
207

Fifteenth Australian Weeds Conference

Summary   Hyparrhenia hirta (L.) Stapf (Coolatai 
grass,  tambookie grass) is an invasive grass from Af-
rica and the Middle East that has infested large areas 
of northern New South Wales (NSW) and also occurs 
in other Australian states.

Ten plots were set up for this monitoring study in 
white box/yellow box/Blakely’s red gum woodland, 
an endangered ecological community, on a travelling 
stock route near Manilla. Five plots were in an area 
infested by H. hirta and the rest were in an area where 
infestations had previously been controlled by spot 
spraying with glyphosate. Vegetation surveys were 
conducted in these plots in autumn 2003 and spring 
2005. In both surveys H. hirta dominated ground cover 
in all infested sites and greatly reduced the species 
richness of native flora, but was absent from the con-
trolled sites. The presence of H. hirta reduced native 
species richness by about 48% in 20 × 20 m plots and 
59% in 6 × 5 m plots in 2003. Results were similar 
in 2005. Projected cover of H. hirta greatly exceeded 
that of all native ground-cover species combined in 
the infested plots. The results are consistent with those 
of McArdle et al. (2004) from Kwiambal National 
Park and demonstrate that the impact of this weed 
on species richness in travelling stock routes, which 
are intermittently grazed, may be as severe as those 
in conservation reserves, where domestic livestock 
grazing is excluded.

Keywords    Hyparrhenia hirta,  biodiversity, 
 invasive plants,  weeds,  Coolatai grass.

INTRODUCTION
Alien plants can change the vegetation structure and 
species richness of an ecosystem. Plant invasions into 
natural ecosystems are one of the major threats to the 
conservation of biodiversity for many biogeographical 
regions globally (Adair and Groves 1998). Investigat-
ing the potential impacts of particular environmental 
weeds is important for ensuring that resources for re-
search and management are proportionately allocated 
to those weeds posing the greatest threats (McArdle et 
al. 2004). Watson and Novelly (2004) reported that the 
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information gained from monitoring could be used to 
examine the outcomes of management actions and to 
guide management decisions.

Introduced grasses can contribute to a decline in 
the native flora by replacing the native understorey 
(Humphries et al. 1991, Low 1999). Franks (2002) 
demonstrated the detrimental effects of Cenchrus 
ciliaris L. upon native vegetation, citing significant 
declines in native species cover and abundance with 
increasing cover of this exotic species.

Invasion by H. hirta appears to be a major threat 
to the biodiversity of Australian natural ecosystems. 
It is a summer-active, C4 perennial grass, native to 
southern Africa and the Mediterranean Region, where 
it grows in open savannas, extending into the dry trop-
ics, particularly in highland regions (Clayton 1969). It 
was introduced in the 1940s to the Coolatai district of 
northern NSW as a pasture and erosion control plant 
(McCormick and Lodge 1991). It has been spread-
ing rapidly on the North West Slopes and Northern 
Tablelands of NSW, and now occurs on the Central 
West Slopes, South West Slopes, North West Plains 
and Central and North Coast (Wheeler et al. 2002). It 
invades areas of native flora, particularly roadsides, 
travelling stock reserves and native pastures (Benson 
1999, Nadolny 1998, Smith et al. 2000).

Relatively few studies have documented the effects 
of exotic grasses on species diversity of Australian 
native ecosystems (Adair and Groves 1998, Grice 
2004). Among these, there is only one short-term 
study which assessed the impact of H. hirta on na-
tive vegetation; McArdle et al. (2004) at Kwiambal 
National Park in northern NSW, who surveyed paired 
plots (20 × 20 m) in matched infested and uninfested 
areas demonstrating that the invasion was reducing 
the species richness of Australian native flora. Further 
research is needed to improve our understanding of 
how H. hirta affects native vegetation under other land 
management systems.

The aim of the present study was to assess the 
long-term impact of H. hirta on native species richness 
in a travelling stock route (TSR) near Manilla, NSW. 
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TSRs have good biodiversity values and are also used 
intermittently for grazing. This study is part of a larger 
project to understand the autecology of this species.

MATERIALS AND METHODS
Study plots were established on a TSR near Greenhatch 
Creek, Manilla on the north-western slopes of NSW 
situated at 30°50'S latitude, and 150°45'E longitude. 
The climate is subtropical, with a mean annual temper-
ature of 24°C and 675 mm mean annual precipitation. 
The study area is surrounded by mixed cropping and 
grazing country. Livestock grazing has not occurred 
in the TSR for at least five years. The vegetation of 
the TSR is white box/yellow box/Blakely’s red gum 
woodland, which has been listed as an Endangered 
Ecological Community under the NSW Threatened 
Species Conservation Act 1995. White box (Eucalyp-
tus albens Benth.) is dominant on crests and grey box 
(E. moluccana Roxb.) on lower slopes, while yellow 
box (E. melliodora Cunn. ex Schauer) and Blakely’s 
red gum (E. blakelyi Maiden) are scattered throughout. 
The understorey consists of grasses, forbs and shrubs. 
Ten plots were set up in 2003; five plots were in an area 
heavily infested by H. hirta and the others in an area 
where infestations had been controlled by spot spray-
ing with glyphosate since 2001, although control meas-
ures ceased about 2004. Infested and controlled sites 
were positioned 1 km apart and there was a 50–100 
m gap between each plot within sites. All plots were 
similar with respect to soil, landform, drainage and 
apparent disturbance history with no obvious overall 
differences between the controlled and infested plots. 
The vegetation at both infested and controlled sites 
was originally grassy woodlands. We have assumed 
that the vegetation composition was similar, but this 
was not confirmed by vegetation surveys before the 
sites became infested.

Vegetation surveys were conducted in these plots 
on 4th April (autumn) 2003 and 9th October (spring) 
2005. Each plot consisted of a 6 × 5 m quadrat nested 
centrally within a 20 × 20 m quadrat. All vascular 
species present were recorded and the projected 
cover of each species was estimated visually as a 
percentage. Another survey was undertaken on 18th 
of April (autumn) 2006 but the data have not yet been 
fully analysed. Statistical analysis involved analysis 
of variance and t-tests using R (R Development Core 
Team 2006).

RESULTS
A total of 121 and 168 vascular plant species were 
recorded in all the sampling plots in 2003 and 2005 
respectively. In 2003, the numbers of native and ex-
otic species were 106 and 15 respectively, whereas in 

2005 these were 128 and 40. The average number of 
native species in 20 × 20 m plots in controlled plots 
in 2003 (Figure 1) and 2005 (Figure 2), respectively, 
was 48 and 49, compared with 25 and 32 in infested 
plots. For other exotic species it was about 4 and 12 
in controlled plots but in infested plots it was 4 and 8. 
In 6 × 5 m plots the mean number of native species in 
controlled plots in 2003 and 2005, respectively was 
24 and 29, compared with 10 and 14 in infested plots. 
The mean number of native species in 20 × 20 m plots 
increased by 2% between 2003 and 2005 in control-
led plots, whereas, in infested plots these increased 
by 26%. The number of exotic species also increased 
in both control and infested plots between 2003 and 
2005 (Figure 2).

Figure 1.   Manilla TSR: Number of plant species in 
understorey in plots controlled or infested with H. 
hirta in 2003. Each column is the mean of five plots 
(standard error bars shown).
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Figure 2.   Manilla TSR: Number of plant species in 
understorey in plots controlled or infested with H. 
hirta in 2005. Each column is the mean of five plots 
(standard error bars shown).
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A significant difference was found between the 
mean species richness of the infested and controlled 
plots during both sampling years. The total number 
of species and number of native species present per 
plot were significantly less (P <0.001) in the infested 
plots in 2003 (Figure 1). The number of native spe-
cies per plot was also significantly less (P <0.01) in 
the infested plots in 2005 (Figure 2). H. hirta was the 
most frequently occurring species in the infested plots 
during both years. There was a significant difference in 
the mean number of exotic species (other than H. hirta) 
in 20 × 20 m plots in controlled and infested plots in 
2005. Some of the other exotic species included Bro-
mus spp., Centaurea solstitialis L., Cirsium vulgare 
(Savi.) Ten., Lactuca serriola L., Lolium rigidum 
Gaudin, Marrubium vulgare L., Medicago polymorpha 
L., and Tribulus minutus Benth. The other exotic spe-
cies were found more in the controlled plots than in 
infested plots. In the autumn 2006 survey, the number 
of other exotic species was greater in controlled plots 
than infested plots in comparison with autumn 2003, 
though there was no significant difference between 
2005 and 2006.

The most frequently recorded native species in 
both all plots in 2003 were Cymbopogon refractus 
(R.Br.) A.Camus, Aristida ramosa R.Br. and Dianella 
longifolia R.Br., and Themeda australis (R.Br.) Stapf, 
Sorghum leiocladum (Hack.) C.E.Hubb. and A. ramosa 
in 2005. The number of records for some characteristic 
species of the endangered ecological community, such 
as Austrodanthonia racemosa (R.Br.) H.P.Linder, Cym-
bopogon refractus, Glycine clandestina J.C.Wendl., 
Dodonaea viscosa Jacq., and E. moluccana, decreased 
in infested plots between the two sampling times.

The projected cover of native species was signifi-
cantly less (t-test, P <0.01) in the infested plots than 
controlled plots during 2003 and 2005. In the presence 
of H. hirta, native species richness was reduced by 
about 48% in 20 × 20 m plots and 59% in 6 × 5 m plots 
in 2003. The results were similar in 2005. The cover 
of other exotic species in 20 × 20 m plots was less in 
the controlled plots than in infested plots during 2003, 
in contrast with 2005 when the cover of other exotic 
species was greater in the controlled plots. The cover 
of different functional groups such as forbs, grasses 
(except H. hirta), graminoids, ferns, parasites, shrubs, 
trees and vines decreased between 2003 and 2005 in 
infested plots, whereas the cover of H. hirta increased 
in the infested plots between 2003 and 2005.

DISCUSSION
The findings of this study show that the number 
and projected cover of native plant species were 
significantly reduced by the invasion of H. hirta in 

this travelling stock route. Projected cover of H. hirta 
greatly exceeded that of all native groundcover species 
combined in the infested plots. H. hirta also affected 
the number and cover of other exotic species present 
on the infested plots.

These results are consistent with those of McArdle 
et al. (2004) and demonstrate that the impact of this 
weed on species richness in travelling stock routes, 
which are intermittently grazed, can be as severe 
as those in conservation reserves, where domestic 
livestock grazing is excluded. The findings of this 
study provide evidence that the invasion of H. hirta is 
a major threat to the species richness of native flora 
in at least one Australian ecosystem (Nadolny 1998, 
Benson 1999). McArdle et al. (2004) surveyed an area 
with soils derived from different parent material than 
Manilla, indicating that H. hirta can be highly invasive 
under differing soil conditions as well as differing land 
management regimes.

In both the Manilla survey and the survey con-
ducted by McArdle et al. (2004) H. hirta in all infested 
sites dominated ground cover and reduced native 
species richness, but was absent from the controlled 
sites. However, the conclusions of this study need to 
be interpreted with caution because they are based 
on a comparison of one infested and one uninfested 
area only and we have assumed that the vegetation of 
both areas was similar before the infestation occurred. 
Nevertheless, the results are quite similar to those of 
McArdle et al. (2004), suggesting that the differences 
were related to H. hirta infestation.

There are various possible explanations for the ef-
fect of H. hirta on native species. It has been suggested 
that Hyparrhenia species may produce allelochemicals 
that affect the growth of surrounding species. However, 
the strength of these effects and their importance are 
not well understood (D’Antonio and Vitousek 1992). 
Resource competition and population dynamics are 
also important. For example, inter-tussock space influ-
ences recruitment and survival of many plant species. 
Morgan (1997) reported that sites with short grass 
species had significantly greater amounts of light at 
ground level, compared with taller species. Warner 
(2004) reported that the increased production of plant 
litter and less inter-tussock spacing of H hirta appears 
to favour the formation of monocultures, compared 
with the native grass T. australis which forms more 
open clumps, at least with intermittent grazing.

The findings reported here have serious implica-
tions for the conservation and management of infested 
and uninfested areas. Hyparrhenia hirta seems to 
be highly invasive and exhibits rapid growth, wide 
temperature ranges for germination and growth, 
and ability to grow on a wide range of soil types 
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(McCormick and Lodge 1991, McWilliam et al. 1970, 
Nadolny 1998, Storrie 2003). These special abilities 
of H. hirta are a major problem for environmental 
managers. The threat posed by H. hirta can be man-
aged by focusing on prevention of further spread into 
uninvaded areas and control of current infestations 
(McArdle et al. 2004).
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