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Abstract Invasive plant species can form dense popula-
tions across large tracts of land. Based on these observa-
tions of dominance, invaders are often described as
competitively superior, despite little direct evidence of
competitive interactions with natives. The few studies that
have measured competitive interactions have tended to
compare an invader to natives that are unlikely to be strong
competitors because they are functionally different. In this
study, we measured competitive interactions among an
invasive grass and two Australian native grasses that are
functionally similar and widely distributed. We conducted
a pair-wise glasshouse experiment, where we manipulated
both biotic factors (timing of establishment, neighbour
identity and density) and abiotic factors (nutrients and
timing of water supply). We found that the invader sig-
nificantly suppressed the performance of the natives; but its
suppression ability was contingent on resource levels, with
pulsed water/low nutrients or continuous watering reducing
its competitive effects. The native grasses were able to
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suppress the performance of the invader when given a 3-
week head-start, suggesting the invader may be incapable
of establishing unless it emerges first, including in its own
understorey. These findings provide insight for restoration,
as the competitive effect of a functionally similar invader
may be reduced by altering abiotic and biotic conditions in
favour of natives.

Keywords Competitive effect and response -
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Introduction

Invasive plant species can be widely distributed and highly
abundant in their introduced range. This observed domi-
nance has been used incorrectly as anecdotal evidence for
their competitive superiority (Levine et al. 2003). Mecha-
nisms of community assembly other than competition can
interact to explain the dominance of one species over
others including environmental filters, propagule pressure
and multi-trophic level interactions (e.g. herbivory and
parasitism) (Chapin et al. 1996; Chesson and Kuang 2008;
MacDougall et al. 2009; McNaughton and Wolf 1970).
These mechanisms can alter abiotic and biotic conditions in
a manner that also alters competitive interactions between
plant species. This makes the competitive superiority of an
invader difficult to declare based on observational data
alone and also difficult to measure in the field because of
confounding factors. Despite these difficulties, measuring
competitive interactions between an invader and more
desirable native species can provide key insights for res-
toration efforts, including the conditions needed to provide
a competitive advantage to native species.

@ Springer



776

Oecologia (2010) 163:775-784

Glasshouse and field studies comparing the competitive
ability of invaders to natives have generally found invasive
species to be superior at acquiring limiting resources (Vila
and Weiner 2004). These studies, however, tend to exam-
ine invaders and natives that are functionally dissimilar in
terms of life history, life-form, size and taxonomic relat-
edness (MacDougall et al. 2009; Vila and Weiner 2004).
However, based on the predictions of classical niche the-
ory, and more specifically the concept of limiting similar-
ity, species that differ functionally might never compete for
similar resources.

The limiting similarity concept suggests that function-
ally similar species are more likely to compete and,
because of competitive exclusion, may not co-exist (Ab-
rams 1983; MacArthur and Levins 1967). Several field and
mesocosm studies have shown that native plant commu-
nities can resist invasion by a functionally similar species
(Dukes 2001; Emery 2007; Fargione et al. 2003; Turnbull
et al. 2005). If an invader and a native are functionally
similar, the invader may lack the competitive advantage
needed to increase its abundance from rarity, unless other
mechanisms, such as disturbance, facilitate an opportunity
for establishment (Davis et al. 2000). Recommendations
for restoring invaded sites with functionally similar natives
have been made based on this concept (Funk et al. 2008).
However, there is extensive scientific evidence that the
competitive ability of a plant species will vary depending
on resource availability, and the identity and density of the
neighbour species it is competing with (Goldberg and
Landa 1991; Goldberg 1996; Goldberg and Novoplansky
1997; Keddy 2001; Novoplansky and Goldberg 2001). This
evidence suggests that individual species have different
competitive abilities and that these abilities vary depending
on the abiotic and biotic conditions. Therefore, selecting
functionally similar natives to restore ecosystems domi-
nated by an invader requires a consideration of the

characteristics of the individual species, as well as a con-
sideration for how each species performs when competing
for resources at different levels of availability.

In this study, we measured competitive interactions
between a widespread invasive grass, Eragrostis curvula
(African lovegrass, hereafter Lovegrass) and two wide-
spread Australian native grasses, Bothriochloa decipiens
(hereafter Pitted bluegrass), and Themeda triandra (here-
after Kangaroo grass). Given the predictions of limiting
similarity and its supposed connection to invasion success
(Rout and Callaway 2009; Strauss et al. 2006), we seek to
test the competitive interactions among these functionally
similar grasses, and whether competitive outcomes are
contingent on abiotic and biotic conditions. These grasses
share many similar characteristics in terms of their life-
history, photosynthetic pathway, and morphological char-
acteristics (Table 1). Lovegrass has invaded in climatic
regions where these native species also grow and in some
cases used to dominate. However, despite Lovegrass hav-
ing been described as a highly competitive grass species,
supporting experimental evidence is equivocal (Firn 2009;
Firn et al. 2010). We established a pair-wise competition
experiment where we varied resource levels (water and
nutrients), neighbour densities, and establishment time
(concurrent or delayed sowing of target individuals). We
then use the results of this experiment to address the fol-
lowing questions:

1. Is the functionally similar invader able to suppress the
performance of the native grasses and how do these
interactions vary depending on the abiotic and biotic
conditions?

2. Are the native grasses able to suppress the perfor-
mance of the functionally similar invader and how do
these interactions vary depending on the abiotic and
biotic conditions?

Table 1 General characteristics of the invasive grass species Lovegrass Eragrostis curvula in comparison to the two native grasses, Bothrio-

chloa decipiens and Themeda australis, included in the study

Characteristics Eragrostis curvula
African lovegrass

Invasive

Bothriochloa decipiens
Pitted bluegrass
Native

Themeda australis
Kangaroo grass
Native

Growth habit
Photosynthetic pathway ch

Height (cm) Up to 120°
Growth season Summer®

Bunch grass perennial®

Flowering time Spring to autumn®

Response to fertility Increased growth®

€

Palatability to livestock Low

Native continental distribution Africa®

Bunch grass perennial®

Spring to summer®
Increased growth®
Low to moderate®

Australasia®

Bunch grass perennial®

(o ch
Up to 100° Up to 200°
Summer® Summer®

d
Summer to autumn

Decreased growth
Moderate to high
Africa, Asia, Australasia and Pacific®

Pitted bluegrass and Kangaroo grass are generally replaced by Lovegrass in the Millmerran region of Queensland Australia
2 Mitchell (2002), ® Anderson (2003), © Sharp and Simon (2002), ¢ Henry et al. (1995), © Voight et al. (1970)
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3. Are there a set of abiotic and biotic conditions that
could give the native grasses a competitive advantage?

Methods

We conducted a 24-week competition trial from December
2007 to May 2008 in a temperature-controlled (29°C day,
18°C night) glasshouse at the University of Queensland,
Brisbane. The temperature regime we used emulated the
average summer temperatures where Lovegrass has inva-
ded grasslands within the Millmerran region of Queens-
land, Australia. The duration of the experiment matched
the 6-month summer growing period of the region. Gen-
erally two-thirds of rainfall occurs during the summer from
October to April, averaging 600 mm/year, but is highly
variable and the region is prone to drought (Biggs et al.
1999). In the 2006 growing season (7-month period), the
total rainfall was 215 mm (growing season monthly aver-
age of 38 &+ 11 mm SE) versus 475 mm in 2007 (growing
season monthly average of 79 & 11 mm SE). All seeds
were collected in the summer of 2006 from this region.

Experimental design

The experiment had a split-plot additive design, where one
target individual of each species was sown in the centre of
a pot with 0, 2 or 6 neighbour individuals sown around
either the same species (intraspecific interactions) or
another species (interspecific interactions). All pots were
over-sown and then weeded to the intended densities. The
pots (150 mm in diameter PVC pipe) were 1.2 m high to
allow unrestricted root growth and development, with a
PVC cap fitted to the bottom and several drilled holes to
ensure water drainage. We used a low nutrient soil media
of composted pine bark fines (70%), peat (20%), sand
(10%), dolomite (3 kg/m3), lime (1.5 kg/m3), FeSO4 (1 kg/
m3), and urea (0.75 kg/m).

Several treatments were applied in all combinations: (1)
establishment time: concurrent and delayed sowing of
target individuals; (2) water: pulsed and continuous (daily)
supply but the same total amount; and (3) nutrients: high
and low. In the concurrent treatment, we sowed the target
individuals at the same time as the neighbours to mimic
germination post-disturbance. In this treatment, all com-
petition pairs (target species plus neighbour species) and
neighbour densities were established except interspecific
interactions between the natives (total of 17 competition
pairs; see Electronic Supplementary Material, ESM, Table
1 for details). In the delayed treatment, we sowed the
neighbour communities first and 3 weeks later sowed the
target individuals. In this treatment, all competition pairs

were included and neighbour densities, except intra- and
interspecific interactions between the natives (total of 13
competition pairs; see ESM, Table 1 for details). Because
of limited space in the glasshouse the effect of delayed
establishment time on intraspecific interactions with the
native grasses was not investigated.

The water treatments were applied with an automated
drip irrigation system, as either a daily supply of 5 ml of
water (hereafter called continuous supply), or a pulsed
supply of 20 ml of water added every 4 days—both treat-
ments totalled 20 ml every 4 days. The nutrient treatments
were either low (no added nutrients) or high [N-P-K (N
21.6%, P 1.1%, K 4.1%) added every 2 weeks]. A chemical
injector pump (MixRite Proportional Injector Pump), fitted
to the automated irrigation system, was used to mix and
apply the liquid fertilizer to the pots (1% active ingredient
per 5 ml of water per pot).

After sowing, the pots were arranged on six benches (i.e.
six blocks). Water treatments (continuous or pulsed) were
implemented at the block level. Within each block, there
was one replicate of the establishment time and nutrient
treatments. In total, this experiment was made up of 360
pots including: two water treatments x [30 competition
pairs (17 concurrent + 13 delayed) x two nutrient treat-
ments] x three replicates. Pots were randomized within
each block weekly to account for the possibility of variable
light levels within the glasshouse. After 24 weeks, we
harvested all aboveground biomass from each pot keeping
targets and neighbours separate. Samples were then dried
for 48 h at 70°C and weighed to the nearest 0.1 g. We also
measured the height of each target individual every
6 weeks or four times over the course of the 24-week
experiment. We measured height as a surrogate for plant
performance to capture the changing growth dynamics over
time. We then calculated the relative change in height
between each measurement time and found the average
relative change in height.

To measure the intensity of competition between species
under different environmental conditions, we used the
logarithm of the response ratio (Goldberg et al. 1999;
Weigelt and Jolliffe 2003):

InRR
1 (0SS of target species (i) with neigbour species (k)
= 1n .
mass of target species (i) without neighbours

For each treatment, this index standardises the biomass
of the target species grown without neighbours in
comparison to the growth of the target with neighbours
(Goldberg et al. 1999). The log ratio is affected equally by
changes to the numerator or denominator (Weigelt and
Jolliffe 2003) and does not set an upper limit on the
intensity of competition. A negative value for In RR
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indicates a competitive effect or suppression of the target
by the neighbours, while a positive value indicates a
competitive response by the target or facilitation by the
neighbours.

Data analysis

The results were analysed using linear mixed effects
models (hereafter LMEM) to account for problems of non-
independence and pseudo-replication that characterise
spatially nested split-plot data (Crawley 2002). In the
model, we treated block as a random effect to account for
spatial variation, because the watering treatments were set
up on different benches in the glasshouse. This allowed us
to model the covariance structure introduced by grouping
the data (Buckley et al. 2003; McMahon and Diez 2007).
We created separate LMEMs for interspecific and intra-
specific competition because intraspecific interactions for
the native grasses were not included in the delayed estab-
lishment treatment. In the interspecific competition
LMEM, the fixed effects included competition pairs, den-
sity and the treatments applied: water, nutrients and
establishment time; while in the intraspecific competition
LMEM the fixed effects included competition pairs, den-
sity, water treatment and nutrient treatment. We also used
LMEMs to analyse average height differences and the
average relative change in height. In both cases, the ran-
dom effects were again block and the fixed effects were
water, nutrients, species and survey time.

We then found the best fit model by removing the fixed
explanatory variables one at a time from the complete

model and then comparing the simpler model to the more
complex model using a likelihood ratio test and maximum
likelihood. We tested the adequacy of random effects using
likelihood ratio tests and restricted maximum likelihood
(Ives and Zhu 2006; Pinheiro and Bates 2000). We then
used diagnostic plots to check model assumptions (Pinheiro
and Bates 2000). There was no evidence of correlation of
observations within groups in any of the models. We used
an ANOVA to assess the significance of fixed effects in the
best fit model (Pinheiro and Bates 2000). All analyses were
conducted using R 2.8.1 (R Foundation for Statistical
Computing).

Results

Effect of abiotic treatments on the growth of the grasses
without competition

The heights of the target individuals grown without
neighbours across water and nutrient treatments show how
these species grow in the absence of competition (Fig. 1).
We first measured heights 6 weeks after the pair-wise
combinations were sown, and then every 6 weeks for a
total of 24 weeks. We found that species, nutrients and
time had a significant three-way interacting effect on height
(F21220 = 4.11, P <0.02; ESM, Table 2). The average
height of all three grass species was reduced in the low
nutrient relative to the high nutrient treatment, but this
reduction was most pronounced for Kangaroo grass in the
later measurement times (Fig. 1). Water, nutrients and

100

100

Fig. 1 Average height values (a) (b)
for Lovegrass, Kangaroo grass 160 + 160
and Pitted bluegrass targets 140 High nutrients and continuous water 10 Low nutrients and continuous water
grown without neighbours over
time. Time 1 6 weeks, 2 120 ¢ E o rass 1207
12 WCCkS, 318 Weeks, 4 100 - [ Pitted bluegrass 100 r
24 weeks 80t 80
60 60 r
— 40} 40}
£
S 20t 20 +
S 0 0
8
5 (c) (d)
S 60} High nutrients and pulsed water 160 | Low nutrients and pulsed water
5} L L
2 140 140
120 120 |
4
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Table 2 The average relative change in height (%) over the 24 weeks of the experiment (+SE)

Treatment combination Lovegrass: invasive

Kangaroo grass: native Pitted bluegrass: native

High nutrients and continuous water 31.67 (9.71)
Low nutrients and continuous water 26.63 (7.90)
High nutrients and pulsed water 36.18 (8.08)
Low nutrients and pulsed water 21.3 (10.3)

112.5 (36.7) 354 (158)
42.6 (19.2) 124.5 (42.7)
106.8 (35.9) 345 (146)
25.14 (9.59) 71.5 (45.9)

These values are based on the height measurements taken of each species grown without neighbours under the different treatment combinations.
These values were calculated by averaging the relative change in height between each 6-week measurement time

Table 3 Results from two ANOVAs conducted to assess the significance of the fixed effects on the simplest linear mixed effects model for the
competition index values (In RR), one ANOVA was conducted with interspecific competition pairs and one with intraspecific competition pairs,

which is referred to as species in the table and text

Fixed effect Interaction type Num df Den df F value P value
Water Interspecific 1 4 8.24 <0.05
Nutrients Interspecific 1 168 6.07 <0.015
Competition pairs Interspecific 3 168 10.78 <0.0001
Timing Interspecific 1 168 258.12 <0.0001
Water: nutrients Interspecific 1 168 0.32 <0.60
Nutrients: competition pairs Interspecific 3 168 8.78 <0.0001
Water: competition pairs Interspecific 3 168 17.56 <0.0001
Competition pairs: timing Interspecific 3 168 40.36 <0.0001
Water: nutrients: competition pairs Interspecific 3 168 4.02 <0.009
Water Intraspecific 1 4 20.34 <0.015
Species Intraspecific 2 67 5.01 <0.01
Density Intraspecific 1 67 9.84 <0.003
Water: species Intraspecific 2 67 32.62 <0.0001

Timing refers to the establishment treatment (concurrent or delayed sowing of the target)

Num df numerator degrees of freedom, Den df denominator degrees of freedom

species also had a significant three-way interacting effect
on height (F5 12, = 6.64, P < 0.002; ESM, Table 2). The
average height of Kangaroo grass was reduced in the low
nutrient/continuous water treatments relative to all high
nutrient treatments, while the average height of Pitted
bluegrass and Lovegrass were reduced in the low nutrient/
pulsed water treatment relative to all high nutrient treat-
ments (Fig. 1). We also calculated the average emergence
time using 60 seeds per species. We found Lovegrass had
the earliest emergence time at 6.8 days (+1.1 SE), fol-
lowed by Pitted bluegrass at 7.8 (£2.3 SE) days and
Kangaroo grass at 9.3 days (£1.4 SE), although these
mean values were not significantly different (Turkey’s
test). At time 1, Lovegrass was taller than the other species
except under the low nutrient and pulsed water, where
Kangaroo grass had a similar height.

We found nutrient treatments and species (F97 = 3.69,
P < 0.03) had a significant interacting effect on the average
relative change in height. Lovegrass had the most consistent
relative increase in height across all treatments (Table 2).
Both Kangaroo grass and Pitted bluegrass more than doubled

their average rate of increase in height in the high nutrient
treatment in comparison to the low nutrient treatment,
although these averages were highly variable (Table 2). In
the high nutrient treatment by 24 weeks, Kangaroo grass
grew to a similar height to Lovegrass (Fig. la, c).

Effect of abiotic and biotic treatments on competitive
interactions between the grasses

We found a significant three-way interacting effect of
water, nutrients and competition pairs on the interspecific
suppression of target plants (F3 63 = 4.02, P < 0.009;
Table 3). Lovegrass suppressed the performance of both
native species under most treatment combinations (Fig. 2).
The exceptions occurred when Pitted bluegrass was grown
with low nutrients and pulsed watering (Fig. 2a, b) and
when Kangaroo grass was grown with continuous watering
(Fig. 2c, d). Density (number of neighbours) had no sig-
nificant effect on interspecific competition (Table 3).
Competition pairs and establishment time (F3 165 =
40.36, P < 0.0001; Table 3) had a significant interacting
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Fig. 2 Interspecific competitive (a) (b)
effect of Lovegrass neighbours 61 6 ¢
on target individual of a, b Pitted bluegrass targets: concurrent Pitted bluegrass targets: delayed
Pitted bluegrass and ¢, d 47 47
Kangaroo grass under different ot ot
water and nutrient treatments
0 0
for the (a, ¢) concurrent
establishment time and (b, d) 27 2
delayed establishment time. al al
= Treatment -
Values are mean & SE, n = 3 [ Pulsed water and low nutrients
-6+ [] Pulsed water and high nutrients -6
o (] Comfnuous water and Iqw nu(r\gn(s
r -8t [l Continuous water and high nutrients 8t
£
©
s(c) (d)
6
= 6 Kangaroo grass targets: concurrent Kangaroo grass targets: delayed
4 4
2 2
0 i\% 0
4 F11 ’ :
-4 -4
-6 -6
-8 -8

effect on the performance of the targets. When Lovegrass
targets were sown at the same time as the native grass
neighbours there was little effect on performance
(Fig. 3a, c), but when grown amongst native grasses that
were sown 3 weeks ahead of time, the performance of
Lovegrass targets was suppressed (Fig. 3b, d). These
outcomes did not vary with resource levels or neighbour
density.

With intraspecific competition and concurrent estab-
lishment, we found that water and species had a significant
interacting effect on the performance of the targets (F>,
67 = 32.62, P < 0.0001; Table 3; Figs 2e, f, and 3).
Lovegrass targets responded differently to intraspecific
competition than competition with natives, such that
Lovegrass targets were suppressed when sown at the same
time as Lovegrass neighbours (Fig. 3e). The performance
of Kangaroo grass was reduced by intraspecific competi-
tion when watering was pulsed, but was facilitated with
continuous watering (Fig. 4b). A similar trend was
observed for Kangaroo grass when grown with Lovegrass
neighbours (Fig. 2c). We verified this trend by conducting
a LMEM to compare just the biomass of Kangaroo targets
when grown with Lovegrass and Kangaroo grass neigh-
bours. The only factor that had a significant effect was the
water treatment (Fj o7 = 31.60, P < 0.0050). Pitted blue-
grass showed no significant effect of intraspecific compe-
tition across treatments, except where pulsed watering
facilitated the performance of Pitted bluegrass targets
(Fig. 4a). Lovegrass was significantly self-limited when the
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sowing of targets was delayed, regardless of the water and
nutrient treatments and neighbour density (Fig. 3f).

Discussion

Functionally similar plant species are more likely to
compete for the same resources (Abrams 1983; MacArthur
and Levins 1967), but the victor can vary depending on the
abiotic and biotic conditions (Goldberg 1996; Grime 2001;
Tilman 1988). We found strong evidence that abiotic var-
iability can affect the performance of the functionally
similar invader and native species when grown with and
without competition. Without competition, heights of all
species were reduced in the low nutrient treatment. Love-
grass showed the most consistent relative increase in height
across the different treatment combinations, while the rel-
ative increase in heights of the native grasses were the most
responsive to the nutrient treatment. We found that the
invader suppressed the performance of the natives, but this
competitive effect was contingent on resource availability
(water timing and nutrient quantity), which points to the
importance of environmental drivers on competitive out-
comes. We also found that the natives suppressed the
performance of the invader, but this competitive effect was
contingent on establishment time, which points to the
importance of attributes that favour the ability to colonise
rapidly (e.g. following disturbance and/or because of niche
differences). Overall, the key finding for restoration was
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(tolerance) of Lovegrass target 6. o
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that the invader was not competitively superior to the
native grasses across all the abiotic and biotic conditions.

Does the functionally similar invader suppress
the growth of the native grasses?

Lovegrass demonstrated characteristics typical of many
suppression-based competitors, including rapid post-ger-
mination growth rates (Goldberg and Landa 1991) and
significant intraspecific suppression, to the degree that
Lovegrass appears incapable of recruiting from seed in its
own understorey (Goldberg and Landa 1991; Grime 2001;
MacDougall and Turkington 2004).

Lovegrass did not, however, suppress the growth of the
native grasses under all water and nutrient treatments. The
performance of Pitted bluegrass was facilitated when
grown with Lovegrass neighbours under low nutrients and
pulsed water supply, whereas the performance of Kangaroo
grass was facilitated when grown with Lovegrass neigh-
bours under continuous water supply. This result indicates

that the timing of water supply influences the competitive
effect of the invader on the natives. This trend did not vary
between the concurrent and delayed sowing treatments,
suggesting the potential for the native grasses to recruit
amongst previously emerged Lovegrass plants when envi-
ronmental conditions are favourable.

Other studies have shown that resource availability can
affect competitive interactions (Jankju-Borzelabad and
Griffiths 2006; Novoplansky and Goldberg 2001). Novo-
plansky and Goldberg (2001) found that fast-growing
competitive dominants from productive regions, were
better able to utilise frequent pulses of resources, whereas
conservative growers from less productive regions were
more efficient at capturing infrequent pulses. Pulsed
resources have also been found to affect competitive
interactions between juvenile and adult individuals of the
same species (Jankju-Borzelabad and Griffiths 2006). In a
study by Jankju-Borzelabad and Griffiths (2006), adult
individuals of a desert plant, Panicum antidotale, had the
highest "’N uptake under a continuous supply of water and
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61 Pitted bluegrass neighbours: concurrent
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Fig. 4 Intraspecific effects of a Pitted bluegrass on target individuals
of the same species under all water and nutrient treatments when
established concurrently and b Kangaroo grass. InRR values
mean £ SE, n =3

nutrients, reflecting an ability to efficiently utilise resources
when consistently available, e.g. accessing deep stores of
water and nutrients within the soil profile. Juveniles had the
highest '°N uptake when water and nutrients were pulsed,
reflecting an ability to use recharge resources efficiently
(Jankju-Borzelabad and Griffiths 2006). These findings
suggest that size asymmetries may also affect the response
of individuals to resource timing and competition.

The competitive responses shown by the native grasses to
Lovegrass may reflect adaptations by the different species to
temporal rainfall patterns when competing for resources. Sher
et al. (2004) found evidence for local adaptations to intra-
seasonal temporal variations in resources when comparing
the growth and survival of Mediterranean and desert conge-
neric pairs. Kangaroo grass is one of the most widespread
grasses within Australia (Sharp and Simon 2002). It is also a
widespread species across Africa. On both continents, its
natural distribution ranges from high to low rainfall, summer
to winter rainfall regions and sand to clay edaphic conditions
(Bayer 1955; Sharp and Simon 2002). Its widespread distri-
bution and our findings suggest a generalist approach to

@ Springer

resource use in that this species thrives when moisture is
readily available butis not as effective at foraging when water
availability is limited and subjected to interspecific compe-
tition (Bazzaz 1996; Grime 2001). Pitted bluegrass has a
narrower distribution in the summer rainfall regions of New
Eastern Australia and some parts of Asia (Sharp and Simon
2002; Tothill and Hacker 1993). The narrower range of Pitted
bluegrass, its more conservative growth characteristics after
emergence, and its ability to tolerate competition under
pulsed water availability may favour a competitive advantage
in areas prone to periodic drought.

Do the native grasses suppress the growth
of the functionally similar invader?

The performance of Lovegrass was not suppressed by
native grass neighbours when sown concurrently. The
concurrent establishment time mimicked situations where a
species is able to colonise earlier or at the same time as
another, because of post-disturbance conditions and niche
differences. In this case, the native grass neighbours had
little or no effect on the growth of Lovegrass, regardless of
the water and nutrient treatments and the density of the
neighbours. However, when the establishment of Love-
grass was delayed even for a short period (21 days), its
growth was significantly inhibited by the native grass
neighbours, suggesting asymmetrical competition for light
(Hautier et al. 2009). This result indicates that Lovegrass
was competitively affected by previously emerged neigh-
bours and suggests mechanisms that allow its seed to col-
onise early are critical for its persistence.

These results provide insight into how invasion by
Lovegrass occurs in native grasslands. Competition appears
to play a mechanistic role in the dominance of Lovegrass,
but is likely not the sole driver given its reduced perfor-
mance when competing with more advanced neighbours.
Although we did not measure the impacts of disturbance on
coexistence, or how it affects their interactions, we found
evidence that the native grasses were capable of suppressing
Lovegrass under all resource conditions with as little as a 3-
week head-start. This appears to be supported empirically,
as the distribution of Lovegrass within Australia and in its
native range is associated with repeated disturbance from
roadside and railway verges, as well as multi-trophic
interactions, i.e. selective grazing by ungulates (ungulates
are a relatively recent introduction into Australian
landscapes where previously only macropods existed)
(Campbell 1983; Firn 2009; Parsons and Cuthbertson 1992).

Conclusion, can native grasses win?

Generalisations on how to alter the competitive hierarchy of
species in natural systems based on results from a controlled
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glasshouse study are difficult (Freckleton and Watkinson
2000; Gibson et al. 1999). Accordingly, the results of
pairwise competition experiments have been criticised
when used to predict community assembly because only the
effects and responses of individual species can be measured
not the resultant species composition and abundance, which
may be explained by the interaction of other mechanisms
(Aarssen and Epp 1990; Gibson et al. 1999).

In invasion ecology in general, and in our study spe-
cifically, the final result of community assembly is
known—the invader is dominant. In this case, the aim is
not to predict community composition but to unravel the
possible mechanisms that explain this outcome. For this
reason, pairwise competition experiments can provide
invaluable insight concerning the general competitive
ability of an invader when designed and analysed in con-
sideration of the abiotic and biotic conditions that are
realistically possible in the field (Aarssen and Epp 1990;
Cousens 2000; Freckleton and Watkinson 2000).

Based on our results, protecting native grasslands from
frequent disturbance could aid in resisting the spread of this
invasive grass species. With only a 3-week head-start the
native grasses suppressed the growth of Lovegrass,
regardless of the treatment combinations. A similar finding
and recommendation was made from a pairwise competi-
tion glasshouse study comparing the competitive ability of
another invasive grass species, Nassella trichotoma, to
native Australian grass species (Badgery et al. 2005). We
also found evidence that certain nutrient and water condi-
tions enhance the performance of the natives when grown
with neighbours. The performance of Pitted bluegrass was
facilitated by Lovegrass neighbours under low nutrients
and pulsed water supply, while the performance of Kan-
garoo grass was facilitated by Lovegrass neighbours under
continuous water supply. During restoration, attempting to
create these resource conditions or timing activities when
these resource conditions exist may increase the perfor-
mance of native grasses.

Restoration efforts in areas dominated by Lovegrass
should avoid control measures that create large-scale dis-
turbances that may favour the invader (e.g. Buckley et al.
2003; Firn et al. 2008). The intolerance of Lovegrass to
intraspecific competition suggests that its growth and fit-
ness could be reduced as its density increases. This
reduction has been observed for some pernicious invaders,
where wide differences in performance exist between the
invasion front and the longer-established populations
behind the front (Dwyer and Morris 2006; Hansen and
Wilson 2006). What is unclear, however, is whether the
strength of this density-dependent suppression of Love-
grass is sufficient to allow subordinate species to recover
from rarity, as predicted by some facets of niche theory
(e.g. Chesson 2000). In its native range in South Africa,

this has been observed to occur, where Lovegrass domi-
nates following disturbance, but in the absence of distur-
bance is eventually (in this study 10 years) displaced
(Snyman 2003). Whether this can occur in the invaded
range of Australia has yet to be observed.

Overall, our results show that choosing functionally
similar native species to resist the establishment of an
invader or to decrease the invasibility of a community is
more challenging than matching the individual character-
istics of species. Instead, what is also needed is a test of the
competitive interactions between species under different
abiotic and biotic conditions. Coupling information on the
individual characteristics of species with information on
their competitive abilities will provide more detailed
information for restoration efforts.
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