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Abstract. Thewet forests of south-east Australia can be coarsely divided into cool-temperate communities characterised
by relictual Gondwanan lineages with a history of persistence in scattered refugia, and subtropical communities showing
stronger Malesian floristic influences, with post-glacial expansion dynamics. Insights into the assembly and dynamics of
these two biomes can be gained by studying taxa that inhabit both, such as the tree species Elaeocarpus reticulatus Sm.
(blueberry ash). Here we use data generated from eight microsatellite loci to investigate population structure and
eco-evolutionary dynamics across the core of this species’ range. Our nested sampling design allowed us to test for
population differentiation along both axes of latitude and altitude, with the aim of detecting post-glacial colonisation
dynamics. Our results show that the strongest genetic differentiation was associated with latitude zones, and population
differentiation obeyed a typical pattern of isolation by distance. We did not find strong support for differentiation being
driven by altitude. A trend towards higher diversity in the north of the range reveals thatE. reticulatus conformsmore to the
post-glacial colonisation dynamics typifying subtropical, rather than cool-temperate lineages.
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Introduction

The Great Dividing Range (GDR) is an extensive north–south
feature of moderate elevation, demarcating south-east
Australia’s diverse coastal mesic communities from the arid
and semiarid interior. The elevation of the GDR generates
climatic variation and precipitation supporting forest and
woodland communities ranging from pyrophytic dry sclerophyll
to ever-wet rainforest.

The recent geological history of the GDR is characterised by
oscillating glaciation cycles, beginning ~2.58 million years ago
(Ma) and extending to the present (Ogg and Pillans 2008), in
which cool and arid glacial periods alternated with warm, wet
interglacials (Bowler 1982; Markgraf et al. 1995). This has
driven a dynamic of persistent range shift and ongoing
adaptation, particularly in the Gondwanan wet forest lineages
that dominated before themore recent trend of a drying continent
(Kooyman et al. 2013). Localised climatic refugia along the
GDR were important for the persistence of these wet forest
lineages as species’ ranges periodically contracted in response

to climate shifts towards cooler, drier conditions associated with
increasing glaciation (Rossetto et al. 2015b). The cyclic range
contractions of these species resulted in local population
bottlenecks and extinctions, filtered for lineages resistant to
fragmentation (Rossetto and Kooyman 2005; Byrne 2008),
and subsequent expansions drove colonisation dynamics (Yap
et al. 2018). For the south-east Australia flora, compelling
evidence for this comes from among-species correlation in the
patterns of declining genetic diversity with latitude (van der
Merwe et al. 2014), and studies of subtropical rainforest species
revealing northern New South Wales (NSW) and southern
Queensland (Qld) as important refugial areas (Webb and
Tracey 1981). By contrast, cool temperate rainforest species
show evidence of probable contraction to refuges in the southern
GDRofVictoria andTasmania (Worth et al. 2011, 2017;Mellick
et al. 2012).

In combination with biogeographic barriers established by
large dry-habitat corridors such as theClarenceRiver andHunter
Valley (Mellick et al. 2011; Di Virgilio et al. 2012), repeated
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contraction to refugia is expected to drive genetic differentiation
through drift. These past contractions can still be visible in the
population genetics of species that today inhabit an expanded
range relative to times of past glaciation (Byrne 2008; Rossetto
et al. 2015b). In addition, without connectivity, any natural
selection acting during periods of range contraction would
serve to compound the population genetic differentiation
being driven by neutral processes. As well as providing
refugia during climate change, the topographic, altitude,
climate, and edaphic variation of the GDR also creates
important environmental filters that drive local adaptation
(Byars et al. 2007). For a species distributed along the GDR,
the cumulative effect of past and present-day range shifts and
adaptation is therefore expected to drive population genetic
differentiation along both altitude and latitudinal gradients
(Rossetto et al. 2011).

The tree species Elaeocarpus reticulatus Sm.
(Elaeocarpaceae) inhabits the ecotones of wet forest and dry
sclerophyll habitats (Benson and McDougall 1995) in eastern
Australia and is the only member of a large, predominantly
rainforest genus (of 31 species in Australia and ~350 globally)
known to resprout from an underground lignotuber (Lacey and
Jahnke 1984). This resprouting response is regarded as an
adaption to fire and likely buffers the species against
disturbance and environmental change, not only promoting
persistence but also boosting subsequent recolonisation from a
genetically diverse source population (Rossetto et al. 2015b).

Recolonisation is aided by efficient dispersal of its small, blue
fruits (Rossetto et al. 2015a), which carry a thin mesocarp, are
consumed by frugivorous birds (Barker and Vestjens 1990), and
give the species its common name, ‘blueberry ash’. The species’
wide range – both in latitude and distribution along rainfall
and altitude gradients east of the GDR– suggests that it
might historically have tracked the reciprocal expansion and
contraction cycles of the wet and dry (flammable) forest biomes.

Here, we investigated the distribution of population genetic
variation in E. reticulatus. With a distribution tied to both
subtropical and cool temperate rainforests, we hypothesise
that this ecotonal species could conform to three alternative
biogeographical scenarios driven by historical colonisation
dynamics as stated below.

(1) Following its subtropical affinities, having refugial areas in
the north.

(2) Following its cool temperate affinities, having refugial areas
in the south.

(3) Showingevidence for refugia throughout itspresent-day range.

Materials and methods
Sampling strategy
Sampling was carried out with the aim of replicating altitude
contrasts across the species’ latitudinal range. In 2004, 12
populations were sampled (Fig. 1; Table 1), four from each
coastal botanical region of NSW: north coast (NC), central coast
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Fig. 1. Location of Elaeocarpus reticulatus study sites. Inset map shows density of records for the species from Atlas of Living Australia.
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(CC) and south coast (SC) (Harden andMurray 2000). Sampling
in each region was divided into two altitude classes: coastal and
adjacent uplands, and within each altitude class two populations
were sampled. Twenty-four individuals were sampled from each
population, aminimumof6mbetweeneach sample, and samples
were chosen to sample a similarly large spatial extent for each
population.

Molecular methods
Total genomic DNA was extracted from leaf tissue following a
modified protocol suppliedwith the FastDNAkit for usewith the
FastPrep tissue homogenizer by Qbiogene. Eight polymorphic
nuclear SSR loci previously developed for amplification in
E. grandis were used. For primer pairs scu01Eg, scu06Eg,
scu07Eg (Jones et al. 2002) and scu33Eg (Rossetto et al.
2004b) polymerase chain reaction (PCR) was conducted for
each sampled individual with a 12.5 mL reaction containing 1
mL of dilute DNA (1 mL DNA: 20 mL dH2O), 0.2 mM of both
forward and reverse primers (forward primers labelled with
HEX, FAM or NED), 0.25 mL of each dNTP (2.5 mM),
0.5 mL of MgCl2 (50 mM) and 1.25 mL of 10� NH4 buffer
(Bioline:160 mM (NH4)2SO4, 670 mM Tris–HCl (pH 8.8 at
25�C), 0.1% Tween-20). Primer pairs scu20Eg, scu22Eg,
scu25Eg and scu32Eg were amplified with similar reactions,
however fluorescent labelling was achieved through
Schuelke’s (2000) fluorescent-label M13 forward primers
paired with a sequence-specific M13F tag. PCR amplifications
were conducted in a CP2-03 thermal cycler (Corbett Research,
Mortlake Australia) under the following conditions: 94�C for
3min; 30 cycles of 94�C for 30 s, annealing temperature for 30 s,
72� for 45 s; with a final extension at 72�C for 5 min.

PCR products were initially verified on a 1.5% agarose gel
before capillary electrophoresis on an ABI 3730 Genetic
Analyser. Products were sized by comparison with 500 base
pair standard (LIZ) using the Genotyper software package (v3.6,
Applied Biosystems, Foster City, CA, USA).

Data analysis
Wetested for linkagedisequilibriumamong lociwithGENEPOP
(Rousset 2008).We tested for departures fromHardy–Weinberg
equilibrium and obtained population genetic diversity estimates,

allelic patterns, F-statistics and theAMOVAanaloguesofFST for
genetic differentiation (FPT) using GenAlEx v6 (Peakall and
Smouse 2006; Peakall and Smouse 2012). To analyse population
structure, we conducted a two-tiered analysis of molecular
variance (AMOVA) nesting populations within latitudinal
regions and tested the significance of estimators for
F-statistics with 999 permutations. To test for differentiation
between coastal populations and the adjacent ranges, as well as
latitude regions, a three-tiered nested AMOVA was required,
whichwe conductedmanually. Two, three-tier nestedAMOVAs
were carried out by combining distance matrices in Microsoft
Excel by, (1) nesting populations within altitude classes within
latitude classes, and (2) nesting populations within latitude
classes within altitude classes. Using R package lme4, we
analysed latitudinal trends in population genetic diversity
(measured by Shannon’s information index (1H) for each
population by locus) with a linear mixed-effects model
including latitude zone as an ordered predictor variable with
population and locus as independent random effects. To test
for isolation by distance, we used the R package MEMGENE
as an alternative to the Mantel test, which has recently been
criticised for non-independence, among other issues (Legendre
et al. 2015). MEMGENE employs a regression method
which substitutes Euclidean distances between samples for
eigenvectors derived from a principal co-ordinates approach
(Moran’s eigenvector mapping) (Galpern et al. 2014). The
dependent variable is the genetic distance matrix, and here we
used pairwise population FPT.

Results

Genetic diversity

In total,we found83 alleles across eight loci in the12populations
of E. reticulatus sampled. Two locus pairs were found to be in
linkage disequilibrium (see Supplementary Material table S1,
available at the journal’s website), nomore than two populations
were driving this pattern for each pair. This is consistent with
localised selfing and/or biparental inbreeding, therefore we
retained these loci for downstream analyses. Chi-square tests
returned significant deviations from Hardy–Weinberg
equilibrium in only four locus-by-population pairs (table S2)
after Bonferroni correction for 12 pairwise tests per locus. All

Table 1. Study sites for collections of Elaeocarpus reticulatus
NP, national park; SF, state forest

Region Population Code Latitude Longitude Altitude
(m above sea level)

North/ranges Koonyum Range KR –28.544 153.412 450
North/ranges Nightcap NP NH –28.583 153.375 440
North/coast Broken Head BH –28.706 153.595 60
North/coast Round Mountain RM –28.353 153.557 10
Central/ranges Bilpin BP –33.539 150.453 720
Central/ranges Murphy’s Glen MG –33.769 150.490 500
Central/coast Little Beach LB –33.510 151.418 40
Central/coast Royal NP RY –34.158 151.032 150
South/ranges Currowan Creek CC –35.546 150.031 380
South/ranges Yadboro SF YF –35.432 150.109 540
South/coast Brooman SF BF –35.480 150.264 110
South/coast Durras North DN –35.618 150.282 50
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loci were polymorphic in each population; alleles per locus
ranged from four to 17 and averaged 10.4 (Table 2). Private
alleles per population varied from zero to five, with 11 and 10 in
north and central region respectively, and three in the south.
Allelic diversity as measured by population averaged Shannon’s
information index was highest in north (1H = 1.249) and central
regions (1H = 1.162), and lower in the southern region (1H =
0.865)which reflected the rankings inHe. As shown by the linear
mixed-effects model (table S3), the estimated effect size of
latitude region on diversity was large and negative (–0.195)
for the south region and small and negative (–0.029) for the
northern region relative to the central region as reference class;
however, standard errors overlapped.

Genetic differentiation

A two-tier analysis of molecular variance revealed moderate
genetic differentiation at the population level (FPT = 0.285),
driven evenly by differentiation among latitudinal regions (FRT

= 0.140) and among population differentiation within regions
(FPR=0.168) (Table 3).Most population pairwiseFPT estimates
were strongly significant (P = 0.001, 999 permutations) with
the exceptions being among southern region populations

Brooman Forest, Yadboro State Forest and Currowan Creek
(Table 4). Within latitude regions, mean genetic differentiation
was highest among populations in the north (FPT = 0.23), lowest
in the south (FPT = 0.054), and intermediate in the central region
(FPT = 0.16).

The combined results of two, three-tier AMOVAs
demonstrate that latitude zone explains more variance in
genetic distance (FLT = 0.13) when it is the highest tier in the
analysis, rather than altitude class (FAT = –0.046) when it is the
highest tier (Table 5). Differentiation was found among altitude
classes within latitude regions (FAL = 0.082), but this was less
than among population, within altitude class/within latitude
region differentiation (FPA = 0.108). Although this is a
manual analysis of variance not including permutation,
statistical power inferred by the strong significance of almost
all pairwise population FPT values (Table 4) strongly supports
the robustness of results for the three-tier analyses. We
found strong support for isolation by distance after finding
the proportion of spatio-genetic variation explained by
MEMGENE variable 1 to be 1.0, and a large proportion of
population genetic distance explained by spatial relationship
(R2

adj = 0.44).

Table 2. Genetic diversity statistics for 12 populations of Elaeocarpus reticulatus based on eight
nuclear microsatellite loci

NA, average number of alleles per locus; AP, private alleles; 1H, Shannon’s information index; Ho,
observedheterozygosity;He, expected heterozygosity; uHe, unbiased expected heterozygosity;F,fixation

index; NP, national park; SF, state forest

Population NA AP
1H Ho He uHe F

Koonyum Range 4.88 2 0.920 0.436 0.452 0.462 0.036
Nightcap NP 4.25 3 0.865 0.394 0.453 0.464 0.098
Broken Head 4.88 4 1.125 0.546 0.581 0.595 0.044
Round Mountain 3.75 2 0.875 0.367 0.476 0.487 0.175
North region 7.86 11 1.249 0.431 0.577 0.580 0.222
Bilpin 3.88 3 0.843 0.546 0.465 0.475 –0.145
Murphy’s Glen 4.34 0 0.996 0.533 0.512 0.523 –0.049
Little Beach 4.63 2 1.035 0.522 0.529 0.541 0.001
Royal NP 4.75 5 1.028 0.558 0.545 0.557 –0.022
Central region 7.13 10 1.162 0.541 0.568 0.571 0.045
Currowan Creek 4.63 0 0.853 0.466 0.457 0.467 –0.012
Yadboro SF 4.00 1 0.797 0.417 0.416 0.425 –0.033
Brooman SF 3.63 1 0.767 0.445 0.421 0.430 –0.047
Durras North 3.25 1 0.705 0.378 0.401 0.410 0.098
South region 6.13 3 0.865 0.426 0.441 0.443 0.045

Table 3. Two-level AMOVA with permuted measures of genetic differentiation
SS, sum of squares; MS, mean square; d.f., degrees of freedom; FRT, genetic variance among regions;

FPR, genetic variance among populations within regions; FPT, genetic variance among all populations

Source d.f. SS MS Estimated
variance

%

Among latitude zones (regions) 2 228.788 114.394 0.909 14
Among populations, within regions 9 243.969 27.108 0.936 14
Within populations 276 1279.833 4.637 4.637 72
Total 287 1752.590 6.483 100
Statistics Value P – –

FRT 0.140 0.001 – – –

FPR 0.168 0.001 – – –

FPT 0.285 0.001 – – –
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Discussion

Our finding that more northerly populations are reservoirs of
diversity in E. reticulatus stands in contrast to other south-east
Australian temperate rainforest species such as Podocarpus
elatus R.Br. ex Endl., which shows a signature of northward
expansion from southern refugia (Mellick et al. 2011), or
to species such as Ceratopetalum apetalum, Nothofagus
cunninghamii (Hook.) Oerst. and Tasmannia lanceolata
(Poir.) A.C.Sm. with centres of ancestral diversity distributed
throughout longstanding present-day distributions (Worth et al.
2009, 2010; Heslewood et al. 2014). E. reticulatus therefore
conforms to a biogeographic pattern more closely aligned to
subtropicalwet forest lineages (hypothesis 1) rather than the cool
temperate rainforest species with which it shares much of
its range.

Geographic range and genetic distribution

Despite the largely southern distribution of E. reticulatus, the
overall population genetic pattern revealed here infers more

northerly populations harboured higher genetic diversity
during past climate-driven range contractions. Evidence for
this is seen in allelic diversity as measured by 1H and He,
which shows north and central regions holding higher
population-average diversity (Table 2), as well as fewer
private alleles found in the south (three) relative to central and
northern latitude zones (10 and 11 respectively). The linear
mixed-effects model based on population by locus measures
of 1H found the south region to harbor much less diversity than
the central and north; however, overlapping standard errors offer
low support to latitude explaining variance in genetic diversity
(table S3). This is probably due to our limited population-by-
locus observations (32 per region) lacking the power to separate
these estimates. Despite generally higher diversity (measured by
He and

1H), the northern latitude zone exhibited a much higher
inbreeding coefficient (F = 0.222), than the south and central
regions (0.045 in both cases). This is largely driven by one
population (Round Mountain, RM), which showed depressed
diversity relative to other northern populations. The reasons for
this are unknown, but could include ecological (e.g. pollinator

Table 4. Pairwise genetic differentiation (FPT) for populations of Elaeocarpus reticulatus below the diagonal, corresponding P-value
(999 permutations) above the diagonal
For an explanation of codes see Table 1

Region Northern Central Southern
Code KR NH BH RM BP MG LB RY CC YF BF DN

Northern KR – 0.011 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
NH 0.041 – 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
BH 0.302 0.294 – 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
RM 0.269 0.254 0.218 – 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

Central BP 0.366 0.368 0.452 0.446 – 0.001 0.001 0.001 0.001 0.001 0.001 0.001
MG 0.197 0.196 0.283 0.275 0.224 – 0.001 0.001 0.001 0.001 0.001 0.001
LB 0.213 0.226 0.326 0.296 0.227 0.087 – 0.002 0.001 0.001 0.001 0.001
RY 0.246 0.260 0.300 0.325 0.274 0.085 0.064 – 0.001 0.001 0.001 0.001

Southern CC 0.288 0.289 0.382 0.349 0.241 0.097 0.123 0.102 – 0.035 0.127 0.001
YF 0.347 0.321 0.408 0.374 0.302 0.115 0.194 0.179 0.033 – 0.059 0.001
BF 0.311 0.296 0.389 0.360 0.275 0.123 0.141 0.118 0.017 0.025 – 0.003
DN 0.293 0.296 0.382 0.398 0.286 0.134 0.172 0.155 0.097 0.099 0.052 –

Table 5. Two three-tier AMOVA analyses for Elaeocarpus reticulatus
SS, sum of squares; MS, mean square; d.f., degrees of freedom

Source d.f. SS MS Estimated
variance

%

(Altitude(latitude(populations)))
Among altitude classes 1 45.460 45.460 –0.236 –0.046
Among latitude zones within altitude classes 4 317.628 79.407 0.624 0.123
Among populations, within latitude zones,

within altitude classes
6 116.947 19.491 0.643 0.127

Within populations 276 1117.823 4.050 4.050 0.797
Total 287 1597.858 – 5.082 1.000

(Latitude(altitude(populations)))
Among latitude zones 2 234.248 117.123 0.773 0.130
Among altitude classes, within latitude zones 3 128.864 42.955 0.489 0.082
Among populations, within altitude classes,

within latitude zones
6 116.947 19.491 0.643 0.108

Within populations 276 1117.826 4.050 4.050 0.680
Total 287 1597.880 – 5.955 1.000

Blueberry ash population genetics Australian Journal of Botany E



availability) and demographic (e.g. population bottlenecks)
factors driving mating between relatives, and/or technical
issues such as localised null alleles.

Measures of genetic differentiation within latitude regions
(pairwise populationFPT, Table 4) also showed a declining trend
with latitude in mean (0.230, 0.160, 0.054) and range (0.261,
0.21, 0.082) across north, central, and south zones. It is likely that
the stronger differentiation observed among northern
populations reflects a longer, local persistence history. An
alternative explanation for this pattern would need to invoke
variation in theextent of contemporarygeneflowwithindifferent
latitudinal regions, such that gene flow was less extensive in the
north of the range. Our spatial genetic analysis via Moran’s
eigenvector mapping infers no such barriers to gene flow,
showing all northern populations as similar in magnitude for
MEMGENE variable 1 (see Supplementary Material fig. S1,
available at the journal’s website), and describes a wider pattern
of north–south isolation by distance across the species’ range.

Higher genetic diversity in the north of E. reticulatus’ range
reflects the overall patterns found in previous studies in the genus
Elaeocarpus. Congeneric species co-distributed across the
northern range include Elaeocarpus angustifolius Blume
(Rossetto et al. 2004a, 2007), a recoloniser with a very wide
distribution, and Elaeocarpus sedentarius Maynard &
Crayn (Rossetto et al. 2008), a narrow endemic to northern
NSW. Comparing standardised population genetic
differentiation (Meirmans and Hedrick 2011) among these
species, E. reticulatus displays an intermediate level of
differentiation (G0

ST = 0.328) relative to the other two species
(E. angustifolius G0

ST = 0.233 and E. sedentarius G0
ST = 0.361)

(table S4). Although differentiation in E. reticulatus is similar in
magnitude to the poorly dispersed E. sedentarius, the scale over
which populationswere sampled ismuch larger forE. reticulatus
meaning that the degree of differentiation relative to geographic
distance is much greater in E. sedentarius. As discussed in
Rossetto et al. (2008), this strong differentiation over small
spatial scales is likely due to very localised seed dispersal
perhaps due to the extinction of specialised dispersers.
Conversely, E. angustifolius shows weaker structure than
E. reticulatus probably driven by more recent colonisation
processes and perhaps more extensive seed dispersal of its
larger, more rewarding fruits (Yap et al. 2018).

Latitudinal rather than altitudinal differentiation

Our nested sampling design and three-tiered AMOVA revealed
that the largest fraction of variance was found among latitude
regions (13%). Differentiation was lower among coastal and
adjacent GDR populations (8.2%), which in the context of
variance found among populations, within altitude and
latitude classes (10.8%), suggests that there is little
differentiation due specifically to altitude. The divergence and
latitudinal structuring observed today has likely been driven by
post-colonisation drift and isolation by distance, in balance with
ongoing gene flow between range and coastal populations
exceeding that among latitudinally separated sites. Latitudinal
differences in selection regime could produce the same patterns
as neutral isolation by distance, therefore further analyses based

on spatially and genomically expanded sampling would be
needed to more fully investigate the possible influence of
climate variables on the distribution of genetic diversity in
E. reticulatus.

Likely contributors to the observed pattern of latitudinal
differentiation are the dry habitat corridors forming
biogeographic breaks along the eastern seaboard. For
example, in the warm temperate rainforest tree Ceratopetalum
apetalumD.Don., discontinuities in genetic structure associated
with the dry Clarence River and Hunter River valley corridors
have been found (Heslewood et al. 2014). These barriers are also
evident across the aggregated distributions of many taxa (Di
Virgilio et al. 2012; van der Merwe et al. 2014; Rossetto et al.
2015b). Although our sampling could not specifically test the
impact of these barriers, distributional patterns (Fig. 1) and
substantial differentiation found between northern and central/
southern populations are consistent with the influence of the
Hunter-Clarence dry habitat barriers.

Our central latitude zone sampling included populations on
either side of the deeply dissected sandstone of the Hawkesbury
River and Sydney Harbour, which could conceivably form a
barrier to gene flow. Despite this, we observed only weak
differentiation (FPT = 0.064) between the Royal National
Park and Little Beach coastal populations to the south and
north of these features. Further south in the distribution of
E. reticulatus, a southerly barrier associated with the
Shoalhaven River has previously been identified across
several taxa (Rossetto et al. 2011; Worth et al. 2011; Milner
et al. 2012). Our central and southern collections were located
either side of this Shoalhaven River barrier, yet our findings
are not consistent with a strong biogeographic break in
E. reticulatus. Although differentiation between the central
and southern regions was significant, average pairwise
population FPT between the south and central regions was
moderate (0.263), and without further evidence, cannot be
distinguished from isolation by distance. The weaker
differentiation across postulated barriers in the central and
southern latitude zones might suggest that these are less of a
barrier to gene flow than the Hunter-Clarence river valleys. Long
distance dispersal inE. reticulatus is likely driven by frugivorous
birds, and it is plausible that the discontinuity in suitable
habitat associated with these southern boundaries is less of an
impediment than the Hunter-Clarence river valleys, congruent
with the findings of Di Virgilio et al. (2012).

This discovery of latitudinal structuring of diversity and
differentiation in E. reticulatus spawns several clear
opportunities for further study. Increasing sampling intensity
bothwithin the range of this study, aswell as extending sampling
to the species’ distributional limits serves two purposes:
(i) distinguishing isolation by distance from barriers to gene
flow across the Hunter/Clarence River valleys, and (ii) testing an
extension of hypothesis 1, that the species’ most southerly
populations in Victoria and Bass Strait islands should be the
youngest, and by extension, most genetically depauperate.
Finally, deeper resolution genomic data could provide
opportunities to understand this species’ adaptation to the
wide range in climatic variables experienced across its
range.
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