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Abstract

Disturbances from road management activities are often considered to be a major threat to plants in roadside environments,
however effects may not be deleterious to all plants. The post-disturbance response of three Acacia species with different life-history
attributes was compared in four road reserves impacted by soil disturbance from grading activities. Recovery of acacias to grading
was variable, however basal resprouting, root suckering and.seedling emergence led to a 6.2% population increase for all road
reserves combined. In two road reserves, there was significant resprouting of the facultative seeder 4. decora, and 2 years after dis-
turbance, resprouts reached mean heights of 71 and 74 cm. One year after disturbance, 71% of 4. decora resprouts flowered and 49%
also set viable seed, and there was a significant positive relationship between flowers produced and viable seed set. Similarly, 65% of
resprouts of the facultative seeder 4. montana flowered but only 10% set viable seed. In contrast, there was patchy seedling emer-
gence of the obligate seeder 4. pycnantha and to a lesser extent A. montana, and seedlings did not reach reproductive maturity 1 year
after disturbance. Drought most likely reduced seedling numbers, as seedlings were only recorded in shaded road reserves, where
additional water was applied from roadworks activities. Grading of roadside environments appears to favour plants with strong
resprouting ability, and persistence of Acacia populations will depend on the timing of soil disturbances from grading activities

in relation to species life-history attributes.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

To date there have been few references in disturbance
ecology to a Caterpillar grader, even though this is a
common instrument of anthropogenic disturbance re-
gimes. Heavy machinery is regularly used throughout
the world to construct roads and infrastructure corri-
dors (Brum et al., 1983; Forman et al., 2003). A number
of recent studies have considered the effects of distur-
bances from heavy machinery on plant populations
(Webb et al,, 1983; Olander et al., 1998; Milchunas
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et al., 2000). Disturbance from roadworks is considered
a major threat to plants in roadside environments,
which in many intensive agricultural areas of Australia
are often of high conservation status (Bennett, 1991;
Dennis, 1992). Because the impacts of disturbance from
roadworks are often highly intensive and extremely var-
iable, local extinctions of many roadside plant species
often occurs (Lugo and Gucinski, 2000).

Disturbance events are common and widespread in
most ecosystems, and occur over a range of intensities
and frequencies (Noble and Slatyer, 1980; White and
Pickett, 1985). Fire is a major disturbance process that
has shaped vegetation dynamics in Australian ecosys-
tems, which has now been removed from most agricul-
tural areas (Hobbs, 1987). Despite a lack of historical
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knowledge, it seems almost certain that indigenous fire
activities strongly affected vegetation patterns prior to
European Settlement in the 18th century (e.g. Singh
et al,, 1981; Keith, 1996; Bradstock et al., 2002). Though
not often recognised, soil disturbance is another natural
re-occurring event that has shaped Australian ecosys-
tems, from wind-throw of trees, soil erosion, landslides
and diggings by native animals (Hobbs, 1987; Benson,
1991). There has been a marked increased in human in-
duced soil disturbance since European settlement, such
as by stock grazing, provision of road and rail networks,
and development of agriculture (Mclntyre et al., 1995).
Recent evidence suggests that plants may thrive under
novel human soil disturbance processes, for example
those with life history strategies adapted to previous fire
regimes ¢.g. Acacia species (Farrell and Ashton, 1978;
Cheal, 2002). Therefore disturbance tolerant species
can proliferate in roadside environments (Yorks et al.,
1997; Forman and Alexander, 1998).

Acacia species (Mimosaceae) are woody shrubs and
small trees that are widely distributed in temperate
woodlands in south-eastern Australia (Maslin and Ped-
ley, 1988), and are commonly recorded in many road-
side environments (McBarron, 1955; Schabel and
Eldridge, 2001). Most Acacia species are highly
adapted to fire, through hard-coated seed and re-
sprouting ability, and ‘the prevalence of young wattles
after a bush fire is a fact that must have struck the
most unobservant’ (Hamilton, 1892, p. 201). Though
the post-fire response of Acacia species has been docu-
mented (e.g. Purdie and Slatyer, 1976; Cavanagh,
1980), little is known of how soil disturbances affect
Acacia populations. The purpose of this paper is to
investigate the response of selected Acacia species to
soil disturbance from road management activities. This
paper builds on previous studies that have described
the effects of soil disturbance from roadworks, and spa-
tial patterns of roadside disturbance regimes on adja-
cent shrub populations (Spooner et al.,, 2004a,b). In
this paper, the results of a 3-year field project are pre-
sented, where populations of Acacia pycnantha, A.
montana and A. decora were monitored to test the
hypothesis that soil disturbance from roadworks will
facilitate seedling emergence and resprouting of aca-
cias, depending on individual life-history attributes.
Furthermore, the reproductive outputs of the three
Acacia species were observed to assess recovery after
disturbance.

2. Methods

2.1. Study area and species

Studies were conducted from 2001 to 2003 in Lock-
hart Shire (35.12°S, 146.43°E), a rural local government

area of 365 km? in southern North South Wales
(NSW), Australia. The area has a cool temperate cli-
mate, with mean annual rainfall ranging from 450 to
600 mm. Temperature ranges from a daily mean high
of 32.9 °C in January to 14.2 °C in July (Bureau of
Meteorology, 2004). Soils in the region are mainly
red-brown earths and clays, with some grey and brown
earths of heavy texture on the plains, and skeletal soils
on isolated granite outcrops (Moore, 1953). Agricultural
development has resulted in the clearing of over 85% of
native vegetation in the region, and most patches of in-
tact native vegetation occur in roadside environments
(Benson, 1999; Schabel and Eldridge, 2001). Native veg-
etation consists of open Eucalyptus woodlands (e.g.
Eucalyptus microcarpa, E. melliodora, E. blakelyi and
E. albens), as well as mixed Eucalyptus - Callitris glauc-
ophylla or Allocasuarina leuhmannii communities. Parts
of Lockhart Shire have historically supported a rich
and diverse shrub and grassy understorey community
(Moore, 1953; McBarron, 1955).

Three Acacia shrub species common to temperate
Eucalyptus woodlands were selected for study, based
on previous roadside survey reports (McBarron, 1955;
Bull, 1997). Golden Wattle (4cacia pycnantha) is a
loosely branched shrub 3-8 m tall, found on a wide
range of sandy or red-loamy soils. It is fast growing,
with leathery dark-green phyllodes or ‘leaves’, large
golden flower heads in showy racemes, brown flattish
seed pods 5-12 cm x 5-7 mm, and is an obligate seeder.
Mallee Wattle (4. montana) is a dense and rounded
green shrub 1-3 m tall, found on well-drained sandy
red earths or heavy clay soils. It is also fast growing,
with small narrow and ‘sticky’ green phyllodes, golden-
yellow flower heads on twinned penducles along
branches, distinctive white-woolly straight seed pods
2-5 cm x 3-4 mm, and is a facultative seeder and resp-
router. Western Silver Wattle (4. decora) is a rounded
or spreading shrub 1-4 m tall, found on well-drained
light to heavy soils in full sun. It has grey-green fairly
thick phyllodes, bright golden flower heads on short ra-
cemes in branchlets, dark straight seed pods 5-10
cm X 4-8 mm, and is a facultative seeder and vigorous
resprouter (Costermans, 1981; Tame, 1992).

2.2. Site selection and sampling

In Lockhart Shire, most roads are minor rural roads
of gravel construction, and need periodic maintenance.
Gravel road surfaces are usually graded every year, and
it is common practice to clear vegetation from the sur-
rounds of gravel roads with a grader ‘every five years or
so’ (Prichard, 1991; C. Reid, 2001 pers. comm.). In
2001, a regional survey of the three study species was
carried out, using existing roadside survey reports as
a baseline (Bull, 1997; Spooner et al., 2004a). In this
survey, a population was defined as any number of
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Table 1

Site data for four road reserves impacted by soil disturbance from grading, and number of sub-sample Acacia populations monitored on each

roadside

Road reserve Date of impact

Road verge width (m)

Impact length (km) Populations (n)

Soldier Settlement road September 2001 14
Pat Gleesons road September 2001 17
County Boundary road November 2002 14
The Rock-Lockhart road October 2002 42

5.76 13
3.92 7
2.70 7
3.85 3

individuals isolated by at least 250 m from other popu-
lations of the same species (Oostermeijer, 1996). Roads
were then monitored for grading activities that im-
pacted upon Acacia populations, and wide road corri-
dors were targeted (>20 m) so comparisons could be
made between graded areas and adjacent, ungraded
(control) areas.

Two road reserves, Soldier Settlement and Pat Glee-
sons roads were selected for sampling in 2001 (Table 1).
In both cases, grading occurred parallel to the road,
extending approximately 2.5 m (one angled blade
width) into adjacent native vegetation. Grading re-
moved the top 1-3 cm of topsoil and all vegetation in
both sampled areas, though depth of grading varied
greatly at small scales. Two further road reserves,
County Boundary and The Rock-Lockhart roads were
selected in 2002; both had similar soils, topography and
disturbance from grading activities (Table 1). Climate
data was obtained from the nearest two weather sta-
tions: Urana, 40 km to the west; and Wagga Wagga,
50 km to the east of the study roadside reserves (Bu-
reau of Meteorology, 2004). After grading operations,
transects were placed parallel to the road along the
edge of the impact area. Transect length varied depend-
ing on the extent of grading along each road. Transects
were divided into ‘populations’ and ‘gaps’, and the
number of Acacia plants in each population were re-
counted and stem densities calculated. An estimate of
the number of stems that existed prior to disturbance
was made based on the difference between population
censuses before and after grading, and verified by visual
inspection of stumps in the impact area.

Soldier Settlement and Pat Gleesons roads were mon-
itored for 2 years after grading, beginning in September
2001 (Table 1). Emergence of basal resprouts, root suck-
ers and seedlings in Acacia populations and gaps was
monitored three months after impact, and then at one
year intervals until September 2003, coinciding with
spring flowering of Acacia species. Basal resprouts and
root suckers were often difficult to distinguish, and were
grouped as ‘resprouts’ in this study. Monitoring at
County Boundary and The Rock-Lockhart roads began
in September 2003, one year after impact (Table 1). For
all sites, the total number of Acacia resprouts and seed-
lings that emerged was recorded, and in each shrub
zone, a random sample (maximum of 20) of resprouts

and seedlings was tagged, and stem heights and plant
reproductive outputs recorded.

2.3. Sampling of flower and seed outputs

Acacia pycnantha did not flower during the study per-
iod, and flower heads of A. montana were individually
counted owing to low resprout numbers. A method to
rapidly estimate flower head production was developed
for A. decora. To count flower heads (inflorescences)
per A. decora resprout, three randomly chosen popula-
tions (11-50 individuals) were selected, and mean values
were obtained for individual flowering components as
follows: (1) From a random sample of 80 racemes, mean
globular flower heads per raceme (k) was 9.78 £ 0.17 (£1
SE). (2) From a random sample of 100 flowering
branchlets, mean racemes per flowering branchlet (r)
was 22.98 * 0.74 (%1 SE). (3) The total number of flower
heads produced on A. decora resprouts (Fgec) was then a
function of the number of flowering branchlets (B), and
calculated as

Fygee =h xrxB. (1)

To obtain an overall constant for (4 x r) and reduce
cumulative error, a resample of 1000 values was taken
from the two actual distributions for r and 4, to obtain
one distribution (Good, 1999). This resulted in the final
equation to calculate the number of flower heads per A.
decora resprout as

Faee = Bx 23236 £292 (1 SE). @

The number of seed pods produced on tagged 4. dec-
ora and A. montana resprouts was also counted. To cal-
culate the proportion of viable seed produced from seed
pods, a random sample of 20 seed pods was harvested on
maturity in each population (December 2002 and 2003),
making every effort to collect pods from different aspects
of resprouting plants. In the laboratory, pods were
opened and examined for: (1) the number of undamaged
intact seeds; (2) the number of seeds aborted or damaged
by pests. Undamaged seeds were then checked for viabil-
ity using simple squeeze and excise tests, by counting the
number of seeds that had a firm, creamy-white embryo
(Peterson, 1987; Mortlock, 1999). These results were
then used to calculate viable seed production for each
population at each road reserve.
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2.4. Statistics

Statistical analysis of the data was conducted using
2-independent samples #-tests, and growth rates of re-
sprouts were analysed using one-way ANOVA, with Tu-
keys post hoc comparisons where results were significant
(P < 0.05). Attempts to transform seedling data to meet
assumptions of normality and equality of variances
(Zar, 1996) were unsuccessful due to many null values,
therefore non-parametric Mann-Whitney U tests were
used. Relationships between resprout height, flower
and seed production were explored using Pearsons (par-
ametric) and Spearmans (non-parametric) correlation
coefficients. Backward step-wise linear regressions were
also used to analyse 2002 viable seed production data,
with outliers outside +2 SD removed, using default op-
tions in SPSS version 10.0.7.

3. Results
3.1. Resprouting success and seedling emergence

Physical evidence of damage to Acacia populations
was obvious at all four road reserves, with approxi-
mately 100% of all above-ground biomass removed by
grading, and only stumps and damaged roots remaining.
Resprouts of Acacia species emerged almost immedi-
ately in September 2001 at Soldier Settlement and Pat
Gleesons roads, often with vigorous growth of basal re-
sprouts and root suckers. Grading also damaged other
eucalypts and pines (Callitris glaucophylla), and some
basal resprouting of Grey Box (Eucalyptus microcarpa)
was observed. Prior to the disturbance events, the area
had experienced below average monthly rainfall, how-
ever above average monthly rainfall in October 2001
probably facilitated growth and establishment of new
resprouts. Subsequent to resprout and seedling counting
in December 2001, a thunderstorm event in February
2002 resulted in approximately 140 mm rainfall (24—
32% of yearly average: Fig. 1). This event may also have
contributed to resprout establishment and growth.
However rainfall in most of 2002 and early 2003 was
well below average, resulting in a declared drought for
the summer of 2002/03. Rainfall did not return to aver-
age levels until July 2003 (Fig. 1).

The response of acacias to soil disturbance from
grading was highly variable both within and between
road reserves, however resprouting and seedling recruit-
ment led to a 6.2% increase in Acacia stems for all road
reserves combined. At Soldier Settlement and Pat Glee-
sons roads, grading resulted in significantly (P < 0.05)
more resprouting of A. decora populations in the impact
areas compared to control areas. The overall ratio of re-
sprouts to mature acacias (estimate) was similar for both
reserves (Soldier Settlement = 1.66, Pat Gleesons =
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Fig. 1. Mean monthly rainfall during the 2001-2003 study period for:
(a) Urana, (b) Wagga Wagga weather stations (Bureau of Meteorol-
ogy, 2004).

1.60), resulting in a 10% and 11.1% population increase
of acacias at these two road reserves, respectively (Table
2). There was also patchy resprouting of A. montana in
one population at Soldier Settlement road, but the dif-
ference between A. montana densities in control and im-
pact areas of this population was not significant
(P> 0.05). There was no resprouting of Acacia species
observed at County Boundary and The Rock-Lockhart
roads. For all roads, there was no resprouting in the
control areas, or in gaps between Acacia populations
along each road (Table 2).

Despite drought conditions, 4. decora resprouts grew
rapidly during the summer of 2001 and winter of 2002,
with significant increases in mean resprout height be-







