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Summary
This study investigated the impacts of
one of Australia’s most serious environ-
mental weeds, bridal creeper (Aspara-
gus asparagoides), on a diverse native
ground-cover plant community in Eu-
calyptus woodland. Bridal creeper is a
creeping geophyte with an extensive root
system of tuber-bearing rhizomes that
has the potential to cover large areas of
ground with dense foliage. Despite be-
ing a well-recognized “Weed of National
Significance’ and its obvious overall im-
pact in invaded areas, there are very few
quantitative studies of the effects of this
weed on native plant diversity and the
habitat it invades. In a comparison of ad-
jacent invaded and non-invaded habitat
the impact of bridal creeper was found
to be detrimental. There was a significant
decrease in total species richness and fre-
quency of native ground-cover plants in
invaded areas, however the total species-
richness and frequency of exotic species
were not significantly reduced. There
was a significant negative correlation
between weed intensity (per cent cover)
and the number of native and exotic spe-
cies. A reduction of open, mossy patches
and an increase in the level of Eucalyp-
tus leaf litter in invaded habitat also sug-
gests that bridal creeper has the potential
to modify habitat structure. The possible
consequences of the replacement of a
species-rich and open ground-cover hab-
itat into a closed homogenous one with
increased leaf litter are discussed.
Keywords: Asparagus asparagoides,
environmental weed, Eucalyptus wood-
land, leaf litter, species diversity.

Introduction

Exotic plants that invade and naturalize
in native habitats are one of the greatest
threats to natural ecosystems worldwide
(Vitousek et al. 1997, Groves and Willis
1999, Dukes and Mooney 2004). Through

direct competition with native plant spe-
cies or by changing ecological conditions
to the detriment of natives, weeds can re-
duce the abundance of native species in
communities resulting in the formation
of monospecific stands, or depauper-
ate assemblages of tolerant species (e.g.
Braithwaite ef al. 1989, Griffin et al. 1989,
Clouse 1999, Blossey et al. 2001). Since lit-
tle is known about the effects of many of
the most serious environmental weeds in
Australia, there is an urgent need for re-
search into their impacts on biodiversity,
community structure and ecosystem proc-
esses (Adair and Groves 1998). Asparagus
asparagoides (L.) Druce (Asparagaceae),
commonly known as bridal creeper, was
introduced into Australia from South Afri-
ca in the late 19th Century as an ornamen-
tal garden plant. It is now categorized as
a “"Weed of National Significance’, and has
naturalized in a range of soil and habitat
types including wet and dry sclerophyll
forests, mallee shrubland, creek and river
banks and coastal vegetation across south-
western Western Australia, South Austral-
ia, Victoria and coastal New South Wales
(Groves and Willis 1999, Agriculture and
Resource Management Council of Aus-
tralia and New Zealand 2001, Morin ef al.
2006). The species is a creeping geophyte
with an extensive root system of tuber-
bearing rhizomes that has the potential to
cover large areas of ground, shrubs and
tree trunks with dense foliage (Raymond
1999). Both native and exotic frugivorous
birds consume the fleshy red berries and
can disperse seeds over considerable dis-
tances. This leads to the invasion of undis-
turbed habitats where, unlike the major-
ity of environmental weeds (Vitousek et
al. 1997, Adair and Groves 1998), it will
successfully germinate without any type
of soil disturbance (Stansbury 1996, Ray-
mond 1999). In most regions the above-
ground biomass senesces in early summer

leaving the root system which re-shoots
again in autumn.

Raymond’s (1999) comprehensive eco-
logical study of bridal creeper concluded
that eradicating the weed from Australia
would be a difficult, if not an impossible
task. As it can smother large areas, bridal
creeper was predicted to be modifying
the ground-cover habitat it invades, thus
affecting associated native biota. Indeed,
bridal creeper is considered a threat to a
range of native herbs, lilies and orchids
across southern Australia (Sorensen and
Jusaitis 1995, Groves and Willis 1999, Agri-
culture and Resource Management Coun-
cil of Australia and New Zealand 2001,
Bickerton 2001) and has been experimen-
tally shown to reduce the cover of a variety
of regenerating native ground-cover and
shrub species (Turner and Virtue 2006).
Therefore, this study aimed to determine
the impact of bridal creeper on the native
plant community and associated habitat
variables in Eucalyptus woodland typical
of the type of native habitat invaded by the
weed in southern Australia and provide
baseline data for further investigations
into its impacts on higher trophic levels
such as terrestrial invertebrates.

Methods

Study site

This study was conducted in Mount Bil-
ly Conservation Park (CP) (35°25'72"S,
138°35'82"E) on the Fleurieu Peninsula,
South Australia. The park is 208 ha, with
an elevation ranging from 100216 m a.s.l.
and is surrounded by cleared grazing land,
except for the southern end that adjoins
an uncleared area surrounding the Hind-
marsh Valley Reservoir. Mean maximum
summer temperatures range from 24-27°C
and mean maximum winter temperatures
from 13-15°C. The area has a strong winter
rainfall pattern with a mean annual rain-
fall of 766 mm (Bureau of Meteorology,
Melbourne).

Mt Billy CP contains mallee, woodland
and forest habitats and, due to its history as
a fenced-off catchment for a drinking-wa-
ter reservoir, has remained in a relatively
natural state with minimum disturbance.
Over 430 native plant species have been re-
corded in the park, with a particularly high
diversity of ground-cover herbs, ferns, lil-
ies and orchids (R. Taylor personal com-
munication 2000). The habitat within Mt
Billy CP used for this study was medium-
height eucalypt woodland with a moder-
ately open canopy of Eucalyptus leucoxylon
FMuell. (South Australian blue gum) and
E. fasciculosa EMuell. (pink gum), a sparse
mid-story of Acacia pycnantha Benth. (gold-
en wattle), Dodonaea viscosa Jacq. (sticky
hop-bush), and Xanthorrhoea semiplana
FMuell. (flat-leafed grass-tree), and a di-
verse, low ground-cover of native herbs
and grasses. Bridal creeper was by far the
dominant exotic plant species in the park.



Vegetation and habitat survey

As bridal creeper invades and smothers
the ground-cover habitat, the focus of this
study was the native ground-cover plant
community. Eight pairs of native (control)
and bridal creeper-invaded transects (15
m x 1 m) were established in two locations
(sites) approximately 100 m apart within
the woodland. An underlying assumption
when using such a multi-site comparison
technique is that the species composition
of invaded areas is the same or similar to
control areas prior to invasion. Thus, as
pre-invasion states cannot be determined,
care needs to be taken to match control
and weed-invaded habitats (Adair and
Groves 1998). In contrast to many invasive
plant species, bridal creeper can establish
without prior habitat disturbance (Stans-
bury 1996, Raymond 1999). As such, areas
could be chosen with the same history and
no prior soil or fire disturbance in both
invaded and native habitat. Transect loca-
tions in both native and invaded habitats
were primarily selected based on the pres-
ence or absence of bridal creeper. How-
ever, effort was made to control for natu-
ral between-site microhabitat variability
by locating transects in the same habitat
(open spaces among eucalypt trees), and
away from the edge of native and invaded
patches to limit the effect of changes in mi-
crohabitat and community structure that
can occur at the edge of a habitat (Schow-
alter 2000). In addition, transect pairs were
placed parallel along the hill to account for
the sloping habitat and were established
similar distances away from the base of
large eucalypt trees that seasonally shed
large amounts of bark that covered the
ground-cover vegetation. The area be-
neath these trees also would have been the
invasion points of the weed and may have
originally had different microhabitats
prior to invasion (Stansbury 1996; Ray-
mond 1999). Tree canopy cover was simi-
lar above each transect (around 70%) and
each bridal creeper invaded transect was
located within 10 m of a native transect.
The rust fungus biological control Puc-
cinia myrsiphylli (Thiim.) G.Winter was re-
leased outside the experimental transects
at Mt Billy CP during the study and there
was no evidence of its presence in these
transects during this time (CJS personal
observations).

Transects in native habitat were estab-
lished in patches with little or no bridal
creeper, while weed-invaded transects
had considerable cover of bridal creeper.
Within each transect, using 24 randomly
placed 10 x 10 cm quadrats, the following
measurements were recorded: the per cent
cover in 5% increments of bridal creeper,
leaf litter, moss (bryophytes), and bare
ground (measured independently, thus
did not total to 100%), and the identity
of each plant species (recorded as pres-
ence/absence). As bridal creeper and
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native plants senesce over summer, the
plant survey was undertaken in spring
(September 2000). This was when bridal
creeper was at its maximum growth and
coincided with the maximum growth and
presence of flowers and seed heads of na-
tive species that allowed for their identifi-
cation. Many grasses could not easily be
identified in the field during the survey
due to lack of seed heads, thus were re-
corded as ‘Poaceae sp.. When separating
plant species into native and exotic species
for analysis, ‘Poaceae sp.” were grouped
with the native species, however it is likely
that some were exotic. To account for the
seasonal differences in habitat structure,
the per cent cover of bridal creeper and leaf
litter was also recorded once every four
weeks from April 2001 to May 2002 in 24
random quadrats (10 x 10 cm) within each
transect. An indication of vertical habitat
structure was also recorded by measur-
ing the maximum height of the vegetation,
including bridal creeper (or litter or bare
ground), at 60 random points within each
transect.

Data analysis

The data were analysed using the number
of species (counts) and species frequency.
Bridal creeper was included in the analy-
sis only as an explanatory (habitat) vari-
able, not as a plant species. As native and
bridal creeper transects were paired, the
differences in plant species richness and
frequency and the per cent cover of brid-
al creeper, litter, moss and bare ground
between native and invaded transects
were analysed using paired t-tests using
GraphPad Prism (ver. 4.0 for Macintosh,
GraphPad Software, San Diego Califor-
nia USA). The per cent cover of bridal
creeper, vegetation height and litter cover
in invaded and non-invaded transects
over time were compared using repeat
measures analysis of variance (ANOVA)
using GraphPad Prism with Bonferroni
post-tests to determine which sample
dates differed for invaded and non-in-
vaded transects. The relationship between
the level of bridal creeper invasion (per
cent cover) and plant species richness
was examined using linear regression in
GraphPad Prism. Non-metric multi-di-
mensional scaling (NMDS) using PC-ORD
(ver. 4.25) was used to examine plant com-
munity composition and habitat variables.
Non-metric multi-dimensional scaling is
generally considered to be the most ef-
fective ordination method for commu-
nity data (McCune and Grace 2002). The
NMDS was run using the Serensen dis-
tance measure and the ‘Auto-pilot: slow
and through’ option in PC-ORD and sig-
nificant habitat variables were overlaid as
correlation vectors to further investigate
the arrangement of transects in the ordina-
tion. Native and exotic species in invad-
ed and non-invaded transects were also

examined by comparison of their ranked
mean frequencies.

Results

Plant species richness

A total of 74 ground-cover plant species
were recorded. Of these, 47 species were
native and 27 were exotic, mostly annual
pasture grasses and weedy herbs, presum-
ably from surrounding farmland. Areas in-
vaded by bridal creeper had significantly
lower plant species richness (t = 4.708, P =
0.0022) (Figure 1a) and species frequency
(t=5.618, P =0.0008) (Figure 1b) than non-
invaded habitat. When native and exotic
species were examined separately, only the
number (t = 5.267, P = 0.0012) (Figure 1a)
and frequency (t = 7.664, P = 0.0001) (Fig-
ure 1b) of native species were significant-
ly different. The number of exotic plant
species recorded were not significantly dif-
ferent between invaded and non-invaded
transects (t = 2.103, P = 0.0736) (Figure 1a),
nor was species frequency (t = 0.7719, P =
0.4654) (Figure 1b).

A strong negative relationship was
found between the per cent cover of bridal
creeper and the total number of plant spe-
cies (R*= 0.9037, P <0.0001), the number
of native (R? = 0.8120, P <0.0001), and
number of exotic species (R*= 0.9005, P
<0.0001) (Figure 2).

Community composition

The ordination of transects showed that
bridal creeper and native transects clear-
ly separated based on plant frequency
and species composition, particularly
along Axis 1 where the bridal creeper
transects cluster on the right with the na-
tive transects to the left (Figure 3). This
separation can be related to an overlay of
environmental variables showing that the
per cent cover of moss, the total number
of plant species and the number of native
plant species correlated with the plant
community recorded from transects in
native habitat, whereas increasing litter
cover and per cent cover of bridal creeper
correlated with transects in invaded habi-
tat (Figure 3).

The ranked frequency of native plant
species (Figure 4a) revealed that most spe-
cies found in invaded transects were also
those more frequently recorded in native
transects. Thus, the assemblage of native
plants remaining in habitat invaded by
bridal creeper is a subset of the ground-
cover plant community. However, most
exotic plant species (Figure 4b) are found
in both native and invaded transects.

Bridal creeper and habitat variables

The per cent cover of bridal creeper re-
corded from native transects ranged from
0-10 (mean 0.86%) and from invaded
transects 0-100 (mean 58.69%) (t = 18.41, P
<0.0001). There was no significant differ-
ence in the small per cent of bare ground



138 Plant Protection Quarterly Vol.23(3) 2008

(a) n
40 — /’V:4(a) L Briqal creeper transects
S V' Native transects
Il Bridal creeper /) V i3@)
- , J |
30 - — [] Native /%(b) H -
S 1 2m) ) 2(a)
@ S\ :1(a)V I'MOSS cover
2 5o - 21V Total mi(a)
5 1 < |V N native spp. .\ 3(a)m
2 2(@) | 2(0) 4 (p) = BC coyer
—= \ | Litter cover
10 - \‘\Vs(b)." o 4@
\V/4(0)
0 - m3(b)
All spp. Exotic spp. Native spp. Axis 1
(b) Figure 3. Two-dimensional ordination
12 9 (NMDS) of plant frequency and
T species composition. The numbers
10 ~ 1 next to each transect correspond to
> — transect pairs a.nd letters in brackets
S 8- correspond to sites (a and b). The
> —_ model explains 87.8% of the total
g 5 - variation (Axis 1 = 85.1%, Axis 2 =
§ 2.7%) and the superimposed vectors
s (constrained to R*= 0.5) show the
4+ . .
correlation between plant species and
environmental variables. The length
2 1 of each vector indicates the strength
of the correlation and the orientation
0 - the direction of increase. Distance
All spp. Exotic spp. Native spp. measure: Serensen; final stress for
the 2-dimensional solution = 6.82649;
Figure 1. Mean (+SE) (a) number and (b) frequency of all, native, and exotic final instability = 0.00001; number of
ground-cover plant species recorded from bridal creeper (nz = 8) and native (n = iterations = 56.
8) transects.
°n
m Total species (t=1.122, P =0.2987), however there was a
. , higher per cent cover of leaf litter recorded
S 7 v Native species from bridal creeper transects (t = 5.529, P
Exotic species = 0.0009) and a greater cover of moss in
native transects (t = 4.825, P = 0.0019) (Fig-
ure 5).

As previously reported from other
Mediterranean climates in Australia (Ray-
mond 1999, Morin et al. 2006), the above-
ground biomass of bridal creeper was
strongly influenced by sample date (F, g
= 1524.61, P <0.0001). The per cent cover
of bridal creeper peaks in the winter and
spring months, decreases significantly
over summer as the weed senesces, and
rapidly increases again in autumn as it re-
: . - shoots (Figure 6a). There was a significant
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habitat (Fy345=26.30, P <0.0001), indicating

Mean no. spp.

Bridal creeper cover (%) there were differences in the amount of

bridal creeper between native and invad-

Figure 2. Relationship between the per cent cover of bridal creeper and mean ed transects over time. However, this was
(£SE) number of B total (R?= 0.9037, P <0.0001), \V native (R*= 0.8120, P due to the large differences in the amount

<0.0001), and ® exotic (R*= 0.9005, P <0.0001) plant species (» = 384 quadrats). of bridal creeper cover ininvaded transects



Mean frequency

Plant Protection Quarterly Vol.23(3) 2008 139

(a) Native species

Bl Bridal creeper
[ Native

) N \’b N %
- SIS R S < ~ . NN
& 0 0\*\ 0'\6\ @(\(\% \(\\)g S Q\)%\ ‘Q\Q* 0(‘,(\\ "AC} Q}\\% \oQ\o 6\*\\ 6 ’b‘g\ 6\)\\ \‘)\‘\\o 6\00 e’\@%
O S ) O <
& S > \© & &
& oF o G o 6T
AR - @0‘ NN AN AR ORI S
P VB O & & LR AN
\\ & NS Q
9)
100 - (b) Exotic species
90
80 -
70 - %
>
[&]
S 60 -
o
© 50
C
§ 40 -
=
30
20
. i dﬁﬁ.ﬁ rﬁi@mjé]ﬁ
0 - 1 II-I iJ*' rT'| rT-I
6 & & & *é\fo\{;@% $ @& $ & & S 8
& & (\\r&\ §° 'o"e\) @?}\ @\ é\“ oeo\ fo& @0\6 <§b &,&L\ ‘(\e {{@(\ < Q\»\\o \e?raﬁ & & @\\ &&‘\ \\0@ @0 o z‘\m
2> Vo O @ 0 > A 0 @ 0 N
6\’0 Q)& o&? OIS LR RFERIN - 2O O RPN S P SIS
& @ & O @ @ O o O F Y e & W
& LSRN SR 06\ @ O ¥ & > & MR \Y &
& ¥ 3 & & ¢ d \
¢ 0@"” RO 3 k% cfp"

Figure 4. Mean (£SE) frequency of (a) native plant species and (b) exotic plant species (*) from bridal creeper and native
transects. For comparison, plant species have been ranked by descending frequencies in native transects and species with a
mean frequency of <2% were not included for ease of illustration.

between winter/spring and summer/au-
tumn. Reflecting the choice of transect
locations, bridal creeper cover was con-
stantly greater in invaded transects (F;;4
=1.09, P = 0.3341) (Figure 6a).

Vegetation height was also signifi-
cantly effected by sample date (F, o =
692.30, P <0.0001) and habitat (F;4 =
8.75, P <0.0001), with taller vegetation
(bridal creeper) in invaded transects. The
maximum height of bridal creeper peaks
over the same period as its per cent cover.
The vegetation in non-invaded areas also

follows a similar pattern, although the
difference between seasons is not as great
(Figure 6b). There were significant interac-
tion effects between habitat and time for
vegetation height (F;4=26.41, P <0.0001),
and post-tests showed there were signifi-
cant differences in mean height for all
sample dates, except for the last sample in
April 2002 (Figure 6b).

Both sample date (F,¢ = 306.35, P
<0.0001) and habitat (F,; o5 = 5.44, P <0.0001)
significantly influenced the amount of leaf
litter recorded. There was also a signifi-

cant interaction between sample date and
habitat (F,;¢5=2.30, P=0.0104). Post-tests re-
vealed that during autumn and early win-
ter, when there is the greatest litter cover
in both habitats, there was no difference
in leaf litter between invaded and non-in-
vaded habitat. As the season progressed
however, there was a decline in litter cover
in native transects while it remained fairly
constant in invaded transects, resulting in
significant differences in cover between
bridal creeper and native habitats (Figure
6C).
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Discussion
Bridal creeper and native plant species
The results of this study confirm that the
invasion of bridal creeper has a negative
effect on native plant biodiversity by re-
ducing both species richness and abun-
dance (frequency) (Figure 1). Those spe-
cies remaining in invaded areas were the
most abundant species from the control
transects (Figure 4), suggesting that rare
species, with naturally low frequencies,
were the first to be displaced by bridal
creeper. This may have an impact on fu-
ture invasions, or has possibly even facili-
tated the spread of bridal creeper, as it has
been shown that a reduction in plant spe-
cies richness at a local scale via the loss of
rare species can increase the invasibility of
a system (Lyons and Schwarta 2001).
There was a negative relationship be-
tween increasing bridal creeper cover and
decreasing number of native ground-cover
species such that when bridal creeper cov-
er was 90-100%, no other native ground-
cover species were recorded (Figure 2).
This response to weed invasion where
some measure of weed infestation (e.g.
per cent cover of bridal creeper) increas-
es uniformly in relation to a decrease in
some biodiversity value (e.g. native plant
species richness) has been previously re-
ported in Australia (e.g. Braithwaite et al.
1989) and described by Adair and Groves
(1998) (‘Type II model’). This model pre-
dicts that any level of weed reduction will
result in an increase in biodiversity values.
Thus, it may be predicted that a decrease
in bridal creeper below 90-100% cover
will lead to an increase in the number of
native plant species present in the study
area (Figure 2). Alternately, intervention
such as herbicide use or biological control

agents that prevent high levels of bridal
creeper should maintain higher numbers
of plant species.

Bridal creeper’s stem density can reach
>90 stems m~2 (around 80% cover), shad-
ing the soil and ground-cover habitat and
reducing the amount of light reaching the
soil by up to 94% (Raymond 1999), which
in other systems has been shown to reduce
under-story forb abundance and species
richness (Carson and Root 2000). Although
not directly measured in the current study,
bridal creeper’s above-ground biomass
was likely to be greater than that of na-
tive species as vegetation height was con-
stantly greater in bridal creeper transects
(Figure 6b). Furthermore, the greater per
cent cover of moss in native areas (Fig-
ure 5) also indicates a more open habitat
with less vegetation cover. This suggests
that bridal creeper probably has increased
resource use (such as water, light and nu-
trients) in invaded areas.

The majority of bridal creeper’s bio-
mass (over 80%) is in the root tubers (Ray-
mond 1999). Up to 6000 individual tubers
per square metre with an above ground
biomass averaging between 70-80% cover
has been reported for this species in other
south-eastern Australian habitats (Ray-
mond 1999). Extrapolating to the current
study, where the mean per cent cover of
bridal creeper was around 60% (Figure 5)
and often reached 100%, the below ground
biomass is likely to be reaching similar lev-
els at Mt Billy CP. It is possible that com-
petition with bridal creeper’s massive root
system for nutrients, water and ‘space’
below ground has more of an impact on
native plants than the more ephemeral
shading effect of its aboveground foliage
(Groves and Willis 1999). Phenological and

morphological similarities between bridal
creeper and the endangered greenhood or-
chid Pterostylis arenicola in South Australia
are considered to be the likely cause for
the negative relationship between bridal
creeper cover and orchid numbers, as both
the orchid and weed grow from under-
ground tubers over autumn and winter,
and both fruit and senesce during spring
and summer (Sorensen and Jusaitis 1995,
Groves and Willis 1999). This may be also
an issue in the current study where there
were many native geophytes and other
annual and perennial species that senesce
and shoot or re-shoot at the same time as
bridal creeper. Invasive plant species have
also been shown to reduce fungal diversi-
ty and abundance, including mycorrhizal
species (Goodwin 1992, Allen et al. 1995).
This has implications not only for decom-
position processes, but also for the many
orchid species with specific mycorrhizal
symbionts (Jones 1988) growing in this
and other woodland habitats. Thus, fur-
ther investigation of the impacts of bridal
creeper’s underground root system is re-
quired to determine the impact on fungal
communities.

The total species-richness and fre-
quency of the other exotic plants in the
habitat (mostly pasture species) were not
significantly reduced in bridal creeper in-
vaded areas (Figure 1). It is possible that
many of these species are more tolerant
of bridal creeper invasion than many na-
tive species because they are also ‘weedy’,
possessing many characteristics such as
the ability to capture resources earlier
and faster than natives that have allowed
them to be successful invaders. However,
there was a negative relationship between
bridal creeper cover and exotic plant spe-
cies-richness (Figure 2) and many of the
exotic species recorded also had reduced
frequencies in invaded habitat (Figure
4b). Therefore, in this study system, bridal
creeper has a detrimental effect on, and
eventually displaces, both native and ex-
otic species. Turner and Virtue (2006) also
recorded reduced cover of exotic species
in bridal creeper invaded areas. The dis-
placement of exotic species suggests that
invasion by bridal creeper does not trigger
a complete invasion meltdown (Simber-
loff and von Holle 1999), i.e. bridal creeper
does not seem to facilitate the invasion of
other plant species. However, further stud-
ies that address other key components of
the ecosystem, such as invertebrates, are
required to confirm this.

Leaf litter

The invasion of bridal creeper also modi-
fies some of the physical characteristics of
the ground level habitat, such as moss and
leaf litter cover (Figure 5). Increased litter
may have also contributed to the lower
plant species richness (and moss cover)
in invaded areas as leaf litter often has a
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negative effect on vegetation influencing
factors such as germination rates, light
levels and herbivory (Facelli 1994, Foster
and Gross 1998) and is considered to be
one of the fundamental factors controlling
plant community structure (Xiong and
Nilsson 1999). In particular, the higher lev-
els of Eucalyptus leaf litter in bridal creeper
invaded areas could have a considerable
impact on native plant species due to the
leaching of allelopathic chemicals that in-
hibit seedling growth (May and Ash 1990,
Florentine and Fox 2003).

Typically, leaf litter is not equally dis-
tributed across a habitat and litter patchi-
ness is common in forests, woodlands and
other habitats with plant canopies (Facelli
and Carson 1991). Litter is frequently re-
distributed by wind and water, often ac-
cumulating beneath understorey plants,
thus having large impacts on resource
distribution, plant productivity and ani-
mal activity (Facelli and Pickett 1991, Todd
et al. 2000, Boeken and Orenstein 2001).
Dighton (2000) showed that leaf litter ac-
cumulation was related to the density of
shrub stems, i.e. the more ground-cover
shrubs (and hence stems), the greater
amount of litter on the ground. Thus, it
is likely that the dense structure of bridal
creeper stems and leaves have a similar
effect in invaded habitat. Further evidence
for litter accumulation around bridal
creeper is the temporal comparison that
showed over autumn and early winter
that there was little difference in leaf litter
cover between habitats, but as the season
progressed, litter cover in native areas was
reduced while remaining constant across
invaded sites (Figure 6¢). As this coincides
with bridal creeper’s autumn re-growth,
it is possible that when wind and water
redistribute leaf litter it becomes trapped
by the weed’s twinning stems and accu-
mulates under the thick foliage. Another
investigation of bridal creeper at Mt Billy
CP also indicates greater litter accumula-
tion in invaded habitat. Holt (2005) found
that litter depth was also greater under
bridal creeper due to a deeper, more de-
composed litter layer than in native areas,
suggesting that bridal creeper does ‘trap’
and accumulate leaf litter under its thick
foliage.

Determining the impacts of weed in-
vasion by comparing locations differing
in the presence or absence of weeds is
often problematic because of confound-
ing effects of other site factors (Adair and
Groves 1998). Thus, there are alternative
explanations for the higher accumulation
of litter under bridal creeper. Firstly, brid-
al creeper may preferentially grow where
there is a greater cover of litter. Raymond
(1999) showed that litter cover enhanced
the germination of bridal creeper seeds.
However, this effect was somewhat con-
founded, as sites with greater litter cover
were also under tree canopies and, once

established, canopy cover did not affect
seedling survivorship. In addition, the
invasion points of bridal creeper are typi-
cally under trees (Stansbury 1996), where
more leaf litter may be expected. The age
of invasion at Mt Billy CP (>20 years, R.
Taylor personal communication 2000) is
such that the weed had spread out from
the base of large trees so the invaded areas
that were measured had similar canopy
cover as native ones. This careful selection
of sites with similar slope and canopy cov-
er, and the obvious ‘open’ type of ground-
level habitat in non-invaded areas, does
suggest that the extent of leaf litter was not
as great prior to invasion.

If the presence of bridal creeper results
in greater litter accumulation in invaded
areas, then the weed not only has a direct
negative impact on native plant diversity,
butis likely to change ecosystem processes
such as decomposition of organic matter,
and nutrient and soil dynamics. Decom-
position rates are influenced by litter qual-
ity and composition, and site microclimate
(Kochy and Wilson 1997). Several invasive
species have been shown to have such ef-
fects, such as tamarisk trees (Tamarix aphyl-
la) in northern Australia, which produce a
more densely packed litter layer with lower
cover than the native eucalypt woodland
they displace (Griffin et al. 1989). Invasive
species can also change the timing of de-
composition and thus nutrient release into
invaded systems, e.g. Lythrum salicaria in
North America (Blossey et al. 2001). Be-
cause bridal creeper had not changed the
woodland canopy (although it may even-
tually by impacting on recruitment), the
composition of leaf litter was the same be-
tween invaded and non-invaded habitats,
consisting of Eucalyptus and Acacia leaves,
bark and twigs. However, there may be
fine-scale changes in the litter produced
by the monoculture of bridal creeper com-
pared to that from a diverse community
of native herbs and grasses that was not
measured. The significant shading effects
of bridal creeper (Raymond 1999) may
also modify the temperature and mois-
ture of the litter microclimate and thus,
decomposition rates (Kéchy and Wilson
1997, Standish et al. 2004). Litter may also
have complex effects on different species.
For example, under dry conditions it may
enhance seedling establishment, whereas
under wetter conditions it may reduce sur-
vivorship because of increased herbivory
or pathogen activity (Facelli 1994, Facelli
et al. 1999). Therefore, based on the pre-
liminary findings from the current study,
a more targeted investigation into bridal
creeper growth and its effects on litter
accumulation, and associated decompo-
sition and nutrient cycles, is required. In
particular, a comparison of stem density,
litterfall and litter depth, composition,
quality and nitrogen content between
native and invaded habitat would be

valuable in determining both community-
and ecosystem-level effects.

Conclusion

Invasive species that constitute a large
proportion of an ecosystem’s biomass at
one trophic level can alter ecosystem struc-
ture and processes (Dukes and Mooney
2004) and this study suggests that bridal
creeper can do this. By increasing both the
above- and below-ground plant biomass
and transforming an open, species-rich
ground-cover habitat into a closed, ho-
mogenous one, bridal creeper has a delete-
rious effect on the native plant community.
In addition to reducing native plant diver-
sity, bridal creeper may also change eco-
system processes such as nutrient and soil
dynamics and decomposition via litter ac-
cumulation that, in turn, may affect proc-
esses such as seedling establishment and
growth. Invaders that modify ecosystems
by changing the availability or quality of
resources (e.g. food, living space, water,
heat or light) have been shown to cause
cascading effects for associated plants and
animals (Crooks 2002). Accordingly, one
prediction from the significant decrease in
plant diversity and considerable habitat
changes due to bridal creeper invasion is
that it causes flow-on changes in the asso-
ciated faunal communities, such as plant-
and litter-associated arthropods, in this
woodland and other invaded habitats.
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