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Abstract Within endangered coastal salt marsh of south-east Australia, the non-indigenous rush Juncus acutus L.
(Juncaceae) is displacing the native rush Juncus kraussii Hochst. (Juncaceae), with concurrent changes
to the structure and composition of insect species assemblages. Here we test hypotheses that the
abundance of a common and widespread sap-sucking herbivore, the planthopper Haplodelphax iuncicola
Kirkaldy (Hemiptera: Delphacidae), differed between the non-indigenous J. acutus and the native J.
kraussii, and that these differences were due to differential survivorship. Surveys at two salt marshes
revealed that there were significantly fewer H. iuncicola on J. acutus than J. kraussii, and that J. kraussii
at sites not invaded by J. acutus supported more than double the number of H. iuncicola than J. kraussii
at invaded sites. A field experiment enclosing H. iuncicola on both Juncus species revealed complete
mortality of planthoppers on the non-indigenous rush J. acutus in about 2 weeks, whereas there was
greater than 80% survivorship on the native rush J. kraussii. Measurements of plant architecture showed
that J. acutus is structurally different to the native rush J. kraussii, with thicker, taller and less densely
packed stems, suggesting that J. acutus might therefore provide unsuitable habitat or food resources for
H. iuncicola. These results suggest that J. acutus does not play a functionally similar role to J. kraussii
for native insect assemblages.
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INTRODUCTION

Invasion by non-indigenous plant species can alter native plant
assemblages, leading to losses of specialist herbivores,
changes to patterns of herbivory and alterations to insect com-
munity structure and ecosystem function (Walker & Smith
1997; Prieur-Richard & Lavorel 2000). The impacts of inva-
sive plants can be detected by observation of associated
insects, which are often sensitive to a variety of plant and
habitat variables and can respond rapidly to change (Majer
et al. 2002). Indeed, studies have demonstrated substantial
differences in abundance and diversity of insect species
between co-occurring native and non-indigenous plant species
(French & Eardley 1997; French & Major 2001; Talley &
Levin 2001; Herrera & Dudley 2003; Greenwood et al. 2004;
Gratton & Denno 2005). By attracting fewer insects, non-
indigenous plant invaders might confer resistance to herbivory
on neighbouring native plant species (i.e. associational resis-
tance) (Tahvanainen & Root 1972). Alternately, the presence
of a non-indigenous plant in the landscape could mediate
herbivore attack on the native plant community (i.e. associa-
tional susceptibility) (Rand 2003; Rand & Louda 2004; Lau &

Strauss 2005). A lack of natural enemies such as herbivorous
insects may facilitate the rapid spread of non-indigenous
plants into native communities (Colautti et al. 2004 and refer-
ences therein; DeWalt et al. 2004; Vila et al. 2005; Blumenthal
2006; Liu & Stiling 2006; Proches et al. 2008).

Two principal explanations have been advanced to account
for differences in the patterns of abundance and diversity of
herbivorous insects between native and non-indigenous plants:
nutritive value and plant architecture. Nutritive value, includ-
ing chemical composition, water content, biomass, trichome
density and mechanical properties, can vary greatly among
species and has been shown to influence host plant selection,
palatability and the demography and population dynamics of
many insect taxa (Crawley 1983; Denno et al. 1986; Agrawal
et al. 2005). Variations in plant architecture (sensu Lawton &
Schroeder 1977), including differences in the size, growth
form and types of aboveground and belowground structures of
the host plant, can provide different microhabitats for insect
herbivores and thus influence their colonisation and survivor-
ship (Andersen 1987; Denno 1994a,b; Alonso & Herrera
2000). Differences in shape and structural complexity between
non-indigenous and native plants can result in variations in
light penetration (Flanagan 1997), suitability for resting,
feeding, reproduction and nest building, and protection from
abiotic stresses and predators (Strong et al. 1984; Denno
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1994a). Gratton and Denno (2005), for example, found differ-
ences in the species composition of the insect fauna between
salt marshes invaded by a non-indigenous genotype of the
grass Phragmites australis compared to those dominated by
the native grass Spartina alterniflora, and attributed these to
differences in plant architecture (see also Hedge & Kriwoken
2000; Petillon et al. 2005). Nevertheless, few studies have
examined experimentally in the field the demographic pro-
cesses that might explain differences in the abundance of her-
bivorous insects between native and non-indigenous species.

In New South Wales (NSW), Australia, the non-indigenous
rush Juncus acutus is rapidly invading the upper border of
endangered coastal salt marshes, forming monocultures and
displacing the native rush Juncus kraussii (Parsons & Cuth-
bertson 1992; Adam 2002; Pickthall et al. 2004; Zedler &
Kercher 2004). Although there has been considerable specu-
lation about the ecological consequences associated with the
invasion of J. acutus, studies have largely focused on patterns
of abundance, life history, and methods for control (Flanagan
1997; Greenwood & MacFarlane 2006; Kelleway et al. 2007).
The only study that has examined the influence of J. acutus on
associated herbivores has found dramatic differences in insect
diversity and trophic structure between J. acutus and J.
kraussii (Harvey et al. 2010). Moreover, Harvey (2006)
observed that the most common and widespread, phloem-
feeding planthopper Haplodelphax iuncicola appeared to be
less abundant on the non-indigenous rush J. acutus compared
to the native J. kraussii (Harvey et al. 2010). Invasion by J.
acutus might be predicted to have strong negative effects on
herbivorous insect species, such as delphacids, because they
are generally monophagous on only a few species of host
plants (Cook & Denno 1994). Nevertheless, closely related
taxa, such as the congeneric rushes here, often share similar
structural features, as well as compounds that determine their
palatability for phytophagous insects (Tallamy 2004) and, con-
sequently, native herbivores might be able to adapt to a close
relative of the native plant species (Strong et al. 1984; Tallamy
2004).

Here we report the results of field surveys and a short-term
experiment designed to test hypotheses that the abundance and
survivorship of the planthopper H. iuncicola differs between
the non-indigenous rush J. acutus and its native congener J.
kraussii. We not only compared abundances of planthoppers
between the congeneric rushes at sites invaded by J. acutus,
but also between individuals of the native J. kraussii at sites
either invaded or not invaded by J. acutus. The latter compari-
son was done to determine if the abundance of H. iuncicola,
and therefore its potential for herbivory, on J. kraussii is medi-
ated or resisted by being associated with neighbouring J.
acutus in the landscape. We then experimentally enclosed H.
iuncicola on each of the rush species and determined their
survivorship over time. Differential survivorship may suggest
that there are differences in suitability of each species as food
or habitat for H. iuncicola. We also quantified differences in
the architecture between J. acutus and J. kraussii to determine
whether variations in plant structure might help to explain
patterns of abundance and survivorship of H. iuncicola.

MATERIALS AND METHODS

Locations and species studied

The study was conducted in two coastal, intertidal locations
comprising mangrove forests and salt marshes within the urba-
nised landscape of Sydney, NSW, Australia: Towra Point
Nature Reserve (34°1′19.42″S 151°11′40.81″E) and Salt Pan
Creek 33°57′46.56″S 151°1′19.25″E). Towra Point Nature
Reserve (hereafter Towra Point) is located at the mouth of the
Georges River in Botany Bay, and Salt Pan Creek is a tributary
of the Georges River, 16 km inland of and within the same
estuary as Towra Point. The salt marshes have mangroves
(primarily Avicennia marina (Forssk.) Vierh., but also
Aegiceras corniculatum (L.) Blanco) along their seaward
edges and plant communities dominated by the tree Casuarina
glauca Sieber ex Spreng. along their landward borders. Salt
marshes at both locations are comprised of plant species char-
acteristic of salt marshes in NSW (Adam 1981; Adam et al.
1988; Pickthall et al. 2004). The plant communities in the
marshes are dominated by the native rush J. kraussii along the
upper border of the marsh adjacent to C. glauca and the ter-
restrial landscape, and the chenopods Sarcocornia quinque-
flora (Bunge ex Ungen-Sternberg) A.J. Scott and Suaeda
australis (R. Brown) Moquin-Tandon and the grass Sporobo-
lus virginicus (L.) Kunth at the lower tidal elevations between
Juncus spp. and the mangroves.

At Towra Point and Salt Pan Creek, and throughout south-
east Australia, the non-indigenous rush J. acutus (commonly
referred to as spiny rush) has invaded the terrestrial salt marsh
ecotone and seaward into the higher tidal elevations of the salt
marsh characteristically dominated by the native rush J.
kraussii (Robinson 1991; Adam 2002; Pickthall et al. 2004). J.
acutus is a declared noxious weed in the state of Victoria,
Australia, and its invasion is of particular concern in NSW
where Coastal Saltmarsh is listed as an Endangered Ecological
Community under the NSW Threatened Species Conservation
Act (Department of Environment, Climate Change and Water
2008). In NSW, J. acutus is now commonly found interspersed
among J. kraussii along the terrestrial border, particularly in
urban landscapes, fragmenting the upper marsh habitat nor-
mally dominated by J. kraussii, and displacing this species and
other native salt marsh vegetation (Parsons & Cuthbertson
1992; Adam 2002; Zedler & Kercher 2004; Greenwood &
MacFarlane 2006). In Australia, J. acutus can grow to up to
2 m in height, often forming dense, monospecific stands
(Parsons & Cuthbertson 1992). J. acutus is apparently more
robust than many of the native rushes on the south-east coast of
Australia, with larger tussocks and thicker and tougher stems
(Parsons & Cuthbertson 1992; Snogerup 1993; Laegdsgaard
2006).

Haplodelphax iuncicola is a small (approximately 3 mm
total body length), phloem-feeding insect found throughout
eastern Australia and belongs to the more advanced tribe of
Delphacini (Fennah 1965; Wilson et al. 1994). Delphacids are
intimately associated with their host plants, using them for
feeding, mating, oviposition and protection from climate and
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their natural enemies (Wilson et al. 1994). The cosmopolitan
Delphacidae are relatively host plant specific and typically
feed from the phloem of one or a few plant species within the
same genus of monocots, including Poaceae, Cyperaceae and
Juncaceae (Wilson et al. 1994). Consequently, delphacids
might be expected to colonise and live on closely related
species of Juncus. The nymphs and adults of delphacids occur
together on the aboveground parts of their host plants,
although most species inhabit the basal portion or tussock of
the plant and are associated with the basal meristem (Cook &
Denno 1994). Local populations of H. iuncicola often include
both macropters and flightless brachypters, a situation
common in some species of delphacids (G. Bellis pers. comm.
2006). Only brachypterous individuals were found in this
study.

Abundance of Haplodelphax iuncicola

The abundance of H. iuncicola on J. acutus and J. kraussii was
estimated at two sites in upper salt marsh dominated by Juncus
spp. at each study location (Towra Point and Salt Pan Creek).
One site was dominated by the native rush J. kraussii and
invaded by the non-indigenous rush J. acutus (allowing com-
parisons between congeneric rushes at the one site), and the
other was dominated by J. kraussii and not invaded by J.
acutus (allowing comparisons of J. kraussii between locations
either invaded or not invaded by J. acutus). Sites at each
location extended 80 m alongshore and 40 m seaward from the
terrestrial border of the marsh and were separated by about
2 km. At invaded sites, J. acutus occupied about 30% of the
cover of vegetation and was interspersed throughout the area
dominated by J. kraussii (which occupied a minimum of 40%
and a maximum of 73% cover). At both locations, sites not
invaded by J. acutus had approximately 95% cover of J.
kraussii.

Haplodelphax iuncicola were sampled during low tide,
between 10:00 and 14:00 h, from 8 to 11 February 2006 at
Towra Point and Salt Pan Creek. A different site was sampled
on each day, and temperatures ranged 25–32°C with full sun-
shine. At each site, insect assemblages were sampled in each
of six, randomly selected quadrats (1 m ¥ 1 m, and separated
by at least 2 m) for J. acutus and J. kraussii at invaded sites
and for J. kraussii only at non-invaded sites. The quadrat size
was based on the average area of a single, large plant of J.
acutus at these locations. For J. acutus, quadrats were centred
on single plants of roughly this size, and for J. kraussii quad-
rats often included several individual plants. The equivalent
area of 1 m2 was sampled for J. kraussii because this is the
same ground area occupied by a single plant of J. acutus. The
assumption made was that this provided equivalent potential
habitat for insect herbivores.

Sampling was done using three techniques: sweep netting of
the stems of plants, vacuum sampling of the tussock of plants
and vacuum sampling of the ground directly beneath the
plants. Sampling methods were based on those of Gratton and
Denno (2005), and pilot studies were done to determine the
required duration of vacuum sampling and number of samples

that was needed to exhaustively collect insects present on the
plants within a quadrat. The latter was assessed by construct-
ing species accumulation curves for J. acutus and J. kraussii
(K. Harvey unpubl. data 2006).

Sweep netting was performed first to sample insects resting
externally on the stems above the tussock of plants. Ten
sweeps were made within the 1 m2 quadrat using a sweep net
with an opening diameter of 37 cm and an effective volume of
0.12 m3. After sweep netting, the tussock of the single J.
acutus plant, or the equivalent 1 m2 area of J. kraussii, was
vacuumed for 30 s using a two stroke petrol garden vacuum
(RYOBI RGBV3100) fitted with a sampling head with a diam-
eter of 11 cm and a bag volume of 0.04 m3. Finally, a 10 s
vacuum sample from the ground was taken within two strips
(50 cm ¥ 20 cm) totalling an area of 0.055 m2. The two strips
were positioned on either side of the tussock for J. acutus, and
in an equivalent area within the 1 m2 quadrat for J. kraussii. All
three samples were combined to yield an estimate of insect
abundance per quadrat.

Survivorship of Haplodelphax iuncicola

The survivorship of H. iuncicola on the native rush J. kraussii
was compared to that on the invasive rush J. acutus at a site
invaded by J. acutus at Towra Point in May 2006. Over 400
individuals of H. iuncicola (brachypterous) were collected
using a vacuum from the tussock of pure stands of J. kraussii
in an area of salt marsh (80 m ¥ 40 m) not invaded by J. acutus
and located in the same stands as per summer sampling, about
1.5 km from the invaded site at Towra Point. Individuals were
only collected from the native J. kraussii because this would
represent the natural situation where J. acutus might invade an
area providing individuals of H. iuncicola with an opportunity
to move onto J. acutus. Samples were cooled in a refrigerator
for 12 h before sorting and transferring to the field.

Forty white opaque sleeve enclosures made from polyester
organza fabric (30 cm ¥ 15 cm; mesh size: 0.3 mm ¥ 0.3 mm)
were attached to live stems of 20 randomly selected J. acutus
and 20 J. kraussii plants. Each sleeve enclosed a stem length of
approximately 20 cm and contained one stem of J. acutus or
two stems of J. kraussii which is an approximate equivalent
stem volume of J. acutus. Sleeves were slid over the stems,
positioned at the tussock region (i.e. basal portion) of the plant
and closed at each end using metal twist ties. Ten H. iuncicola
adults from field samples were randomly selected regardless of
their sex and placed in each sleeve and survival rates
monitored.

Pilot studies indicated that assessing survivorship in the
field was not possible because it was difficult to determine
whether individuals were alive within the enclosures. The
study was designed so that replicate sleeves could be removed
from the field and percentage survivorship assessed in the
laboratory after 2, 4, 8, 12 and 16 days in the field, after which
the experiment was terminated. Two replicates were initially
collected within the first few days of the experiment and more
replicates were collected when differences in survivorship
were apparent. Three replicates of J. acutus and three repli-
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cates of J. kraussii were lost and not included in analyses. No
tides reached the treatment sites during the sampling period.

Differences in plant architecture

Differences in plant architecture between J. acutus and J.
kraussii were quantified by measuring stem density, stem
thickness, stem height and the distance between stems within
the tussock and at the mid height of plants. The sampling
design was identical to that described above for assessing
abundance of H. iuncicola, except that five subquadrats
(10 cm ¥ 10 cm) were sampled within each of five (not six)
1 m2 quadrats for all variables except stem height. For each of
the variables measured in the five subquadrats, the mean value
from these measures gave a single estimate of the variable per
quadrat. Within each subquadrat, stem density was estimated
as the total number of stems, stem thickness as the mean of five
stems (using Vernier calipers) at the mid height of the plant
and distance between stems as the mean of five stems within

the tussock and at mid height of the plant. Stem height was
estimated as the mean height of five stems per 1 m2 quadrat.

Statistical analyses

Two comparisons examined the difference in the density of H.
iuncicola and plant architecture (stem density, stem thickness,
stem height and distance between stems at mid and tussock
height): (1) the non-indigenous rush J. acutus was compared to
the native rush J. kraussii at sites invaded by J. acutus for each
of the two locations (Towra Point, Salt Pan Creek) (see
Table 1); (2) the native rush J. kraussii was compared between
sites either invaded or not invaded by J. acutus at each of the
two locations (Towra Point, Salt Pan Creek) (see Table 2). For
the first comparison, two-factor (plant species, location) mixed
model analysis of variance (anova) was used, and plant
species (J. kraussii or J. acutus) was considered a fixed factor
and location (Towra Point or Salt Pan Creek) a random factor.
For the second, two-factor, nested anova (invasion, sites

Table 1 Results of two-factor, analysis of variance for the effect of plant species (Juncus acutus or Juncus kraussii; d.f. = 1, 1), location
(Towra Point or Salt Pan Creek; d.f. = 1, 20 for abundance of Haplodelphax iuncicola; d.f. = 1, 16 for architecture: stem density, stem
thickness, stem height and distance between stems at mid and tussock height) and their interaction (d.f. = 1, 20 (abundance H. iuncicola),
d.f. = 1,16 (architecture)) on the abundance of H. iuncicola and differences in plant architecture. For all variables, data were transformed
to log (x + 1)

Variable Plant species Location Species ¥ location Residual

MS P MS P MS P MS

Haplodelphax iuncicola
Abundance 1.132† 0.044 1.628 0.020 0.069 0.609 0.256

Architecture
Stem density 0.122 0.001 0.549 0.326 <0.001 0.998 0.053
Stem height 0.060† 0.031 0.001 0.735 0.011 0.324 0.011
Stem thickness 0.155† <0.001 0.003 0.371 0.002 0.407 0.003
Distance between stems: mid height 0.231† 0.007 0.118 0.034 0.069 0.095 0.022
Distance between stems: tussock height 0.205† 0.030 0.083 0.162 0.010 0.625 0.038

†To increase the power of the test, the estimate of MS used in the denominator of the F-ratio is a pooled estimate from the MS of the
Species ¥ Location interaction and the residual (see Winer et al. 1991 for pooling procedures).

Table 2 Results of two-factor, nested analysis of variance for the effect of invasion (presence or absence of Juncus acutus at a site;
d.f. = 1, 2) and sites nested within invasion at each location (Towra Point or Salt Pan Creek; d.f. = 2, 20 for abundance Haplodelphax
iuncicola; d.f. = 2, 16 for architecture: stem density, stem thickness, stem height and distance between stems at mid and tussock height)
on the abundance of H. iuncicola and differences in plant architecture. With the exception of the abundance of H. iuncicola all variables
were transformed to log (x + 1)

Variable Invasion Site (Invasion) Residual

MS P MS P MS

Haplodelphax iuncicola
Abundance 4959.380 0.017 85.208 0.881 667.558

Architecture
Stem density 0.165 0.154 0.033 0.056 0.054
Stem height 0.003 0.811 0.035 0.010 0.006
Stem thickness <0.001 0.731 0.004 0.038 <0.001
Distance between stems: mid height 0.009 0.792 0.102 0.018 0.019
Distance between stems: tussock height 0.176† 0.038 0.039 0.347 0.035

†To increase the power of the test, the estimate of MS used in the denominator of the F-ratio is a pooled estimate from the MS of Site (Invasion) and
the residual (see Winer et al. 1991 for pooling procedures).
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nested within invasion) was used, and invasion (presence or
absence of J. acutus at a site) was considered a fixed factor and
sites nested within invasion at each location (Towra Point or
Salt Pan Creek) a random factor. Where appropriate, data were
log-transformed before analysis to homogenise variances.
Where there was low power to detect differences in the main
factor of interest (i.e. differences between plant species or
between J. kraussii at sites either invaded or not invaded by J.
acutus) due to great variability among sites, post-hoc pooling
of terms in the anova was performed according to the proce-
dures of Winer et al. (1991). Differences in percentage survi-
vorship of H. iuncicola between J. acutus and J. kraussii were
tested using independent t-tests for each sampling time: day 2,
4, 8 and 16.

RESULTS

There were striking differences in the mean abundance of the
planthopper H. iuncicola between native and non-indigenous
rushes, as well as between sites either invaded or not invaded
by J. acutus. The number of H. iuncicola on the non-
indigenous rush J. acutus was significantly smaller than on the
native rush J. kraussii (Fig. 1a, Table 1). In addition, the abun-
dance of H. iuncicola on J. kraussii at sites not invaded by J.
acutus was more than double and significantly greater than
that on J. kraussii at invaded sites, suggesting an effect of
invasion on overall planthopper numbers in a marsh (Fig. 1a,
Table 2).

There were dramatic differences in the survivorship of H.
iuncicola between the non-indigenous and native rush species.
After only 4 days, about 30% of H. iuncicola on J. acutus were
dead, although there were no significant differences in survi-
vorship at this time (Fig. 1b, t = 1.96; d.f. = 2; P = 0.190).
Survivorship of H. iuncicola declined rapidly on J. acutus after
4 days, and mortality of planthoppers on J. acutus was signifi-
cantly greater than on J. kraussii after 8 (t = 13.53; d.f. = 10;
P < 0.001), 12 (t = 7.89; d.f. = 2; P = 0.016) and 16 days
(t = 4.93; d.f. = 8; P = 0.001). After 16 days, all individuals on
J. acutus were dead, whereas survivorship of H. iuncicola on
J. kraussii declined less than 20% throughout the entire 16 day
period (Fig. 1b).

The structural architecture of the non-indigenous rush J.
acutus was substantially different to that of the native rush J.
kraussii in ways that might be expected to influence the move-
ment and feeding of planthopper H. iuncicola (Fig. 2). Juncus
acutus had a significantly sparser density of stems and these
were more widely spaced at both the mid height and within the
tussock of the plant (Fig. 2, Table 1). Moreover, individual
stems of J. acutus were significantly taller than and twice as
thick as those of J. kraussii (Fig. 2, Table 1). Not surprisingly,
there were no substantial differences in plant architecture for J.
kraussii at sites either invaded or not invaded by J. acutus, with
the exception of distance between stems in the tussock, which
was significantly greater for plants at invaded sites (Fig. 2,
Table 2).

DISCUSSION

In areas of salt marsh invaded by J. acutus, the native rush J.
kraussii supported about twice the numbers of H. iuncicola
than the non-indigenous rush J. acutus, suggesting that native
rushes provide more suitable habitat than the closely related
non-indigenous congener. There was complete mortality of H.
iuncicola enclosed on the non-indigenous rush J. acutus,
which might account for reduced numbers of planthoppers on
J. acutus. Notably, the abundance of H. iuncicola on J. kraussi
was also dependent on whether sites had been invaded by J.
acutus, with native rushes at non-invaded sites having more
than double the number of planthoppers than at invaded sites.
This result suggests that even the presence of J. acutus in the
salt marsh landscape might have a detrimental influence on
planthoppers on the native J. kraussii.

Our results support findings of other studies that insect
abundance on non-indigenous plants can be reduced compared
to native species (French & Eardley 1997, French & Major
2001; Greenwood et al. 2004; Gratton & Denno 2005). Deter-
mining the life history process that might limit insect abun-
dance on non-indigenous species is a crucial first step in
determining how such novel species might influence native
insect abundance. Our field experiments demonstrate that sur-
vival of brachypterous individuals is severely reduced on non-
indigenous rushes, and this might account for observed
differences in abundance compared to congeneric natives.
Field studies manipulating insects and examining their subse-
quent demography are few, but other studies have reported that
non-indigenous species can reduce the performance and sur-
vivorship of larval insects compared to native plants (Straat-
man 1962; DiTommaso & Losey 2003; Tallamy et al. 2010).
The final step would be to determine mechanisms that might
influence insect survival on non-indigenous compared to
native congeneric rushes.

Differences in the structural, chemical or nutritional prop-
erties of J. acutus might make it unsuitable as a host plant for
H. iuncicola and thus account for the reduced abundance and
increased mortality on non-indigenous compared to native
rushes, although this study was not designed to ascertain or
distinguish these mechanisms. Other studies have demon-
strated that survivorship of herbivorous insects may be influ-
enced by host plant nutrition or chemistry (CSIRO 1991;
Braby 2000; Renwick et al. 2001; Stastny et al. 2005), and this
may be particularly important for planthoppers, which are
often host plant specific (Crawley 1983; Denno & Roderick
1990; Cook & Denno 1994). The chemical composition of J.
acutus and the potential effects on insects is unknown, but J.
acutus is known to contain a secondary plant chemical that
inhibits the growth of green algae (Dellagreca et al. 2004).
Failure of this planthopper to survive on a specific host plant
may also result from the presence of feeding inhibitors or
toxins, the absence of feeding stimulants (Cook & Denno
1994), inadequate plant nitrogen (Crawley 1983; Denno &
Roderick 1990; Cook & Denno 1994) or its inability to locate
or reach the phloem. J. acutus has thicker stems than J.
kraussii or may have cuticular wax that could create a barrier
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(e.g. see Woodhead and Padgham 1988 for planthopper
feeding on rice cultivars). The planthopper Nilparvata lugens
is able to locate and feed on the phloem of the grass Oryza
sativa with its stylets, but is unable to do so on the closely
related grass Leersia hexandra, suggesting the involvement of
a specific feeding stimulant (Cook & Denno 1994). Thus, J.
acutus may not be providing suitable feeding stimulants for
this insect species, such as an appropriate concentration of
sucrose that would promote the injection of the feeding stylet
(Sakai & Sogawa 1976).

The reduced abundance of H. iuncicola on non-indigenous
J. acutus might also be due to the effects of plant architecture
on mate location and fecundity, which may indirectly influ-
ence the survivorship of H. iuncicola. Mate location in brac-
hypterous planthoppers is often at least partially dependent on
acoustic signals transmitted through the plant (Claridge 1985;
Denno & Roderick 1990). Moreover, plant stems need to be
touching in order for brachypterous individuals to locate mates
(Ichikawa et al. 1974; Ichikawa 1976). Thus, the greater dis-
tances between and smaller densities of stems for J. acutus
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compared to the native J. kraussii might influence mate loca-
tion and thus deter H. iuncicola from colonising J. acutus. The
presence of an invasive plant in the landscape may interfere
with mate location and oviposition in planthoppers (R. Denno
pers. comm. 2006). In addition, stem thickness has been
shown to be negatively correlated with fecundity in the plan-
thopper Javesella pellucida (Raatikainen 1967). This suggests
that the thicker stems of J. acutus may reduce the number of
eggs that H. iuncicola deposits into the stems and thus overall
fecundity. Nevertheless, the degree to which plant structures,
such as the thickness, density or texture of stems can directly
interfere with acoustic signals and ultimately reproduction in
planthoppers is largely unknown and warrants further investi-
gation (R. Denno pers. comm. 2006).

The greater abundance of H. iuncicola on J. kraussii in
salt marsh dominated by pure stands of this native rush com-

pared to areas invaded by J. acutus suggests that there are
landscape-scale effects of invasion. It appears that the mere
presence of J. acutus in the landscape might be influencing
the abundance of H. iuncicola in a marsh. Invasion by J.
acutus fragments the continuous habitat provided by stands
of native J. kraussii and may influence the movement of indi-
viduals, particularly for brachypterous H. iuncicola which
may be unable to move more than a few metres in a lifespan
(Raatikainen 1967; Denno et al. 1980). Thus, H. iuncicola
may have limited ability to escape and colonise more favour-
able habitats. Fragmentation of a community, differences in
plant architecture and the presence of invasive plants have
been demonstrated to influence the densities of herbivorous
insects and predators on their hosts by changing the
microhabitats suitable for protection, habitat and shading
(Denno 1994a), altering movement, searching efficiency and

Fig. 2. Mean (�SE) (a) density of
stems, (b) height of stems, (c) thickness
of stems and distance between the stems
at (d) mid height and (e) tussock of the
plant for the invasive rush Juncus acutus
and the native rush Juncus kraussii at
sites invaded by J. acutus and on J.
kraussii at sites not invaded by J. acutus
at Towra Point and Salt Pan Creek.
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colonisation, or by interfering chemically with host finding
behaviour (Kareiva 1987; Denno 1994a). For example, the
more open tussocks of J. acutus compared to J. kraussii
might alter the microclimate, reducing humidity and increas-
ing insolation, which for planthoppers may result in desicca-
tion or overheating.

The results of this study indicate that invasion of J. acutus
may have a direct influence on the abundance and survivorship
of H. iuncicola in coastal salt marsh. Further generalisations
based on results of this experiment are limited at this stage.
The experiment was done at one time of the year, and plant
food resources can vary temporally (Strong et al. 1984) and
many invertebrates are known to synchronise their life cycles
in response to nutrient availability in the plant (Cook & Denno
1994). If J. acutus provides unsuitable habitat for or is toxic to
herbivorous insects such as H. iuncicola, then this consequent
release from natural enemies might account for its success as
an invader (Harvey et al. 2010). Regardless, this study sug-
gests that the replacement of J. kraussii with J. acutus could
potentially result in the depletion or local extinction of H.
iuncicola in these systems, and this may influence a variety of
other native insects.

ACKNOWLEDGEMENTS

We greatly appreciate the help of field volunteers Laurel
Harvey, William Harvey and John Martin. We would also like
to thank Glenn Bellis for identification of H. iuncicola and
Claudio Gratton and Robert Denno for advice on insect col-
lection methods and planthopper ecology. Comments on ver-
sions of this manuscript were provided by Pauline Ross, Rob
Whelan and Jeff Wright. Research was supported by the Insti-
tute for Conservation Biology at the University of Wollongong
and the Australian Museum in Sydney. We are grateful to
Bankstown City Council and NSW National Parks and Wild-
life Service for permits to work at Salt Pan Creek and Towra
Point Nature Reserve.

REFERENCES

Adam P. 1981. Saltmarsh plants of New South Wales. Wetlands (Austra-
lia) 1, 11–19.

Adam P. 2002. Saltmarshes in a time of change. Environmental Conser-
vation 29, 39–61.

Adam P, Wilson NC & Huntley B. 1988. The phytosociology of coastal
saltmarsh vegetation in New South Wales. Wetlands (Australia) 7,
35–57.

Agrawal AA, Kotanen PM, Mitchell CE, Power AG, Godsoe W &
Klironomos J. 2005. Enemy release? An experiment with congeneric
plant pairs and diverse above-and belowground enemies. Ecology 86,
2979–2989.

Alonso C & Herrera CM. 2000. Seasonal variation in leaf characteristics
and food selection by larval noctuids on an evergreen Mediterranean
shrub. Acta Oecologica-International Journal of Ecology 21, 257–
265.

Andersen DC. 1987. Below-ground herbivory in natural communities: a
review emphasizing fossorial animals. Quarterly Review of Biology
62, 261–286.

Blumenthal DM. 2006. Interactions between resource availability and
enemy release in plant invasion. Ecology Letters 9, 887–895.

Braby MF. 2000. Butterflies of Australia: Their Identification, Biology and
Distribution. CSIRO, Melbourne, Australia.

Claridge MF. 1985. Acoustic signals in the Homoptera: behaviour, tax-
onomy, and evolution. Annual Review of Entomology 30, 297–317.

Colautti RI, Ricciardi A, Grigorovich IA & MacIsaac HJ. 2004. Is inva-
sion success explained by the enemy release hypothesis? Ecology
Letters 7, 721–733.

Commonwealth Scientific and Industrial Research Organisation (CSIRO).
1991. The Insects of Australia: A Textbook for Students and Research
Workers, Vol. I & II. Melbourne University Press, Melbourne,
Australia.

Cook AG & Denno RF. 1994. Planthopper/plant interactions: feeding
behavior, plant nutrition, plant defense, and host plant specialization.
In: Planthoppers: Their Ecology and Management (eds RF Denno &
J Perfect), pp. 114–139. Chapman and Hall, New York, USA.

Crawley MJ. 1983. Herbivory: The Dynamics of Animal-Plant Interac-
tions. Blackwell Scientific, Oxford, UK.

Dellagreca M, Isidori M, Lavorgna M, Monaco P, Previtera L & Zarrelli
A. 2004. Bioactivity of phenanthrenes from Juncus acutus on Selena-
strum capricornutum. Journal of Chemical Ecology 30, 867–879.

Denno RF. 1994a. Influence of habitat structure on the abundance and
diversity of planthoppers. In: Planthoppers: Their Ecology and Man-
agement (eds RF Denno & J Perfect), pp. 140–159. Chapman and
Hall, New York, USA.

Denno RF. 1994b. Life history variation in planthoppers. In: Planthop-
pers: Their Ecology and Management (eds RF Denno & J Perfect),
pp. 163–215. Chapman and Hall, New York, USA.

Denno RF & Roderick GK. 1990. Population biology of planthoppers.
Annual Review of Entomology 35, 489–520.

Denno RF, Raupp MJ, Tallamy DW & Reichelderfer CF. 1980. Migration
in heterogeneous environments: differences in habitat selection
between the wing forms of the dimorphic planthopper, Prokelisia
marginata (Homoptera: Delphacidae). Ecology 61, 859–867.

Denno RF, Douglass LW & Jacobs D. 1986. Effects of crowding and host
plant nutrition on a wing-dimorphic planthopper. Ecology 67, 116–
123.

Department of Environment, Climate Change and Water. 2008. Coastal
saltmarsh in the NSW North Coast, Sydney Basin and South East
Corner bioregions – endangered ecological community listing.
[Accessed 1 Sep 2009.] Available from URL: http://www.
environment.nsw.gov.au/determinations/CoastalSaltmarshEndSp
Listing.htm

DeWalt SJ, Denslow JS & Ickes K. 2004. Natural-enemy release facilitates
habitat expansion of the invasive tropical shrub Clidemia hirta.
Ecology 85, 471–483.

DiTommaso A & Losey JE. 2003. Oviposition preference and larval
performance of monarch butterflies (Danaus plexippus) on two inva-
sive swallow-wort species. Entomologia Experimentalis et Applicata
108, 205–209.

Fennah RG. 1965. Delphacidae from Australia and New Zealand
(Homoptera: Fulgoroidea). Bulletin of the British Museum (Natural
History) 17, 3–59.

Flanagan N. 1997. Comparison between Juncus kraussii and Juncus
acutus on Kooragang Island. Bsc. Hons. Thesis, University of New-
castle, Callaghan, NSW, Australia.

French K & Eardley K. 1997. The impact of weed infestations on litter
invertebrates in coastal vegetation. In: Frontiers in Ecology (eds N
Klomp & I Lunt), pp. 89–102. Elsevier Science, London, UK.

French K & Major RE. 2001. Effect of an exotic Acacia (Fabaceae) on ant
assemblages in South African fynbos. Austral Ecology 26, 303–310.

Gratton C & Denno RF. 2005. Restoration of arthropod assemblages in a
Spartina salt marsh following removal of the invasive plant Phrag-
mites australis. Restoration Ecology 13, 358–372.

Greenwood H, O’Dowd DJ & Lake PS. 2004. Willow (Salix x rubens)
invasion of the riparian zone in south-eastern Australia: reduced abun-
dance and altered composition of terrestrial arthropods. Diversity and
Distributions 10, 485–492.

Greenwood ME & MacFarlane GR. 2006. Effects of salinity and tempera-
ture on the germination of Phragmites australis, Juncus kraussii, and

Planthopper on non-indigenous rush 59

© 2011 The Authors
Journal compilation © 2011 Australian Entomological Society



Juncus acutus: implications for estuarine restoration initiatives. Wet-
lands 26, 854–861.

Harvey KJ. 2006. Impact of the invasive rush Juncus acutus on the native
rush J. kraussii in coastal saltmarsh: response of invertebrate species
assemblages. Bsc. Hons. Thesis, University of Wollongong, Wollon-
gong, Australia.

Harvey KJ, Britton DR & Minchinton TE. 2010. Insect diversity and
trophic structure differ on native and non-indigenous congeneric
rushes in coastal saltmarshes. Austral Ecology 35, 522–534.

Hedge P & Kriwoken LK. 2000. Evidence for effects of Spartina anglica
invasion on benthic macrofauna in Little Swanport estuary, Tasmania.
Austral Ecology 25, 150–159.

Herrera AM & Dudley TL. 2003. Reduction of riparian arthropod abun-
dance and diversity as a consequence of giant reed (Arundo donax)
invasion. Biological Invasions 5, 167–177.

Ichikawa T. 1976. Mutual communication by substrate vibrations in the
mating behavior of planthoppers (Homoptera: Delphacidae). Applied
Entomology and Zoology 11, 8–21.

Ichikawa T, Sakuma M & Ishii S. 1974. Mating signal of the brown
planthopper, Nilaparvata lugens (Stal) (Homoptera: Delphacidae):
vibration of the substrate. Applied Entomology and Zoology 9, 196–
198.

Kareiva P. 1987. Habitat fragmentation and the stability of predator-prey
interactions. Nature 326, 388–390.

Kelleway J, Williams RJ & Allen CB. 2007. An assessment of the salt-
marsh of the Parramatta River and Sydney Harbour. Fisheries Final
Report Series, No. 90. NSW Department of Primary Industries.

Laegdsgaard P. 2006. Ecology, disturbance and restoration of coastal
saltmarsh in Australia: a review. Wetlands Ecology and Management
14, 379–399.

Lau JA & Strauss SY. 2005. Insect herbivores drive important indirect
effects of exotic plants on native communities. Ecology 86, 2990–
2997.

Lawton JH & Schroeder D. 1977. Effects of plant type, size of geographi-
cal range and taxonomic isolation on number of insect species asso-
ciated with British plants. Nature 118, 137–140.

Liu H & Stiling P. 2006. Testing the enemy release hypothesis: a review
and meta-analysis. Biological Invasions 8, 1535–1545.

Majer JD, Brennan EC & Bisevac L. 2002. Terrestrial invertebrates. In:
Handbook of Ecological Restoration, Principles of Restoration Vol. I.
(eds MR Perrow & AJ Davy), pp. 279–299. University Press Cam-
bridge, Cambridge, UK.

Parsons WT & Cuthbertson EG. 1992. Noxious Weeds of Australia. Inkata
Press, Sydney, Australia.

Petillon J, Ysnel F, Canard A & Lefeuvre JC. 2005. Impact of an invasive
plant (Elymus athericus) on the conservation value of tidal salt marshes
in western France and implications for management: responses of
spider populations. Biological Conservation 126, 103–117.

Pickthall J, Williams RJ, Adam P & Connolly D. 2004. Estuarine vegeta-
tion. In: Biodiversity of the Georges River Catchment: Aquatic Biodi-
versity (eds RJ Williams, A Bryant & D Ledlin), pp. 38–85.
Department of Infrastructure, Planning and Natural Resources,
Sydney, Australia.

Prieur-Richard AH & Lavorel S. 2000. Invasions: the perspective of
diverse plant communities. Austral Ecology 25, 1–7.

Proches S, Wilson JRU, Richardson DM & Chown SL. 2008. Herbivores,
but not other insects, are scarce on alien plants. Austral Ecology 33,
691–700.

Raatikainen M. 1967. Bionomics, enemies and population dynamics of
Javesella pellucida (F) (Hom. Delphacidae). Annales Agriculturae
Fenniae 6, 1–149.

Rand TA. 2003. Herbivore mediated apparent competition between two
salt marsh forbs. Ecology 84, 1517–1526.

Rand TA & Louda SM. 2004. Exotic weed invasion increases the suscep-
tibility of native plants to attack by a biocontrol herbivore. Ecology
85, 1548–1554.

Renwick JAA, Zhang WQ, Haribal M, Attygalle AB & Lopez KD. 2001.
Dual chemical barriers protect a plant against different larval stages of
an insect. Journal of Chemical Ecology 27, 1575–1583.

Robinson L. 1991. Field Guide to the Native Plants of Sydney. Kangaroo
Press, Sydney, Australia.

Sakai T & Sogawa K. 1976. Effects of nutrient compounds on sucking
response of the brown planthopper, Nilaparvata lugens (Homoptera:
Delphacidae). Applied Entomology and Zoology 11, 82–88.

Snogerup S. 1993. A revision of Juncus subgen. Juncus (Juncaceae).
Willdenowia 23, 23–73.

Stastny M, Schaffner U & Elle E. 2005. Do vigour of introduced popula-
tions and escape from specialist herbivores contribute to invasiveness?
Journal of Ecology 93, 27–37.

Straatman R. 1962. Notes on certain Lepidoptera ovipositing on plants
which are toxic to their larvae. Journal of the Lepidopterists Society
16, 99–103.

Strong DR, Lawton JH & Southwood R. 1984. Insects on Plants: Com-
munity Patterns and Mechanisms. Blackwell Scientific, Oxford, UK.

Tahvanainen JO & Root RB. 1972. The influence of vegetational diversity
on the population ecology of a specialized herbivore, Phylotreta cru-
ciferae (Coleoptera: Chrysomelidae). Oecologia 10, 321–346.

Tallamy DW. 2004. Do alien plants reduce insect biomass? Conservation
Biology 18, 1689–1692.

Tallamy DW, Ballard B & D’Amico V. 2010. Can alien plants
support generalist insect herbivores? Biological invasions 12, 2285–
2292.

Talley TS & Levin LA. 2001. Modification of sediments and macrofauna
by an invasive marsh plant. Biological Invasions 3, 51–68.

Vila M, Maron JL & Marco L. 2005. Evidence for the enemy
release hypothesis in Hypericum perforatum. Oecologia 142, 474–
479.

Walker LR & Smith WA. 1997. Impacts of invasive plants on community
and ecosystem properties. In: Assessment and Management of Plant
Invasions (eds JO Luken & JW Thieret), pp. 69–85. Springer-Verlag,
New York, USA.

Wilson SW, Mitter C, Denno RF & Wilson MR. 1994. Evolutionary
patterns of host plant use by delphacid planthoppers and their
relatives. In: Planthoppers: Their Ecology and Management
(eds RF Denno & J Perfect), pp. 7–45. Chapman and Hall, New York,
USA.

Winer BJ, Brown DR & Michels KM. 1991. Statistical Principles in
Experimental Design. McGraw-Hill, New York, USA.

Woodhead S & Padgham DE. 1988. The effect of plant surface character-
istics on resistance of rice to the brown planthopper, Nilaparvata
lugens. Entomologia Experimentalis et Applicata 47, 15–22.

Zedler JB & Kercher S. 2004. Causes and consequences of invasive plants
in wetlands: opportunities, opportunists, and outcomes. Critical
Reviews in Plant Sciences 23, 431–452.

Accepted for publication 13 August 2010.

60 K J Harvey et al.

© 2011 The Authors
Journal compilation © 2011 Australian Entomological Society


