample from a natural population
displays excess heterozygosity (across a majority of loci),
relative to the heterozygosity predicted to occur within a
sample that has the same size and same allele number, and
where each locus is assumed to be in mutation-drift equi-
librium, this may indicate that the population has experi-
enced a recent reduction to its genetically effective
population size or genetic bottleneck (Cornuet and Luikart
1996). We tested for a evidence of a recent genetic bot-
tleneck at JB and at BG using the program BOTTLENECK
(Piry et al. 1999). Although allelic variation at microsat-
ellite loci is thought to form via step-wise mutations
(SMM) of the microsatellite repeat motif, we know that
microsatellite loci rarely evolve under a strict SMM (see
Ellegren 2004 for review). We therefore initially conducted
the analysis based on a SMM model, but then employed
additional analyses using an infinite alleles model (IAM)
and a two-phased mutation model (TPM) incorporating
different proportions of single- and multiple-step mutations
(90: 10 and 95: 5, with a variance among multiple-step
mutations of 12). We used the Wilcoxon’s test (as rec-
ommended by the authors of the program in situations
where <20 loci are typed), and rejected the null hypothesis
of no excess heterozygosity when the P-value was <0.05.

Results

The genealogical relationship among mtDNA
haplotypes, and their spatial distribution

The genealogy resolved by the MJN and Bayesian tree was
complex with two clades of haplotypes; however, the dis-
tribution of haplotypes within clades was not structured by
geography i.e., sampling location, and the clades were not
well supported by posterior probability values (0.62 & 0.55
respectively). The mtDNAs of D. brachypterus from the
northern range-edge and central populations were poly-
phyletic with respect to each other. The two haplotypes
detected in the southern population were monophyletic
with respect to each other; nevertheless, these haplotypes
were more closely related to central-region haplotypes,
than to haplotypes detected at the northern range-edge.
Genetic distances among D. brachypterus haplotypes were
shallow, relative to the distance between haplotypes of
D. brachypterus and the congener, D. broadbenti. Nearly
every mtDNA haplotype existed as a private haplotype,
restricted to a single population; the exceptions were Db
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Fig. 2 A phylogram of Dasyornis brachypterus mtDNA haplotypes
(Db1-Db13) (based on 870 bps of ATPase 8/6 genes). The numbers at
the nodes of the consensus tree represent posterior probability values
or the proportion of trees that converged on the same topology.
Spatial distribution of haplotypes: open light grey circles, Jervis Bay;
open black circles, Barren Grounds; southern population, open black
squares; northern population, open black triangles. Corresponding
sequences of the congener, Dasyornis broadbenti (Dbr 1 & Dbr 2),
were included in the analysis as an outgroup taxon

1& Db 5, which although were geographically restricted to
the central-region, were found in both populations (i.e., JB
& BG). Both the MJN and Bayesian phylogenetic tree
agreed (Figs. 2, 3).

Broad-scale characterisation of population subdivision
based on microsatellites markers

A plot of mean ancestry (q;) representing the proportional
membership of each individual’s genotype to each of four
clusters (identified by STRUCTURE) revealed that
D. brachypterus from JB and BG (i.e., central-region)
formed relatively discrete populations. Nevertheless, there
were a number of birds sampled at JB, which shared their
ancestry with birds from BG (i.e., individual ancestry
coefficients indicated mixed ancestry). This pattern of
mixed ancestry was also true of birds sampled at BG.
Interestingly, birds from JB and BG shared a large pro-
portion of their ancestry with D. brachypterus from the
southern population. Southern and northern populations
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Fig. 3 Medium joining network among haplotypes (Db1-Db13) of
Dasyornis brachypterus. Each circle represents a different haplotype
with sizes proportional to the frequency of occurrence of the
haplotype in the total sample. Shading indicates the relative frequency
of each haplotype at Jervis Bay (light grey) and Barren Grounds
(black) i.e., central-region populations, and within the southern
population (white) and northern population (dark grey). The pattern of

JB BG
c SN

Fig. 4 Ancestry or admixture coefficients for all 118 Dasyornis
brachypterus from the central (C), southern (S) and northern
(N) regions. Each bar represents an individual’s genotype; the
light-grey, black, white and dark-grey shading of each bar represents
the relative make-up or the inferred proportion of membership of an
individual’s genotype, to each of four detectable genetic clusters. The
fine vertical black lines form the bounds of the original sampling
locations: central-region, C: divided into two populations, Jervis Bay
(JB) (light grey) and Barren Grounds (BG) (black); S (white),
southern population; N (dark grey), northern population

similarly formed discrete genetic clusters, indicating that
all populations are highly genetically distinct (Fig. 4).
Factorial Correspondence Analysis (FCA) revealed that the
distribution of genotypes was consistent with the genetic
clusters identified by STRUCTURE, but in addition, this
analysis revealed that the northern population was highly
genotypically diverse, indicated by a wide scatter of
points (black triangles representing individual birds) along
the x-axis of the FCA (Fig. 5).
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molecular evolution of haplotypes is represented by the connections
among haplotypes formed with the solid grey lines. The black
numbers in parentheses represent the number of mutational steps
between haplotypes (displayed for situations where the no. muta-
tions > 1). Inferred mutational steps (i.e., a missing haplotype, either
extant, but unsampled, or extinct) are represented in the figure by an
open square

Central-region Dasyornis brachypterus: genetic
diversity, population differentiation, inbreeding,

and tests for genetic bottlenecks based on microsatellite
DNA markers

The overall sample of central-region Dasyornis brachypte-
rus (JB & BG) comprised a genetically diverse group with
evidence of moderate genetic subdivision. The number of
alleles per locus ranged between 7 and 11, and the mean
(£SE) was 10.5 (£0.8). We detected comparable levels
of genetic variation at each location. The mean number of
alleles per locus ranged between 7.8 (£0.9) and 8.6
(£0.8), while the mean observed heterozygosity was
>0.75 for each location. Across all six loci, we detected
63 alleles, with between 74.6 and 82.5% of alleles present
at each location. Private alleles (alleles unique to a single
location) accounted for 42.8% of the total number of
alleles detected (27/63), with private alleles generally
distributed evenly between locations (JB = 11; BG = 16)
(Table 1). The majority of private alleles were found at
low frequency (freq. < 0.05) (see online supplementary
material, Table 3).

The overall estimate of Fgt (based on microsatellite allele
frequency data) implied moderate, statistically significant
genetic differentiation for the set of central populations
(mean £ SE = 0.058 £ 0.012, lower 95% CI = 0.038).
Single-locus estimates ranged from 0.024 for Db07 to 0.091
for Db03, nevertheless 5 of 6 loci showed evidence of
moderate differentiation (Fgp > 0.04) (Table 2).

Estimates of f, the inbreeding coefficient, Fig, used to
infer the past mating system of each central population of
D. brachypterus, were variable among loci and overall. For
D. brachypterus from BG, a negative mean value of
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Fig. 5 Factorial correspondence analysis based on the six-locus
microsatellite genotype of all 118 Dasyornis brachypterus. The
distribution of genotypes defined by the first three factorial axes of the
analysis is presented. Spatial distribution of genotypes: Jervis Bay,

Table 1 Number of alleles (A), allelic richness (Ar), number of
private alleles (alleles unique to a particular location) (P,), observed
heterozygosity (H,) and Nei’s (1973) expected heterozygosity (H.),
and, the estimator f of the inbreeding coefficient, Fis (Weir and
Cockerham 1984), with corresponding statistical significance for

open light-grey circles; Barren Grounds, open black circles; southern
population, open black squares; northern population, open black
triangles

departure from Hardy—Weinberg equilibria, for each of six microsat-
ellite loci, and overall (Mean * SE), for Dasyornis brachypterus
from two locations within the central-region of the species distribu-
tion: Jervis Bay and Barren Grounds, New South Wales, Australia

Locus Jervis Bay (58) Barren Grounds (47)

A Ag Pa H, H, f A Ag Pa H, H, f
Db03 7 6.7 2 0.754 0.780 0.042N8 10 10 5 0.750 0.706 —0.050NS
Db07 11 10.9 3 0.912 0.821 —0.102N8 9 8.9 1 0.872 0.819 —0.055™S
Db09 5 42 1 0517 0.509 —0.008™8 6 5.9 2 0.787 0.718 —0.086™8
Db13 9 8.9 1 0.759 0.810 0.072N8 11 10.9 3 0.936 0.853 —0.087*
Dbl16 9 9 3 0.807 0.850 0.060NS 7 7.0 1 0.783 0.769 —0.007™8
Dbl17 6 5.7 1 0.754 0.746 —0.002N8 9 8.9 4 0.745 0.759 0.029N8
Mean 7.8 7.6 1.8 0.750 0.753 0.010N8 8.7 8.6 2.7 0.812 0.771 —0.043*
SE 0.9 1.0 0.4 0.053 0.051 0.026 0.8 0.8 0.7 0.031 0.057 0.019

Samples sizes are shown in parentheses
NS not significant, * P < 0.05

f indicates excesses of heterozygotes and a test for depar-
ture from Hardy—Weinberg equilibrium was significant
(P < 0.05). In contrast, a slight deficit of heterozygotes

(mean f =+ SE = 0.010 £ 0.026) suggests inbreeding at
JB, nevertheless, a test for departure from Hardy—Weinberg
equilibrium was not significant (P > 0.05).
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Table 2 F-statistics estimated for six microsatellite loci, and overall
loci, for Dasyornis brachypterus from two locations within the central
region of the species distribution: Jervis Bay and Barren Grounds

Locus Fis Fsr Fir

Db03 0.004 0.097 0.101

Db07 —0.081 0.024 —0.055

Db09 —0.050 0.079 0.033

Dbl13 —0.002 0.040 0.039

Dbl6 0.032 0.071 0.100

Dbl17 0.012 0.041 0.053

Overall (£SD) —0.013 4+ 0.018 0.058 4+ 0.012 0.046 £ 0.025
95% CI 0.000-0.084 0.038-0.079 —0.047-0.015

For the set of birds from each central population we
examined whether a majority of the microsatellite loci
displayed excess heterozygosity (relative to the expectation
of mutation-drift equilibrium), an indication of a genetic
bottleneck. While the results were comparable for the two
locations, the analysis was clearly sensitive to the under-
lying mutation mechanism. Indeed, there was no indication
of significant excess heterozygosity at JB or BG based on a
SMM or TPM (P > 0.05), whereas the results were highly
significant in both locations based on an IAM (P < 0.01),
implying the possibility of a recent genetic bottleneck.

Central-region Dasyornis brachypterus: population
differentiation based on mtDNA

Examination of mtDNA sequence variation revealed that
central-region D. brachypterus (i.e., JB & BG) generally
lack mtDNA haplotypic diversity but are genetically subdi-
vided. Gene diversity (k) was 0.61 and 0.78 for JB and BG
respectively, while = was <0.006 (Table 3). As for estimates
of genetic subdivision based on microsatellite markers,
estimates of population differentiation revealed moderate to
high statistically significant genetic differentiation between
these neighboring populations (Fsy = 0.124, P < 0.05;
Ogr = 0.076, P < 0.05).

Table 3 Genetic diversity for Dasyornis brachypterus based on 870
bps of mtDNA sequence (ATPase 8/6)

Location N Ny Npyg 2+ SD n + SD d =+ SD

South 132 2 0.282 (0.142) 0.001 (0.001) 0.6 (0.5)

Jervis Bay 48 3 0.606 (0.046) 0.006 (0.003) 4.9 (2.4)

Barren 327 5 0.778 (0.048) 0.004 (0.002) 3.6 (1.9)
Grounds

North 53 3 0.700 (0.218) 0.006 (0.004) 5.0 (2.9)

The sample size (N), number of haplotypes (Ny), number of haplo-
types unique to a particular location (Npy), haplotype diversity (h),
nucleotide diversity (m), and the number of pairwise sequence dif-
ferences among haplotypes (d) is shown. SD: standard deviation
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Comparison of mitochondrial and microsatellite genetic
diversity between central, and southern and northern
populations

The northern population possessed similar levels of mito-
chondrial haplotype () and nucleotide diversity (7), rela-
tive to each central population, but the southern population
was clearly less diverse (Table 3). There were fewer
microsatellite alleles detected per locus in southern (mean
standardised allelic richness, Ag & SD = 4.0 £ 0.8) and
northern (4.0 £ 0.4), than in each central population (JB
4.9 4+ 0.6; BG 5.2 & 0.3). Overall, 38 and 32% of the total
number of alleles detected in the central region (n = 63)
were present in the southern and northern populations,
respectively. However, private alleles were detected in
each of these areas, with one and four alleles respectively
detected in the southern and northern populations that were
not present in either population within the central-region.
Expected heterozygosity was similarly lower in both
northern and southern populations, with mean (£SD) val-
ues of 0.537 £ 0.010 and 0.616 £ 0.038 outside the range
of values obtained for similarly sized samples from JB
(0.680-0.745) and BG (0.730-0.736).

Discussion

The results of our phylogenetic survey of mtDNA sequence
variation revealed two shallow clades, but the distribu-
tion of haplotypes within each clade was not geographi-
cally structured. Therefore, our data do not support the
designation by Schodde and Mason (1999) of northern
D. brachypterus, subspecies monoides, and central and
southern D. brachypterus, subspecies brachypterus. Indeed,
as in Elphinstone’s (2008) study, our data revealed a clear
lack of phylogenetic distinctness or monophyly, which
Moritz (1994) advocated was needed to support such a
distinction. While Phillimore and Owens (2006) have
shown that 36% of cases of avian sub-specific taxonomy are
justified based on corresponding monophyly, our findings
add to a growing number of recent studies of Australian
passerines that have uncovered discordance between tradi-
tional and molecular taxonomy (Joseph et al. 2006; Lee and
Edwards 2008; Donnellan et al. 2009). For example,
Lee and Edwards (2008) revealed incorrect subspecies
boundaries in the Red-backed Fairy-wren (Malurus mela-
nocephalus complex), while Donellan et al. (2009) found
that the boundaries of eight subspecies of the Southern
Emu-wren (Stipiturus malachurus) were not concordant
with the pattern of molecular evolution of haplotypes, and
their spatial distribution.

Despite the potential for D. brachypterus to form
genetically depauperate, inbred populations suggested by



Conserv Genet (2011) 12:1075-1085

1083

small population sizes and the species’ highly fragmented
distribution, our analysis of microsatellite data show that
the two largest groups (i.e., populations at JB & BG) of this
endangered species form randomly mating, genotypically
diverse, and genetically differentiated populations. The
persistence of these populations and the maintenance of
their genetic diversity indicate a capacity to recover from
small population size following fire. Set against this posi-
tive, our survey of microsatellite variation suggests the
possibility that both central populations have been affected
by a recent genetic bottleneck, although the apparent
excess heterozygosity (relative to the expectation of
mutation-drift equilibrium) may be explained by some
aspect of the mating system of D. brachypterus, particu-
larly if individuals display positive assortative mating (e.g.,
Bitton et al. 2008) or if heterozygotes have a selective
advantage (Hansson et al. 2001; MacDougall-Shackleton
et al. 2005; Fossoy et al. 2009). Nevertheless, D. brac-
hypterus is fire sensitive, and fire-history is thought to be a
major determinant of local population size (Baker 2000).
Although JB and BG have a recent history free from cat-
astrophic fire, this was not always the case. For instance, all
but 4 ha of Barren Grounds Nature Reserve were burned in
a wildfire in 1968 (Baker 1998 and references therein).
Habitat refugia seem likely to have ensured both the per-
sistence and continuing reproduction (Bain et al. 2008;
Lindenmayer et al. 2009), and hence recovery of popula-
tion size thereby limiting the erosion of genetic diversity.
Indeed, standing genetic variation within these populations
is within the range reported for or greater than, a number of
similarly threatened, sedentary or habitat specialist birds,
with comparable life histories (Hudson et al. 2000; Brown
et al. 2004; Boessenkool et al. 2007).

The distribution of nuclear allelic and mtDNA haplo-
typic variation for the set of central populations (JB & BG)
indicate that D. brachypterus essentially forms two iso-
lated, self-seeding populations, which nevertheless have
been interconnected by past gene flow. Although each of
these populations may now be more isolated by anthro-
pogenic related habitat fragmentation, it seems probable
that these largely neighboring populations would histori-
cally have been more strongly interconnected, even though
the populations may have always been restricted to discrete
areas of suitable habitat. In partial contrast, while all
populations surveyed share microsatellite alleles, the dis-
tribution of mtDNA haplotypic variation provides com-
pelling evidence for long-term restriction of dispersal and
gene flow, particularly among populations in different
regions. Indeed, even in the absence of current or recent
gene flow among regions, shared polymorphism at nuclear
microsatellite loci is, as we would predict, given nuclear
DNA has a four-fold greater effective population size than
mtDNA and so is less susceptible to the effects of genetic

drift (Frankham et al. 2010). It therefore seems probable
that shared microsatellite polymorphism among regions
reflects recent common ancestry (i.e., retention of ancestral
polymorphism), not recent gene flow, with all populations
now effectively isolated and closed to migration.

Our estimates of genetic diversity for D. brachypterus
from the extreme northern and southern range-edge of the
species distribution demonstrate that these peripheral
populations are less diverse (measured in terms of the
average number of microsatellite alleles per locus and
heterozygosity) than the larger central populations,
although this may be an artifact of small sample sizes.
However, although northern and southern populations of
D. brachypterus retain only a small proportion of the
microsatellite variation present within central populations,
they nevertheless contain both nuclear allelic and geno-
typic, as well as haplotypic (mtDNA), variation not
detected in the central populations. Thus, active conser-
vation will be needed specific to each region, to mitigate
further loss of genetic variation, including the potential loss
of unique variation, particularly from the critically small
southern and northern populations.

The maintenance of evolutionary potential via the pro-
tection of a species’ genetic diversity (i.e., genetic variation
within and among populations) is a core objective of bio-
diversity conservation strategies worldwide (e.g., Com-
monwealth of Australia 1996). Based on our findings, we
recommend that the managers of D. brachypterus should
aim to conserve the genetic integrity of all four remnant
populations. While genetic divergence at neutral marker
loci is generally only weakly correlated with divergence at
quantitative trait loci affecting fitness and thus underlying
adaptation (i.e., quantitative variation) (reviewed by Reed
and Frankham 2001; Willi et al. 2006; Goudet and Martin
2007), our data for D. brachypterus reveals broad-scale
genetic subdivision (i.e., among regions), but in addition,
moderate genetic differentiation for neighboring popula-
tions separated by approximately 50 km. This implies
prolonged evolution of lineages in separate locations and
the possibility that birds are locally adapted. Thus, we
caution against mixing birds from different populations
or regions, should captive breeding, supplementation or
re-introduction be further used as a management tool, to
avoid the potentially deleterious effects associated with
outbreeding depression. If captive breeding continues to be
used to recover the northern population, pedigrees should
be tracked and the fitness offspring assessed prior to release
to the wild. However, a strategy that aimed at both con-
serving D. brachypterus’s genetic diversity and buffering
existing local populations against future environmental or
demographic catastrophes would ideally involve seeding a
number of additional areas (of suitable habitat) via trans-
location of wild-caught birds from local populations.
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Ideally, this would be combined with demographic surveys
and monitoring of allele frequencies to assess: (i) levels of
inbreeding, since the establishment of new populations will
likely rely on a limited number of founders; and (ii) the
parentage of offspring, to track the fate (or fitness) of
subsequent generations.
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