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Abstract

Aims This study aims to identify some of the key
soil-related factors that underpin the distribution of
plant communities and provide a more comprehen-
sive understanding of an old, climatically buffered
infertile landscape including kwongkan habitats. We
investigate the pedological, topographical and hydro-
logical correlates of abundance and floristic commu-
nity distribution within the Alison Baird Reserve, a
floristically diverse, old and climatically weathered
landscape in south-west Western Australia.

Methods Fifty-four soil samples were collected
across 0.165 km? and analysed for a range of physi-
cal and chemical properties. Samples were taken from
the topsoil and subsurface, and a combination of sta-
tistical and geostatistical methods were used to exam-
ine soil-plant community distribution relationships.
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Results Elevation, sub-surface moisture, electrical
conductivity and clay content were the most impor-
tant factors in determining vegetation composition
and distribution; with sub-surface properties varying
more between floristic communities and correlat-
ing more strongly than topsoil factors. Associations
between soil nutrients (Phosphorus, Nitrogen, Car-
bon) and community distributions were not as signifi-
cant as expected, likely due to the depleted nature of
the soil system.

Conclusion The significance of soil parameters
including particle size, moisture, elevation, water
repellence and depth to water table suggests that
water availability and retention within the soil is a key
correlate of the distribution of floristic communities
at the site and may act as a pathway to explain large
scale variation in plant communities across the south-
west of Western Australia. This understanding will
help conservation and management of areas with such
high biodiversity including relocation of endangered
flora.

Keywords Kwongkan - Swan Coastal Plain - Plant
communities - Soil properties - Biodiversity hotspot

Abbreviations
OCBIL Old, climatically buffered, deeply weath-
ered, infertile landscapes

YODFEL Young, often disturbed, fertile landscapes
DWT Depth to water table (metres)
SWAFR  Southwest Australian Floristic Region
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ERT Electrical resistivity tomography
GPR Ground-penetrating radar
Introduction

Soils provide the foundation upon which most ter-
restrial life depends. The interactions between soil,
topography, hydrology, and climate provide the foun-
dation of flora and fauna diversity (Lambers et al.
2009). The specific factors that determine the distri-
bution and abundance of vegetation are variable and
largely site specific (Didham et al. 2007; Shackelford
et al. 2014). The success of conservation and manage-
ment approaches, especially in an urban context, rely
on a thorough understanding of the interrelationships
between these biophysical characteristics (Coates
et al. 2014; Monks et al. 2019).

South-western Australia contains one of the global
biodiversity hotspots (Lambers et al. 2013; Marchese
2015; Myers 1990), the Southwest Australian Floristic
Region (SWAFR; Hopper and Gioia 2004). The Swan
Coastal Plain is part of the SWAFR, a roughly 30 km
wide strip of land stretching several hundred kilome-
tres north and south of Perth, Western Australia, with
the Banksia woodlands forming a characteristic eco-
logical community (Ritchie et al. 2021). Perth and
the Swan Coastal Plain have a Mediterranean climate
with cool wet winters and hot, dry summers (Koppen
climate classification Csa,). Geologically, the region
is characterised by a series of dune systems with wet-
lands dotting the landscape as surficial expressions of
the underlying aquifer (Lane and Evans 2019).

Alison Baird Reserve, part of the Greater Brixton
Street Wetlands, is the most floristically biodiverse
area on the Swan Coastal Plain, with an extensive
number of endemic species represented (Tauss et al.
2019; Tauss and Weston 2010). The site comprises
a combination of wetland and sand dune landscapes
and is seasonally affected by water availability;
waterlogged in winter and dry during the summer,
with occasionally perched water tables (Speck and
Baird 1984). More than 400 native species have been
identified at the site with more than 90% of the flora
endemic to Western Australia (Speck and Baird 1984;
Tauss et al. 2019).

The location of the site within the greater Perth
metropolitan region implies exposure to a range of
associated urban pressures. Stormwater pollution,
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exotic and invasive flora and fauna species, as well as
introduced pathogens all compound to challenge the
existing ecosystem (Alston and Richardson 2006; Gill
and Williams 1996; Struglia and Winter 2002; Tauss
and Weston 2010). Rapid urban sprawl and associated
land clearing threatens the survivability of endemic
flora and fauna and highlights the importance of pro-
tecting species-richness (Ritchie et al. 2021).

The general nature of soils at the Alison Baird
Reserve has been described by Leopold and Zhong
(2019); soils are characteristic of old climatically-
buffered infertile landscapes (OCBIL; Hopper 2009;
Hopper et al. 2016). Due to their uncommon occur-
rence, the soils of these landscapes are not well
understood as the majority of research to date has
focused on young often-disturbed, fertile landscapes
(YODFEL) in the northern hemisphere or in habitats
surroundings OCBILs (Hopper 2009; Hopper et al.
2016). Conservation and preservation approaches
often used with YODFELs have been applied to
OCBILs with limited success, given the vast differ-
ences between the soil and vegetation character-
istics of these two landscapes (Gosper et al. 2021a;
Standish et al. 2007; Standish and Hobbs 2010; Sil-
veira et al. 2021). In recent years OCBIL theory has
been further developed through examination of mul-
tiple sites across the southern hemisphere (Gosper
et al. 2021b; Silveira et al. 2021). Many OCBILs are
small and fragmented, with Hopper (2009) identify-
ing that traditional conservation methods used to pre-
serve YODFELs are often detrimental to OCBILs.
Soils in OCBIL systems are extremely nutrient
impoverished due to long-term weathering and leach-
ing (Gilkes et al. 2006; Hopper and Gioia 2004). In
particular, phosphorus availability has been suggested
to drive the distribution of vegetation within these
systems (Hayes et al. 2021; Laliberté et al. 2015;
Nichols and Beardsell 1981). Although, when com-
pared with YODFEL soils, the concentration of nutri-
ents is generally lower, nutrient gradients, even over a
small range, are hypothesised to be of importance to
microbial (Gleeson et al. 2016; O’Brien et al. 2019)
and vegetation distribution (Gao et al. 2020; Lambers
et al. 2013, 2011). Importantly, conservation planning
is largely underpinned by the availability and abun-
dance of spatial information (Gosper et al. 2021b;
Rouget et al. 2003; Pressey et al. 2007). To expand
our understanding of OCBILs, a multitude of small-
scale studies are required due to the uniqueness of
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these sites. The more we understand how these indi-
vidual areas function, the higher the chances for a
successful implementation of conservation strategies.

Where OCBILs are present in south-western Aus-
tralia, kwongkan (local Noongar Indigenous word for
sand) vegetation is a dominant vegetation commu-
nity and has been poorly studied (Hopper and Gioia
2004). Kwongkan, or sandplain shrubland, is dis-
tributed across the south-west of Western Australia
(Mucina et al. 2014). It has been defined as a “bio-
logical treasure house” due to the number of endemic
species present, and the capacity of the species to
persist in depleted soils (Hopper and Gioia 2004).
Retaining existing kwongkan vegetation and under-
standing the factors associated with their distribution
is of cultural, economic and biological significance
(Hopper 2014). A lack of comprehensive analyses
of kwongkan vegetation remains a barrier to devel-
oping a more complete understanding of the system
(Tsakalos et al. 2018). Much of the current research
on soil-vegetation dynamics in kwongkan habitats
has focussed on locations north or south of the Swan
Coastal Plain (Lambers et al. 2011; Tsakalos et al.
2019, 2018; Yates et al. 2010a, b), with fewer studies
on the plain itself (Laliberté et al. 2013). Alison Baird
Reserve comprises of a mixture of kwongkan, bank-
sia woodland and low wetland vegetation habitats.

The dynamics between species degradation,
expansion and diversity is largely system and spe-
cies dependent (Didham et al. 2007; Shackelford
et al. 2014). In order to achieve a more thorough
understanding of kwongkan vegetation dynamics,
soil-plant relationships need to be examined. Previ-
ous studies have found that phosphorus is a key lim-
iting nutrient for plants within kwongkan habitats
(Laliberté et al. 2015; Lambers et al. 2013). Others
have hypothesised that water availability is more
important (Prober and Wiehl 2012; Tsakalos et al.
2019, 2018).

Studies by Speck and Baird (1984) and Wege
(1992) hypothesised that depth to clay layer and salin-
ity were the most significant drivers of vegetation dis-
tribution specific to the Alison Baird Reserve. Clay is
influential due to its greater ability to retain nutrients
and water in comparison to coarser particles with
smaller specific surface areas (White 2005). Others
have suggested that topography plays a role in vegeta-
tion distribution (Moeslund et al. 2013). Variation in
the drivers of vegetation distribution is commonplace,

highlighting the importance of examining the system
as a whole, particularly as previous attempts to relo-
cate rare flora within the Brixton Street Wetlands area
were unsuccessful due to lack of understanding of
specific habitat requirements (Wyrwoll et al. 2014).

Understanding the factors associated with plant
diversity and distribution within highly diverse plant
communities is critical for estimating the impact of
climatic and anthropogenic pressures (Franks et al.
2009; Gosper et al. 2021b; Laliberté et al. 2013), in
order to identify appropriate management solutions.
This study aims to identify some of the key soil-
related factors that underpin the distribution of plant
communities in part of Alison Baird Reserve. It will
provide a baseline assessment for use in monitoring
change, and to aid conservation efforts. It aims to pro-
vide a more comprehensive understanding of local
OCBIL habitats and associated soil-plant relation-
ships. The following hypotheses allow for the exami-
nation of associations between soil properties, topog-
raphy and plant community distribution:

i) Differences in quantity and quality of soil nutri-
ents and water availability are associated with the
distribution of floristic communities and key spe-
cies;

ii) Soil texture, respectively clay, is positively corre-
lated with the location of certain floristic commu-
nities;

iii) Topography and associated water-related soil
properties influence floral species diversity.

Materials and methods
Study site

The study site was the northern part of Alison Baird
Reserve (32.021685° S, 115.980202° E), located
to the east of the Perth Central Business District in
Western Australia (Fig. 1). Alison Baird Reserve is a
part of the Greater Brixton Street Wetlands and has
been owned and managed by the University of West-
ern Australia (UWA) since 1949 for teaching and
research purposes.

The hydro-pedology of Alison Baird Reserve is
variable with low-lying areas to the north-east and
south-west experiencing seasonal waterlogging,
forming wetlands during winter. A large dune from
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«Fig. 1 Top: location of the study site in its greater Australian
and Perth context. Bottom: soil sampling locations, electrical
resistivity tomography (ERT) and ground-penetrating radar
(GPR) survey lines and locations of floristic communities (for
details see Table 1). Coordinate system: GDA 1994 MGA
Zone 50

the Bassendean Dune System, estimated to be up
to 2000 ka old (Turner et al. 2018), runs through
the middle of the reserve with heights of up to
5 m (Leopold and Zhong 2019). The sand system
is underlain by clay rich sediments of the strati-
graphic Leederville formation (Gao et al. 2020;
Lambers 2019).

Geophysical methods

Geophysical methods offer fast and reliable
2D-images of the subsurface, which can be used to
strategically locate the best places for subsequent
drillings or excavations. They further extend the
spatially limited information of soil pits to a larger
area to better understand the sedimentological con-
text of a site. These techniques are non- or mini-
mally-invasive, which makes them ideal survey
tools for ecologically sensitive areas. Ground-pen-
etrating radar (GPR) and electric-resistivity tomog-
raphy (ERT) were used to obtain deep subsurface
information to set the stratigraphic context for the
soils and related plant communities (transect path-
way shown in Fig. 1). A mala X3m GPR system
coupled with a shielded 100 MHz antenna was
used to obtain radar images across the dune area.
Raw data were filtered and subsequently visualised
using ReflexW software following the protocols of
Neal (2004). Additionally, a Lippmann 4point light
multi-electrode ERT system was used to identify
the location within the subsurface where moisture
and high clay content prevents GPR signal return
due to attenuation. Apparent electric resistivity val-
ues from dipole—dipole arrays with 100 electrodes
were inverted to specific electric resistivity values
using RES2DINV software from Geotomo (Loke
2019) following the protocol of Leopold et al.
(2021). GPR and ERT images were stratigraphi-
cally interpreted using borehole data provided in
Gao et al. (2020) as ground-truthing information.

Floristic community identification

Floristic communities used in this study were derived
from Tauss et al. (2019), who carried out a floristic
survey of the entire Greater Brixton Street Wetlands
(Table 1). The spatial distribution of these commu-
nities is thought to correlate with soil properties and
topographic position.

Interest species

Additional to floristic communities, we explored the
soil properties associated with individual ‘species of
interest’ within the reserve to gain an understand-
ing of their habitat. Due to their scarcity and impor-
tance as threatened flora, the following species were
selected to test soil properties in their vicinity.

e Andersonia gracilis DC:

This small shrub is listed as a Threatened Flora
Species (Endangered) and there is very little informa-
tion on its preferred habitat.

e Beaufortia squarrosa Schauer:

This species is of interest at the site given its idio-
syncratic distribution in Alison Baird Reserve, its rare
occurrence in the Perth Region of the Swan Coastal
Plain, and the lack of habitat data.

e Grevillea thelemanniana Endl.:

This medium-height shrub is a Threatened Flora
Species (Critically Endangered). In the wild, this
shrub is confined to the Greater Brixton Street Wet-
lands (Tauss et al. 2019; WA Herbarium 1998-) and
the adjacent suburbs of Kenwick and Wattle Grove,
both proposed for industrial development (Tauss and
Weston 2010). It is of particular interest because of
its narrow distribution, the high threats posed to the
persistence and genetic integrity of wild specimens
and the very limited understanding of its natural habi-
tat (Gao et al. 2020).

Soil sampling and analyses

Soil sampling locations were initially identified using
a grid-based mapping approach to ensure multiple
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Table 1 Floristic communities within the Greater Brixton Street Wetlands, community abbreviations, total area and percent of wet-

lands
Name Abbreviations Total area m> Area % Sample
Locations #
Cytogonidium leptocarpoides—Schoenus efoliatus Cl-Se 11,876.23 7.31 10
Viminaria juncea—Babingtonia urbana Vj-Bu 4567.71 2.81 7
Banksia telmatiaea—Schoenus rigens Bt-Sr 12,270.17 7.56 4
Melaleuca osullivanii—Leptocarpus coangustatus Mo-Lc 5,572.56 343 2
Melaleuca rhaphiophylla—Schoenus subfascicularis Mr-Ss 17,362.01 10.69 7
Melaleuca brevifolia—Samolus junceus Mb-Sj 6,123.62 3.77 2
Melaleuca acutifolia—Verticordia plumosa Ma-Vp 2473.83 1.52 1
Banksia spp. -Jacksonia floribunda B spp. - Jf 89,998.15 55.43 21

sampling of the diverse floristic communities. How-
ever, some sampling positions had to be adjusted
according to ease of access while on site. On 23
October 2018, 54 topsoil (0—10 cm) and 53! sub-sur-
face (50-60 cm) soil samples were collected using a
stainless-steel trowel and hand auger. Additional soil
samples were collected at locations where species of
interest were identified (Fig. 1).

Samples were placed in plastic bags, labelled and
subsequently air dried at 40°C for one week. Samples
were then sieved to fine earth fraction (<2 mm) and
analysed for relevant soil properties (Table 2). Blanks
and replicates were included for Carbon, Nitrogen
and Phosphorus (C, N and P) concentrations and par-
ticle size analysis. Additional samples were taken at
the same location using a metal ring of known vol-
ume (293 cm®) for subsequent bulk density calcula-
tion after drying for 48 h at 105°C.

Statistical analyses

A mixture of statistical tests (p-values), ordination,
classification trees, graphs, and maps were used to
interpret soil-flora associations.

All soil data were examined for normality and
equal group variance in R using a combination of
Shapiro-Wilk, Bartlett and Fligner tests (Reimann
et al. 2008). Where possible, transformations were
conducted on soil variables to create a normal distri-
bution and/or equal variance (Reimann et al. 2008).
Transformations included the Box-Cox, log, square
root and power transformations. ANOVA and the
non-parametric Kruskal-Wallis test were used for
soil, topography and vegetation association analy-
sis as vegetation complex was described as a cat-
egorical variable (Reimann et al. 2008). Levene Test
and visual histogram analysis were used to identify

Table 2 Laboratory

Method

: . Analysis

analysis and associated

Is];:g]): applied to each soil Bulk Density
Particle Size Analysis
pH (CaCl2)
pH (DI)
Electrical Conductivity (EC)
Soil Repellence
Total Carbon

References: ! McKenzie Total Nitrogen

et al. 2002, 2 Rayment and Moisture Content

Lyons 2011, * Hunt and Phosphorus (plant-available)

Gilkes 1992

Modified International Standard ISO/DIS 112277, Australian
Standard (AS 2839 C6.1 C6.2) for Australian soils !

Modified International Standard ISO/DIS 112277, Australian
Standard (AS 2839 C6.1 C6.2) for Australian soils !

pH meter in solution 1:5 ratio of Soil: 0.01 CaCl, 2

pH meter in 1:5 ratio of Soil: Deionised Water 2

EC meter in 1:5 ratio of Soil: Deionised Water >

Molarity of ethanol droplet test (MED) Rating >

Dumas method 6B2B 2

Dumas method 7A 2

Moisture content !

Colorimetric determination method of molybdate-reactive P 2

@ Springer
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homogeneity of variance and determined whether
ANOVA or Kruskal-Wallis was performed.

Statistical analysis was undertaken in R (R Core
Team 2022) using the base, vegan (Oksanen 2015) and
car packages (Fox and Weisberg 2015). A Spearman’s
Correlation Matrix was constructed to inform linear
statistical relationships and guide further analysis.

Ordination plots were created for: sub-surface soil
properties, topsoil properties and significant only var-
iables (Oksanen 2015). Soil and topography variables
were fitted to the ordinations to visually investigate
gradients using the envfit function in the vegan pack-
age in R (Oksanen 2015).

Classification tree analysis was undertaken to fur-
ther assist in evaluation of key environmental vari-
ables and their correlation with the floristic distri-
bution at the site (De’ath and Fabricius 2000). The
package rpart (Therneau and Atkinson 2019) was
used in R (R Core Team 2022), based on the original
work by Breiman et al. (1984).

We further investigated if depth to water table was
related to vegetation distribution. Water table depths
were extracted from the Department of Water online
database (Western Australia DoW 2015) for each
soil sample location. ANOVA tests were used for
soil properties and depth to water table data. Topo-
graphical variables measured were elevation above
sea level (m), slope (degree) and aspect (degree).
Topographical variables were derived from a Digital
Elevation model (Moeslund et al. 2013) calculated
from stereo digital aerial photography as part of the
CSIRO Urban Monitor program (Landgate, Western
Australia; Caccetta et al. 2012), with an approximate
resolution of 20 cm.

Results
Geophysical results

The GPR line shows horizontal, high-amplitude
reflections at 1 to 5 m depth along the survey line,
which are interpreted as reflections from the dune
base (Fig. 2a). Signal attenuation below this reflec-
tion is indicative of high clay and moisture content in
accordance with nearby seasonal wetland areas. The
clay surface, which most likely belongs to the geo-
logical stratigraphic unit of the Leederville formation
(Gao et al. 2020), rises roughly 1 m in elevation from

west to east. This 1 m step functions as an accumu-
lation trap for aeolian sands and the subsequent for-
mation of the longitudinal dune in N-S direction. The
GPR displayed an additional 1 m of sediment at the
area east of the sand dune identified as a sand sheet.
The accumulation resulted in a total vertical differ-
ence in elevation of more than 2 m between the west
and east side of the dune which displayed a first major
stratigraphic and topographic difference between the
two areas adjacent to the dune.

The GPR results were validated by the two ERT
lines that ran parallel to the dune (Fig. 2b, c). Both
lines show relatively low electric resistivity values,
with a maximum value of 50 Qm. ERT line 1 dis-
played a 2-m thick zone with slightly higher resistiv-
ity near the surface which corresponds to the identi-
fied sandy layer in the GPR survey. This sand sheet
was then underlain by a zone of low resistivity values
(~5 Qm) at about 4 m depth. This was followed by
sediments with slightly higher resistivity values up
to 20 Qm. ERT line 2 displayed a similar distribution
but lacked the 2 m thick high-resistivity zone on the
surface.

Statistical tests and ordination

Floristic communities were most strongly influenced
by elevation, sub-surface moisture, sub-surface clay
content and EC (Table 3). Moisture content was iden-
tified as the most significant topsoil property corre-
lated with the distribution of floristic communities.

Topsoil properties were rather homogenous across
communities as indicated by overlapping of ellip-
ses in the ordination space. However, Banksia spp.
-Jacksonia floribunda (B Spp. —Jff) was significantly
differentiated from other vegetation communities.
Within the sub-surface, B spp.-Jff only slightly over-
lapped with other plant communities. Melaleuca
brevifolia—Samolus junceus (Mb-Sj) and Melaleuca
acutifolia—Verticordia plumosa (Ma-Vp) was the
most significantly different within the ordination
space; however, only one sample was recorded for
each of these groups.

Moisture, followed by elevation and clay content
explained most of the variation within the ordina-
tion space (Fig. 3). Viminaria juncea—Babingtonia
urbana (Vj-Bu), Cytogonidium leptocarpoides—Sch-
oenus efoliatus (Cl-Se), Banksia telmatiaea—Schoe-
nus (Bt-Sr) and Melaleuca rhaphiophylla—Schoenus
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subfascicularis (Mr-Ss) displayed consistent signifi-
cant soil-plant relationships, exhibited by their over-
lapping in the ordination plots.

Elevation accounted for 15% of the plant com-
munity distribution (Fig. 4a). There was a clear
divide in elevation, with the B spp-Jf group, which
is mainly located on the sand dune, being above
11.25 m elevation. All other plant communities had
elevations below 11.25 m with elevation having no
further impact on floristic community distribution,
but topsoil pH and moisture did. Topsoil field mois-
ture content, which was correlated with soil texture,
again split the B spp-Jf group (42.6%) from the rest
of the plant communities at 6=6.5 cm’*cm™ volu-
metric water content. Topsoil pH and slope were next
most important factors describing plant distribution
(Fig. 4b).

Sand and clay content in the topsoil and sub-sur-
face soil were negatively correlated with C, N and
P concentrations (Fig. 5). Higher elevations cor-
responded with lower sub-surface moisture levels,

@ Springer

98 [m]

likely due to the depth to water table and sandy nature
of the soils on the sand dune. N and C concentrations
were closely correlated with texture, with a stronger
correlation for the topsoil than for the sub-surface soil
(Fig. 5).

In general, there were clear differences between
most topsoil and sub-surface soil properties across
all floristic communities. Topsoil total C was higher
than sub-surface total C, as expected (Fig. 6). P had
higher concentration in the subsurface, except for
Vj-Bu, Mr-Ss, the latter representing a rather moist
area, which could be responsible for the wide range
of available P concentrations (2 -11.2 sub-surface mg
P kg™!) in that area. The highest topsoil P values were
found within the Mr-Ss community with 38.4 mg P
kg~!. There was no correlation between the topsoil
P concentration and the floristic community distri-
bution. The Bpp.-Jf community exhibited a higher
sub-surface soil P concentrations than the topsoil P
concentration. The highest sub-surface soil P concen-
tration was found within the Ma-Vp community with
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Table 3 Statistics and ANOVA or Kruskal-Wallis test
results of soil properties and floristic communities. p-values
of below 0.05 are considered significant; significance levels:
k% p<0.001, ** p<0.01, * p<0.05.  denotes log value used

for calculations. *Denotes Kruskall-wallis non-parametric test
used instead of ANOVA. H statistic is provided for Kruskal—
wallis tests. All factors are independent

Variable Max Min Mean Std.D p-value with: p-value with:
Floristic Community F or H-Statistic ~Effect size Elevation
(DoF=7)

Repellence Rating 5 2.66 2.25 0.0000%* 19.306 0.75 0.0167*

DWT 6 4.16 0.84 9.404 x 107 3%xx# 30.023 0.493 112X 107155k

Elevation (m) 13.8 8.6 11.0 133 9.5106x 107 16.982 0.725 -

Topsoil
pH 7.04 4.88 572 0.42 0.0531 13.89 0.149 0.9695
pH (CaCl,) 6.22 396 4.67 0.45  0.0099%#+# 18.499 0.25 0.6192
EC 1035 7.16 66.06 168.53 0.0069*** 19.427 0.27 0.802
Sand % 99 40 96 8.35 0.066 2.068 0.234 0.3448
Clay % 37 0 2 522 0.0020%* 22.515 0.337 0.3407
Silt % 23 0 2 3.25 0.0916 12.283 0.115 0.3705
Carbon % 53 0.2 1.15 0.81 0.011%* 3.005 0.314 0.1007
Carbon g m™> 314.09 20.39 87.07 46.38  0.0007***A 4.514 0.413 0.1688*
Nitrogen % 0.36 0.02 0.07 0.05 0.0042%*# 20.726 0.298 0.3625
Nitrogen g m~> 2193 2.64 5.05 275  0.004%* 3.45 0.349 0.5052»
Moisture Content % 45 1 7.85 8.65 5.615x 1077 41.827 0.757 0.0002%**
Phosphorus mg kg™ 38.4 1.6 5.62 6.39 0.0585 13.612 0.144 0.0624
C:N 28.63 7.13 17.15 4.69  0.0001*** 29.699 0.493 0.00071***

Sub-Surface
pH 8.63 499  6.20 0.97 0.0537 2.183 0.253 0.0012**
pH (CaCl,) 7.26 395 5.01 0.82  0.0014%*# 10.396 0.368 0.0002%**
EC 3640  3.92  280.76 718.15 0.0000%*# 39.567 0.724 0.2054
Sand % 99.5 66.66 93.09 7.94  0.0000%*+# 32.627 0.569 0.0007***
Clay % 3079 O 4.94 6.57 0.0003*** 4.901 0.433 0.0017**
Silt % 10.1 0 1.98 225 0.0088%## 18.797 0.262 0.0084**
Carbon g 100 g~ 2.35 0.05 0.29 0.35 0.2168 1.431 0.182 0.0178*
Nitrogen g 100 g™!  0.135  0.013 0.03 0.02 0.0456* 2.2698 0.260 0.0004***
Moisture Content %  0.39 0.01  0.09 0.076 6.565 x 107 %% 12.795 0.665 1.493 x 10713
Phosphorus mg kg™!  22.8 1.3 7.34 5.31 0.0031%*%* 3.698 0.365 0.1603
C:N 24.11 257 881 4.26  0.0086**A 3.148 0.329 0.5551~

22.8 mg P kg~! soil. However, the sample had a rela-
tively low P concentration in the topsoil at 2.8 mg P
kgL

Topsoil pH (H,O) values were generally acidic
between pH 5 and 6 with the exception of Mo-Lc,
representing a wet low-laying area with values
between pH 6 and neutral (Fig. 7a). Sub-surface pH
(H,0O) values were generally less acidic with several
communities experiencing neutral or slightly alkaline
pH (H,0) conditions. Topsoil EC was mostly low,
but subsurface EC values generally differed more

between plant communities than they differed within
each communitys. Saline sub-surface hotspots were
identified within Melaleuca osullivanii—Leptocarpus
coangustatus (Mo-Lc), Mr-Ss and Mb-Sj, which were
on opposite sides of the sand dune in lower-lying
areas (Fig. 7b).

Interest species

C, N and silt content of the soils at the Beaufortia
squarrosa site were different when compared with the
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Fig. 3 Ordination plots. a Topsoil properties only. b Sub-surface soil
properties. NMDS1 and NMDS2 are arbitrary axes within ordination
space. The labelled ellipses represent the 95% confidence interval for
each floristic community within the ordination space. Ellipses that
overlap are considered similar based on the variables used as input.
¢ Ordination plot with only significant variables for both the topsoil
and sub-surface soil. Topographical variables are also included. The
NMDSI1 axis represented a composite elevation, depth to water table,
sub-surface clay and electric conductivity (EC) gradient. The NMDS2
mostly represented a composite P—moisture gradient, resulting in the
separation of the B spp.-Jf, Mb-Sj and Ma-Vp from the other floristic
communities. B spp. — Jf was separated from the other communities by
a higher elevation, lower moisture content and lower clay composition
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surrounding site (Figs. 8, 9). The topsoil clay to sub-
surface clay content ratio was similar for each interest
species (Fig. 9).

The soils associated with Andersonia gracilis DC
and Grevillea thelemanniana all exhibited low water
repellence. In comparison, the repellence rating of
soils associated with Beaufortia squarrosa was sig-
nificantly greater, with an average rating of MED
4, representing very severe water repellence condi-
tions (Fig. 9d). The most significant difference in soil
properties associated with interest species was the C
and N concentration. Soils associated with Beaufor-
tia squarrosa displayed significantly higher C and N
concentration than any of the other species and across
the site in general (Fig. 8a, c).

Sub-surface P concentration varied among the
soils associated with interest species and across the
rest of the site (Fig. 8b). The topsoil:sub-surface soil
P ratio also differed among the species. Interestingly,
soils in the habitats of Andersonia gracilis and Gre-
villea thelemanniana had higher sub-surface P and
lower topsoil P concentrations.

Discussion
Geophysical analysis

The area east of the dune exposed an up to 2 m thick
sand sheet above clays from the Leederville forma-
tion. This sand sheet was missing west of the dune
where only a thin layer of colluvial sandy loam over-
lays the sandy clays of the Leederville formation. The
generalised soil texture distribution from west to east
can be described as sandy-clayey topsoils over clays
west of the dune, deep sandy soils over clays at the
dune, and sandy soils over clays east of the dune.
However, the eastern part was further differentiated
by some low-lying wet areas connected to Crystal
Brook in this area. This stratigraphic model was cor-
roborated by results from the resistivity tomograms
(Fig. 2b, c) where the sandy-clay rich sediments from
the Leederville formation perched slightly saline
water, as confirmed by higher EC subsurface val-
ues. The zone with higher resistivity exhibited in the
ERT]1 line represented the sand sheet also identified
east of the dune by the GPR survey. This stratigraphic
interpretation was further validated by various soil
cores from the area described by Gao et al. (2020)
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Fig. 4 a Classification Tree
with all variables. Variable
importance (rounded):
Elevation 20%, topsoil
moisture 14%, sub-surface
moisture 14%, sub-surface
clay, sub-surface EC

and sub-surface sand all
10%, topsoil pH (CaCl,)
8%. b Classification tree
with variables excluding
elevation. When elevation
was excluded, variable
importance was: sub-sur-
face moisture 15%, topsoil
moisture 12%, sub-surface
EC 11%, topsoil pH (CaCl,)
9%, sub-surface clay, sub-
surface sand and topsoil
C:N ratio all 7%
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Fig. 5 Spearman’s Correlation Matrix for all variables. Red
circles indicate negative correlation, blue positive. The larger
the circle, the more strongly correlated two variables are. Vari-

and further aligns with the geological descriptions
presented by Lane and Evans (2019).

Soil property distribution across site

The multivariate analysis of soil property associations
with plant community distribution provided impor-
tant insights into the underlying soil characteristics
of current vegetation patterns. Most importantly,
variation in certain soil properties showed greater
variability across the site than within a specific

@ Springer

ables are listed in alphabetical order, with the prefix TS denot-
ing topsoil and SS denoting sub-surface soil. Rep. =Repellence
rating

community, suggesting that each community had
a physical-chemical soil preference underlying the
importance of small-scale studies in OCBIL land-
scapes (Hopper 2009). In reference to hypothesis (i),
P did not exhibit the strongest association with flo-
ristic community distribution. P concentrations did
show variation in the sub-surface among communi-
ties. However, the variation of P concentration within
each community was just as large as that across the
entire site, especially within the topsoil of Mr-Ss, and
in the sub-surface of Vj-Bu and B spp.-Jf (Fig. 7).
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Sub-surface P concentration had no statistical impact
on floristic distribution. Results of the cluster analy-
sis using classification trees (Fig. 4) corroborates the
latter statement as P concentration did not show up
as a factor to describe the distribution of plant com-
munities. There was also large variation within the
B spp.-Jff floristic community that is located on top
of the sand dune which was unexpected given the
higher sand:clay ratio in the remainder of the site. It
is possible that the limited P availability prevented
specific species from establishing within the reserve
(Laliberté et al. 2015; Lambers et al. 2018; Nichols
and Beardsell 1981); however, its role in shaping the
vegetation community distribution in the reserve did
not appear to be the most significant within this fine
scale study. Other studies point to the fact that nutri-
ent gradients inform vegetation distribution within
nutrient-poor Mediterranean landscapes (Laliberté
et al. 2014; Richards et al. 1997), however, in Ali-
son Baird Reserve soil-P is low everywhere and thus
a less important factor compared to water. Although
soil properties in this study were primarily associ-
ated with floristic community groups, and not the
presence of a range of individual species, the result
provide insight into the extent to which P is a limit-
ing factor. However, it must be noted that we analysed
only a specific part of the P-pool, and there is likely
more P available to specialised plants such as protea-
ceous, which is not represented by this method. Dif-
ferent methods targeting different forms of soil P, or
the analysis of organic P might deliver slightly differ-
ent correlations.

Overall C, N and P concentrations were low in
comparison with global averages (Hopper 2009;
Laliberté et al. 2013), supporting the OCBIL hypoth-
esis that taxa within these landscapes have evolved to
survive in nutrient-poor soils (Silveira et al. 2021).
The low P, C and N concentrations, high water repel-
lence and low water-holding capacity of the B spp.-Jf
community was consistent with the Bassendean sand
dune systems (Bouwer 1978; Laliberté et al. 2013;
Scott et al. 2012). The leaf litter originating from
Banksia trees (the dominant species within the com-
munity) decomposes to form a hydrophobic humic
layer (Tsakalos et al. 2018). The high sand content of
the B spp.-Jf community (sub-surface mean of 98.8%
and topsoil mean of 97.9%), in addition to litter pro-
duced by the banksias, likely contributed to high
levels of soil water repellence (Franco et al. 2000;

Ritchie et al. 2021). Here, greater C content and water
repellence were strongly associated (Fig. 5), consist-
ent with the findings of Harper and Gilkes (1994),
and Cesarano et al. (2016) which highlight that leaf
litter and organic matter in general increases water
repellence in topsoils in south-western Australia.

Relationships between plant communities,
sub-surface soil and topsoil properties with
topography and hydrology

Statistical tests, classification trees and distribution
maps indicate that variations among floristic com-
munities were influenced by both topsoil and sub-
surface soil parameters and their interrelationships.
This highlights the importance of not limiting soil
studies to topsoil when assessing ecosystems. Current
studies focussing on kwongkan distributions (Gibson
et al. 2004; Tsakalos et al. 2018) might further benefit
from including more subsurface soil parameters. A
more complete understanding of the plant community
distribution in these nutrient-impoverished systems
might be achieved by integrating sub-surface and top-
soil samples, together with external environmental
variables such as topography or depth to water table.

Soil particle size played a highly associated role
with floristic community distribution within the
reserve. Clay content was identified as having a high
association with plant community distribution, sup-
porting hypothesis ii. In addition, particle size influ-
ences many other important soil parameters such as
porosity, water retention potential, bulk density, cat-
ion/anion exchange capacity, which all influence plant
growth (McKenzie et al. 2004) . Fordyce et al. (2007)
documented strong relationships between soil texture
and plant community distribution in a study of jarrah
(Eucalyptus marginata) forests in Western Australia.
However, they also indicate that texture may be more
influential on local hydrology, which then influences
vegetation distribution. This is contrary to the direct
link between soil texture and plant distribution, which
has been identified in different YODFEL environ-
ments (Wang et al. 2015).

Resistivity tomograms and the radargram show
that topography influences the preconditions by which
plants access water and nutrients. The depth to the
shallow, sometimes perched, water table is related to
the clay layer that is found at variable depth across the
reserve (Fig. 2). Topography expressed in elevation
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«Fig. 6 Distribution of selected environmental properties
across the site. a Topsoil and sub-surface P. b Topsoil and sub-
surface soil C concentration. ¢ Topsoil and sub-surface clay (as
a proportion). d Depth to water table (DWT) in metres below
soil surface and water repellence rating of topsoil

differences varied significantly among communities
at the studied site and was strongly related with clay,
moisture content and sub-surface N concentration.
Elevation also directly related to depth to water table
(Fig. 5), further compounding to show that water
availability and retention were likely the most influen-
tial variables in terms of plant distribution at the site.
Additionally, slope was strongly related to moisture
content, indicating an indirect effect on flora through
hydrological dynamics, similar to the observations by
Fordyce et al. (2007). This supports the significance
of elevation in all analyses conducted in this study.

In reference to hypothesis ii, the significance of the
sub-surface clay content and location, together with
the lower significant association with clay content in
the topsoil, suggests that depth to clay influenced the
distribution of vegetation within the site. Depth to
ground water and clay content play important roles
in limiting or allowing plants to access water (Tsaka-
los et al. 2019). In our case, clay behaved as a perch-
ing layer, limiting the movement of water through
the soil column (Tsakalos et al. 2018; White 2005).
Due to this, depth to clay layer relative to ground-
water can greatly influence a plant’s ability to access
water, especially during drier months. Our statistical
tests show that sub-surface clay content was signifi-
cantly different among communities, as well as being
strongly associated with water availability, as illus-
trated by all ordination plots, causing the separation
of the B spp-Jf, Mb-Sj and Ma-Vp from the other
communities (Fig. 3). Within the classification trees,
sub-surface clay content was the most significant
variable when elevation was removed from the model
(Fig. 4).

The absence of a relationship between plant-avail-
able soil P concentration and elevation was unex-
pected when these results were compared with other
studies (Lambers et al. 2018; Vincent et al. 2014).
One plausible explanation is the extremely P-impov-
erished status of the Bassendean dune system. A pos-
itive relationship was identified between plant-availa-
ble P concentration and the clay content in the topsoil
which is consistent with the current understanding of

Bassendean sand dune systems (Wyrwoll et al. 2014).
The topsoil likely has a greater overall nutrient con-
tent due to the accumulation of organic matter (White
2005), supported by the strong correlation with top-
soil total C concentration (Fig. 6). Although a statis-
tical relationship was identified, higher clay contents
do not invariably infer higher relative plant-available
P concentrations at the sample sites.

The significance of elevation (hypothesis iii), water
repellence, depth to water table and moisture con-
tent (hypothesis i) combined with the significance of
depth to clay layer (hypothesis ii) suggests that water
availability and water-holding capacity of the soil is
important for the distribution of vegetation across
the site. Elevation and slope impact vegetation at the
site through the influence on moisture content and
assumed hydrological flow. This is consistent with the
findings of Tsakalos et al. (2018) and Tsakalos et al.
(2019) where water availability was hypothesised as a
key influencing factor in vegetation distribution.

Overall, the combination of the ordination plots
and statistical tests including decision trees suggest
that the soil factors ‘providing access to water’ and
‘water-holding capacity’, which both relate to particle
size and topography, were the most influential factors
in terms of spatial distribution of vegetation grouping
in this subpart of Alison Baird Reserve.

Salinity and groundwater

Soil sub-surface salinity and depth to groundwa-
ter are related at the site. EC values above 1000
uS cm™! were found where the average groundwa-
ter depth was between 3 and 4.3 m. Soils with EC
values of less than 1000 uS cm™! are considered
non-saline (Smith and Doran 1997). Six of the sub-
surface samples were saline, as well as one topsoil
sample. Soils with depth to groundwater greater
than 4.3 m did not display sub-surface soil EC val-
ues greater than 500 pS cm~!. Rising groundwater
in Western Australia is often associated with veg-
etation clearing (Bari and Ruprecht 2003; Cro-
ton and Bari 2001; Raper et al. 2014). During the
winter months, the water table at the study site is
perched (Tauss and Weston 2010), which results
in the migration of salinity towards the upper lay-
ers of the soil profile. The additional issue of
increased surface water flow and decreased infiltra-
tion is a risk to the site, especially considering the
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highlighted significance of water availability within
this study. The strong relationship between EC and
depth to water table suggests there is a potential risk
of increased salinity posed by the clearing of land
surrounding the site. Although many of the plant
species in the SWAFR have developed tolerance to
moderate salinity (Halse et al. 2003), the impact of
increased salinity on specific endemics within the
site is unknown, except for the rare Grevillea thele-
manniana, which is highly sensitive to salinity (Gao
et al. 2020). Further investigation is required to
develop appropriate management solutions.
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Potential anthropogenic influence and the role of fire

The anthropogenic impact from limited weed spread-
ing, and human interference in modern times can-
not be ignored. Given these landscapes are millions
of years old, use of the land by first inhabitants are
also a factor worth consideration (Silveira et al.
2021). Anthropological studies examining Noongar
interactions with OCBIL and YODFEL landscapes
have found that strongest human activity is pre-
dominantly associated with YODFEL landscapes in
the region (Hopper et al. 2021; Lullfitz et al. 2021).



Plant Soil (2023) 487:109-132

Fig. 8 Concentrations a
as boxplots for each inter-

est species. a Topsoil and

subsurface C. b Topsoil

and sub-surface plant- 40
available P. ¢ Topsoil and
sub-surface N. ‘Soil” group
refers to the samples from
the rest of the site. AND

= Anderso-nia gracilis,
BFT = Beaufor-tia squar- 201
rosa, GREV = Grevillea o
thelemanniana. The median
is indicated by the black
line within the interquar-
tile range. Black dots rep-
resent values greater than

C (g kg-1)

1.5 times and less than 3
times the interquartile range
beyond the boxes

Current population densities across YODFEL land-
scapes have more than double that of OCBIL land-
scapes, especially within the SWAFR (Gosper et al.
2021b). Although human interference (or historical
lack thereof) is not considered to be the sole driver
of diversity and species’ abundance (Gosper et al.
2021b), it has very likely somewhat contributed to the
overall (limited) location of endemic species (Silveira
et al. 2021).

The lack of correlations between topsoil param-
eters and sub-surface variables (Fig. 6) may be
explained, in part, by weeding activities within the
reserve. Weed control has been undertaken at the site
in recent years (Hans Lambers pers. comm. 2018), as
a management priority. Disturbance from such activi-
ties may have resulted in perturbation of topsoil and
subsequent displacement from its original locations
which could explain erroneous associations. How-
ever, the influence of weeds and weeding activity is
unlikely to be greater than any signal to noise ratio
found within the data collected for this study. At a
larger scale, the location of the rare and endemic spe-
cies at a confined location is likely influenced by the
lack of competition from invasive species (Hopper
2009). The physical fragmentation of the study site
from other nearby bushland habitats may have limited
the migration of invasive species.

Given the age and long-term presence of vegeta-
tion at the study site, erosion is unlikely a significant
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contributor to movement of soil at the site. Where
steeper slopes and soil water repellence coexist, soil
erosion may be increased (Lowe et al. 2021). Biotur-
bation of the soil by small marsupials (Isoodon fus-
civenter, Southwestern brown bandicoot), termites
and other insects likely also played a role (Lobry de
Bruyn and Conacher 1990; Whitford and Eldridge
2013) as well as fire events that have reduced vegeta-
tion cover and allowed movement and redeposition of
topsoil. It is possible that processes during the long-
term evolution of the landscape have had a greater
influence on the distribution of vegetation which
limits identification of current environmental drivers
(Macintyre et al. 2018; Tsakalos et al. 2018) and fur-
ther highlights the importance of examining OCBILs
and YODFELSs as separate systems.

Interest species

We found new information concerning the habitat
requirements of several interest species. Previous
research suggested that Beaufortia squarrosa prefers
well-drained topsoils which can be wet during the
winter (Burbidge 2016). This is supported by this
study, where sands provided coarse porosity. After
the dry summer months, infiltration might be initially
restricted by water repellence of the surface soil, but
this would quickly change after initial winter rain.
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Fig. 9 Topsoil and
subsurface boxplots for
each interest species.

a Clay. b Silt. ¢ Depth

to water table. d Repel-
lence rating. ‘Soil” group
refers to the rest of the
site. AND = Andersonia
gracilis, BFT = Beaufor-
tia squarrosa, GREV =
Grevil-lea thelemanni-
ana. Soil refers to the
remaining soils across

the whole site that are not
associated with an inter-
est species. The median is
indicated by the black line
within the interquartile
range. Black dots represent
values greater than 1.5
times and less than 3 times
the interquartile range
beyond the boxes
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The low P concentration of the soil near Beaufor-
tia squarrosa is consistent with previous studies sug-
gesting P-sensitivity (Nichols and Beardsell 1981).
The significantly higher C and N concentrations of
the soil surrounding Beaufortia squarrosa may be
indicative that the species can tolerate conditions that
lead to slow C recycling through low microbial activ-
ity. Andersonia gracilis is typically located on season-
ally damp black sandy clay soils, near swamps (DEC
2006). At this site, it is located in seasonally damp
areas, although within pale yellow topsoil and light-
brown to grey sub-surface sands, which have low C
and organic matter content. The differences in the
silt:clay ratio between Andersonia gracilis and Gre-
villea thelemanniana in comparison with the rest of
the site should also be noted. Relocation of declared
rare flora within the Brixton Street Wetlands area has
been unsuccessful, possibly due to a lack of under-
standing of specific habitat requirements (Tauss and
Weston 2010). The results from this study will aid
conservationists in more appropriately informing
management decisions for the declared rare Anderso-
nia gracilis and Grevillea thelemanniana species.

Eutrophication of soil in natural landscapes is an
increasing problem, particularly with higher P con-
centrations resulting from fire events (Lambers et al.
2022), fire suppressants, runoff from agricultural land
and verges, and from road dust (Lambers et al. 2013).
Many plants within OCBILs, especially within the
SWAFR, exhibit P sensitivity (Lambers et al. 2011),
including Beaufortia squarrosa (Nichols and Beard-
sell 1981). The interest species at this site indicate a
preference for low-P soils, supporting Lambers et al.
(2011). It is unknown whether Andersonia gracilis
is P sensitive and can exhibit symptoms of P toxic-
ity. This highlights the risk of eutrophication to the
site’s endemic species and overall diversity. Grevil-
lea thelemanniana, like many other Grevillea spe-
cies, functions at higher leaf P concentrations (Hayes
et al. 2021), and, like Grevillea crithmifolia (Shane
and Lambers 2006), is not P sensitive (Kosala Ranat-
hunge, pers. comm.)

Future research

Future studies should adapt the methods used by
Tsakalos et al. (2018) and Tsakalos et al. (2019) to

further examine environmental variables associated
with the distribution of plant species across the site.
Distance-based regression and analysis can uncover
further relationships in a more robust style than was
possible for this study. However, species composi-
tion data for the site would be required.

A comprehensive understanding of microbial
community dynamics can inform the resilience of
an ecosystem (Zhao et al. 2019). Although not pos-
sible in this study, it could form part of future stud-
ies to investigate vegetation diversity drivers and
predict responses to climate change. Soil samples
have been collected and stored for further analysis.

Investigating hydrological parameters and their
influence on water dynamics within the site would
be of importance given the displayed influence of
particle size, moisture and repellence on the distri-
bution of plants. Groundwater influence at the site
is relatively unknown (although hypothesised in
Tauss et al. 2019) and can provide further under-
standing of the potential impacts of surrounding
development on the study site (Kros et al. 2016).
With rising temperatures and lower rainfall in the
region (Fitzpatrick et al. 2008; Ritchie et al. 2021),
understanding  groundwater-surface water and
soil interactions is important. It has recently been
hypothesised that due to age of the landscapes,
water-soil relationship would be fine-tuned and
thus more susceptible to changes in water dynam-
ics, of which a drying climate could be detrimental
(Hopper et al. 2021; Horwitz et al. 2003). The role
of the water table in drawing salts to the surface is
also important, especially to understand the effects
nearby clearing may have on the vegetation at the
reserve. In addition, modelling weather-vegetation-
soil-hydrology dynamics at the site could inform
potential impacts of climate and anthropogenic
pressures on the reserve and assist in future conser-
vation efforts (Yates et al. 2010a, b).

It is important to note that the samples taken
in this study only represent the northeastern part
of the reserve which partly limites the number of
samples across each community. Despite the partly
small sample size, the soil-plant dynamics found
in the study, and the relationships that were able to
be ascertained, provide an apt insight into the fac-
tors influencing vegetation distribution at the site.
Future studies should concentrate on achieving a
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more spatially representative sampling plan to build
on the results from this study.

Conclusion

This study provided a baseline investigation of the
soil-vegetation-topography relationships of a megad-
iverse reserve on the Swan Coastal Plain in Western
Australia within a metropolitan region that is home to
more than 1,800 native plant species (Zemunik 2019).
Despite the small area of the reserve (35 ha), the rela-
tionship between species richness (>400 native plant
species) and soil characteristics is evident, suggesting
the importance of small-scale studies (Hopper 2009).

P, total C and N concentrations were not strongly
associated with floristic community distribution for
the study area, likely due to the nutrient-impoverished
nature of the site. Plant diversity and distribution on
a regional scale may be primarily driven by nutrient
status (Laliberté et al. 2014); however, local-scale dis-
tribution illustrates a greater association with water-
proxy factors. The combination of strong associations
with elevation, particle size, depth to water table, and
repellence suggests that water dynamics at the site is
a key factor associated with vegetation distribution.

Groundwater salinity likely influences the distribu-
tion of species within the site. Associations with both
top and sub-surface soils illustrates that it is impera-
tive to examine factors at multiple soil depths to fully
understand an ecological system.

In terms of interest species, the distribution of
Beaufortia squarrosa was expected to be based on
soil texture, with higher overall silt and clay, and a
higher clay:silt ratio than the soils of other species of
interest. C and N concentrations of soils associated
with Beaufortia squarrosa were significantly higher
than those of the site in general, but still low com-
pared with global averages. Consistent with previous
studies, the interest species preferred soils with lower
P concentrations.

The insight into the soils and soil-vegetation-
topography relationships across the site is an impor-
tant step in understanding factors of vegetation
distribution at Alison Baird Reserve. The results
from this study can be used to further aid conser-
vation of OCBIL landscapes on the Swan Coastal
Plain and beyond, bolster preservation efforts at
the site and inform management decisions to help

@ Springer

protect vegetation from adverse effects of surround-
ing development. This study highlights the impor-
tance of preserving and studying even small fractured
OCBIL landscapes and minimising human interfer-
ence. It further highlights the importance of in-depth
soil analyses including both topsoil and subsurface
samples.
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