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Abstract: Vegetation trampling that arises from off-trail excursions by people walking for recreation
can negatively impact the structure of understory plants in natural spaces that are an essential element
of urban green infrastructure in a modern city. In addition to reducing the esthetic quality and
environmental values of urban remnant and replanted native vegetation, such trampling reduces the
habitat that supports wildlife populations within the urban fabric. This case study draws upon several
disparate methods for measuring vegetation structure and trampling impacts to produce a hybrid
method that community-based citizen scientists (and land managers and other researchers) could use
to simply, rapidly, and reproducibly monitor how trampling associated with urban recreation trails
impacts the structure of understory vegetation. Applying the novel hybrid method provided evidence
that trampling had reduced the vegetation structure adjacent to a recreational walking trail in an urban
woodland remnant in Perth, Western Australia. The hybrid method also detected ecological variability
at the local ecosystem-scale at a second similar woodland remnant in Perth. The hybrid sampling
method utilized in this case study provides an effective, efficient, and reproducible data collection
method that can be applied to recreation ecology research into aspects of trampling associated with
trail infrastructure.
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1. Introduction

The global phenomena of people seeking recreational opportunities to reconnect with nature
are resulting in negative impacts from vegetation trampling by those in pursuit of natural area
experiences [1-4]. This is especially true both for recently created remnants and for remnant vegetation
long fragmented within the urban fabric that have been engulfed as cities grow to accommodate
increasingly urbanized human populations [5-9]. Recreational or pedestrian trampling of vegetation
adjacent to formal and informal trails (as distinct from trampling caused by livestock or large wildlife)
occurs when visitors leave an established trail to observe or photograph wild animals or interesting
flowering native plants or when they wish to traverse an area or to create new informal trails for their
own purposes [3,10,11]. Exploring how the presence and utilization of recreational trails affect the
composition, height, and/or density (hereafter collectively referred to as structure), and persistence of
indigenous biodiversity incorporated into urban green infrastructure (UGI) is a priority for recreation
ecology research.
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A systematic literature review by Ballantyne and Pickering [1] reported that trampling research
specifically related to recreation trails is biased toward remote locations, with less than two in every
five studies being conducted at urban or near urban sites (within 50 km of a city center). The same
review reported that approximately six in ten studies investigated the composition of the vegetation
(i.e., species present and percentage foliage cover) while less than two in ten studies examined the
structure of the vegetation. That reported bias is surprising as the early review of trampling research by
Liddle [12] and the method defining procedures of Cole and Bayfield [13] emphasized the importance
of measuring vegetation height both pre and post trampling. More recently, the experimental work
of Phillips and Newsome [14] and Pickering and Hill [15] highlight the significance of trampling
damage on vegetation structure. Particularly relevant for the case study reported in this article,
Phillips and Newsome [14] found that changes in the structure of the drought-tolerant sclerophyllous
shrub-dominated vegetation of southwestern Australia (SWA) could be detected more rapidly than
changes in cover and composition. Supported by Whinam et al. [16], Phillips and Newsome [14]
(p- 269) postulated that assessing trampling induced structure change in shrub-dominated biomes
“may be a more useful indicator of trampling impact than vegetation cover for short-term studies” as it
may take months for severed and damaged branches to die and the full extent of the cover change to
become evident. Other recreational trampling research gaps that were identified by Ballantyne and
Pickering [1] included the need to extend the research of trail infrastructure impacts wider than just
the trail surface and immediate edge effects, with more consideration of the structural and functional
ecosystem changes caused by off-trail trampling and the longitudinal study of longer-term impacts of
trail infrastructure on threatened communities and species.

Repeatedly trampled vegetation tends to be less diverse and less structured, as only the tolerant
plant species are likely to persist [10,17]. The negative impacts of recreational trampling significantly
degrade established ecosystems and prevent damaged ecosystems from regenerating, which reduces
the natural values of UGI and the quality of urban nature experiences. It is important, however,
to balance the negative impacts of trampling against the cultural, health, and social benefits that humans
accrue from allowing complementary recreational opportunities that cause minimal ecological damage
to nature spaces within UGI [7,18,19]. For example, allowing recreational access to remnant vegetation
is critical if urban residents are to avoid the extinction of experience that occurs when individuals become
disconnected from nature [20,21]. This phenomenon occurs when younger generations do not have
the opportunity to experience the personal benefits of visiting good quality natural areas and/or they
become conditioned to only experiencing degraded UGI, then a cycle of disaffection and apathy leads
inevitably to further degradation or even the complete loss of natural ecosystems.

This case study investigates the impact of recreational trails on the structure of sclerophyllous
shrub-dominated (Speck 1952 cited in Beard [22]) understory vegetation (hereafter understory) in
two remnant ecosystems of open Banksia low woodland [22] that are fragmented within the urban
fabric of Perth, Western Australia. These remnant ecosystems are ecologically important as less than
200 years of European settlement has resulted in more than 86% of the Banksia low woodlands being
cleared from the Swan Coastal Plain (SCP) biogeographic region in which Perth is located [23,24].
The uniqueness of the vegetation of SWA combined with these levels of clearing (habitat loss) resulted
in Myers et al. [25] including SWA (incorporating the SCP) in their list of global biodiversity hotspots.
However, at the dawn of the 21st-century, state and local government agencies and other authorities
introduced statutory and policy instruments that endeavor to reserve and conserve remnants of
indigenous vegetation (locally known as bushland in SWA) as public open space within the fabric of the
Perth metropolitan area [7,26]. Despite many of these bushland reserves only covering small areas,
they are essential for both conserving indigenous biodiversity and providing cultural and social links
to the natural landscape through high-quality UGI [27-30]. The persistence of bushland remnants
contributes to Perth consistently ranking as one of the most livable cities on the planet [31-33]. However,
that ranking is a factor in the ongoing population growth that is increasing residential densities and
the spreading urban footprint of Perth [34], which is putting more pressure on the bushland of the city
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with more people wanting to connect with nature through the reactional opportunities provided by
UGI [7,34]. In recent years, the Australian Government declared the Banksia Woodlands of the SCP
to be an endangered ecological community as a direct response to the ongoing high level of clearing
within the urban fabric and on the peri-urban fringe [35,36].

This case study investigated protected vegetation (i.e., located behind a conservation fence) and
unfenced vegetation to elucidate the impact of trampling adjacent to recreational trail on the structure
of the understory in two Banksia woodland remnants located within the UGI of Perth, Western Australia.
From an ecological perspective, this study sought to characterize the impact of recreational trampling
on the understory of remnant urban woodlands. From a management perspective, this study looked for
evidence that conservation fencing reduced the impact of trampling on the understory adjacent to urban
recreation trails. A secondary goal of this study was to demonstrate that volunteer community members
(i.e., citizen scientists) could use the methods detailed in this article to assess and longitudinally monitor
understory structure at the local ecosystem-scale within the natural spaces of UGI.

2. Background to Case Study Sites

2.1. Selection of Case Study Sites

Most of the remnant Banksia woodland at the Murdoch University and Lake Claremont (Figure 1)
study sites had eucalypt species emerging through or growing over Banksia spp. in the type of
woodland that Beard [22] classified as either “Banksia with Jarrah woodland” or “Banksia woodland
with scattered Eucalypts”, which is hereafter referred to as Banksia and eucalypt woodland. In the same
review, Beard also reports a strong association between Banksia with Jarrah woodland and patches of
“Banksia woodland” without eucalypts, and one of the sampling locations at Lake Claremont met that
classification. In addition to the similarity of the dominant vegetation at those two sites, there are three
other key reasons for their selection. One reason for choosing the Murdoch site was the proximity to
our research base, but that site was also chosen because the remnant native vegetation was known
to be in good to very good condition (as rated on the Keighery scale [37,38]) where a conservation
fence separates native vegetation from a recreation trail and another sampling location where the trail
infrastructure is unfenced. The second site was chosen to support the Friends of Lake Claremont
(FOLC) community action group that was proposing to implement a longitudinal ecological citizen
science program in remnant Banksia and eucalypt woodland and Banksia woodland ecosystems at Lake
Claremont that are undergoing restoration to counter a century and a half of urban disturbance [7].
This case study provides baseline data for FOLC’s citizen science program to support longitudinal
monitoring of the understory structure and compare it with the understory structure in very good
condition Banksia and eucalypt woodlands of the SCP.

2.2. General Description of Case Study Sites

Three north-south oriented aeolian dune systems that were sequentially deposited as sea levels rose
and fell in response to glacial and interglacial cycles dominate the geomorphology of the western portion
of the SCP [24,39]. The Bassendean dunes are the oldest and most eastern system, several depositional
episodes created the central Spearwood dune system, and the youngest and most western Quindalup
dune system began accreting approximately 7000 years ago as sea levels rose after the last glacial
maximum to form the present-day coastline of the Perth region [39-41]. The Perth region experiences
a Mediterranean climate with hot, dry summers and cooler, wetter winters [42,43]. The fieldwork was
completed in the Austral winter and spring seasons of 2015 to 2017, which aligns with the optimum
window for vegetation condition assessments in the Mediterranean climate zone of SWA [38,44].

The Murdoch University study site (Figures 1 and A1l and Figure A2 in Appendix A) is located at
the intersection of the Bassendean and Spearwood dunes in Banksia and eucalypt woodland associated
with the sandy alkaline soil of the Spearwood dunes [24,45] with fenced and unfenced native vegetation
adjacent to recreation trails. Lake Claremont lies on the intersection of the Spearwood and Quindalup
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dunes [7], and the three sampling locations at Lake Claremont (Figures 1 and A3 and Figure A4 in
Appendix A) are on the sandy alkaline soil of the Quindalup dunes. The three sampling locations
at this site were fenced, and unfenced locations in matched remnant Banksia and eucalypt woodland
comparable to the Murdoch vegetation and the unfenced patch of Banksia woodland noted earlier. Data
collectors took care to minimize the trampling of vegetation during sampling, especially in relation to
shrubs in the understory and seedlings of recruiting native species.

Figure 1. Location of study sites at Lake Claremont in the suburb of Claremont and Murdoch University
in the suburb of Murdoch in relation to significant anthropogenic and geomorphic landscape elements
within the urban fabric of Perth, Western Australia.

2.3. Post-Colonization Land-Use at Study Sites

The presence of fertile soils and water during the dry summer period that characterizes the
Mediterranean climate of SWA combined to make wetlands such as Bibra and North Lakes, which are
located to the south of the Murdoch study site, and Lake Claremont, on the eastern edge of the
Claremont study site, the focus of agricultural production from the earliest days of Britain’s Swan
River Colony [46,47].

Post-colonization, there was considerable clearing for grazing, horticulture, and timber production
in the vicinity of the Murdoch study site as the Swan River Colony developed in the second half of
the 19th-century [47,48]. The opening decades of the 20th-century brought even greater change to the
land around the Murdoch site. An expanding dairy industry was decimated in 1923 by enforced cattle
culling to control an outbreak of the highly contagious Rinderpest disease [47]. The Murdoch site was
purchased as part of University endowment land for the future University of Western Australia in
1905 [48]. Combined with the cattle culling, that purchase facilitated the State’s Forestry Department
in converting the Banksia and eucalypt woodland around the Murdoch site into a plantation of exotic
pines (Pinus spp.) from 1926 onward [48]. Fortunately, the Murdoch study site retained a remnant of
the indigenous vegetation that was designated as a conservation zone following the establishment of
Murdoch University in the early 1970s [48]. However, a decade later, the site changed again when a
road was controversially routed through remnant bushland immediately south of the Murdoch site in
1984 [49]. An access road to the Murdoch University campus and a secondary education facility were
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constructed on the western boundary of the Murdoch study site in 1994 [50,51]. The recreational trails
through the remnant were installed at that time [52].

Analogously, the Lake Claremont study site is located at the southern end of the Perth Common,
where imported livestock were grazed as early as 1830, and intensive horticultural production occurred
on and around the wetland from the mid-19th and into the mid-20th century [7,46]. Rapid urbanization
around Lake Claremont in the second half of the 20th century brought new threats to the indigenous
ecosystems of the area. From the early 1950s, the lake was utilized as a landfill site, after which the
area north and east of our study site became a golf course, and a drive-in movie theatre was built to the
west of our study site when the landfill site was closed in the early 1970s [53,54].

When the local Claremont community began to recognize the environmental value of this
urban remnant vegetation, approximately 30 years ago, the understory was choked by highly
invasive introduce weed species, and the indigenous understory had been all but lost [7,53,54].
Collaborative restoration by the community and local government authority since that time has
resulted in the functional minimization of introduced weeds in the understory and the reintroduction
of indigenous shrubs [55], primarily the larger midstory species such as Acacia spp., Rottnest Island
pine (Callitris preissii), the threatened Hackett’s hopbush (Dodonaea hackettiana) and rapidly growing
colonizers such as berry saltbush (Rhagodia baccata), coastal rosemary (Olearia axillaris), and thick-leaved
Fan-flower (Scaevola crassifolia). A limited number of monocots have also been planted, but these do
not currently influence the height or density of the understory.

To understand the structure of the vegetation at our two study sites, the environmental history
post-European colonization needs to be considered against characteristics of the remnant and replanted
shrub-dominated understory.

2.4. Impact of Land-Use on Understory

As previously mentioned, sclerophyllous shrub-dominated understory has a low resistance to
physical damage because branches are easily broken or whole shrubs killed, and low resilience,
where damaged vegetation takes years or even decades to recover [4,13,56]. These two characteristics
can be attributed to the high investment that a shrub growth form puts into above-ground structures
with meristems on external branches and to their slow-growth rate and low productivity compared
to herbaceous and monocot understory plants [11,12,57]. Trampling and grazing by livestock and/or
pedestrians are common sources of this physical damage, especially within urban and peri-urban
remnant vegetation [5,58,59]. The impact of trampling and other negative pressures, such as the
establishment of invasive species of plants, the introduction of plant pathogens (e.g., Phytophthora water
molds), increased fire frequency, and rubbish dumping, combine to magnify the effect of disturbance
along any edge at which remnant vegetation and urban fabric meet [4,5,60]. Ballantyne and Pickering [1]
report that the impact of this edge effect can extend up to 20 m into remnant vegetation along a
boundary where a wide gap in the canopy cover coincides with a hard surface trail constructed from
introduced mediums, as is common in urban or urbanizing areas.

2.4.1. Understory of Murdoch University Study Site

The fenced remnant of Banksia and eucalypt woodland at the Murdoch study site is located on the
type of hard-edged urban boundary described by Ballantyne and Pickering [1]. In addition, in the field,
it was observed that evidence of disturbance at this sampling location might have occurred during
the construction of the access road to Murdoch University and the secondary school approximately
25 years ago. Prior to the installation of the recreation trail in 1994, the vegetation of the unfenced and
fenced sampling locations at Murdoch would have been largely shielded from any livestock impacts
since the livestock culling occurred over 90 years ago. This timeframe is of the magnitude required for
recovery of the low resistance sclerophyllous shrub-dominated vegetation of SWA to recover from any
livestock trampling that occurred between 1850 and 1923 [61-63].
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2.4.2. Understory of Lake Claremont Study Site

As reported above, the degraded state of the understory at the Lake Claremont sampling site and
the extreme weed invasion that existed at this site less than two decades ago [7,53,54] means that while
the understorey has been replanted, it is still in a degraded state. Pettit et al. [58] and Standish et al. [64]
report that after decades of grazing, trampling, and weed invasion, the shrub-dominated understory
of woodlands in SWA is unlikely to have naturally regenerated in such a short timeframe. Because the
method applied in this study assumes that the vegetation is undisturbed and spatially uniform before
the installation of trail infrastructure, it was recognized that identifying trampling related impacts
at the Lake Claremont study site would be problematic. However, a difference in the understory
structure of the Banksia and eucalypt woodland at the unfenced sampling location was observed in the
field. Further, evidence of off-trail trampling impacts was also observed in the field at the other two
sampling locations at Lake Claremont.

3. Materials and Methods

3.1. Evolution of the Hybrid Sampling Technique

Reviewing the published literature identified several methodological gaps and inconsistencies in
the reported methods for sampling vegetation that had or may have been impacted by recreational
trampling. Those gaps and inconsistencies are summarized as follows:

Cole and Bayfield [13] established the standard experimental procedures for vegetation trampling
with a method that requires the structured trampling of previously undisturbed vegetation and
comparison to a control site that was not trampled. However, this deliberate destruction of vegetation
is not appropriate in highly sensitive ecosystems or where the vegetation of fragmented remnants
may have already been damaged by trampling associated with existing recreational trails [1,4].
An alternate approach reported by Ballantyne and Pickering [1] overcomes that limitation of the Cole
and Bayfield [13] method and avoids confounding effects by assuming that the vegetation would be
uniform if not for the trampling associated with off-trail excursions associated with the presence of
formal and/or informal recreational trails.

A problem was also identified in relation to how far from a recreational trail the vegetation should
be sampled. Mason et al. [4] investigated trampling impacts at 7 m from trails, but Conradi et al. [65]
sampled at 15 m from coastal trails to determine the structure of untrampled vegetation. In addition,
a meta-analysis by Ballantyne and Pickering [13] reported that edge effect impacts from recreational
trails could extend up to 20 m into the adjacent vegetation.

Many recreational trampling studies advocate the use of point intercept methods (PIM) to
determine vegetation height [4,13,14]. While the PIM is considered an accurate and relatively unbiased
method [66-68], Brathen and Hagberg [69] show that the accuracy of the method is significantly
influenced by the pin density, the number of plots sampled and variation in growth form of the
vegetation. Further, the application of PIM can be time-consuming and a barrier to the collection of
vegetation related ecological data [70,71].

Another technique used to investigate the structure of shrub vegetation is the cover pole method
(CPM). However, the CPM suffers from many of the same problems as the PIM, in that CPM can be
highly time-consuming, and surveys need to be conducted in a consistent fashion by skilled field
operatives [72,73]. Failure to maintain a consistent research focus and technique for CPM sampling
can confound the data, which negates the possibility of making comparisons between different studies
or even between longitudinal sampling events in the same study [72,73].

An alternative to the PIM and the CPM is the sampling technique of Garden et al. [74], which was
itself an adaptation of the methods established by MacArthur and MacArthur [75] and Haering and
Fox [76]. That technique used a large sheet of material covered with 0.1 m x 0.1 m grid cells to record
three highly cross-correlated measures for the structure of the shrub layer vegetation (equivalent to the
understory investigated in this case study).
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Informed by the studies highlighted in this section, this case study developed and field-tested the
hybrid sampling method described in the following three sections to explore the impacts of recreational
trampling on understory vegetation. The rationale for developing and documenting this hybrid
sampling method was to provide a technique that environmentally-focused community volunteers
(i.e., citizen scientists) could easily, accurately, and consistently apply to monitor the structure of
remnant and replanted native vegetation incorporated into public open space as UGIL.

3.2. Sampling Understory Structure

In summary, a different random start point was selected for each sampling event at each of the five
sampling locations. In each year and for each location, sampling occurred along two sets of five parallel
transects that were oriented perpendicular to the centerline of the trail with a 10 m spacing between the
transects (Figure 2—Left). The structure of the understory was investigated in 1 m X 1 m horizontal
noncongruent quadrats at distances of 0 m (on the path), 0.1 m (next to the path), 1.5 m (from the edge
of the path), 7 m, 15 m, and 25 m. The structure of the understory was sampled using a combined
measure of the height and visual density of the vegetation in each quadrat using a 0.1 m X 0.1 m
vertical grid contained in a 1 m X 1 m frame (Figure 2—Right). The vegetation was sampled with the
grid positioned parallel to the path on the front edge of each horizontal quadrat (at previously specified
distances from each trail). The understory was observed at a waist height of approximately 1 m either
from on the trail or 2 m in front of the frame (trailside). Samplers recorded the highest row of the grid
with native vegetation in every 0.1 m x 0.1 m cell. This sampling method provides a semiquantitative
combined measure of the height and visual density of shrub-dominated understory that ranges from
0 (shrub layer highly disturbed/absent) to 10 (uniformly tall and visually dense shrub layer).

(@) (b)

Figure 2. Arrangement of trail (brown) transects and quadrats for each sampling event at each sampling
location (a) and measurement of the understory structure with the highest row shaded red (b).

In 2015 and 2016, two different groups of second-year tertiary-trained ecology students from
Murdoch University, Western Australia, collected the data for this study on different days in our
sampling window. In 2017 community-based volunteers (citizen scientists) replicated the data collected
by the students. Consistent with established citizen science theory and practice [77-81], we consider
both the novice student groups and the community volunteers to be citizen scientists and combine the
analysis and reporting of their surveys.

3.3. Establishing Control Plots

This study also investigated the validity of using the 7 m, 15 m, and 25 m sampling distances
from recreational trails as control plots that could provide baseline data for the structure of the
vegetation before trampling occurred. The assumption that underpins the establishment of these
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control plots is that the understory structure would be relatively uniform prior to being impacted
by recreational trampling [1]. The trampling study of Mason et al. [3] that was set in protected areas
with shrub-dominated vegetation in the southwest of Western Australia sampled along transects
perpendicular to informal recreation trails to a distance of 7 m to determine the impact of recreational
trampling. Conradi et al. [65] sampled at twice that distance (15 m) to establish control plots for
their study of trampling associated with recreational trails through indigenous coastal grasslands.
Based on a research gap identified from the literature and pre-sampling field observation, this study
also sampled quadrats at 25 m to compare the suitability of the 7 m and 15 m distances as trampling
study control plots in the shrub-dominated understory in urban remnants of Banksia woodland on
the SCP. The selection of this sampling distance was subsequently supported by the meta-analysis of
Ballantyne and Pickering [1], which found that edge effect impacts from recreational trails can extend
can up to 20 m into the adjacent vegetation.

3.4. Statistical Analyses

Exploratory data analyses revealed that variation in path surfaces (i.e., concrete, compacted
limestone dust, natural soil or wood-chip mulch) meant data for the 0 m (on path or trail) quadrat
was highly confounded, so that data were excluded from the analyses reported in this study. For each
replicate (sampling event), the understory structure at each of the five sampling locations was
determined by calculating mean values for the highest row with native vegetation in every cell at each
sampling distance from the trail (i.e., 0.1 m, 1.5 m, 7 m, 15 m and 25 m) across each of the five transects.
Annual means were then calculated for each distance from the trail based on the two replicates sampled
at each of the five sampling locations each year. Under the Central Limit Theorem, it can be assumed
that the annual means were normally distributed, which facilitated analyses based on the simple,
robust parametric statistical tests of ANOVA (reported as the F statistic and p-value), paired f-testing
(reported as the t statistic and p-value), and least-squares linear regression (reported as the Pearson’s
R? correlation value and p-value) [82]. The data for each sampling location is matched by distance from
the trail, and it can be assumed that the understory had a uniform structure before it was fragmented
and trampled [1]. As the data were matched by distance from the trail, paired t-tests were utilized
for post hoc testing where an ANOVA provided evidence (i.e., p-value < 0.05) for a variation in the
understory structure being investigated [83]. Scatter plots with trend lines based on the annual means
for each sampling location and least-square linear regressions were performed to elucidate any change
in the structure of the understory with distance from the trail at each location. The understory structure
at 25 m from the fenced and unfenced recreational trails at the Murdoch site was explored via a paired
t-test that compared the annual means and calculation of 95% confidence interval (95% CI) for the
baseline means (mean + 95% CI). The 95% CI was calculated for the o« = 0.05 level of significance using
ty = 4.3027 to counter the small sample size of n = 3 [82,83].

4. Results

4.1. Owverall, Structure of the Understory

Two-factor ANOVAs were performed to investigate differences in the understory structure between
years and with distance from the recreational trails at each of the five sampling locations. No evidence
was found to support a between-year variation in understory structure (i.e., p-values > 0.05) at any
of the five sampling locations between 2015 and 2017. That finding facilitated the calculation of
benchmarking grand means across the three years for the five sampling locations. The annual and
benchmarking means for the understory structure with distance from the recreation trails are shown in
Table 1. These findings can be interpreted through the least-square linear regressions and the graphical
representation of t-he data provided in Figures 3 and 4 below.
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Table 1. Annual mean values for understory structure at each of the five sampling locations calculated
from the two replicates of five transects sampled each year and baseline mean values for the understory
structure calculated from the annual means. Reported values are the means of the semiquantitative
measure of the highest row (0 to 10) that had indigenous vegetation in every cell.

Fenced Sampling Location at Murdoch
Distance from Trail 2015 2016 2017 Baseline Mean

0.1m 3.20 4.88 4.50 4.19
1.5m 3.20 3.50 3.90 3.53
7m 3.60 2.50 2.80 297
15m 1.20 5.00 2.80 3.00
25m 2.30 1.88 2.20 2.13

Unfenced sampling location at Murdoch

Distance from Trail 2015 2016 2017 Baseline Mean
0.1m 1.40 1.38 1.80 1.53
1.5m 2.00 2.63 2.70 2.44
7m 1.60 3.88 2.00 2.49
15m 2.20 4.75 4.70 3.88
25m 4.70 4.75 5.30 4.92
Banksia Woodland at Lake Claremont
Distance from Trail 2015 2016 2017 Baseline Mean
0.1m 0.50 1.88 1.30 1.23
15m 1.20 2.25 1.90 1.78
7m 0.30 1.00 1.80 1.03
15m 1.60 0.25 6.90 2.92
25m 0.90 1.00 3.20 1.70
Fenced sampling location at Claremont
Distance from Trail 2015 2016 2017 Baseline Mean
0.1m 0.90 0.88 2.00 1.26
1.5m 1.50 1.50 4.50 2.50
7m 2.20 1.50 2.70 2.13
15m 0.70 3.25 2.00 1.98
25m 1.00 1.50 1.30 1.27

Unfenced sampling location at Claremont

Distance from Trail 2015 2016 2017 Baseline Mean
0.1m 2.40 3.00 4.50 3.30
1.5m 2.10 1.63 3.30 2.34
7m 3.10 7.75 6.40 5.75
15m 3.30 2.38 9.20 4.96
25m 2.90 2.38 3.30 2.86

As expected from the published literature, the two-factor ANOVA for the unfenced Banksia
and eucalypt woodland at the Murdoch sampling location provided evidence of a variation in the
understory structure with distance from the trail (F = 9.860; p = 0.0035). That finding is consistent
with the regression analysis reported below and the graphical representations of the data provided in
Figure 3.
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The two-factor ANOVA for the Banksia woodland sampling location at Lake Claremont also
provided evidence for a variation in the understory structure with distance from the trail (F = 3.259;
p = 0.0274). In contrast to the analyses for the unfenced sampling location at the Murdoch site,
that result appears at odds with the outcome of the regression analysis reported below and the
graphical representation of the data provided in Figure 4. However, further analysis suggests that
the outcome of the two-factor ANOVA is a statistical artifact rather than an ecologically meaningful
observation. With the data for that location matched across the annual means, potential differences in
the understory structure with distance from the trail were investigated using paired t-tests. The only
one-sided paired t-tests to generate a statistically significant outcome (t = —5.810; p = 0.0142) was
between the understory structure next to the trail and at 1.5 m from the trail. That result suggests that
the understory had better structure next to the trail than it did at 1.5 m from the trail. Closer inspection
of the means provided in Table 1 and results reported in Figure 4 show that the data for the understory
structure next to the trail and at 1.5 m are more tightly clustered than the highly variable data recorded
further away from that trail. Hence the assertion that the outcomes of the two-factor ANOVA and
paired t-tests for this location are statistical artifacts rather than ecologically meaningful observations.
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Figure 3. Change in the structure of the understory vegetation (highest complete row of
10 X 0.01m X 0.0l m cells in a 1 m X 1 m frame) with distance (in meters) from recreation trails
in fenced (a) and unfenced (b) Banksia and eucalypt woodland at Murdoch University and contextual
photographs of vegetation at both sampling location. Example photographs taken at waist height from
the 15 m quadrat looking back along transects towards the recreation trail.
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Figure 4. From (a)—(c), the measured (highest totally covered row of 10 X 0.01 m x 0.01 m cells in
a 1 m x 1 m frame) and observed structure of the understory in the fenced Banksia and eucalyptus

woodland, and the unfenced Banksia and eucalypt woodland, and the unfenced Banksia woodland at

the Lake Claremont study site. As with Figure 3, example photographs taken at waist height from the

15 m quadrat looking back along the transect towards the trail.

A two-factor ANOVA based on the benchmarking means provided no evidence of a difference in
the understory structure at each distance from the recreation trails across the five sampling locations.
In the main, that finding is consistent with the regression analyses that suggest little variability in

understory structure with distance from the trail at four of the five sampling locations. However,
there was evidence for variation (F = 3.707; p = 0.0255) in the understory structure between the five
sampling locations, and that finding was further supported by the outcomes of a single-factor ANOVA
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that compared the vegetation structure across the five sampling locations (F = 3.919; p = 0.0165).
With the data across the sampling locations matched by distance from the recreation trails (the outcome
of two-factor ANOVA), the statistically significant outcomes of the between sampling location paired
t-test comparisons are reported in Table 2. Theses analyses can be summarized as the overall understory
structure along the transect at the:

e  Fenced Murdoch sampling location being taller and visually denser than the replanted understory
of the fenced location at Lake Claremont;

e Unfenced Murdoch sampling location being taller and visually denser than the replanted
understory of the Lake Claremont Banksia woodland;

e Unfenced Claremont sampling location being taller and visually denser than the replanted
understory of the Lake Claremont Banksia woodland; and

e Unfenced Claremont sampling location being taller and visually denser than the replanted
understory of the fenced location at Lake Claremont.

Table 2. Overall structure of the understory along the transects and outcomes of paired t-tests comparing
the baseline means for each of the five sampling locations. Reported values for the structure of the
understory are mean values based on the semiquantitative measure of the highest row (0 to 10) with
indigenous vegetation in every cell.

. . Overall Structure Overall Structure . ..
Sampling Locations First Location Second Location t-Statistic ~ p-Value

Murdoch fenced and
Claremont fenced
Murdoch unfenced and

3.16 1.82 3.324 0.0146

PR 3.05 1.73 2.584 0.0305

Claremont Banksia and 173 3.842 2967  0.0206
Claremont unfenced

Claremont fenced and 1.82 3.842 -3.018 0.0180

Claremont unfenced

4.2. Impacts of Recreational Trampling

As previously mentioned, this case study assumes the understory of the good to very good
condition bushland at the two Murdoch sampling locations would have had a uniform structure prior
to any recreational trampling. It was further assumed that the structure of the understory protected
by the conservation fencing would remain uniform, while the height and density of the understory
would decline adjacent to the recreational trail because of trampling. The structure of the replanted
understory at Lake Claremont was unknown prior to this study.

Contrary to the assumptions of this study, the regression analysis (Figure 3a) for the fenced location
at Murdoch provides evidence that the understory structure declined with increased distance from the
fenced recreation trail. That finding is, however, at variance with the previously reported outcome of
the two-factor ANOVA that provided no evidence for a difference in the understory structure along
the transect at that location. Further, only about one third (R? = 0.35) of the variation in the understory
structure suggested by the regression analysis was explained by moving along the transect away from
the path. Possible explanations for these statistical outcomes that suggest a complex and variable
nature for the understory structure at the fenced Murdoch sampling location are explored further in
the discussion section below.

Consistent with the two-factor ANOVA reported in Section 4.1, the regression analysis (Figure 3b)
provides evidence of a poorer structure of the understory adjacent to the unfenced recreational trail at
Murdoch and a better structure of the understory with increased distance from the recreation trail,
which is consistent with the assumptions of this study.
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Furthermore, consistent with the outcomes of the two-factor ANOVAs, the regression analyses
(Figure 4a,b) for the structure of the replanted understory at the fenced and unfenced Banksia and
eucalypt woodland sampling locations at Lake Claremont showed no variation in the understory
structure with distance from the recreation trails. The regression analysis (Figure 4c) of the replanted
understory of the Banksia woodland at Lake Claremont also provided no evidence of a change in
structure along the transects. As previously mentioned, while that result appears to contradict the
outcome of the two-factor ANOVA, the ANOVA outcome was more likely to be a statistical artifact
than an insight into the understory structure.

As shown in Figure 4, it was detected both through the analyses and observations in the field that
the understory structure in the Banksia and eucalypt woodland adjacent to the unfenced recreational
trail at Lake Claremont (Figure 4b) was uniformly taller and denser than at the other two Claremont
sampling locations. As reported in Table 2, those field observations are consistent with the outcomes
of the ANOVA and post hoc paired t-test analyses. That observed and measured difference reflects
the dominance of taller growing berry saltbush (Rhagodia baccata). Planted adjacent to the unfenced
recreational trail, the berry saltbush had grown to the extent that it had become a tall monoculture at
some points along the transects at that location.

4.3. Establishing Control Plots

As reported in the methods, it was an aim of this study to explore the strategy of establishing
control plots in undisturbed or minimally disturbed vegetation at 7 m and 15 m, as suggested
by Mason et al. [3] and Conradi et al. [65], respectively, and at 25 m from the recreational trails.
Unfortunately, the similarity of the vegetation along the transects at four of the five sampling locations
and across the benchmark years (see Sections 4.1 and 4.2 above) meant that the position of control
plots could not be statistically validated by this study.

An unexpected outcome was that the remnant understory at 25 m from the fenced recreational
trail was significantly (t = 13.55; p = 0.0027) lower and less dense (2.13 + 0.54) than the understory at
25 m from the unfenced trail (4.92 + 0.83) at the Murdoch study site. That variation in the understory
at the Murdoch sampling locations was evident in the field.

5. Discussion

In summary, the analyses reported above revealed the following about the structure of the
shrub-dominated understory vegetation at the Murdoch and Claremont sampling locations:

e Contrary to expectation, the understory structure at the fenced location at Murdoch declined
along the transects by a statistically significant amount from a baseline value of 4.19 adjacent to
the recreation trail to 2.19 at 25 m from the trail. However, statistically, only 35% of that variation
can be explained by moving along the transect.

e  Aligning with the published literature, the understory structure adjacent to the unfenced recreation
trail at the Murdoch location improved a statistically significant amount from a baseline value
of 1.53 adjacent to the trail to 4.92 at 25 m from the trail, with 75% of that improvement being
explained by moving away from the trail.

e  Unexpectedly, the structure of the understory 25 m from the fenced recreation trail at the Murdoch
site was significantly lower and less dense (2.19) than the understory at 25 m from the fenced
trail (4.29).

e  Inthe main, the replanted understory at the Claremont sampling locations has a variable structure
that is likely to need further time to consolidate and mature before detectable variations in
structure could be measured.

e  Of the five sampling locations, the replanted understory in the Banksia woodland remnant situated
on the Quindalup Dune on the western side of Lake Claremont had the lowest and least dense
(most disturbed) structure.
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Those findings demonstrate that the citizen science focused hybrid sampling method applied in
this case study can detect anthropogenically induced variation in the structure of shrub-dominated
understory vegetation. The ecological significance of the statistical analyses reported above is
explored in this discussion by considering the post environmental histories of the two sampling sites,
as summarized in Section 2. This study concludes by reflecting on the management implications of
the findings, the limitations of this study, future research that should be pursued at both study sites,
and more broadly scoped future research into the recreational trampling of remnant vegetation that is
critical for delivering the environmental services and human connections to nature that are provided
by UGL

5.1. Understory of Murdoch University Study Site

It was surprising to observe and statistically confirm the observed difference in the structure
of the understory at 25 m from the recreation trails at the Murdoch site. Given the published and
previously stated assumptions that the remnant vegetation at that distance from the trails should have
a uniform undisturbed structure, it was unexpected that the vegetation behind the conservation fence
was lower or visually less dense than the vegetation at 25 m from the unfenced trail. Based on this
single study, we can only speculate that the disturbance of the understory adjacent to the fenced trail
arose from the construction of the Murdoch campus access road and/or the adjacent secondary school.
Alternatively, the understory structure at that location may be degraded due to edge effects [59,84].
However, based on the work of Ballantyne and Pickering [1], we would expect to see an improvement
in the structure of the understory to 20 m should recreational trampling associated with the trail
infrastructure be impacting the vegetation, which is the opposite of the decrease in the quality of the
understory structure with increased distance from the fenced recreational trail.

Given the three alternatives outlined above, we postulate that our measurement of the understory
structure at the fenced Murdoch sampling location demonstrates that while the Banksia and eucalypt
woodland may have been degraded by the construction of the road and school, over the past 25 years,
the shrub-dominated understorey has been uniformly recovering. As reported by Santoro et al. [17],
the installation of the conservation fencing may have provided a degree of protection from trampling
that would aid the reestablishment and recovery of the understory. However, using the easily
implemented hybrid assessment method described in this article, a longitudinal study could reveal if
the understory is recovering or degrading further from edge effects other than off-trail trampling at
that location.

Consistent with the published literature [1,4,17,65], we further postulate that before the installation
of the unfenced walking trail, the remnant vegetation at that location would have been uniform and
representative of the Banksia and eucalypt woodland that grew across the Spearwood Dunes prior to
European colonization. The lower and less dense understory structure and the graduated improvement
in the structure of the understory along the transect moving away from the trail fits with the
description of recreational trail impacts reported in the experimental work of Santoro et al. [17] and
Ballantyne et al. [85] and in the systematic literature review of Ballantyne and Pickering [1]. Further,
the shrub-dominated understory at this sampling location was found to be taller and denser at 25 m
from the trail, which is beyond the impact zone of 20 m reported by Ballantyne and Pickering [1].

5.2. Understory of Lake Claremont Study Site

While the replanted understory at the Lake Claremont study site was too variable to detect
evidence of recreational trampling impacts, the sampling method reported in this case study did detect
a difference in the understory structure of the Banksia and eucalypt woodland at the unfenced sampling
location that was observed in the field. Evidence of off-trail trampling impacts was also observed at the
other two sampling locations at Lake Claremont. We believe that the implementation of a longitudinal
study using the methods of this study could monitor the improvement of the understory at the fenced
location because of natural regeneration and restoration plantings by the Friends of Lake Claremont.
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Additionally, we believe that should the woodland at the other two Claremont sampling locations
remain unfenced, then longitudinal monitoring will demonstrate that the structure of the understory
improves more slowly than the fenced location or that it may even remain in a degraded condition
with no improvement.

5.3. Management Implications

This study demonstrates that the reported novel hybrid method provides a simple, effective,
and efficient method by which citizen scientists and land managers can rapidly assess how the
trampling associated with urban recreation trails impacts the structure of understory vegetation,
especially in good condition shrub-dominated habitat. The implementation of the method reported
in this article would facilitate longitudinal monitoring by citizen scientists that could detect local
ecosystem-scale variations in understory structure caused by the impacts of recreational trampling.
Further, we hypothesize that our rapid assessment method is also suitable for quantitatively monitoring
the longitudinal improvement or otherwise of shrub-dominated understory vegetation in degraded
urban nature spaces that are undergoing restoration.

5.4. Limitations and Further Research

A limitation of this study is that it was conducted in two small urban remnants of Banksia
woodlands that could be expected to have similar understory vegetation. Another limitation is
that the geographical area of remnant bushland within those sites that was suitable for monitoring
(i.e., not impacted by roads or other trails) limited the number of sampling locations and the number of
replicate transects that could be surveyed at each location. Further, based on this relatively short-term
study, we are unable to determine definitively whether the disturbance to the understory at the fenced
Murdoch sampling location arose from the construction of the access road and/or secondary school or
if it reflects the degradation of the indigenous vegetation due to the edge effects.

Having demonstrated the suitability of the sampling method for community-based citizen
scientists wishing to sample or monitor the structure of shrub-dominated understory in remnant
vegetation in urban areas, additional research could be undertaken to explore the applicability of
this technique in other types of vegetation and understory, grassland for example. We hope that the
publication of this article will facilitate the establishment of ongoing programs to monitor the remnant
and replanted understory at Murdoch University, Lake Claremont, and other urban and rural green
spaces and natural spaces on the Swan Coastal Plain. We envisage that the method specified in this
article could also provide community representatives and land managers with a semiquantitative
alternative to visual assessments of vegetation density and fuel loads that are currently undertaken in
fire-prone landscapes [86-88].

Ballantyne and Pickering [1] identify several aspects of pedestrian trampling associated with trail
infrastructure that require additional research, with which we concur based on the insights gained
during this study. Those recommendations for further research, which we envisage could involve or be
undertaken by citizen scientists applying the methods described in this article, include investigation of:

e  Larger scale impacts at greater distances from the trail infrastructure (e.g., 20 m to 25 m).

e Differences between impacts arising from formal and informal trails.

e Longitudinal studies of recreational trail impact instead of a reliance on a one-off or short-term
snapshot studies.

e Longitudinal studies of ecosystem recovery after trails have been closed.

e  How trail impacts may interact with other anthropogenic stressors (e.g., climate change, mowing,
grading and trail maintenance).
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6. Conclusions

The field and statistical techniques presented in this article provide a quick, easy, and reproducible
method that community-based citizen scientists and/or land managers can employ to assess the
structure of shrub-dominated understory vegetation in urban remnants and to monitor the impact
of trampling arising from excursions away from formal and informal trails. The hybrid sampling
method promoted through this article also provides an effective and efficient data collection method
that would be applicable to recreation ecology research into any of these aspects of the trampling
associated with trail infrastructure and fire ecology studies that explore vegetation density and fuel
loads in shrub-dominated understory and heathland communities.
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Figure A1l. Location of the sampling site at Murdoch University (Source: Google Earth [89]).
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Figure A2. Locale of the transects for sampling understory structure adjacent to the fenced and
unfenced recreational trails at Murdoch University (source: Google Earth [89]).
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Figure A3. Location of the sampling site at Lake Claremont (source: Google Earth [90]).
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Figure A4. Locale of the transects for sampling understory structure adjacent to the fenced and
unfenced recreational trails at Lake Claremont (source: Google Earth [90]).
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