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Executive summary
Persoonia hirsuta is an endangered species of Proteaceae which is found only within the New South
Wales Sydney basin. Genomic analysis of this species was undertaken to determine population
structure and health, and to plan for future conservation actions.
Three genetically distinct groups have been found within P. hirsuta, found in the north, east, and west
of its range. There is evidence of inbreeding and reduced genetic diversity at most sites, which may
make P. hirsuta populations susceptible to disturbance and collapse. Fortunately, the ex situ collection
of P. hirsuta at ABGMA captures a large amount of the wild diversity of these groups and is suitable
for creating translocation populations. The optimum selection of individuals from the ex situ collection
have been calculated for translocations of each P. hirsuta group (n=100), as well as a large mixed
population (n=500). The maximization of genetic diversity will reduce the risk of inbreeding and
increasing the adaptive potential to environmental change and other pressures. The genetic data and
recommendations from this study will facilitate the onground management of P. hirsuta to contribute
to their conservation management.
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Introduction
Background
Persoonia Sm. is a unique member of the Proteaceae because it has fleshy drupes and radially
symmetric flowers. There are as many as 99 species, all restricted to Australia, and nine are listed as
rare and endangered (Emery and Offord 2018). One of the most endangered of these is Persoonia
hirsuta Pers., which consists of ten populations distributed in the New South Wales Sydney basin
(NSW; Peter Weston pers. Comm).
Persoonia hirsuta sensu lato is a low spreading shrub up to 1.5 m tall with leaves, stems and flowers
being moderately to densely hairy. A recent phylogenetic analysis of molecular data for Persoonia
provides little indication about the relationships within Persoonia, although results confirm that P.
hirsuta is most closely related to P. chamaepitys (Holmes et al. 2018), a distinctively prostrate
subshrub restricted to the Central Tablelands of NSW. A gradient in leaf width of P. hirsuta exists
across an east-west distribution, and extremes at either end are considered two separate subspecies
(Weston and Johnson 1991). Persoonia hirsuta ssp. hirsuta is located at the far eastern cline (Gosford
and Royal National Park (NP)) and P. hirsuta ssp. evoluta is located at the far western cline (Hill Top to
Glen Davis and Parr State Conservation Area (SCA)). However, characters intermediate between these
subspecies exist in populations of the lower Blue Mountains and western Sydney, making it difficult
to distinguish between the two subspecies. Complicating matters further, two populations bearing
resemblance to P. hirsuta have recently been discovered at Yengo NP and Parr SCA. In particular, the
Yengo NP population displays unusual morphology not found in both subspecies of P. hirsuta. No study
has addressed whether the two morphological subspecies of P. hirsuta are monophyletic groups or
how all populations are related. Therefore, a genetic study of diversity within and among subspecies
is required for any attempts to conserve the natural spectrum of genetic diversity.
A source of genetic variation within species can also arise from hybridisation with a cooccurring
species. From a conservation perspective, hybridisation can complicate understanding what
populations need to be saved, and what populations may no longer represent an option for the longterm management of the threatened species in question. Weston and Johnson (1991) indicated that
P. hirsuta is not known to hybridise with any other species. However, a similar statement was provided
for P. chamaepitys, which under detailed morphological examination was identified to have
intergrades with sympatric species such as P. levis (Nancarrow 2006). Hybridisation 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 sharing a similar flowering time. A disproportionately
large admixed pollen load received by the species with the smaller preferential-outcrossing population
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can lead to genetic swamping, as the smaller population must accept inter-specific pollen to maintain
reproductive output.
Analysis of DNA has demonstrated greater sensitivity than morphological methods to measure
hybridisation and is essential for revealing processes of cryptic hybridisation. Microsatellites have
been constructed for Persoonia mollis and used to identify some hybrid zones (albeit narrow range)
between some of its subspecies (Krauss 1994), however more sensitive techniques such the use of
Single Nucleotide Polymorphisms (SNPs) have provided an astounding amount of data that can be
used to track relationships from the individual to species level. Technologies such as DArTseq have
been successfully implemented for conservation efforts of rare and restricted shrubs and trees,
providing a level of sensitivity to detect hybrid populations and directional gene flow (e.g. Rutherford
et al 2019).
Persoonia hirsuta has a highly patchy distribution in the greater Sydney area of New South Wales. One
of its largest populations is situated at the West Cliff Coal Wash Emplacement area, where South 32
Colliery is under obligation by the Environment Protection and Biodiversity Conservation Act 1999
(EPBC) to implement the Persoonia hirsuta Offset Management Plan before undergoing vegetation
clearing. The Australian Botanic Gardens at Mt Annan (ABGMA) was engaged to implement aspects of
the plan to inform the conservation status of P. hirsuta and translocation programs.
At present, translocation efforts to conserve species diversity are underway. Approximately 150
juvenile plants at up to 6 months of age have been grown from seed from the WestCliff (~50 seedlings)
and Glenorie (~100 seedlings) populations. Parentage for these propagules was not recorded, and
therefore it is not known how much of the original population these propagules represent.
Furthermore, since the genotype of the parents and the remainder of the species have not yet been
identified, it is not known what amount of the genetic variation of the population and the species
these individuals represent. A similar question of identity is also relevant for three plants of P. hirsuta
collected from the Yengo NP population that are also in propagation.
The conservation management strategy intends on producing two offset sites from the ex situ
collection at the ABGMA. The first offset site of 120 ex situ plants (60 Glenorie and 60 Westcliff) was
implemented in Autumn 2019. In preparation of the second offset, the ABGMA is planning to augment
the remainder of the ex situ material by including cuttings from the Yanderra site, a population with
one of the largest number of P. hirsuta observed. By studying the breadth of genetic diversity between
populations and across the species of P. hirsuta, the second offset site can be established based on a
carefully selected mixture of genetically diverse individuals, and the first offset site can be
supplemented by any additional individuals to increase genetic variation (and hence fitness).
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Aims and objectives
In addition to the need to fulfil the criteria in the Persoonia hirsuta Offset Management Plan, there is
also motivation for a well-informed management of the remaining Persoonia hirsuta populations since
this species is listed under the Saving our Species program. Since a higher level of genetic diversity
generally corresponds to a higher fitness, an understanding and maintenance of high genetic diversity
are integral to long-term conservation practices. Relevant conservation genetic applications include
population translocations, genetic rescue and selecting candidates for living collections.
To facilitate an improved conservation program for Persoonia hirsuta with an SOS Threatened Species
conservation focus, the following questions are proposed for this study:
1. Is P. hirsuta a distinct species?
2. What is the genetic diversity within each P. hirsuta population?
3. Is there evidence of gene flow between P. hirsuta and/or species sympatric with P. hirsuta?
4. Are there genetically distinct clusters within P. hirsuta, and if present, are they resulted from
hybridisation or effects of drift and isolation?
5. How related is the population at Yengo National Park with the P. hirsuta populations?
6. How much diversity do the ex situ collection and the existing offset site capture relative to the
diversity present in the source populations and across all populations?
7. Do seedlings of P. hirsuta bear similar genetic signatures of parents or that of sympatric
species (i.e. is there evidence of hybridisation)?
8. Which individuals should be selected for future translocation events to maximize genetic
diversity?
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Methods
Sampling
Sampling of P. hirsuta and related Persoonia species was conducted by threatened Species Officers
from Department of Planning and Environment (DPE) and by the Royal Botanic Gardens and Domains
Trust (RBGDT). To estimate their current extent of genetic diversity, sampling was undertaken in situ
in NSW and included ex situ samples from the Australian Botanic Garden at Mount Annan (ABGMA).
In total, 262 specimens of P. hirsuta and 52 specimens of other Persoonia species were sampled across
NSW (Table1, Figure 1A) to measure diversity and connectivity, verify the identity and kinship of ex
situ ramets and genets, and determine optimal selection of individuals to improve current and future
ex situ collections.

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 inhouse procedure. DNA was extracted from each sample using the Plant DNAExtraction Protocol for
DArT.

Data analysis
All data analysis was conducted in R v4.1.2 (2021-11-01) using RStudio v2022.2.0.443.
Quality filtering
Single nucleotide polymorphisms (SNP) data was quality checked using the filtering scripts
implemented by an in-house custom package RRtools v1.0 (as described in Rossetto et al., 2019).
Samples that did not pass standardised quality thresholds were removed and were not used in
downstream analysis. To ensure that only higher quality DArTseq markers were used for analyses,
SNPs with a reproducibility (proportion of replicate assay pairs for which the marker score is
consistent) of less than 96% and more than 30% missing data were excluded from the dataset.
Population structure
The adegenet v2.1.7 package was used to perform a Principal Component Analysis (PCA) to better
understand relationships between individuals and populations. This method of PCA derives an
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ordination based on Euclidean transformed dissimilarity matrix of the data. The Uniform Manifold
Approximation Projection (UMAP) machine learning algorithm v0.2.8.0 was also used investigate
population structure, and genetically distinct clusters of samples were determined using dbscan v1.110.
Population genetic diversity measures
In order to evaluate F-statistics and population-level measures of diversity, the RRtools package v1.0
was used to generate a matrix of spatial distances between the populations and calculating expected
(HE) and observed heterozygosity (HO) and inbreeding coefficient (FIS) across each population.
To determine how well the ABGMA collection represented total P. hirsuta diversity, the proportion of
all P. hirsuta common alleles (present in >3% of samples) within the ABGMA collection was calculated.
This was done by finding all polymorphic sites within the P. hirsuta group, then calculating the
proportion of these sites that remained polymorphic in samples only from ABGMA.
Kinship
Pairwise kinship coefficient (k) was estimated using identity-by-descent with SNPrelate v1.28.0. A
matrix of pairwise kinship between individuals and visualised using ComplexHeatmap v2.10.0.
Individuals were inferred to be clones (belonging to the same genet or genetic individual) where the
kinship coefficient was greater than or equal to 0.45.
Phylogenetic network
The phylogenetic network of all Persoonia samples was generated using RSplitsTree v0.1.0 using a
distance matrix based upon SNP data. The network was visualised in SplitsTree v4.18.2.
Population segregation analysis
Pairwise fixation index (FST) and geographic distance was calculated between subpopulations of P.
hirsuta using SNPRelate v1.28.0. Pairwise FST indicates the level of differentiation between the two
populations. Results were visualised using ComplexHeatmap v2.10.0.
Admixture analysis
Using the whole genome SNP data, ancestral populations of each individual were estimated by LEA
v3.6.0. The optimal number of ancestral populations (K) was determined by identifying the lowest K
that minimised cross entropy using a non-linear least square model from the nlraa package v1.2.
Admixture analysis can be used to determine recent admixture events and genetic drift.
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Translocation analysis
The custom package OptGenMix v0.2 was used to determine the optimal genotype mixtures of P.
hirsuta from the ABGMA collection for translocations of 100 and 500 individuals. Temperature used
was 0.01 and simulation was iterated for 10,000 steps per translocation scenario.
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Results and Discussion
Summary
Aims outlined in the proposal
1. Is P. hirsuta a distinct species?
Yes, P. hirsuta is a distinct species within Persoonia (Figure 1).

2. What is the genetic diversity within each P. hirsuta population?
P. hirsuta shows some degree of inbreeding in most subpopulations. As a result, heterozygosity is
lower than expected resulting in somewhat limited genetic diversity within the species (Table 2).

3. Is there evidence of gene flow between P. hirsuta and/or species sympatric with P. hirsuta?
There is no gene flow evident between sympatric Persoonia species and P. hirsuta. In the phylogenetic
network (Figure 1C) species are clearly separated and admixture is not evident (Figure 3, 4). Both the
phylogenetic network (Figure 1C) and admixture (Figure 3) analyses indicate there is some gene flow
between groups within P. hirsuta, however they remain phylogenetically distinct (Figure 1C).

4. Are there genetically distinct clusters within P. hirsuta, and if present, are they resulted from
hybridisation or effects of drift and isolation?
There are three genetically distinct groups within P. hirsuta (Figure 2) which separate geographically
into North (Group 1), East (Group 2), and West (Group 3). Individuals classified as subspecies evoluta
and subspecies hirsuta based on morphology are not phylogenetically distinct from each other.
Admixture analysis (Figure 3) and phylogenetic network (Figure 1C) indicate the groups are not a result
of hybridization with other Persoonia species. There is some gene flow between adjacent P. hirsuta
groups, however the most distant groups 1 and 3 are becoming genetically isolated from each other
(Figure 5).

5. How related is the population at Yengo National Park with the P. hirsuta populations?
The newly discovered P. hirsuta population at Yengo National Park is closely related to the rest of the
northern Group 1 of P. hirsuta (Figure 3).
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6. How much diversity do the ex situ collection and the existing offset site capture relative to
the diversity present in the source populations and across all populations?
The existing ex situ collection captures >90% of the common alleles found in all three groups of P.
hisuta, however some of the cuttings and seedlings in the collection show low levels of kinship (Figure
6). Of the 129 ABGMA P. hirsuta analysed for kinship there are 128 genetically distinct individuals
(Table 4).

7. Do seedlings of P. hirsuta bear similar genetic signatures of parents or that of sympatric
species (i.e. is there evidence of hybridisation)?
Some P. hirsuta cuttings and seedlings in the ABGMA collection show low to medium levels of kinship
with each other and some individuals P. hirsuta from Yanderra, Westcliff, Appin, and Glenorie (Figure
6). Phylogenetic network (Figure 1C) and admixture analyses (Figure 4) do not indicate hybridization
with other Persoonia species.

8. Which individuals should be selected for future translocation events to maximize genetic
diversity?
Requested population sizes of 100 and 500 have been calculated in Supplementary. This can be
recalculated if the ex situ collection has changed.
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Genetic health, population structure and genetic diversity
Samples of Persoonia hirsuta and closely related species were collected from a number of sites in the
New South Wales Sydney basin (Figure 1A). Co-analysis of genomic SNP data from all Persoonia
samples established P. hirsuta is distinct from other Persoonia species (Figure 1B), and subsequent
phylogenetic network analysis found P. hirsuta formed a distinct species within the genus (Figure 1C).
This was supported by robust Neighbour-Join phylogenetic analysis.

P. hirsuta subpopulations were found to have limited diversity and evidence of inbreeding. The
inbreeding coefficient (FIS) represents the proportion of the variance in the subpopulation contained
in an individual, hence greater values indicate a high degree of inbreeding. P. hirsuta FIS values ranged
from -0.143 at Long Point to 0.393 at Yengo National Park, with the majority of subpopulations having
positive FIS values (Table 2). This moderate degree of inbreeding is likely a result of limited numbers
of individuals at each site. Inbreeding has led to heterozygosity being lower than expected in most
subpopulations; observed heterozygosity (HO) ranged from 0.074 at Parr SCA to 0.121 at Westcliff.
Low heterozygosity in a population is associated with inbreeding depression, where the loss of genetic
diversity results in reduced fitness. Although the level of inbreeding and loss of heterozygosity is not
catastrophic in P. hirsuta currently, it is worth keeping in mind as it makes these subpopulations
vulnerable to disruption and collapse.

P. hirsuta does not show evidence of hybridization with sympatric Persoonia
Hybridization between species is usually indicated by webbing between groups in the phylogenetic
network analysis. In the Persoonia phylogenetic network, species are distinct and don’t display the
webbing typical of hybridization (Figure 1C). Additionally, the positive FIS values for each
subpopulation (Table 2) imply inbreeding and indicate outcrossing with sympatric species is not likely.
Admixture analysis, which can be used to detect recent admixture events, also did not indicate any
hybridisation of P. hirsuta with other sympatric Persoonia species (Figure 4) however there is some
gene flow between the groups within P. hirsuta. This gene flow is limited, and the P. hirsuta groups
remain phylogenetically distinct from each other (Figure 1C).
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Groups within P. hirsuta
Throughout these analyses it became evident that there are several genetically distinct groups within
P. hirsuta which are segregating due to geographic isolation limiting gene flow.
The phylogenetic network (Figure 1C) showed three clear groups of P. hirsuta with minimal webbing
between them, indicating limited interbreeding between the groups. Population structure analysis
using PCA reproduced these three groups and UMAP with DBscan found an additional distinction
between subgroups 3A and 3B (Figure 2B). Each of these groups is geographically distinct within P.
hirsuta’s range (Figure 2A). Group 1 is made up of the northernmost sites Yengo National Park, Parr
SCA, Kenhurst, Kurrajong, Glenorie, and Fred Caterson Reserve. Group 2 is made up of the eastern
sites Westcliff, Appin, and Long Point. Group 3 is found in the west with subgroup 3A found only at
Yanderra, and subgroup 3B at Yanderra, Balmoral, and Couridjah.
The diversity analyses of these groups found that the northern Group 1 has a high degree of inbreeding
with FIS of 0.353 despite containing the largest number of sampled individuals. Group 3A had the
lowest FIS at 0.061, however HO remained low ranging from 0.092 to 0.112 (Table 3). This implies that
although subpopulations within these groups may show varying levels of inbreeding (Table 2), overall,
these groups have limited genetic diversity and may be vulnerable to inbreeding depression.
All P. hirsuta groups had different dominant ancestral populations predicted by the admixture
analysis, but retained small proportions of the other groups’ ancestral populations as well (Figure 3).
The presence of a unique dominant source population for each cluster implies that these groups have
arisen due to geographic isolation. The small proportions of other ancestral populations indicate
limited gene flow may have occurred between groups, but the absence of individuals with highly
heterogeneous source populations excludes recent admixture events between these groups.
This is corroborated by the population segregation analysis, which found the more geographically
distant the populations are, the more differentiated they become (Figure 5). Pairwise fixation index
(FST) ranges from 0 to 1, with 0 indicating the two populations are not at all genetically differentiated
and 1 indicating complete separation. In P. hirsuta, FST remains low (0-0.18) within clusters, indicating
subpopulations within clusters are not differentiated. Between clusters, however, FST increases with
increased geographic distance, with the most distant Groups 1 and 3 having the highest differentiation
(FST 0.5-0.6).
As Group 2 is located between the other groups geographically (Figure 2A), it maintains low to
moderate separation from both Group 1 and Group 3 (Figure 5); as such, gene flow may be possible
between Groups 1 and 2, and Groups 2 and 3, but not between Groups 1 and 3 due to their high level
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of genetic separation. This could potentially mean P. hirsuta is a ring species along a longitudinal
gradient.

Morphological subspecies evoluta and hirsuta
Previously, morphological subspecies of P. hirsuta have been described based upon a gradient in leaf
width, with the extremes at either end considered two separate subspecies (Weston and Johnson
1991). The proposed subspecies were described as P. hirsuta ssp. hirsuta, located at the far eastern
cline and P. hirsuta ssp. evoluta, located at the far western cline, however intermediate characters
exist in populations of the lower Blue Mountains and western Sydney, making it difficult to distinguish
between the two subspecies based upon morphology.
In this analysis, samples of P. hirsuta ssp. evoluta were provided from sites Balmoral and Yanderra,
and samples of P. hirsuta ssp. hirsuta from Couridjah. Both phylogenetic network analysis and
Neighbour-join phylogenies assigned these samples to Group 3 along with samples from the ABGMA.
Within Group 3 there is no differentiation between the morphological subspecies.
Despite this lack of differentiation between the evoluta and hirsuta samples provided, there are
genetically distinct groups of P. hirsuta in the east (Group 2) and west (Group 3) as predicted by
Weston and Johnson (1991). It seems likely that either the subspecies hirsuta at Couridjah were
misidentified, or morphology is not a reliable method for distinguishing between these genetically
distinct groups.

Ex situ collection
The ex situ collection of P. hirsuta at ABGMA will be the source of individuals for future translocation
projects, hence it is important that the collection capture the species diversity adequately. Kinship
analysis was conducted to determine the relatedness of all P. hirsuta individuals and identify any
clones within the ABGMA collection. There is a low level of kinship between some of the ABGMA
individuals derived from cuttings and some of the individuals grown from seed (Figure 6). Overall,
clonality was low in P. hirsuta; in 129 ramets at ABGMA, there are 128 genets (genetic individuals;
Table 4). The OptGenMix calculations to determine translocation populations compensate for
relatedness (Supplementary).
Importantly, the collection has multiple samples from each of the groups identified within P. hirsuta;
33 genets from Group 1, 31 from Group 2, 18 from group 3A, and 45 from Group 3B. The individuals
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in the ABGMA collection capture the majority of the common alleles within each group, including
93.3% of all alleles in Group 1, 97.4% of Group 2, 97.4% of Group 3A, and 96.0% of Group 3B.
The optimal translocation communities were determined for n=100 of each P. hirsuta group, and
n=500 for all groups combined (Supplementary). If the viability of cross-group hybrids is established,
this would suggest a mixed approach could be used in the future; however, until then we recommend
single group over mixed group translocations, as the genetic isolation between groups may affect
hybrid fitness.
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Conclusions and recommendations
This project highlights the following conclusions and recommendations for conservation management
of Persoonia hirsuta:
1. Most subpopulations within P. hirsuta have evidence of some inbreeding, low genetic
diversity, and limited gene flow. Although the level of inbreeding and loss of heterozygosity is
not catastrophic in P. hirsuta currently, further habitat fragmentation should be avoided.
2. There are three genetically distinct groups within P. hirsuta in the north, east, and west of the
Sydney basin. There is no evidence of P. hirsuta hybridizing with sympatric Persoonia to create
these groups, hence they have likely arisen as a result of geographic isolation. There is limited
gene flow between the groups, and their ability to interbreed is unknown. We recommend
smaller translocation projects focus on one group rather than a mixture due to the unknown
viability of crosses between P. hirsuta groups. Translocations should use the P. hirsuta group
with the range closest to that of the translocation site. The existing ABGMA collection of P.
hirsuta captures the majority of the wild diversity of each group within the species. We also
recommend investigating if these groups can produce viable hybrids as this could have
implications for conservation strategy.
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Additional notes
•

P. mollis from Glenorie appear to be much closer to P. lancelota than the other P. mollis ssp.
provided (Figure 1C)

•

Sample NSW1079225 from Yengo NP is P. isophylla not P. hirsuta (Figure 1C, 3)

•

P. chamaepitys may be the product of hybridization between P. hirsuta and P. pinifolia, P.
linearis, or P. isophylla (Figure 4)
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Figures and tables

C

Figure 1: A) Collection sites, B) PCA, and C) phylogenetic network of all Persoonia individuals coloured
by species.
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Figure 2: A) Collection sites of P. hirsuta coloured by Group. B) UMAP projection of P. hirsuta samples
coloured by Group identified using DBscan.
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Figure 3: Admixture plots of P. hirsuta grouped by A) site (excluding ABGMA) and B) Group (including
ABGMA) as determined by phylogenetic analyses. C) Pie plots of P. hirsuta for each subpopulation
plotted geographically.

Figure 4: Admixture analysis of all Persoonia species with ABGMA samples excluded.
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Figure 5: Heatmaps of pairwise distance and Pairwise fixation index (FST) values for P. hirsuta
subpopulations (populations with one individual were excluded). Clusters are coloured by annotation;
Yanderra is classified as Group 3 due to a mix of Group 3A and 3B at the site.
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Figure 6: Kinship analysis of Persoonia samples. Annotations at the bottom indicate Group, Site, and
whether the individual was grown from a cutting or seed (relevant to ABGMA only).
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Table 1: Summary of final samples used in analyses after quality filtering.

Species
P. chamaepitys
P. glaucescens
P. hirsuta
P. isophylla
P. lanceolata
P. levis
P. linearis
P. mollis
P. mollis ssp. maxima
P. mollis ssp. mollis
P. mollis ssp. nectens
P. mollis ssp. revoluta
P. oblongata
P. pinifolia

n
6
1
241
2
2
8
2
6
1
1
1
1
2
8

Table 2: Diversity statistics for P. hirsuta subpopulations including expected heterozygosity (HE),
observed heterozygosity (HO), inbreeding coefficient (FIS), and population size (n). Subpopulations
where n=1 are excluded.

Subpopulation
ABGMA (cutting)
ABGMA (seedling)
Appin
Balmoral
Couridjah
Glenorie
LongPoint
ParrSCA
Westcliff
Yanderra
YengoNP

HO
0.104
0.099
0.103
0.12
0.081
0.104
0.095
0.074
0.121
0.105
0.058
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HE
0.151
0.148
0.125
0.116
0.097
0.11
0.084
0.092
0.138
0.136
0.097

FIS
0.24
0.292
0.15
-0.047
0.174
0.092
-0.143
0.174
0.083
0.198
0.393

n
64
65
13
7
6
6
3
21
19
22
10
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Table 3: Diversity statistics for P. hirsuta groups (wild and ABGMA samples included) with expected
heterozygosity (HE), observed heterozygosity (HO), inbreeding coefficient (FIS), and population size (n).

P. hirsuta group
Group 1
Group 2
Group 3A
Group 3B

HO
0.091
0.112
0.097
0.092

HE
0.148
0.147
0.104
0.128

FIS
0.353
0.183
0.061
0.216

n
74
67
22
78

Table 4: Clones found in kinship analysis (k>0.45). Genet ID is a number assigned to each genetic
individual identified.

Sample
NSW1042041
NSW1042051
NSW1039218
NSW1039226

Genet ID
223
223
209
209

Species
P. hirsuta
P. hirsuta
P. pinifolia
P. pinifolia
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Site
ABGMA
ABGMA
Woronora
Woronora

Propagule
cutting
cutting
NA
NA

Group
3A
3A
NA
NA
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