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Abstract

Urban areas around the world are rapidly expanding, with flow on consequences for the native plants
and animals that inhabit these areas. The impacts of this urban growth are not always immediate, and in
the case of the local extinction of plant species may take up to 100 — 150 years. Understanding how
urbanization affects ecological patterns and processes may allow us to minimize the loss of species from
these areas through better planning and conservation decisions. This study examined the composition of
the soil seed bank in remnant patches of grassy woodland along an urbanization gradient in northern
Melbourne, Australia, using an ex situ glasshouse germination trial. A total of 108 species emerged
from the soil seed bank, although a majority of the seedlings were seeds from 19 non-indigenous
monocot species. Species richness per plot of emergent seedlings was best explained by average annual
rainfall, rather than the degree of urbanization in the surrounding landscape. This indicates that the
existing plant community may be responding to a natural productivity gradient. The persistence of 123
indigenous plant species in the existing vegetation, even when the soil seed bank is dominated by non-
indigenous monocot species, suggests that these plant communities can exist within urban areas,
particularly in combination with appropriate management activities that ensure the continuation of

previously occurring natural processes.

Key words: indigenous species; non-indigenous species; Bayesian statistics; temperate eucalypt

woodlands; urban ecology
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Introduction

Over the past 50 years the area occupied by cities and towns has rapidly increased as the world’s human
population becomes increasingly urbanized (UNFPA 2007). This trend towards increased occupation of
new and existing urban areas has had a large influence on the biodiversity of plant and animal species
living within these locations (McDonnell et al. 2009). The impacts of urban growth are not always
immediate, and in the case of the local extinction of plant species may take up to 100 — 150 years (Hahs
et al. 2009). However, this lag time may also provide us with an opportunity to minimize the loss of
species from these areas through better planning and conservation decisions. In order to make more
informed decisions we need additional information on how urbanization affects ecological patterns and

processes (Grimm et al. 2000).

Williams et al. (2009) present a conceptual framework for assessing the impact of urban environments
on floras and suggest that the composition of soil seeds banks is important to the survival of plant
species in fragmented landscapes. The soil seed bank reflects the composition of both the past and
present plant communities and can be considered to form part of the site’s ‘ecological memory’
(Schaefer 2009). It’s also an indication of the potential future composition of the local area (Simpson et
al. 1989), and expands our understanding of the temporal dynamics of the vegetation community. The
presence of species in the soil seed bank which are not present in the existing vegetation indicates which
species may not have experienced favourable conditions for germination, establishment or growth
(Pickett and McDonnell 1989). When these are indigenous species, this information can provide a list of
potential local extinctions from the patch, and could guide future research investigating why certain
species may be disappearing from remnant patches in urban areas. The presence of non-indigenous
species identifies the new plant species that have entered the patch through dispersal, and may germinate

and become established under favourable conditions. The abundance of indigenous and non-indigenous
3
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species in the soil seed bank could indicate potential shifts in the composition of the future plant
community (Gioria et al 2012). Soil seed banks therefore provide an indication of what the future plant
community could look like, based on the composition of the past and current plant communities, and the

composition of plants in the surrounding landscape (Fenner and Thompson 2005; Leck et al. 1989).

The composition of the existing vegetation in the Eucalyptus camaldulensis woodlands of northern
Melbourne, Australia shows little variability between patches, particularly in the composition of the
indigenous plant species (Hahs and McDonnell 2007). The small amount of variability in the richness
and abundance of particular groups of species shows a stronger response to the average annual rainfall
gradient than to the amount of urbanization in the surrounding landscape (Hahs and McDonnell 2007).
The likelihood that these plant communities will remain similar in the future will be partly determined
by the ongoing process of recruitment, with new individuals replacing the older individuals as they

senesce and die.

This study aims to quantify the composition of the soil seed bank within twelve patches of Eucalyptus
camaldulensis woodland, and investigate the influence of urbanisation, rainfall, soil nutrients and patch
size on the observed patterns. As the soil seed bank is a relatively good indicator of the potential
trajectory for the composition of the plant community, this information will provide useful insights for
the preservation and management of these valuable patches of remnant vegetation (Jutila 2003, Bossuyt

and Honnay 2008; Albrecht et al 2011).

To achieve these goals we asked the following questions:

1) What is the size and composition of the soil seed bank in patches of Eucalyptus camaldulensis

woodland?
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2) What are the main factors contributing to the observed patterns in species richness per plot and

seedling abundance per plot?

3) How does the composition of the soil seed bank compare to the composition of the existing

vegetation?

Methods

Melbourne is located at approximately -38° latitude and 145° longitude on the south coast of
southeastern Australia and is the capital city of the state of Victoria. Between 1996 and 2001
Melbourne’s human population increased by 7.2% to 3.2 million people (Australian Bureau of Statistics
2003), and the population is predicted to reach 5 million by the year 2036 (Victorian State Government
2009). Patterns of urbanization across northern Melbourne have been quantified by Hahs and
McDonnell (2006). The climate is Mediterranean, with cool, wet winters and warm, dry summers, and
average annual rainfall for a 30 year period up to 2001 varied from 500 mm to 1200 mm over an 80 km
distance from west to east (Australian Bureau of Meteorology 2000). To minimize the influence of
geology, we restricted our sampling to the Victorian Volcanic Plains bioregion, which extends north and
east of the Yarra River on basalt plains formed in the Cainozoic period (Thackway and Cresswell 1995).
The soils vary from light grey loams, to dark grey sand over clay and heavy clay on younger basalt (Soil

Conservation Authority 2001).

This research was conducted in open grassy woodland with an overstory of E. camaldulensis,
occasionally forming mixed stands with E. melliodora or Acacia species (Hahs 2006). This community
belongs to the Plains Grassy Woodland vegetation class (Oates and Taranto 2001), which once covered
28% of the study area, but now only covers 1% due to clearing for urban development and agriculture
(Department of Natural Resources and Environment 20023, b). The remaining remnant areas are

5
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generally degraded due to the presence of introduced plant species, changes to the fire regime, and the
reduction and loss of the tree canopy due to timber harvesting and stock grazing, although there are
scattered remnants that retain a diverse plant community (Department of Conservation and Environment

1992).

To minimize the influence of geology or rainfall on our study, our patches were confined to the
Victorian Volcanic Plains bioregion, and within a minimal rainfall gradient (see Online Resource 1). As
we were interested in the effects of urbanisation on the plant community, we ensured that our patches
were distributed along a 35 km urbanization gradient that extended from close to the central business
district (CBD) out to the surrounding rural landscape, and that the degree of urbanisation in a 1 km? area
surrounding each patch was representative of the broader urbanisation gradient that has been quantified
for Melbourne (Hahs and McDonnell 2006). Additional selection criteria were: patches had to be
greater than 0.5 ha, located in upland areas away from riparian zones or flood plains, and patch
boundaries were defined using existing fence lines to minimize the influence of different grazing
regimes or other management goals within an individual patch. We were able to obtain permission to
access each patch. Eucalyptus camaldulensis was present as the dominant overstory tree, saplings of this
species were present as evidence of recruitment, and the understory contained indigenous plant species
and was not regularly mown (Hahs and McDonnell (2007). The selected patches represent all of the

previously recorded localities of this vegetation type that met all of these selection criteria.

Within each patch, a stratified random approach was used which weighted the number of plots such that
the sampled area represented a minimum of 1% of the entire patch area. Two plots were placed in
patches smaller than 4 ha, while the larger patches had between 4 — 8 plots (Online Resource 1). Plot
locations were randomly assigned prior to the first visit, and in the larger patches, plots were evenly

divided between edge (within 30 m of the patch boundary) and interior.
6
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Each plot was divided into four 10x10m quadrants, and the existing vegetation was recorded between
October and December 2001. All trees with a diameter at breast height (dbh) > 4 cm were recorded for
each plot and the saplings and shrubs were recorded for two randomly assigned 5x5m non-overlapping
quadrats within each quadrant. The groundlayer in each quadrant was sampled along three 10m
transects that originated at the plot’s external corners. This protocol and the analysis of the existing

vegetation are described in more detail by Hahs and McDonnell (2007).

To examine the soil seed bank in each plot, soil samples were collected over a one week period in March
2002 which coincided with the end of the main flowering and seed production season for most of the
species in the herb and shrub layers. In each quadrant, three soil cores were randomly collected and
combined to form a single soil sample. Thus, four separate soil samples were collected for each plot.
The soil cores were 6.5 cm diameter and inserted to a depth of 5 cm. This provide a sampled surface

area of 99.6 cm? per quadrant, 398.4 cm? per plot, and a total surface area sampled of 16732.8 cm?.

The germination rates of several grassy woodland species have been shown to respond to smoke and
heat cues (Morgan 1998a). Therefore, a smoke germination cue was applied by circulating fresh wood
smoke through an enclosure containing the soil samples for one hour (Hahs 2006). Heat was applied to
the soil seed bank samples by placing the aluminium trays containing soil samples in an oven at 100°C

for one hour.

After cooling overnight, the soil samples were spread out in plastic seedling trays (29 x 34 cm) over 2 to
3 cm of washed river sand. To economize on space, each germination tray was divided in half using 5
mm thick cardboard, and held two randomly selected soil samples. Trays were assigned random
locations within the glass house, and relocated every 14 days. Six control samples of sterilized potting

mix were interspersed between the samples to detect the level of contamination from external seed
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sources. Trays were subjected to natural light levels, and an automatic watering system delivered a fine

mist of water for fifteen minutes each day.

Seedling emergence was recorded over a 37 week period between 11 March 2002 and 23 November

2002. It was limited to a fixed time period as this was duration the greenhouse space was available for.
We identified, recorded and removed seedlings as they emerged to minimize the effects of competition.
Unknown seedlings were re-potted for later identification. Seedling taxonomy follows Ross and Walsh

(2003).

The data from the soil seed bank samples were amalgamated for analysis at the level of the plot (N = 42)
and the patch (N = 12). To accommodate the uneven sampling design, all of the analyses presented in
this paper were conducted at the plot scale (N=42), unless otherwise stated. The overall characteristics
of the soil seed bank were also examined by pooling the data for all of the soil samples. Non-metric
multidimensional scaling (NMDS) ordinations were performed in the software package PAST (Hammer
et al. 2001) to examine trends in species composition between plots, and to compare similarities between
the emergent seedlings and the existing vegetation. The importance value [relative frequency + relative
density] for each species per plot were used to construct a Bray-Curtis similarity matrix, which was used

as input for the ordination. The ordinations were also run using presence/absence data.

Similarities between the emergent seedlings and the existing vegetation at the patch scale were

calculated using Sgrenson's Index of Similarity (Eq. 1):

2C
Se=—— Eqg. 1
S~ a+b (Eqg. 1)

where a is the number of species emerging from the soil seed bank, b is the number of species recorded
in the existing vegetation and c is the number of species in both the soil seed bank and the existing

8
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vegetation (Kent and Coker 1992). Sgrenson's Index of Similarity quantifies the percent of the total
species that were recorded in both the existing vegetation and as emergent seedlings. The uneven
sampling design between patches is not expected to influence the values as i) this is a relative measure,
i) the existing vegetation and the soil seed bank were recorded from the same plots within each patch,

and iii) we do not conduct any further analyses to examine trends with patch area or any other factor.

We used Bayesian statistics to determine the main factors contributing to the observed patterns in
species richness per plot and abundance per plot in the emergent seedlings, as this approach has a better
ability to handle small sample sizes, unbalanced, hierarchical sampling designs and non-normal
distributions of data (Holl et al. 2003; McCarthy 2007). The models were developed to investigate
responses at the patch scale (N=12), however, to accommodate our uneven sampling design between
patches, the actual response variables we modelled were the average species richness per plot and
average seedling abundance per plot. This removed the area bias from the estimates of species richness
and seedling abundance although the number of plots used to calculated the average would vary between

patches.

The competing models we used to examine the factors contributing to the observed patterns were
Average Annual Rainfall, Patch Size, Available Inorganic Phosphorous in the soil, Soil C:N ratio, and
four relatively independent measures of urbanisation which are described in more detail in Online
Resource 1. While several of our factors were highly correlated, the relationships were not perfect so
we retained all of the potential models in order to assess their relative strength in describing the
observed patterns of seedling emergence. We also tested a null model, which essentially predicts no

difference in the response observed between patches.
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Centered linear regression models were developed to examine the strength of the relationship between
environmental and spatial variables and species richness or seedling abundance, using the program
WIinBUGS (version 1.4.1; © MRC and Imperial College of Science, Technology and Medicine,
London). Each model was calibrated for 100,000 iterations and then run for a second set of 100,000
iterations, during which time the model variables were monitored and recorded. The uniform prior
distribution for the model of seedling abundance had a mean value of 0 and a variance of 100, as this
allowed our analysis to proceed without being influenced by the constraints of a more informative prior.
As species richness per plot data are based on simple integers to represent counts, we used a Poisson
distribution to model the expected response. Seedling abundance per plot varied between plots by an
order of magnitude so the data were square root transformed [V(Abundance + 0.5)] prior to analysis, and
a normal distribution was used to model their response. The mean and credible interval from the
Bayesian models for seedling abundance per plot was converted back to a raw-data equivalent by using

the inverse of the square root transformation function.

Deviance Information Criterion (DIC) were calculated for each model to obtain a measure of parsimony
between the input data and the prediction (Spiegelhalter et al. 2002). DIC values indicate the relative
support between competing models, and can only be compared between models that used the same input
data. Models with DIC values more than 3 units smaller are considered to be superior (Spiegelhalter et
al. 2002). Models that differ by less than 2 DIC units are considered to be equivalent. To examine the
best models in more detail, this paper presents predictions from the superior models, or if the models are
equivalent the model with the lowest DIC value is presented in order to allow for discussion around

model accuracy and the fit with the existing data.

Results

10
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One hundred and eight species from 32558 seedlings were recorded from the germinable soil seed bank.
Both the total species richness and total abundance of seedlings were dominated by non-indigenous
species (Table 1). The majority of seedlings were non-indigenous monocot species such as
Anthoxanthum odoratum, Vulpia bromoides, Aira caryophylleaea, Lolium rigidum, Briza maxima and B.
minor. Close to 40% of seedlings belonged to a group of Cyperaceae species whose taxonomy was
unable to be resolved further as many of the seedlings were removed relatively quickly due to their
abundance, prior to discovering that they represented multiple species. Other dominant species were the
non-indigenous Plantago lanceolata, Trifolium spp., and the indigenous Crassula decumbens var.
decumbens. Forty-three indigenous species were recorded in the soil seed bank, the majority of which
were perennial dicots such as Hypericum gramineum and Dichondra repens. Twelve (28%) of these
indigenous species were not recorded in the existing vegetation plots (Hahs and McDonnell 2007),

although some may have been incidentally observed in the patches.

Species composition of seedlings in each plot showed no clear trends between patches (Fig. 1). One plot
in Patch 4 fell as an outlier due to the presence of three species which were rarely recorded in any other
samples, and was excluded to improve the stress value. Transforming the input data and using
presence/absence did not improve the stress values of the ordinations. The main trends across the
ordination space were for increasing patch size from left to right, increasing rainfall towards the upper

right corner, and increasing people per unit urban land-cover towards the lower right corner (Fig.1).

The average number of indigenous seedlings present in the soil seed bank was generally very low, with
fewer than 100 seedlings on average recorded for plots in 11 of the 12 patches. The most abundant
indigenous species recorded were grasses such as Austrodanthonia spp., Poa labilliardieri var.
labilliardieri, Themeda triandra and Microlaena stipoides. Indigenous herbs which commonly

germinated included C. decumbens var. decumbens, H. gramineum, D. Repens, Poranthera microphylla,
11
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Lythrum hyssopifolia, and Drosera spp. The composition of non-indigenous species in the soil seed
bank was more variable in terms of the dominance of a species, rather than the actual species present,

although plots from the same patch tended to be dominated by the same species.

Only 987 seedlings of nine species of trees or shrubs germinated from the soil seed bank. Overstory
species were not recorded in the soil seed bank of 11 plots from five patches. The overstory species
recorded were five species of Acacia, one Eucalypt, and three non-indigenous shrub species: Genista
monspessulana, Rubus anglocandicans and Ulex europaeus. Due to the relatively small number of

overstory species, the relationship with environmental gradients is not presented here.

The soil seed bank contained 16 species (7.1 %) that were not recorded in the existing vegetation,
although some of these species were incidentally observed in the vicinity of the plots. The mean
Serenson’s index of similarity between the existing vegetation and the soil seed bank was 43.8% for all
species, with the maximum similarity being 60.5 % for an individual patch (non-indigenous species in
Patch 11) and 66.2% for non-indigenous species in all patches (Online Resource 3). Serenson’s index of
similarity was particularly low for the tree and shrub layer, with 5 patches having a similarity of 0
(Online Resource 3). The low similarity between the soil seed bank and the existing vegetation is
reflected in the ordination which shows a distinct separation between these two groups of plots (Online

Resource 4).

Total species richness per plot and the richness of indigenous and non-indigenous species per plot at
each patch were all best predicted by average annual rainfall (Online Resource 2). In each case, the DIC
value was at least 4 DIC points lower than the next best model, indicating a superior fit to the data. This
strong model support is reflected in the strong similarity between the predicted model, and the actual

data used to develop the models (Fig. 2a-c). These models predicted that as average annual rainfall

12
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increased from 590 mm to 770 mm, the total number of species in the soil seed bank would increase
from 20 to 31 species, with the indigenous and non-indigenous components increasing from 3 to 7 and
17 to 24 species respectively (Fig. 2a-c). The predictive ability of these models is expected to be

relatively strong, as the credible intervals around the predicted model are relatively tight.

All models for the abundance of seedlings per plot had similar DIC values suggesting that all models
were essentially equivalent (Online Resource 2). Models with the lowest DIC values are presented for
discussion around the recorded seedling abundance per plot Fig. 2d-f). Average annual rainfall had the
lowest DIC value for both total seedling abundance per plot and non-indigenous seedling abundance per
plot, while landscape shape index had the lowest DIC value for indigenous seedling abundance per plot.
However, the actual data for each patch showed great variability within patches, and were widely scatter
around the predicted model. The wide credible intervals around the predicted model are also indicative

of a relatively poor predictive ability.

Discussion

The soil seed bank of these urban woodland remnants were dominated by seeds of non-indigenous
monocots, despite there being only 19 species of this functional group in the soil seed bank, compared to
35 species in the standing vegetation. This prevalence may also indicate that the vegetation in all of
these patches have been degraded to some degree. Soil seed banks dominated by a relatively small
number of non-indigenous species have also been recorded for other grassy plant communities in
Australia (Lunt 1990; Carroll and Ashton 1965; Odgers 1994; Morgan 1998b), as well as in remnant
vegetation in other cities around the world (Kostel-Hughes et al. 1998; Lunt 1990; King and Buckney
2001; Odgers 1994). Higher reproductive outputs of non-indigenous plant species, their wide dispersal

ability, suggests these species may form an ubiquitous seed rain across the landscape (Guntenspergen

13
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and Levenson 1997; Bastin and Thomas 1999), while the positive response to disturbance, release from
potential predators and the presence of suitable germination sites are additional hypotheses proposed for
the successful establishment and expansion of non-indigenous species within remnant plant
communities (Lake and Leishman 2004; Baker 1974; Rejmének 1996; Lodge 1993; Howard et al. 2004).
These characteristics also explain the high Serenson’s index of similarity between the soil seed bank and

the existing vegetation for non-indigenous species (Online Resource 3).

Only one eucalypt seedling was recorded in the soil seed bank, as would be expected from a genus that
largely stores seed in the canopy (Grant and MacGregor 2001; Yates et al. 1994), although it may also
be due to predation of seeds within the soil seed bank (Yates et al. 1995). The soil seed bank did contain
a number of seeds of Acacia spp., even where they were not recorded in the existing vegetation (Patches
6, 7 and 10). The presence of Acacia seedlings at these patches suggests that a lack of fire may be
restricting the opportunities for the recruitment of these species. This may be redressed in the future at
Patches 6 and 7 which experience an active ecological burning program, but is likely to persist in Patch

10 which is on private land that would only experience fire during a wildfire event.

Half the species recorded in the existing vegetation were present in the soil seed bank, leading to
relatively low similarity measures between the existing vegetation and the soil seed bank (Online
Resource 3) and their separation within an ordination space (Online Resource 4). This is similar to the
findings of other studies examining the soil seed bank and the composition of the existing vegetation,
and is largely due to the higher diversity of species in the existing vegetation compared to the soil seed
bank (Bossuyt et al. 2002; Kostel-Hughes et al. 1998; Lunt 1990). Most of the plant species recorded in
the soil seed bank were also present in the existing vegetation, but less than half of the species recorded
in the existing vegetation were recorded in the soil seed bank. This suggests that the soil seed bank does

not play a major role in maintaining species diversity within patches, as has been observed from studies
14
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of herbaceous plants from grassland communities elsewhere in Victoria (Morgan 1998a, b; Clarke et al.

2000; Scott and Morgan 2012a).

The lack of a persistent soil seed bank suggests that direct seeding or planting would be a more
successful strategy for increasing indigenous plant diversity in these patches, rather than relying upon
regeneration from the soil seed bank (Morgan 1998b; Lunt 1990, 1997; Scott and Morgan 2012a). The
dominance of non-indigenous monocot seeds in the soil seed bank is another reason why the soil seed
bank may not be an effective option for increasing biodiversity within these patches (Lunt 1990;
Bossuyt et al. 2002). However, the indigenous species recorded may be an useful indicator of which

species could potentially be reintroduced.

Average annual rainfall increased the number of species recorded for each plot from the soil seed bank
for all of the combinations of understory species investigated. This strong response to the rainfall
gradient was also observed in the existing plant community (Hahs and McDonnell 2007), and may be
related to a productivity gradient. Plants growing in the patches with higher average annual rainfall may
experience lower moisture stress, and may be able to partition more energy into reproductive efforts than
similar individuals growing in lower rainfall areas. However, if average annual rainfall is the dominant
driver behind patterns of plant community composition, this plant community may be threatened by
changes to the local weather patterns associated with global climate change as rainfall in this area is

forecast to decrease by up to 13% by 2050 (Howe et al. 2005).

The abundance of seedlings per plot were not strongly related to rainfall, patch size, soil nutrients or
urbanisation, with all models having a DIC value similar to that for the null model. This suggests that

there may be other factors influencing the observed responses which were not captured by this study.

15
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318 The soil seed bank in E. camaldulensis woodlands near Patches 11 and 12 was investigated in 1964 and
319  was dominated by Anthoxanthum odoratum, Plantago lanceolata, Briza minor and Hypericum sp.

320  (Carroll and Ashton 1965), species that were also frequently recorded in the current study. The

321  continued presence of many indigenous plant species in these patches, thirty years after large numbers of
322 non-indigenous species were recorded in the soil seed bank, indicates that these plant communities

323  continue to maintain viable populations of indigenous plant species in the long-term, even though these

324  species may only compose a small proportion of the total soil seed bank.

325 Insitu, the seedlings that germinate may only a subset of the species that germinated under more

326  favourable glasshouse conditions (Jutila 2003). However, ex-situ germination may miss out on some
327  viable seeds as dormancy may not have been broken or the correct conditions for germination and

328  establishment may not have been met for all species (Jutila 2003). Therefore the composition of the soil

329  seed bank is merely an indication of the species which could germinate in situ.

330  While the soil seed bank can hold some of the ‘ecological memory’ of a site, this memory is likely to be
331 incomplete. Many different factors influence a successful seed set, including pollination, seed growth
332 and development, and finally the release and dispersal of those seeds to the soil seed bank (Pickett and
333  McDonnell 1989). This study has shown there are reasons to be optimistic about the persistence of this
334  plant community within the urban landscape. While the majority of the emergent seedlings were non-
335 indigenous monocots, the soil seed bank also contained seedlings of 43 indigenous species (39.8 %).

336  The persistence of 123 indigenous plants in the existing vegetation (Hahs and McDonnell 2007), even
337  when the soil seed bank appears to have been dominated by non-indigenous monocot species for over
338 thirty years (Carroll and Ashton 1965), indicates that these plant communities can be resilient to changes

339 in the landscape associated with urbanization; particularly when accompanied by management activities
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that are able to ensure the continuation of previously occurring natural processes and minimize how

much of the extinction debt is realised over the next 50-100 years.
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450

451  Table 1. Total species richness and seedling abundance recorded for the soil seed bank. The proportion of the
452  total number is shown in parentheses. The high number of seedlings of uncertain origin is largely due to the

453  Cyperaceae species agglomeration, which contains both indigenous and non-indigenous species.

Species Richness (%) Seedling Abundance (%)

Total 108 32 558
Indigenous 43 (39.8 %) 1827 (5.6 %)
Non-Indigenous 55 (50.9 %) 16 659 (51.2 %)
Uncertain Origin 10 (9.3 %) 14 072 (43.2 %)
Monocots 35 (32.4 %) 24 551 (75.4 %)
Dicots 70 (64.8 %) 7989 (24.4 %)
Ferns 3 (2.8%) 18 (0.1 %)

454

455
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Figure Captions

Fig. 1 Non-metric multidimensional scaling ordination plots representing the composition of emergent
seedlings in each plot (N = 42). (O) Patch 1, (A) Patch 2, (<) Patch 3, (A) Patch 4, (o) Patch 5, (@)
Patch 6, (e) Patch 7, (+) Patch 8, (A) Patch 9, (@) Patch 10, (®) Patch 11, (m) Patch 12. The vectors
represent the trends across the ordination space of for average annual rainfall (Rain), patch size (Patch
Size), Soil Carbon: Nitrogen Ratio (C:N), Available Inorganic Phosphorous (Soil P), Landscape shape
index (LSI), Index of urbanization combined (Index combined) and People per unit urban land cover

(People/Urban).

Fig. 2 Graphs showing the predicted response of the best linear regression models developed at the
patch scale for species richness per plot using a) all species, b) indigenous species, and ¢) non-
indigenous species; and the linear regression models with the lowest DIC values for seedling abundance
per plot using d) all seedlings, e) indigenous seedlings, and f) non-indigenous seedlings. Species
richness per plot and seedling abundance per plot were averaged for each patch. The solid line
represents the predicted relationship between the predictor variable and the response variable. The
dashed lines represent the 95% credible intervals around the prediction, and are an indication of the
confidence around the model prediction, with tighter credible intervals representing greater reliability.
The actual data used to develop the models are shown as open circles (o) to represent the mean species
richness per plot for each patch, and as black squares (m) to represent the mean seedling density per plot
for each patch. The vertical bars represent the 95% credible interval on the estimate for the mean, and

are an indication of the variability observed between plots in the original data.
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