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Key Points 
• Rivers of southeastern Australia have undergone substantial geomorphic and vegetative change

since European settlement.
• With improved land management practices, the areal cover of riparian vegetation has increased in

recent decades. However, invasive species are often dominant and new methods for large-scale
control are increasingly important.

• A trial controlled burn conducted to control Arundo donax within the riparian zone showed
promising results for exotic species management and should be considered for future testing.

Abstract 
Throughout Eastern Australia, and much of the New World, rivers have undergone dramatic geomorphic and 
vegetative change following European settlement. Recent research has documented a shift in the trajectory 
of river health towards recovery, including an increase in riparian woody vegetation and depositional 
landforms. However, there is limited information about the quality of the returning riparian vegetation, 
specifically the extent to which exotic plant species are contributing to the recovery and the geomorphic 
effectiveness of riparian vegetation. In response to these observations, this investigation sought to document 
and quantify the geomorphic and vegetative change that has occurred over the past century along the 
Paterson River in the Hunter Valley, New South Wales. Through combining studies of geomorphology and 
ecological restoration science, this project aimed to link the effects of land management, exotic plant species 
invasion and geomorphic change on river recovery, and couple this information with trials of large-scale 
invasive plant species management techniques in the riparian zone. Preliminary trials of field-based, large-
scale riparian invasive plant species management were conducted using a combined process of aerial 
herbicide spraying and controlled burning. Overall, the initial riparian burn showed promising results for the 
management of invasive riparian plant species and should be considered for future testing. 
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Introduction 
Riparian vegetation plays a critical role in the physical and ecological function of river systems and the 
connectivity of the broader landscape through which rivers flow. Riparian vegetation is essential for providing 
habitat, moderating stream temperature, filtering sediment, retaining nutrients, and stabilising stream banks 
(Hood and Naiman, 2000; Naiman and and Decamps, 1997). However, extensive anthropogenic disturbance 
to river systems and riparian vegetation has resulted from poor land management practices, such as those of 
agriculture, which has caused an increase of sediment and nutrient loads, water extraction, clearance of large 
woody debris and sand/gravel extraction (Brooks et al., 2003; Dyderski et al., 2015; Richardson et al., 2007). 
These anthropogenic disturbances exacerbate the natural characteristics of riparian systems that facilitate 
exotic species, such as frequent disturbance from flooding (Greet et al., 2013), transportation of propagules 
(Catford and Jansson, 2014), high nutrient levels (Richardson et al., 2007) and edge effects (Cumming, 2002). 
However, in recent decades there has been a shift towards better land management, allowing passive 
riparian vegetation recovery (Fryirs et al., 2013; Fryirs et al., 2018) in conjunction with an increase in riparian 
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vegetation restoration projects (McDonald and Williams, 2009; Spink et al., 2010). Consequently, many river 
systems are physically recovering through channel contraction from river bed aggradation and the formation 
of bench and bar structures (Fryirs et al., 2009; Fryirs et al., 2018; Fujioka and Chappell, 2010; Mould and 
Fryirs, 2018). However, despite an increase in the cover of riparian vegetation, there is concern about 
whether the apparent recovery is owing to the establishment of invasive species in preference to native 
species (Cohen et al., unpublished; Fryirs et al., 2018; Webb and Erskine, 2003). 

Current weed control techniques commonly include physical removal, herbicide application, biological 
controls, heat treatments and carbon application (Sheley et al., 2011). However, these weed control 
techniques are often unsuccessful, inefficient, not suited to the short time frames and/or small budgets of 
many environmental restoration contracts and applied in a patchy, site-by-site approach (McDonald and 
Williams, 2009). To address the limitations of current weed management techniques, and to address larger-
scale invasion into riparian corridors, this research aims to trial the use of fire for invasive species control in 
riparian zones. There is much debate on whether fire should play a role in natural riparian systems (Dwire and 
Kauffman, 2003; Pettit and Naiman, 2007). However, in novel riparian systems that are heavily modified and 
disturbed by anthropogenic activity, or in ecosystems where fire has been part of the environmental and 
cultural history (e.g. Indigenous burning), fire could provide a means for controlling invasive species. 
Subsequent reintroduction of native species through passive regeneration or replanting can then occur (e.g. 
O'Donnell et al. (2014); O'Donnell et al. (2016)). This technique is intended to allow riparian vegetation 
restoration to occur more efficiently and on a larger scale by combining the use of aerial herbicide application 
with a controlled burn to remove invasive species biomass and create a window of opportunity in which 
conventional follow up weed control can take place. It is predicted that by using aerial herbicide application 
to create a dry, dead fuel load that a controlled burn will be able to reach a temperature sufficient to remove 
above ground biomass and kill or hinder below ground propagules. This will then provide a sufficient period 
of time with low vegetation cover in which any regenerating invasive species can be controlled before 
reinvading the site. 

Regional setting 
This study was conducted in the lower Hunter Valley Region of New South Wales, Australia, on the Paterson 
River (Figure 1). The Paterson River has a catchment area of approximately 1200 km2 and flows from 
Barrington Tops National Park in its headwaters through to its confluence with the Hunter River at Hinton 
(WMA Water, 2016). Land use in the Paterson River catchment is dominated by agriculture with pockets of 
forest constrained to ridge tops and the headwaters within Barrington Tops National Park (McCauley, 2006). 
The prevalence of agriculture has resulted in widespread land and river degradation and the introduction of 
many agricultural and environmental pest species (McCauley, 2006).  

The focus reach is located immediately downstream of the township of Paterson (Figure 1) and contains a 
large stand of Arundo donax (commonly known as giant reed or giant cane, hereafter Arundo) approximately 
420 m long, spanning from the channel to the edge of the floodplain, with the widest section approximately 
60 m wide. Previous control methods for Arundo on this site have included excavation and manual herbicide 
application but with limited success (pers. comm.). The study site is situated along a laterally unconfined, low 
sinuosity, fine-grained river with a sequence of up to three benches lining each bank (Figure 3). Flood history 
for the area is moderately well known (Morgan and Jones, 2016) and floods overtop the bank periodically, 
with the most recent major floods in 2015 (Figure 1).  
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Figure 1: The study site was located between Tocal and Paterson on the Paterson River, approximately 150 
km north of Sydney, New South Wales. The Gostwyck gauge (Bureau of Meteorology gauge number 
210079) is located approximately 400 m upstream of Paterson. Data acquired from the NSW Office of 
Water PINNEENA database. 

Methods 
Vegetation mapping was conducted using desktop analysis of historical aerial imagery from 1938 and 1967 
and satellite imagery from LANDSAT 2014. Aerial imagery was digitised and georeferenced using ArcMap 
v10.2 software, producing root mean square error values of 12.8-13.3 m and 12.7 m in 1938 and 1967, 
respectively. Vegetation mapping quantified the areal cover of woody riparian vegetation in km2 and 
determined the percent woody riparian vegetation cover by determining the areal extent of the immediate 
riparian zone, assuming that the immediate riparian zone extended from the edge of the inset channel to the 
edge of the floodplain. Historical on-the-ground photographs were compared to contemporary photographs 
to demonstrate visual shifts in geomorphic and vegetative condition. 

Aerial spraying (in collaboration with Tocal Agricultural College and Skyland Management) was conducted in 
spring 2016 and was applied using unmanned aerial vehicle (UAV) technology, which administered glyphosate 
(Roundup Ultramax 570) to approximately 5500 m2 of riparian vegetation. Aerial spraying was constrained to 
large stands of Arundo not covered by native canopy and was not applied within 2 m of the river’s edge or to 
Arundo overhanging the adjacent agricultural land. The controlled burn was conducted in late winter 2017, 
nine months later, to allow sufficient drying of the standing sprayed material. The burn was initiated using 
drip torches applied to the perimeter. Light rain, cool temperatures and no wind was experienced during the 
controlled burn. Vegetation was surveyed before and after the controlled burn using randomized 2 m x 2 m 
quadrats, with 20 quadrats per variable (no pre-burn spray with no burn (control), pre-burn spray with burn, 
pre-burn spray with no burn). Each survey recorded species composition, growth type and percent cover. 

Results 

Geomorphic and vegetation change 
Riparian vegetation cover analysis revealed an overall increase in woody riparian vegetation from 28% in 1938 
to 48% and 54% in 1967 and 2014, respectively (Figure 2). However, despite an overall increase in vegetation 
cover it is evident that the shift in vegetation along the focus reach has been from evenly distributed low-
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density vegetation to vegetation that is more clustered, higher density and of increased coverage. Vegetation 
surveys conducted downstream of the Paterson Road bridge recorded a total of 49 species, composed of 45 
exotic species and 4 native species. The site was dominated by Arundo with an understorey of exotic 
herbaceous and vine species. Geomorphic assessment of historical on-the-ground photographs demonstrated 
an increase in features such as bank-attached bars and benches with densely vegetated banks from early 
1900 conditions of exposed banks and poor geomorphic heterogeneity (Figure 3). 

Figure 2. Aerial photo sequence demonstrating changes in riparian vegetation cover from 1938 (38%), to 
1967 (48%) and 2014 (54%). 

Figure 3. Historical on-the-ground photographs of the Paterson railway bridge demonstrating shifts in 
geomorphic and vegetative condition. Image A, circa 1905-1915 (G. Kelly). Image B, 2015 (Dossier 48). 

Controlled burn trial 
The total area covered by the controlled burn was approximately 2500 m2, which covered approximately 36% 
of the vegetation treated with herbicide. Owing to unfavourable weather conditions, the controlled burn had 
difficulty travelling through the target area and resulted in patchy burn coverage. However, burnt areas had 
almost complete combustion of biomass and appeared to have reached moderate temperatures. Overall, 
species composition analysis revealed several species only germinated after aerial spraying, including Native 
Grape (Cayratia clematidea), Inkweed (Phytolacca octandra) and Castor Oil (Ricinus communis), presumably 
due to the increase in sunlight reaching the understorey below the Arundo. Several species did not reappear 
after the controlled burn, including Cobbler’s Peg (Bidens pilosa), Lantana (Lantana camara) and Wild 
Tobacco (Solanum mauritianum), with Trad (Tradescantia fluminensis) also substantially reduced after the 
controlled burn. The target species, Arundo, appeared to have been considerably stunted by the controlled 
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burn, with limited or no regrowth in burnt areas 12 weeks after the burn, regardless of the pre-burn 
effectiveness of the aerial spraying (Figure 4A-4B). Total vegetation cover was an average of 17% at 12 weeks 
after the controlled burn. Across some burnt areas there was a substantial flush of Castor Oil germination 
which is assumed to be a consequence of accumulation of bird dropped propagules previously suppressed by 
the Arundo monoculture (Figure 4C). The only species to show a significant increase in cover after the burn 
when compared to pre-burn conditions was R. raphanistrum.  

Figure 4. A-B) Remains of Arundo rhizomes 12 weeks post burn with limited evidence of stunted growth 
C) Patch of Castor Oil germination in areas of seed bank accumulation.

Discussion 
Through this investigation it was revealed that over the past century the Paterson River has undergone 
geomorphic and vegetative change that has resulted in an increase in riparian vegetation largely composed of 
exotic species. Despite poor burning conditions and burn extent, the trial controlled burn was sufficient for 
the purposes of reducing invasive species biomass, particularly that of Arundo. The significant decline in total 
vegetation cover, to an average of 17%, three months after the controlled burn, suggests that sufficient time 
for follow up invasive species control was made possible by the controlled burn. In addition, it was shown 
that there was no significant increase in any particular growth type or any particular species, other than the 
annual R. raphanistrum, and that there was no continued dominance by a single species. This suggests that 
the controlled burn did not trigger a widespread recruitment of any particular species and did not leave the 
site prone to the immediate introduction of a new species to the site. The removal of species that create 
monocultures, such as Arundo and T. fluminensis, was of particular importance as it has been shown that 
many ecosystem processes and functions decline as species diversity declines to very low levels (Hooper et 
al., 2005). Furthermore, as the species that regenerated post-burn were those already present prior to the 
burn, it can be suggested that all regrowth/regeneration was from propagules present before the controlled 
burn. This suggests that through implementing the controlled burn to control above ground biomass it also 
provides disturbance to stimulate and deplete existing invasive seed bank supplies (Cole et al., 2016), which 
can then be followed up with post-burn control measures . This is beneficial for creating a single pulse of 
invasive regrowth that can be treated effectively with post-burn control measures such as secondary 
herbicide application, manual removal or crash grazing (Cole et al., 2016; Sebastian et al., 2017). This method 
prevents the exotic seed bank from being replenished by immediate propagule sources and allows for more 
effective ongoing site maintenance. 
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It must be noted that this approach is not intended as a ‘set and forget’ technique for riparian vegetation 
restoration. As shown by the large diversity of invasive species present post-burn and the limited presence of 
native species, due to historical clearance and disturbance of the site, there is a need for ongoing post-burn 
invasive species management. Furthermore, due to current restrictions on the initiation of fires in riparian 
zones (NSW RFS, 2006), it will be integral to implement this technique accompanied by a change in current 
policy and regulations. Several considerations will also need to be incorporated into restoration plans which 
weigh up the risks associated with controlled burns, particularly in the riparian zone. The acceptable 
associated level of risk should be determined for events such as high intensity weather events that could 
promote detrimental erosion (Pettit and Naiman, 2007), risk to downstream water quality (Smith et al., 2010) 
or the risk of native canopy mortality (Radford et al., 2008). The determined risk of these events needs to be 
considered in light of specific site characteristics such as the vegetation community, soil type, minimum and 
maximum fire frequency, fuel load, burn pattern and burn seasonality (Knapp et al., 2006; Smith et al., 2010). 

In addition, the resilience, history and landscape setting of vegetation should be taken into consideration 
when prioritising areas for restoration projects (Holl and Aide, 2011). Recent studies have demonstrated that 
riparian structures such as benches and bars can contain a substantial native seed bank at moderately 
disturbed sites, which could be activated using a prescribed burn and aid in the strategic focus of target 
reaches (Goodson et al., 2001; O'Donnell et al., 2014; O'Donnell et al., 2016). In less disturbed settings where 
a native species seed bank response could occur, it could be possible to combine efforts of follow-up invasive 
species management with more passive efforts such as the protection of native species naturally regenerating 
post-fire (Holl and Aide, 2011). However, sites that are more severely disturbed by biotic and/or abiotic 
disturbances, to a stage where natural regeneration is not possible, should be approached as novel 
ecosystems when considering restoration (Hobbs et al., 2009). Novel ecosystems are systems that have 
surpassed thresholds of abiotic and/or biotic disturbances to a stage that prevents them from being restored 
to their original condition with a reasonable amount of intervention (Hobbs et al., 2006). The consideration of 
degraded riparian systems as novel ecosystems could allow the implementation of unconventional 
restoration techniques, such as controlled burning, that would not be traditionally considered within an intact 
system.  

Currently, restoration at a catchment scale is considered near impossible with conventional restoration 
techniques and that the scope and outcomes of restoration in the riparian zone is constrained by the 
condition of the catchment (Richardson et al., 2007). This is where it is often beneficial to work on a reach-
scale approach for restoration in order to formulate achievable outcomes (Moerke and Lamberti, 2004). The 
key benefit provided by large-scale restoration techniques, such as controlled burning, is that the rapid 
removal of above ground biomass allows restoration efforts focused at a reach scale to progress more rapidly 
and allow for a shift towards a more catchment scale approach. This shift towards restoration at a larger scale 
will be essential to addressing the large-scale invasion of riparian zones that is being witnessed throughout 
river systems. 

Conclusions 
Overall, this investigation demonstrated that the Paterson River has undergone geomorphic and vegetative 
change that has results in an increase in overall riparian vegetation, but a substantial increase in exotic 
species composition. It was shown that a combined use of aerial spraying and controlled burning can be used 
for the primary removal of above ground invasive species biomass to allow for efficient subsequent riparian 
vegetation restoration. The trial of unconventional techniques such as controlled burning in riparian zones 
will be essential for addressing the large scale invasive species infestations in riparian vegetation and it will be 
essential to acknowledge that many riparian systems that are currently recovering from past river 
degradation are novel ecosystems and that their management may differ substantially from conventional 
views of how remnant vegetation should be treated. This change in approach to riparian vegetation 
restoration will be essential for developing techniques at a large, landscape scale.  
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