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Summary
Arid land plant species rely on infre-
quent rainfall events for their recruit-
ment, growth and reproduction. On rare 
occasions, well above average rainfall 
can create natural disturbances on this 
landscape. Such episodic flood events not 
only facilitate native species irruptions 
but also create conditions for exotic spe-
cies to spread into new territory. Though 
studies have examined the effect of flood-
ing events on native species recruitment, 
little is known about flooding facilitated 
weed invasion in arid landscapes in Aus-
tralia. The main objectives of this study 
were to investigate: (i) the distribution 
of exotic plant species in flooded and 
control (unflooded) areas in relation to a 
1997 episodic flooding event and (ii) the 
influence of grazing in flooded and un-
flooded open and fenced plots on weed 
colonization. Across flooded fenced and 
open plots eleven exotic species from five 
families were recorded. Ten of these were 
herbs or annual grasses, but one was the 
South American shrub Nicotiana glauca 
that had invaded large areas. In the flood-
ed area N. glauca stem density increased 
from zero (September 1998) to 554 ha-1 
(September 1999). In October 2003 stem 
density was three times higher in the 
flooded open plots than previous years. 
In contrast N. glauca was not recorded 
from control (unflooded) fenced and un-
fenced plots. At October 2002 and 2003 
sampling in the flooded unfenced plots 
a significant number of plants had res-
prouted. Though 11 exotic species were 
recorded in flooded fenced and control 
plots, N. glauca was the most aggressive 
invader. Future flood events may provide 
the opportunity for this aggressive spe-
cies to further extend its territory. Control 
measures should be adopted to prevent 
further infestation of this species into 
fragile arid ecosystems.

Key words: arid-zone, flooding, Nico-
tiana glauca, tree tobacco, weed inva-
sion.

Introduction
Natural disturbances such as flooding 
and wind facilitate spread of established 
exotic species into new areas (Cellot et 
al. 1998, Williams and West 2000, Vran-
jic et al. 2000). Hobbs (1991) indicated 
weed invasion is generally increased by 
disturbance and Australia’s most seri-
ous weeds require disturbance for their 
recruitment and establishment. Virtue et 
al. (2001) suggested exotic species extend 
their territory in several ways, including 
accidental introduction by human, delib-
erate introduction, accidental movement, 
wind, wild terrestrial vertebrates (Hobbs 
1991, Hobbs and Huenneke 1992) and 
flood (Florentine and Westbrooke 2005). 
However, some natural disturbances such 
as flooding events are essential for native 
species recruitment and subsequent sur-
vival in arid lands Westbrooke et al. (in 
press). On the other hand exotic plant spe-
cies can utilize these events to extend their 
territory. A rare flood event occurred in 
Olary Creek during early the part of 1997 
following 216 mm of rainfall in 24 hours in 
the Olary Ranges of South Australia. This 
high rainfall led to extensive flooding and 
formed a terminal lake in Nagaela Station, 
western New South Wales. 

Knowledge of how exotic plant species 
respond to high rainfall driven flooding 
events in arid land is sparse mainly be-
cause of limited research, such events hav-
ing been ignored as ‘once in a lifetime’. 
With global warming bringing significant 
changes in weather patterns, these events 
may become more frequent. In this context, 
Olary Creek flood event in South Australia 
and New South Wales in 1997 provided 
a valuable opportunity for study of the 

impact of such events on arid ecosystem 
structure, function, patterns of exotic spe-
cies colonization, and succession. Grice 
(2004) indicated that alien plant invasions 
into Australian rangelands have severe 
impacts on ecosystem function. Grazing 
pressure from native and introduced ver-
tebrates is another major concern. To ex-
amine the impact of high rainfall driven 
flooding and grazing on native species, 
exclosure plots were established in 1999 
in flooded and control (unflooded) areas. 
Preliminary assessment of the outcomes 
of flooding and grazing on species com-
position suggested a range of outcomes 
but in this paper we focus on invasive 
species colonization patterns, particularly 
the aggressive invader Nicotiana glauca 
R.Graham. 

Nicotiana glauca, a native of South 
America, is a fast growing perennial 
shrub or small tree belonging to the family 
Solanaceae (Mizrachi et al. 2000). It grows 
vigorously, particularly after high rainfall 
events. Flowering usually commences ap-
proximately one year after germination 
and a fully-grown plant can produce 10 000 
to 1 000 000 seeds (Boyland et al. 1985). The 
most effective mode of long distance seed 
dispersal is through ombrohydrochory 
(seed dispersal through rainwater). N. 
glauca is found in open and disturbed ar-
eas including wastelands, roadsides and 
creek lines (Boyland et al. 1985). Extensive 
stands may be found for some years on 
stream floodplains and drainage channels 
after summer floods (Cunningham et al. 
1981). 

Although some studies have been car-
ried out on high rainfall flooding events 
and their impacts on native species (We-
ston and Westbrooke 1999, Westbrooke et 
al. in press), no detailed study has been 
carried out to examine weed invasion af-
ter a rare flooding event. In particular no 
work has been carried out to understand 
the relative influence of rare flooding and 
grazing on weed invasion in arid land-
scapes. The main objectives of this study 
were to investigate (i) the distribution of 
exotic species in flooded and control (un-
flooded) areas in relation to episodic flood-
ing in 1997 and (ii) the influence of grazing 
in flooded and control (unflooded) open 
and fenced plots on weeds colonization.

Materials and methods
Study area
The study area is within the catchment of 
the ephemeral Olary Creek, where the veg-
etation is comprised of mallee open-scrub 
(Westbrooke et al. 1998). Such vegetation 
has a sparse canopy of multi-stemmed 
eucalypts. The ephemeral Olary Creek 
rises in the Olary Ranges of north east 
South Australia and flows south and east 
through Mutaroo and Oakvale Stations. 
There, one branch forms a large lake adja-
cent to Oakvale Homestead, while another 
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splits into three channels that flow across 
the New South Wales border into Kimber-
ley and Loch Lilly Stations. Two of these 
later join and flow due east to fill Woolcun-
da Lake, White Lake, and a new lake (Bor-
der Lake) within mallee vegetation on the 
NSW/SA border. The third channel flows 
south east into Nagaela Station to form 
a terminal lake within mallee vegetation 
(Figure 1). The creek flowed for the first 
time in many years in February 1989 (K. 
Weitch, Oakvale Station, personal commu-
nication), and again more extensively in 
February 1997, after up to 216 mm rainfall 
fell in 24 hours (close to mean annual rain-
fall). This rare flood event caused severe 
erosion and also formed ephemeral lakes 
within Oakvale and Nagaela Stations after 
washing through mallee vegetation. The 
water level in the newly created Nagaela 
Lake was up to two metres in the deep-
est point. The water stayed for approxi-
mately two years. Weston and Westbrooke 
(1999) suggested that the water flooded 
an original creek line that had not flowed 
to this extent for more than 100 years, al-
lowing the drift of sand and establishment 
of mallee vegetation. Rainfall records and 
reports from Olary and Mannahill suggest 
four flooding events since the 1920s (Table 
1). Prior to the September 1997 flooding 
event, part of the vegetation around Olary 
Creek had been burnt by natural fire. 
Major vertebrate herbivores in the Olary 
Creek catchment are kangaroos, goats, 
sheep and rabbits.

Chronological events
A rare flooding event occurred in Septem-
ber 1997. In November 1999, twenty months 
after flooding (floodwater stayed approxi-
mately 21 months), plots were established 
in the flooded and unflooded (control) area 
as the lake dried. Detailed vegetation data 
were collected in September 1999 (3 years 
and 10 months after the flood event), Octo-
ber 2002 (5 years and 10 months after the 
flood event) and October 2003 (6 years and 
10 months after flood event).

Experimental design
To assess the impact of this rare, high rain-
fall-driven flood and grazing, 25 × 25 m2 

permanent plots were established in the 
‘new lake’ in September 1999, 22 months 
after the flooding (February 1997) in con-
trol (n = 2) and flooded (n = 4) areas. The 
permanently marked plots were placed in 
pairs with one of the plots in the pair left 
unfenced and the other fenced to exclude 
kangaroos, sheep, feral goats and rabbits. 
Within each plot, all exotic plants were re-
corded with N. glauca also noted as dead 
or resprouted. 

Results
Post flooding weed species colonization
Across the flooded fenced and open plots, 
eleven exotic species from five families  

(Table 2) were recorded in the flooded 
plots: Dittrichia graveolens, Onopordum 
acanthium, Sonchus asper and Sonchus oler-
aceus (Asteraceae), Bromus rubens, Critesion 
murinum ssp. leporinum and Schismus bar-
batus (Poaceae), Spergularia rubra (Caryo-
phyllaceae), Brassica tournefortii (Brassi-
caceae), Salvia verbenaca (Lamiaceae), and 
Nicotiana glauca (Solanaceae). All of these 
are herbs or annual grasses except for, the 
South American shrub N. glauca which in-
vaded a large part of the lake and extend-
ed into the surrounding mallee shrubland. 
N. glauca stem density varied between 
flooded fenced and unfenced plots and 
also varied between assessments. More 
importantly, none of the invasive species 
were recorded in the control fenced and 
open plots. 

Nicotiana glauca stem density 
In September 1998, and October 1999 no 
N. glauca was found across flooded and 
control plots. In September 1999, 24 and 
12 N. glauca plants ha-1 were recorded from 
flooded unfenced and fenced plots respec-
tively. This number had increased by Oc-
tober 2002, when 756 and 468 ha-1 were 
recorded in the flooded unfenced and 
fenced plots respectively. In October 2003 
stem density further increased in flooded 
unfenced plots (Figure 2). 

In October 2002 80% of the plants in 
flooded unfenced plots had resprouted. Of 
these, 90 and 10% of them were resprouted 
following dieback in a dry period from 
the base and from branches respectively. 
Twenty percent were found dead or not re-
sprouted. Similarly, in the flooded fenced 
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Figure 1. Study site. 

Table 1. Monthly rainfall (mm) and events causing flows over the Olary 
Creek past 100 years.

Year

Olary Mannahill

EffectsFeb March Feb March

70 year 
average

25 18 21 15 –

1921 * * 143 134 Flooding of Olary Creek. Woolcunda and 
White Lake filled (R. Seccombe, Woolcunda 
Station, personal communication)

1950 152 107 74 87 Presumed flow in upper sections of Olary 
Creek

1989 0 214 0 171 Extensive flooding along Olary Creek; 
Woolcunda lake filled (Weston and 
Westbrooke 1999) 

1997 216 0 271 0 Extensive flooding along Olary Creek; 
Woolcunda and White Lake filled (Weston 
and Westbrooke 1999)

* Data not available.
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plots 72% of plants resprouted. Of these, 
87% and 13% resprouted from the base 
and branches respectively. Of 117 plants 
recorded 26% were either dead or not res-
prouted. In contrast N. glauca was not re-
corded from control (unflooded) fenced 
and unfenced plots (Figure 3 A and B). 

Discussion
Eleven exotic species were recorded in the 
flooded plots in contrast to none recorded 
in unflooded areas. Except for N. glauca, 
all species recorded during these surveys 
had been recorded prior to the 1997 rare 
flood event (Forward and Robinson 1996,  

Westbrooke et al. 1998). This demonstrates 
that N. glauca invaded new territory fol-
lowing the 1997 flood event created by 
high rainfall in the Olary Ranges.

Although eleven exotic species were re-
corded across the treatment plots, N. glauca 
seems to be the more aggressive colonizer. 
N. glauca took approximately 2.5 years to 
establish following the flood, but within 
two years of recruitment plants per ha in-
creased significantly. Number of stems per 
ha recorded in the subsequent year (Oc-
tober 2003) increased by 300%. N. glauca 
stem density in the flooded unfenced 
plots was significantly higher than the 

stem density in the flooded fenced plots. 
(Figure 2). Westbrooke et al. (in press) and 
Florentine and Westbrooke (2005) sug-
gest reasons for higher stem density in 
the flooded open plots. Grazing pressure 
from goats, kangaroos and rabbits may 
have eliminated competition from native 
shrubs and grass species, creating ideal 
conditions for N. glauca seedlings to uti-
lize available resources such as water and 
space to establish and survive during the 
subsequent summer months. 

Studies conducted by Forward and 
Robinson (1996), and Westbrooke et al. 
(1998) confirm the previous absence of  

Table 2. Exotic species density m-2 in the flooded enclosure, open, control enclosure and open plots between year 
1999 and 2003. A/P = Annual/Perennial, FO = Flooded Open, CO = Control Open, FE = Flooded fenced, and CE = 
Control fenced. 

Family
Species 
Common name A/P

Life 
form

Year 1999 Year 2002 Year 2003

FO CO FE CE FO CO FE CE FO CO FE CE
Asteraceae Dittrichia graveolens 

Stinkwort
A Herb 0.0054 0.1424 0.0336

Asteraceae Onopordum acanthium 
 Scotch thistle

A Herb 0.0032

Asteraceae Sonchus asper 
Prickly sowthistle

A Herb 0.0015 0.0368 0.520

Asteraceae Sonchus oleraceus 
Common sowthistle

A Herb 0.0123 0.0048

Brassicaceae Brassica tournefortii 
Wild turnip

A Herb 0.0064

Caryophyllaceae Spergularia rubra 
Sandspurrey

A Herb 0.0015 0.0032 0.0016 0.0508 0.96

Lamiaceae Salvia verbenaca 
Wild sage

A Herb 0.0032

Poaceae Bromus rubens 
Red brome

A Grass 0.0048 0.0768

Poaceae Critesion murinum 
ssp. leporinum 
Wall barley grass

A Grass 0.0032 0.0064

Poaceae Schismus barbatus 
Arabian grass

A Grass 2.4784 5.1536

Solanaceae Nicotiana glauca 
Tobacco bush

P Shrub 0.7158 0.0054 0.0896 0.0788 3.0208 0.8064
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Figure 3. (A) Per cent N. glauca plants found resprouted and (B) dead/not 
resprouted in FF = Flood fenced, FO = Flood Open; CF = Control fenced and 
CO = Control Open. Bars (grey) and (black) indicate year October 2002 and 
October 2003 respectively.

Figure 2. N. glauca stem density in 
flood fenced (grey) and flood open 
(black) plots over a four year  
period.
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N. glauca from the newly formed lake 
area. As flooded areas dried out, N. glauca 
seed deposited on peripheral mud germi-
nated and formed a dense stand. Griffin 
et al. (1989) similarly found that Tamarix 
aphylla, a tree commonly planted around 
homesteads in arid Australia, extends its 
territory after heavy flooding. They also 
reported that once this species invaded, it 
has a significant impact on both pastoral 
and conservation values. 

As floodwater recedes, soil water is at 
a maximum, providing ample opportu-
nity for germination and establishment of 
plants. Consequently, variation in rainfall 
probably causes much of the temporal 
and spatial dynamics in arid and semiarid 
vegetation. As annual rain inputs return 
to normal, we would expect to encoun-
ter drought-caused mortality among the 
large number of recruits. Our study shows 
that a significant number of N. glauca shed 
their leaves during the dryer months and 
resprouted after a small amount of pre-
cipitation. This shows N. glauca is resilient 
to dry conditions. 

Boyland et al. (1985) found that a fully-
grown N. glauca can produce 10 000 to 
1 000 000 seeds. In the absence of data on 
seed available to enter the soil, it is dif-
ficult to demonstrate whether all seed 
produced by mature plants entering soil 
will germinate. However the question yet 
to be answered is: how long can the N. 
glauca seeds stay viable in the soil? Most 
species in seed-banks have physiological 
dormancy (Baskin and Baskin 1989). In 
any habitat, the seed-bank is composed of 
species that differ in response to favoura-
ble environmental conditions. Greenhouse 
conditions will not stimulate germination 
of all viable seeds, and seed germination 
may occur over a lengthy period (Brown 
1992). Therefore, germination data may 
not be accurate. The assumption is that in-
dividual soil samples have similar chances 
of containing viable seed. Residues were 
not examined physically to search for un-
germinated viable seed presence.

There is a considerable debate over the 
definition of disturbance. It can be natural 
(fire, flood or wind), caused by introduced 
stock and feral animals (cattle, rabbits and 
pigs) or by direct human interference (road 
constructions, mining, clearing) (Hobbs 
1991). Whatever the disturbance, there is 
a clear relationship with weed spread. To 
prevent further infestations, disturbance 
from stock and feral animals can be mini-
mized but natural disturbance such as flood 
events cannot be avoided. It is important 
that appropriate management strategies be 
followed to prevent further infestation.

In conclusion, although 11 exotic spe-
cies were recorded in flooded fenced and 
control plots, N. glauca was the most ag-
gressive invader and established follow-
ing the 1997 flood event. Results indicate 
that, within five years of recruitment,  

N. glauca not only established its new ter-
ritory but also developed a significant soil 
seed bank. As Westbrooke et al. (in press) 
demonstrated, high grazing pressure from  
native and introduced vertebrates elimi-
nated native annuals and perennial spe-
cies and provided an ideal condition for 
weed species such as N. glauca to estab-
lish. Flannery (1999) pointed out that 
Australian arid environments face El 
Niño–Southern Oscillation (ENSO) and as 
a result, drought, fire, and flood could oc-
cur at varying intervals. In addition global 
warming will alter climatic patterns and 
may increase the frequency of high rain-
fall events previously rare in arid ecosys-
tems. Species such as N. glauca will utilize 
these events and extend further into na-
tive shrublands. Therefore control meas-
ures should be adopted to prevent further 
infestation of this species into fragile pro-
ductive aridlands.
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