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EXECUTIVE SUMMARY
The genetic diversity of Astrotricha crassifolia, a species suspected to be impacted by
hybridisation, was measured using high quality genome scans. We provide empirical evidence
to show that only some of the individuals found at Brisbane Water National Park represent
the bona fide species, as all specimens identified as A. crassifolia at Woronora Catchment
Area are characterised by extensive hybridisation. Hence, urgent recovery action to conserve
and manage the last remaining pure individuals of A. crassifolia at Brisbane Water is required.
The Brisbane Water population although genetically variable, has lower diversity relative to
comparative populations from other Astrotricha species, reflecting the species’ vulnerable
status. Furthermore, hybridisation has also occurred at the Brisbane Water site, suggesting
that A. crassifolia is at high risk of total genetic swamping. Both points demonstrate the
importance of the early use of molecular tools in assuring that conservation efforts maximise
successful outcomes. Our conservation genomic toolkit provides additional management
recommendations, such as guidance for translocation strategies by offering advice on the
individuals to select in order to optimise genetic diversity, although in view of the current
circumstance, it is advised that supplemental sampling at the Brisbane Water site is
conducted to optimise maximal genetic diversity of translocated A. crassifolia populations.
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1. INTRODUCTION
1.1 Background
Astrotricha crassifolia Blakely (Araliaceae), or “Thick-leaf Star-hair”, is a few-branched
suffrutescent shrub up to 2m (Pellow et al. 2009), listed as "Vulnerable” under the NSW
Threatened Species Conservation Act 1995 and the Commonwealth Environment Protection
and Biodiversity Conservation Act 1999. Species survival is of concern as recent targeted
surveys recorded less than 900 A. crassifolia individuals remaining, in its narrow distribution
at two opposite edges of Sydney’s urbanised area: Brisbane Water National Park in the north
with 464 individual stems, and Woronora catchment area in the south with 900 individual
stems (Focus Flora Surveys 2020). Individuals within each site are further separated into
multiple small populations (nine sub-populations at Brisbane Water, 10 sub-populations at
Woronora), and because of the species’ resprouting habit it is not evident if the individuals
represent distinct genets, ramets, or a combination. These sub-populations mainly occur
directly adjacent to roads (Warman 2018), where ensuing vegetation clearing and
understorey suppression by bushfire management threaten the species’ continuing
existence.

A proper classification and understanding of the genus Astrotricha has been significantly
challenged by the exceptionally high amount of morphological variability found across
Astrotricha species (e.g. Barrett and Henwood 2015). A recent, comprehensive phylogenetic
study including most Astrotricha (Dimon 2018) attempted to resolve uncertainties within the
genus using molecular and morphological evidence. Poor resolution was observed within
multiple clades of Astrotricha, and in the absence of unequivocal fossil for the genus it was
speculated that the genus may have undergone recent, rapid radiation in south-eastern
Australia. Resolving species concepts can be complicated as polyploidy, phenotypic plasticity,
uncertain degrees of heteroblastic development and aptitude for hybridisation are some of
the factors contributing to indistinguishable species boundaries within Astrotricha as well as
other genera in Araliaceae (Plunkett et al. 2019). For A. crassifolia, the uncertainty about its
species concept is due to reports of intraspecific differences: individuals at Brisbane Water
generally observed as multi-stemmed resprouters while most individuals at Woronora have
a more erect robust form, except for a patch of individuals that resemble the Brisbane Water
form; individuals at two Woronora populations (W10, W06; Fig. 1) have thinner leaves,
rustier-tomentose, less obtuse apex and a slightly longer petiole; selected individuals at each
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site display morphology that is intermediate with the highly morphological variable A.
longifolia species complex (Warman pers obs. 2018), which is also linked to a number of
“phrase name” taxa. Clearly, some confusion exists in the relationships amongst the
Astrotrichas, and a better understand the species status of A. crassifolia and its phylogenetic
position necessitates an analysis of molecular and morphological evidence.

Hybridisation is a relatively common process associated with the evolution of new lineages or
species of plants. This process tends to be more pronounced in circumstances where a small
population of one species is found in close proximity to a larger population of a closely related
species with a shared flowering time. If postzygotic barriers are relaxed, which is common
within some Araliaceae genera (Marshall et al. 2017, Perri & Shepherd 2009),
disproportionately large pollen loads received from larger populations can result in genetic
swamping of smaller ones. In outcrossing species, the underlying preference of the smaller
population to receive outcrossed pollen can maximise the uptake of inter-specific pollen and
augment the production of hybrid propagules. If A. crassifolia is not a hybrid swarm itself, its
small size and restricted distribution are the initial hallmarks that genetic swamping might be
of concern. Putative hybrids of A. crassifolia x A. longifolia / A. floccosa reported at Brisbane
Water and Woronora (Warman 2018) underline the importance of genetic investigations to
confirm whether A. crassifolia is of hybrid origin or is currently at risk of genetic swamping.
Any influence of hybridisation, as well as confirming A. crassifolia as a bona fide species, will
be essential to conservation and management.

Little is known about the reproduction, recruitment and genetic health of A. crassifolia, and
any conservation management strategies aimed at securing a genetically viable population
would be difficult without relevant information. Anecdotal evidence of species’ biology comes
from the Brisbane Water site, where flowering time is inconsistent, flowering phenology and
pollinators are unknown, and no experimental data investigated whether the species is
autogamous. No seedlings have been sighted at this site in the last 20 years (Bob Makinson,
pers. comm. 2019), nor has there been any gemination trials for A. crassifolia, so it is unclear
whether the species is capable producing viable seed, even though this is baseline information
to estimate the relative usefulness of seed collections in a context of population
augmentation and translocation.

6
Conservation genomics of Astrotricha crassifolia
RBG&DT

Loss of genetic diversity can reduce the health of a population, and consequently increase the
risk of local extinction. Genetic health is the concept used to combine current population
fitness, and long-term adaptive potential to climatic and environmental changes. The
populations of A. crassifolia have likely suffered loss of genetic diversity and gene flow
disruptions through habitat loss and fragmentation. Making matters worse, the resprouting
habit of A. crassifolia compromises our ability to estimate an individual’s age and the physical
extent of single genets, therefore preventing an accurate assessment of recruitment and
demography. Genetic tests of relationships at the population scale are a tractable approach
for measuring diversity and identifying demography and relationships within populations of
A. crassifolia.
Under the premise that Astrotricha crassifolia is a vulnerable species, a conservation and
management plan was developed under the Saving Our Species initiative by the New South
Wales Office of Environment & Heritage (OEH, now part of the Department of Planning,
Industry and Environment (DPIE)). This plan identified site-based management as a priority
conservation action, principally because of an inexplicably progressive decline of A.
crassifolia. The Royal Botanic Gardens & Domain Trust (RBG&DT) was contracted by the OEH
to conduct a conservation genomics study on A. crassifolia to provide foundational knowledge
essential for developing effective conservation strategies and help guide management
strategies. The benefits of a single genetic study in the framework of conservation work are
manifold as outputs can be used to rigorously test species status, quantitatively assess genetic
diversity, determine genetic health, identify hybrids and provide solutions to long-term
management strategies.
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1.2 Aims and objective of the conservation genomics study of
Astrotricha crassifolia
In order to support the long-term management and conservation of Astrotricha crassifolia,
the conservation genomics study had the following aims:
1. Test the species concept of Astrotricha crassifolia by examining it within the current
phylogenetic framework.
2. Assess the presence and extent of hybridisation in Astrotricha crassifolia.
3. Assess the presence and extent of clonality, level of kinship and remaining genetic
diversity within and between populations.
4. Provide guidance based on the resulting genetic information.
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2. METHODS:
2.1 Sampling
Sampling of Astrotricha crassifolia was mostly undertaken by the conservation officers from
Department of Planning, Industry and Environment (DPIE), with supplementary sampling by
the Research Centre for Ecosystem Resilience team at Royal Botanic Gardens & Domains Trust
(RBG&DT). A total 179 specimens of Astrotricha crassifolia and other Astrotricha species
(Table 1) were obtained to test the Astrotricha crassifolia species concept, determine species
relationships, identify levels of hybridisation, measure diversity and connectivity, and verify
the identity and kinship of ex situ ramets and genets.
Sampled A. crassifolia consisted of 87 plants, less than what was recommended in the initial
RBG&DT proposal. The sampling took place from five sites (out of eight sites based on
Warman 2018) at the Woronora Catchment area and seven sites at Brisbane Water National
Park where three sites were only reported in a recent survey (newAcras 1 to 3, Fig. 1; Focus
Flora Surveys 2020). Populations of A. crassifolia varied in size, with some constituting as little
as two individuals, and others including as many as 19 individuals. Sampling was undertaken
across multiple populations and aimed to examine genetic diversity by collecting stems that
were within ~1m from one another in order to better understand if they were the same
individual.
Included were six putative hybrids from Brisbane Water and Woronora that share
intermediate morphology with the A. longifolia species complex, as determined by the A.
crassifolia surveyor, Diane Warman. No sympatric A. longifolia plants were observed, so
instead multiple morphologically distinct A. longifolia (i.e. “inland”, “coastal”, and “Sydney
basin” form) and related species (A. umbrosa, A. glabra, A. obovata and A. sp. Quorrobolong)
were sampled to test for introgression.
All species in sympatry with A. crassifolia were sampled: A. latifolia at Woronora and Brisbane
Water and A. flocossa at Brisbane Water. Non-sympatric individuals of both A. latifolia and A.
flocossa, and species related to A. latifolia (A. sp. Mt Boss and A. sp. Watchimbark) were also
included to investigate potential gene flow with A. crassifolia. Early divergent Astrotrichas
that are more distantly related to A. crassifolia (Dimon Honours 2018) were included as
outgroups: A. hamptonii, A. intermedia, A. sp. Isabella Falls, A. pterocarpa and A. rodii, A.
asperifolia, A. sp. Grampians, A. sp. Suggan Buggan, A. sp. Wallagaraugh, A. sp. Deua and A.
linearis Goulburn.
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Leaf material for the Astrotricha species in this study was either from Richard Dimon’s
Honours study (2018), collected from the field or voucher specimen from the National
Herbarium of New South Wales.

2.2 DNA extraction and sequencing
All samples were sent to Diversity Arrays Technology (DArT) Pty Ltd in Canberra for DNA
extraction and genotype-by-sequencing analysis (referred to as DArTseq analysis) using the
documented in-house procedure. DNA was extracted from each sample using the Plant DNA
Extraction Protocol for DArT.

2.3 Data analysis
2.3a Quality screening and control of Single Nucleotide Polymorphism data:
Single nucleotide polymorphisms (SNPs) data was checked for quality using the filtering
scripts implemented by an in-house designed package called RRtools package v1.0 (as
described in Rossetto et al. 2019) in the open source program, R (version 3.3.0, R Core
Development Team 2013). Loci that did not pass standardised quality thresholds were
removed from the data and were not used in downstream analysis. To ensure that only the
higher quality DArTseq markers were used for analyses, all SNPs with a reproducibility
(proportion of replicate assay pairs for which the marker score is consistent) of less than 96%
and which had more than 30% missing data were excluded from the dataset.

2.3b Genetic relationships considering reticulate evolution and hybridisation
Splitstree Program ver. 4.14.6 (Huson et al. 2008) with default software settings was used to
generate a network from the quality SNP matrix to provide a preliminary estimation of genetic
relationships across the entire dataset. The network can represent evolutionary histories with
substantial reticulation that arise from incomplete lineage sorting and hybridisation, which in
the network are indicated by the extent of “webbing” associated between branches of the
network.
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2.3c Phylogenetic analyses
A phylogenetic tree attempts to explain relationships from an evolutionary history (i.e. based
on inference of a common ancestor) rather than by observed genetic or phenetic similarities.
Since taxonomy is integrated with an understanding of evolutionary history and lineage
diversification, examining the evolutionary history of A. crassifolia is required for making
taxonomic decisions and understanding of hybridisation events. The coalescent-based
phylogenetic tool SVDquartets package ver. 1 (Chifman and Kubatko 2014) implemented in
the PAUP software v4.0a (Swofford 2002) was used to evaluate the position of A. crassifolia
within the Astrotricha phylogeny. The multispecies coalescent model was set up with the
following parameters: 100,000 quartets and 1000 bootstrap replicates (as a measure of
branch support). This program is designed to accept SNP data and can accept a large number
of specimens and data while still producing relatively robust phylogenetic results (see Chou
et al. 2015 for a critical review of this program). We examined results of all analyses using at
least three independent runs for multi-species coalescent analysis by allocating samples
within their respective populations.

2.3d Principal coordinate analyses
Adegenet 2.1.1 package in R (version 3.3.0, R Core Development Team) was used to perform
a Principal Component Analysis (PCA) to better understand relationships between individuals
and populations. This method of PCA derives an ordination based on Euclidean transformed
dissimilarity matrix of the data.

2.3e Population genetic diversity measures
In order to evaluate F-statistics and population-level measures of diversity, populations
consisting of five or more individuals were used. The RRtools package v1.0 was used for
generating a matrix of spatial distances between the populations and calculating expected
(He) and observed heterozygosity (Ho) and inbreeding coefficient (Fis) across each population.

2.3d Newhybrid analysis
Assessment of individual’s hybrid origin was implemented using the model-based Bayesian
clustering software, NewHybrids version 1.1 (Anderson and Thompson 2002). This software
assigns individuals to one of six genetic classes (species A, species B, F1 hybrid, F2 hybrid,
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backcross to species A, or backcross to species B) without requiring any a priori knowledge of
an individual’s genetic background. Due to the complex computation analysis implemented
in NewHybrids, only subsets (albeit still sufficiently large) of the SNP dataset can be used. The
SNP subsets were selected by first removing markers with missing data and reproducibility
less than 100%, and then verified as informative by visualising outputs from LEA and PCA. The
resulting reduced but high-quality 200 markers were imported into NewHybrids where
parameters involving a uniform prior, a burn-in period of 100,000 runs (to allow the Markov
chain Monte Carlo simulations to converge) and a run-time of 1,000,000 sweeps were applied.
Any specimen is assigned as a ‘pure’ species when its probability (for species A or species B)
was P ≥ 0.90 (using the criteria of Viscosi et al. 2009). Samples that could not be assigned to
a pure species were assigned to a hybrid category (F1, F2, backcross to species A, backcross
to species B) when P ≥ 0.90. For individuals that could not be assigned to any genotypic class
(i.e., when P < 0.90), these samples were considered completely admixed (McIntosh et al.
2014).

2.3f Kinship
Genetic similarity between individuals located at the same site and corresponding cultivated
material was estimated using the unweighted pair group method with arithmetic mean
(UPGMA) hierarchical clustering method as implemented in the phanghorn package v2.4.0 in
R. Kinship (relatedness) measurements were used in assessing the degree of clonality across
the in situ plants of A. crassifolia. Pairwise kinship coefficient was estimated from the
genotype data using an Identity-by-descent (IBD) analysis in SNPrelate package v1.17.1 in R.
Distance matrices of pairwise kinship were generated for each A. crassifolia site based on
observation from preliminary results from principal component and network analyses that
clonality occur within each site. The matrices were combined to generate a supermatrix that
was drawn using the heatmap function from the Phytools package v0.6-60.

2.3d Ploidy evaluation
Intraspecific ploidy variation is one of the drivers of plant species diversity. This variation is
however rarely considered in conservation genomics even though ploidy variation could
potentially result in reproductive incompatibilities, poor fitness and incomplete or
inadequately defined species boundaries, which are issues that affect rare species. While
ploidy information can be obtained through flow cytometry experiments, a less labour
intensive and cost-effective method that exploits genotype-by-sequencing data (e.g.
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DArTseq) is increasingly used. This approach involves counting the number of sequenced
reads supporting each allele at a given position along the genome sequence. In a diploid
organism and depending on the heterozygosity level and sequencing errors, one would find
half of the reads support one allele and the other half support an alternate allele, i.e. each
allele is present in a proportion of 50%. Thus, ploidy levels were evaluated from all samples
of A. crassifolia by this method of calculation of the sequenced reads from DArTseq data, and
a histogram of allele proportions for each individual sample was generated in R through inhouse scripts.
We note here that the ploidy outputs from this approach only tests whether intraspecific
ploidy variation should be suspected. In order to validate and determine the exact ploidy in
samples, other methods such as flow cytometry or chromosome counting should be used.
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3. RESULTS AND INTERPRETATION
3.1 Summary
We report results based on genomic analyses of 179 Astrotricha samples to assess the species
concept and genetic history of the vulnerable A. crassifolia, and provide an understanding of
remaining genetic diversity to assist with future conservation and management. High-quality
genome scans from DArTseq enabled differentiation between Astrotricha species,
quantification of genetic diversity and relatedness between and within populations,
assessment of kinship and admixture, and an estimation of associative patterns between
genetic and geographic structure.

The significant findings are:
-

Only Astrotricha crassifolia samples from Brisbane Water National Park were
identified as fitting a bona fide species concept;

-

A. crassifolia sampled from Woronora is characterised by extensive hybridisation
and clonality: sampled individuals formed two genetic clusters, each cluster being
extremely clonal and consisting of a single genet; each genet is an allopolyploid
individual;

-

Putative hybrids (i.e. as identified by Diane Warman) of A. crassifolia at Woronora
and Brisbane Waters were confirmed as such;

-

A. longifolia “Sydney” is closely related to A. crassifolia and was identified as the
second parental source for all A. crassifolia hybrids;

-

Within its Brisbane Water population, “Pure” A. crassifolia are characterised by
lower diversity relative to comparative populations from other Astrotricha species
within the Sydney region.

3.2 Astrotricha crassifolia is a distinct species.
Our genetic analysis of 29,700 genome-wide markers (SNPs) shows that 87 specimens
identified as Astrotricha crassifolia are distinct from 92 specimens representing 14 Astrotricha
species and nine phrase-name taxa. The A. crassifolia specimens are split into three major
clusters based on the network analysis (Fig. 2), with one distinct cluster from Brisbane Water,
and two clusters in Woronora that are of hybrid origin (see next section for more details) and
are consequently removed from the phylogenetic analysis (Fig. 3). Specimens with
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morphologically intermediate characteristics and classified as putative hybrids by Diane
Warman, were recovered on the Splitstree as genetically intermediate confirming their hybrid
origin (Fig. 2).

A recent phylogenetic study identified A. crassifolia (sampled from Brisbane Water) as part of
the A. longifolia clade (Dimon 2018), which includes all forms of A. longifolia, A. glabra, A.
umbrosa, A. floccosa, A latifolia, A. obovata, A. pauciflora, A. brachyandra and A. biddulphiana
(the last three species were not sampled here). Our phylogenetic analyses support the
concept of A. crassifolia being related to A. longifolia, particularly the “Sydney” form, and this
well-supported clade is sister to the clade that includes the other forms of A. longifolia,
supporting a recent radiation for the A. longifolia complex (Fig. 3).

Network analysis shows that most A. crassifolia individuals are recovered as three clusters on
a long branch, separated from other species of Astrotricha, including species related to and
in sympatry with A. crassifolia (e.g. A. latifolia Brisbane Water and Woronora and A. floccosa
Brisbane Water) (Fig. 2). Two clusters of highly related individuals (Cluster 1 and Cluster 2)
are found within Woronora, and both are differentiated from the cluster at Brisbane Water,
which is situated approximately 75 km away. Our results observed that not all individuals
sampled from the W10 (8 out of 12 individuals) and W06 (3 out of 13 individuals) sites belong
to Cluster 1 as some of the individuals belong to Cluster 2, whereas all individuals sampled
from W01, W04, W09 belong to Cluster 2. The genetic difference among the Woronora
individuals corresponds to the general field observation that individuals at W10 and W06 have
thinner leaves, rustier-tomentose, less obtuse apex and a slightly longer petiole than the rest
of the population at Woronora (Warman pers. obs. 2018).

There are A. crassifolia individuals recovered as singularities next to the different clusters (Fig.
2), and they correspond to the putative hybrids identified by Diane Warman: two individuals
sampled from Brisbane Water appear next to the Brisbane Water cluster and three out of four
individuals sampled from Woronora (W01, W04, W09) appear next to the larger Woronora
cluster, and only one individual from Woronora (W10) appear next to the smaller Woronora
cluster.
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3.4 Extensive clonality and hybridisation detected at the Woronora Catchment
area.
A recent survey reported that individuals of A. crassifolia at the Woronora site, generally have
a more erect robust form that stands out from the typical shorter, multi-stemmed form at
Brisbane Water (Warman pers. obs. 2018). No explanation is formally given for the
differences between the two sites, nor has there been a study to investigate the genetic basis
of this phenomenon, thus we provide the first empirical evidence to show that the individuals
at the two sites are genetically distinct.

We found that although the majority of A. crassifolia individuals sampled from Brisbane
Water are pure, we could confirm sampled putative hybrids as such (Table 2). Unexpectedly
though, our sampling of A. crassifolia at all major subpopulations at Woronora reveals that
pure individuals are no longer present at the site (Fig. 4). Our analysis identified “pure” A.
crassifolia Brisbane Water and the non-sympatric A. longifolia “Sydney” as putative parents
of all individuals at the Woronora site: individuals of Cluster 1 (and a putative hybrid sampled
from W10) are putative backcross hybrids (high assignment values to A. longifolia “Sydney”
form), while those of Cluster 2 (and three putative hybrids from W01, W04 and W09) are
putative F2 hybrids (from A. crassifolia and A. longifolia “Sydney” form) (Table 2). This
suggests that total genetic swamping has already taken place at the Wonorona site, possibly
following an extreme bottleneck. To substantiate this finding, the idea that “pure” individuals
are no longer present at the site needs to be rejected, and this is by studying individuals at
the smaller sub-populations at Woronora, and by eliminating the possibility that the
population does not extent north into the Holsworthy Military Reserve.

The individuals at Woronora are highly clonal (Fig. 5, 6): i.e. individuals belonging to Cluster 1
are all ramets of one genet, and individuals belonging to Cluster 2 all are ramets belonging to
a second genet. The ramets from Cluster 2 were observed to be up 5 km apart and present
around the Woronora dam suggesting that they originated in the past and have persisted for
a relatively long time (Fig. 4). As the extent of the rhizomatous growth is unknown it is difficult
to exactly estimate how long these individuals have been at the site.
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To further investigate this astonishing finding, ploidy levels within A. crassifolia were also
evaluated. Following interspecific hybridisation, the merging of two or more divergent
genomes can result in allopolyploidy, a phenomenon well-documented in Araliaceae,
including in Polyscias (Yi et al. 2004), a genus closely related to Astrotricha (Dimon 2018). The
results of ploidy analyses in A. crassifolia (Fig. 7) adds to the evidence of hybridisation, with
all individuals from Woronora, including the putative hybrids, being detected as
allopolyploids. Polyploidy (i.e., having two or more copies of genome content) was also
detected in some individuals at Brisbane Water (at two sites, NewAcras2 and Acras6), but
because these individuals did not appear to be of hybrid origin these are likely to be
autopolyploids. Reduced sexual reproduction can be a trade-off associated with the
remarkable genome flexibility in polyploids (Herben et al. 2017), but this disadvantage is often
circumvented through asexual reproduction (vegetative propagation and agamospermy).
However, long-term complications outweigh initial benefits of asexual reproduction (i.e.
short-term persistence), with populations lacking genetic variation and exhibiting increased
rates of extinction, polyploids tend to eventually revert back to diploids (Markert et al. 2010).

3.3 Genetic health and diversity of A. crassifolia at Brisbane Water
Since the Woronora population consists of allopolyploid individuals of hybrid origin, the only
remaining Astrotricha crassifolia are at the Brisbane Water National Park. However, no
seedlings or germination has been observed to date, and individuals occur in small disjunct
sub-populations, typically along roadside or fire/walking trails, making the species highly
vulnerable to extinction from stochastic events. In order to prepare a well-informed longterm management strategy for this species, the quantification of evolutionary resilience was
desirable. This was achieved by measuring the extent of clonality, kinship and genetic
diversity of the remaining population. Genomic data from the sampled individuals and
pairwise kinship (relatedness) analyses, identified genetic variability within Brisbane Water
(Table 3) as indicated by the presence of unrelated genets (Fig. 5). However, the comparison
of diversity within A. crassifolia and other Astrotrichas (Table 4), suggests low genetic
variability. Consequently, based on the extent and risks of hybridisation, the loss of an entire
population and the low diversity and reproductive output, the species’ conservation status
needs to be reassessed.

Clonality analyses were also used to examine if different branches can emerge from the
lignotuber of a potentially old A. crassifolia individual at Brisbane Water. The kinship analysis
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found six genets of multiple ramets (out of 11 genets), and the ramets of these genets occur
on average 5 m apart (Fig. 8), with the most distant ramets of a genet only 6.5 m apart,
providing new information about the extent of rhizomatous growth in A. crassifolia (and
bringing additional support to the fact that genetic swamping might have occurred a long time
ago at Wonorona).

Genetic diversity (as measured via expected and observed heterozygosities) was estimated in
Brisbane Water, and compared to the populations of A. longifolia “Sydney” form and A.
latifolia. A. crassifolia displayed the lowest levels of heterozygosities (Table 3), as well as
positive inbreeding coefficient (Fis), highlighting the potential impact of biparental inbreeding
(as expected in circumstances of low diversity and limited gene flow). This corroborates the
observation that no viable seed has been reported for the species (Warman and Beckers
2011), which could reflect high inbreeding levels in a preferential outcrossing species which
is problematic particularly in small, less diverse populations. As exemplified by the Wonorona
population, this needs to be counteracted soon before the potential acceptance for
interspecific pollen leads to introgression, swamping and, potentially, rapid extinction.
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4. CONCLUSIONS AND IMPLICATIONS
This project highlights the following:
•

Only Astrotricha crassifolia sampled from Brisbane Water National Park is
a bona fide species;

•

Specimens identified as A. crassifolia at Woronora are characterised by
extensive hybridisation, clonality and allopolyploidy;

•

Specimens with morphological features intermediate between A.
crassifolia and A. longifolia / A. floccosa (i.e. identified as putative hybrids
by Diane Warman) at Woronora and Brisbane Waters are confirmed as
hybrids;

•

A. longifolia “Sydney” and A. crassifolia Brisbane Water are putative
parental sources for all A. crassifolia hybrids;

•

The remaining “Pure” A. crassifolia population at Brisbane Water is
characterised by lower diversity relative to comparative populations from
other Astrotricha species within the Sydney region.

This study reveals more than half of the population of Astrotricha crassifolia
is of hybrid origin, thus making it very rare. 464 stems are left based on the
2020 survey by Focus Flora Surveys, and the number of unique genets left is
also likely to be smaller due to species’ clonal habit, and represent low
diversity due to high levels of localised kinship. Urgent recovery actions to
conserve and manage the last remaining pure individuals of A. crassifolia at
Brisbane Water are required because the species is at high risk of extinction
due to genetic swamping by which partially fertile and viable hybrids replace
the remaining pure parental genotypes (as well as other stochastic events due
to the localised distribution and small numbers).
If an ex situ conservation strategy is proposed for A. crassifolia, maximal
genetic diversity (and hence greater expected reproductive fitness) is desired
in a population created by future translocation efforts. A translocation plan
that selects optimal genetic diversity and population size has been developed
by the Research Centre for Ecosystem Resilience team at the Royal Botanic
Gardens & Domain Trust (RBG&DT), and extensively used in other SoS
projects. Propagation of genetically selected cuttings from the Brisbane
Water site can be utilised in this genetic-based approach. Supplemental
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sampling and testing on top of the current of 21 stems (or 10 genets) sampled
will help us capture maximum diversity of the species and thus ensure the
evolutionary resilience of translocated population.
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5. FIGURES AND TABLES

Figure 1: Location of Astrotricha crassifolia individuals at Woronora catchment area (A) and Brisbane
Water National Park (B).
Each dot on the map represents an individual.
The location of all six putative hybrids identified by Diane Warman are indicated in both maps. All site labels
follow those in the report by Warman (2018). The location of a Brisbane Water individual obtained from
the herbarium is labelled “unsure” because the specimen (voucher no.: NSW211672) dating back to 1988
has inaccurate geographic information.
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Table 1: Astrotricha crassifolia study sampling details.
Species
Astrotricha crassifolia
Astrotricha asperifolia
Astrotricha cordata
Astrotricha floccosa
Astrotricha glabra
Astrotricha hamptonii
Astrotricha intermedia

Astrotricha latifolia complex

Astrotricha linearis

Astrotricha longifolia complex

Astrotricha obovata
Astrotricha pterocarpa

Site
Woronora (N=66), Brisbane Water (N=21)
Yarra Ranges, Bogong (1 at each site)
Mt Belmore, North Burnett (1 each)
Brisbane Water, Brooklyn, Hornsby (1
each)
Fraser Coast
East Pilbara
Rockhampton
Brisbane Water, Newnes, PolkolbinWollombi, Scenic Rim, South Coast (1 at
each site)
Springwood, Chichester, Woronora (6 at
each site)
Goulburn-Mulwaree
“Coastal” form: Red Rock, Lakes Way
“Inland” form: Coonabarabran, Dunn
Swamp, Warrumbungle, Mid West,
Winburndale, Torrington (1 at each site)
“Sydney” form: Galston Gorge (N=1), Ryde
(N=1), Lane Cove (N=7), Springwood (N=6)
Kearsley, Kichener, Richmond Vale (6 at
each site)
Kulnurra (N=1)
White Mountains

Astrotricha rodii
Astrotricha umbrosa
Astrotricha sp. Isabella Falls
Astrotricha sp. Mt Boss
Astrotricha sp. Deua
Astrotricha sp. Grampians
Astrotricha sp. Quorrobolong
Astrotricha sp. Suggan Buggan
Astrotricha sp. Victoria Range
Astrotricha sp. Wallagaraugh
Astrotricha sp. Watchimbark

N samples
87
2
2
3
1
1
1

23

1

23

19
1
1

Inverell
Tweed Heads
Isabella Falls
Mt Boss
Deua
Grampians
Quorrobolong
Suggan Buggan
Victoria Range
Wallagaraugh
Watchimbark
Total

1
1
1
1
1
1
3
1
1
3
179
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Figure 2: Splitstree network analysis of Single Nucleotide Polymorphism (SNP) data from individuals from 179 specimens representing 14 Astrotricha
species including all specimens sampled as A. crassifolia and its associated putative hybrids, and nine Astrotricha taxa without a formal scientific name.
Included in the Splitstree are putative hybrids of A. crassifolia identified by Diane Warman: (labels in purple) hybrids from Woronora were collected from
multiple sites, W01, W04, W09 and W10 and (labels in orange) hybrids from Brisbane Water were collected from the Acras3 site.
Labels in blue, are two clusters of samples identified as A. crassifolia but are detected as of hybrid origin in Fig. 4.
Species that are sympatric with A. crassifolia are highlighted in yellow: Astrotricha latifolia at Woronora and Brisbane Water and Astrotricha flocossa at
Brisbane Water (BW).
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Figure 3: Phylogenetic coalescent tree produced from SVDquartets analysis of SNP data generated
from multiple representatives of multiple representatives of Astrotricha and Astrotricha
crassifolia.
The asterisk next to A. crassifolia is to indicate that hybrids and clones were removed before
running this analysis.
Representatives of Astrotricha used here includes 14 Astrotricha species and nine phrasename (Table
1). Multiple forms of A. longifolia were also included to test the hypothesis that A. longifolia is
monophyletic. Here, our results show A. longifolia “Sydney” and A. crassifolia were recovered in a
well-supported clade, rejecting this hypothesis.
Bootstrap support values above 50% are placed above branches, and higher than 80% are considered
strong support. The total weight of compatible quartets = 84.34% was relatively higher than total
weight of incompatible quartets = 15.66 %, which means probability of lineage sorting is relatively
low, which supports that the A. crassifolia is a distinct species.
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Figure 4: Principal component (a), population structure showing K=2 individual ancestry assignment (b)
and Splitstree (c) analyses generated from Single Nucleotide Polymorphism (SNP) data of Astrotricha
crassifolia and Astrotricha longifolia “Sydney” form, to highlight the genetic makeup of putative hybrids.
Ramets of a genet detected in A. crassifolia were removed before generating these analyses.
Putative hybrids are numbered 1 to 8 in each analysis, with the first six sampled from Woronora and the
rest from Brisbane Water. 1: ACRASW10.01, 2: Woronora genet from genetic cluster 1, 3: ACRASW04.01,
4: Woronora genet from genetic cluster 2, 5: ACRASW01.01, 6: ACRASW09.01, 7: ACRASPutHyb.01 and 8:
ACRASBW12.01.

25
Conservation genomics of Astrotricha crassifolia
RBG&DT

Table 2: A list of putative hybrids of Astrotricha crassifolia. Identification of ‘pure’ species and hybrids using NewHybrids with samples allocated to one of
the following classes: species A (A. crassifolia Brisbane Water), species B (A. longifolia “Sydney” form), F1 hybrid, F2 hybrid, backcross to species A (A.
crassifolia Brisbane Water) and backcross to species B (A. longifolia “Sydney” form). Only samples identified as A. crassifolia Brisbane Water, A. longifolia
“Sydney” form and putative hybrids between the two (based on the outputs from the PCA, DAPC and LEA) were included in the analysis. Q values > 0.90 were
used to assign samples as ‘pure’ species (as per McIntosh et al. 2014, Rutherford et al. 2019) and are highlighted in bold.

Sample
NSW1070896
NSW1070870
NSW1070845
NSW1080060
NSW1070895
NSW1069474
NSW1069630
NSW1069477
NSW1069462
NSW1067075
NSW1030055
NSW1074582
NSW1074585
NSW1030695
NSW1039374
NSW1067364
NSW1034966
NSW1069656
NSW1080063
NSW1039899

Sample info
A. crassifolia Brisbane Water
A. crassifolia Brisbane Water
A. crassifolia Brisbane Water
A. crassifolia Brisbane Water
A. crassifolia Brisbane Water
A. crassifolia Brisbane Water
A. crassifolia Brisbane Water
A. crassifolia Brisbane Water
A. crassifolia Brisbane Water
A. crassifolia Brisbane Water
ACRASBW12.01 (BW)
ACRASPutHyb.01 (BW)
ACRASW01.01 (W)
ACRASW09.01 (W)
ACRASW04.01 (W)
ACRASW10.01 (W)
Woronora Cluster 1
Woronora Cluster 2
A. longifolia Galson Gorge
A. longifolia Lane Cove

Species A
1
1
1
1
1
1
1
1
1
1
0.00001
0.00001
0
0
0
0
0
0
0
0

Species B
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.05383
0.02384
0
1
1

F1

F2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0.99927
0.99928
0.99999
0.99996
0.99935
0.01055
0
1
0
0

Backcross
to Species
A
0
0
0
0
0
0
0
0
0
0
0.00072
0.00072
0
0.00004
0
0
0
0
0
0

Backcross
to Species
B
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.00065
0.93562
0.97616
0
0
0

Identification
of hybrids

HYBRID
HYBRID
HYBRID
HYBRID
HYBRID
HYBRID
HYBRID
HYBRID
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Sample
NSW1039904
NSW1039887
NSW1039903
NSW1039902
NSW1039900
NSW1039888
NSW1080074
NSW1075926
NSW1075925
NSW1075928
NSW1075927
NSW1075929
NSW1075919

Sample info
A. longifolia Lane Cove
A. longifolia Lane Cove
A. longifolia Lane Cove
A. longifolia Lane Cove
A. longifolia Lane Cove
A. longifolia Lane Cove
A. longifolia Ryde
A. longifolia Springwood
A. longifolia Springwood
A. longifolia Springwood
A. longifolia Springwood
A. longifolia Springwood
A. longifolia Springwood

Species A
0
0
0
0
0
0
0
0
0
0
0
0
0

Species B
1
1
1
1
1
1
0.99999
1
1
1
1
1
1

F1

F2
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0

Backcross
to Species
A
0
0
0
0
0
0
0
0
0
0
0
0
0

Backcross
to Species
B
0
0
0
0
0
0
0.00001
0
0
0
0
0
0

Identification
of hybrids
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Figure 5: Composite UPGMA tree/Kinship heatmap analysed from Single Nucleotide Polymorphism loci
for 87 specimens of Astrotricha crassifolia from the Woronora and Brisbane Water site.
All 87 specimens were studied in a pairwise kinship analysis, and this resulted in the heatmap above consists
of pairwise kinship coefficients displayed as colours: RED colouration corresponding to the highest pairwise
kinship coefficients (0.4 or greater = clone), ORANGE-YELLOW colouration corresponding to medium
pairwise kinship coefficients (less than 0.4 but greater than 0.25 = sibling) and EGGSHELL WHITE colouration
corresponding to the lowest pairwise kinship coefficients (0). The descending red diagonal on the graph is
the result of an individual matched with itself.
To the left of the heatmap is a UPGMA tree generated from a distance-based matrix of the SNP data. The
tree tip labels includes each A. crassifolia individual’s unique ID (i.e. NSW number), site information and for
some, hybrid information from Diane Warman. The tree shows A. crassifolia individuals from Brisbane
Water are different from those at Woronora.
The heatmap shows extensive clonality in A. crassifolia, particularly at the Woronora site where 62
individuals belong to two unique genets of multiple ramets.
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Figure 6: Zoomed in map of the Woronora catchment area indicating the location of each Astrotricha
crassifolia individual (excluding hybrids) (a) and a list of each genet of multiple ramet, number of
samples and average distance between ramets provided (b). Refer to the “Point colour” in the table
for the location of each genet of multiple ramet.
Table (b) shows average distance between ramets of each genet is up to 2.2 km.
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Figure 7: Histograms of allelic count ratios for individuals of Astrotricha crassifolia indicating
diploidy (e,f) and polyploidy (a, b, c, d, g, h). Normal distributions indicate diploid and
multimodal distributions indicate polyploidy individuals. These distributions show the ratio of
major (dark blue) and minor (light blue) allele counts. An assessment of all histograms found all
individuals from Woronora are polyploids and because they are of hybrid origin, this makes them
allopolyploids. In contrast, only some individuals from Brisbane Water are polyploids and they do
not have hybrid origin, which makes them autopolyploids.
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Table 3: Observed heterozygosity (HO), expected heterozygosity (HE), inbreeding coefficient (FIS)
and number of unique genets (N) for the Brisbane Water population of A. crassifolia and
populations of other Astrotricha species.

Species/site

N

HO

HE

FIS

A. longifolia LaneCove

6

0.122

0.155

0.168

A. latifolia Chichester

6

0.105

0.121

0.096

A. latifolia Woronora

6

0.108

0.127

0.114

10

0.083

0.096

0.116

6

0.131

0.164

0.157

A. crassifolia
Brisbane Water
A. longifolia
Springwood
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Figure 8: Zoomed in map of the Brisbane Water National Park indicating the location of each
Astrotricha crassifolia individual (excluding hybrids) (a) and a list of each genet of multiple ramet,
number of samples and average distance between ramets provided (b). Refer to the “Point colour”
in the table for the location of each genet of multiple ramet.
Table (b) shows average distance between ramets of each genet does not exceed 5m.
Each white asterisk indicates a genet of single ramet (i.e. a distinct individual).
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