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Introduction 
Landscapes and ecosystems are composed 
of complex networks of interactions; consequently 
the effects of managemen t actions ca n be 
unpredictable . In dynamic floodplain systems 
a wide range of changes, acti ng through a diversity 
of diffe rent processes, increase the abundance of 
weed establishment. pro l ifera tion and spread wi thin 
native plant communi ties [Table 11. Sustainable 
weed control is li kely to be easiest to ach ieve if 
management actions are conducted with in the 
scope of broa der floodplain management goals. 
The overa ll goal may contain a combination of the 
fo llow ing: to restore a particu lar ecosystem service, 
production value, functiona l or species diversity, 
community structu re or conse rva tion of a part icular 
species of concern. 

Front cover photo Alison Pouliot. Above: Floodplains support 

unique vegetation communities such as these r iver red gum 

forests and Moira grass plains at Barmah forest. Photo Keith Ward, 

Goulburn Broken Catchment Management Authority IGBCMAJ. 
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Weeds as symptoms or 
causes of ecosystem change? 
Directly targeting invasive floodp lain weeds may not 
lead to a shift in th e ecosystem to a more desirable 
state for a number of reasons . First ly, the weed 

spec ies may not be a ca usa l agent of change in 
the ecosystem, but instead may be a symptom of 
underlying processes of ecosystem degradation, 
such as pollut ion and excessive water extraction 
lsee Table 1l. Secondly, the management regime 
itsel f may promote re-invasion by the same or 
differen t species. Thirdly, recovery of nat ive 
vegetation may be dependent on an ecological 

process, such as the supply of plant seeds to 
su itable germination habita t. Management 
objectives may not necessari ly involve reduction 
of the population density of the invasive species 
directly, but instead may involve alteration of the 
ou tcomes of species interactions !e.g. competi ti ve 
exclusion). or manipulat ion of physical factors !e.g. 
flood reg imes). to promote suitable cond it ions for 
native plant species to germina te and reproduce. 



Table 1. Human- mediated changes to r iparian vegetation that potentially lea d t o degradation, w ith special 

emphasis on changes potentially promoting the establishment, proliferat ion and spread of invasive al ien 

plant species . Adapted from Richardson et al. 12007) with permission. See glossary lpage 151 for terminology. 

Type of change Processes affected Effects favouring establishment, proliferation 

and spread of alien plants 

River regulation • Altered flood regime • Increased availabil ity of recruitment sites 

in space and time 

• Changes in plant competition 

• Altered propagule dispersal regimes • Reduced dispersal of native species down rivers 

• Altered geomorphology • Altered sediment dynamics 

Water extraction • Reduced flow • Alterations in plant competit ion 

• Altered flood regime • Increased availability of recruitment sites 

in space and time 

• Altered propagule dispersal regimes • Reduced dispersal of native species down rivers 

Agriculture • Altered nutrient cycling • Alteration of sediment dynamics 

• Increased soil erosion • Conduit for al ien species dispersal 

• Decreased connectivity for dispersal • Reduced propagule pressure (native plants) 

and m igration 

• Reduced buffering capabilities • Increased edge effects 

Clearing r iparian • Altered nutr ient cycling • Altered vegetation functioning 

vegetation • Altered disturbance regimes • Increased space fo r colonisation 

• Reduced bank stability 

• Damaged buffering capabilities • Altered lateral seed dispersal potential 

Planting alien species • Altered propagule dispersal • Introduction of propagules (alien species) 

(lateral and longitudinal) 

• Altered nutrient cycling • Alterations in plant compet ition 

• Altered water use and flow regimes • Alteration of sediment dynamics 

• Reduced buffering capabilities 

Invasion of other • Altered ecosystem functioning and • Alteration of vegetative communities 

alien species successional trajectories 

• Increased fire risk and intensity 

• Reduced buffer ing capabilities • Alteration of sediment dynamics 

• Synergisms (invasional meltdown) • Increased facilitation of alien species invasion 

Pollution • Altered nutrient cycling • Alterations in the outcome of plant competition 

• Reduced fecundity and increased mortality 

Grazing and trampling • Compaction and reduced bank stability • Altered regeneration niches 

(local-scale effects) • Introduction of propagules 

• Reduced vegetat ion cover • Increased space for regeneration 

• Increased nutrient input • Altered plant competition 

• Reduced buffering capabilities 

Altered fire regime • Increased mor tality of native species • Alteration of regeneration niches 

• Altered nutrient cycling • Alteration of riparian structure and function 
\ 

• Reduced buffering capabi lities 

Global climate change • Altered flow regimes • Alteration of vegetation communities 

• Increased amplitude of flood events • Increased long-distance propagule dispersal 
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Biotic strategies of 
resilience and disturbance 
Resilience is the natural capacity of an ecosystem 
to recover from an alte ration. or the adaptation to 
a regular disturbance. Disturbance is a natural 
or artificially imposed perturbation of the system. 

Changes in th e frequency, duration, depth and 
spat ial extent of flooding are forms of distur bance 
tha t can have significant implications for wetland 
and aquatic habitats. Disturbance is a complex 
stru cturing mechanism. on the one hand it faci l itates 
co-ex isten ce and maintains biodiversity by increasing 
opportunit ies for adapted nat ives to establish. 
whereas on the other hand changes to. or newly 
imposed disturbance. can create cond itions that 
favour the dominance of one species ove r others. 
The effect disturbance has on spec ies r ichness will 
vary depending on its inherent frequency. intensity, 
duration, timing and scale. The spec ies that 
assemble after a disturbance event will also depend 
on the charac teristics of the individua l ecosystem. 
including the composition of the seedbank, resou rce 
availabil ity and the outcome of species interactions. 

Predicting future alterations to vegetat ive 
community composition following disturbance 
events . and the consequences of such alterat ions 
is a key priority for managers. Unfortunately, 

Slow flows in floodplain creeks may promote colon isation by aquatic 
weeds such as Sagittar ia. Photo Kim Pullen, CSIRO Entomology. 

cha nges to natu ral flood regimes and th e invasion 
of weeds have altered the natural pattern of species 
succession in flo odpla in communities . making 
priorit isation of future management plans a 
difficult process. In addit ion. climate change 
is predicted to alter trends in the frequency and 
size of future flood events in south-east Australia. 
with consequent effects for ecosystem functions 

and processes. In th is context native plant species 
can actually become invasive under the altered 

conditions. as they beg in to appear in areas whe re 
they have historically been absent. Understanding 
and forecasting changes in plant communities . 
ecosystem proper ties. and their associated services 
requ ires a mechanistic l ink between community 
shifts and modificat ions in ecosystem proper ties. 

Thi s guide describes a management protocol 
that aims to link the distur bance ecology of invasive 
weeds to management strategies, by investigating 
the benefits of incorporat ing act ions that manipu late 
di sturbance [na tu ral or artif icial) into control 
efforts. The factors influencing floodplain vegetation 
composition are discussed and conceptual models 
outlined, followed by a generalised framework for 
designing and implement ing monitoring programs 
to assess ecolog ical responses resulti ng from 
speci fi c management actions, focusing on the 
impacts of alterations to environmental flows 
on floodplain weeds as an example. 

River channels act as dispersal conduits 
Di spersal of propagules [plant seeds and veg etative 
units) in wa ter is determined by the hydrolog ical 
reg ime during seed release and transport. as well 
as hydrolog ica l connectivi ty w ith in the landscape. 
River channe ls can act as conduits . transporting 
plant propagules to new locat ions. This is impor tant 
when considering the potential success of 
controlli ng weed spec ies. or the re- establ ishmen t 
of native vegeta tion. For example . the arrival of 
part icular weeds in low lying catchments can 
sometimes be predicted from their abundance at 
higher eleva tions. This is demonstrated in Figure 1 
opposite. which shows the chronolog ical sp read of 
Phyla canescens [Lippial. a low-growing plant that 
fo rms extensive mats preventing colonisation by 
other species. In itial reco rds [pre-1950] show this 
weed had limited distribution in the north -east of 
Queensland and in the high elevation Alpine area on 
the border between Victor ia and New South Wales. 



• 1971 -1990 
0 1951-1970 

'- - - - - - ' • Pre 1950 
~ : P canescens 

. 

Later records show the encroachment of the plant, 
southwards and westward s into the Murray system, 
with some early records [ 1951-70] occurring at the 
confluence of the Darling and Murray Rivers. Lippia 
is ca pable of regenerating from detached plant 
fragments which re -root at downstream locations 
following flood events. Whilst there are no records 

of lippia occurrence in the Darl ing River, it is 
highly probable that th eir absence is due to the 
low frequency of surveys conducted in this area , 

rather th an true absence. The spatial patterning 
of the invasion over time, linked with knowledge of 

reproductive ability and dispersa l capacity, ind icate 
that invasion of the River Murray occurred due to 
the downst ream transport and establishment of 
frag ments. 

The importance of hydrogeomorphic 
processes in creating habitat for 
floodplain vegetation communities 
Flood disturbances can both scour substra te and 
deposit sediment of various sizes. Many floodplains 
represen t a shifting mosa ic of landforms created 
by hydrogeomorphic processes. Depending on the 

degree of erosion or deposition, floods can cause 
breakage and uprooting of plants and burial of 
established vegetatio n. This se lects for plant species 
which can tolerate these physical con ditions. 

The importance of life history strategies 
Plant life hi story strateg ies [e .g. growth form, seed 
size. di spersal mode. flowe ring pe riod! determine 
whether, where and when a floodplain plant can 
colonise a site. In many floodplain communities 
the rela tive importance of sexual versus vegetat ive 
reproduction and seed ba nks versus seed di spersal 
in recruitment dynamics is poor ly known. For 
species adapted to floodp lains, oppor tunities for 
recruitment occur mostly after flood events, when 
new sediment is deposited or availab le gaps open 
up in th e existing vegetation due to flood damage. 
To successfully recruit from seed in the post - flood 
environment. ei ther th e reproductive pheno logy 
[seasonal timin g] must correspond to the 
flooding season, so that seeds are dispersed 
into a favourable germination environmen t. 
or else the species requires a propagule bank , 
such as a persistent soil-stored seed bank. that 
may be triggered fo llowing a flood or rain event. 
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Different types of habitat that can be expected in floodplain environments mean that plants have to be adapted to reproducing in a diverse range 
of hydrological conditions. Common reed photo (below) Alison Pouliot. 

Post- germination fate of seedlings of ten explains 
much of the varia tion in species distributions. In 

humid areas establishment success depends on the 
maintenance of low water leve ls during germination 
and seedling establishment , whereas in semi-a rid 
areas water availability and the rate of decline of 

the water table limit establishment. The recru itmen t 
of later successional species may be uncoupled to 
flood events because in these species success is 
contingent on li fe history characteristics adapted 
for the abi l ity to germinate in the shade of 
established vegeta tion. 

A general conceptual model to predict the 
organisati on of plant communities on river 
floodpla ins shou ld include the following factors 
and their effects on habitat characteristics and 
plant communities. 

• the physical constra ints that influence river 
floodplains [i.e. the scouring and deposit ing 
character of flood distu rban ces) 

• the frequency and intensi ty of disturbances 
that lim it competitive interactions and create 
gaps for recruitment of new ind ividuals 

• the specific li fe-history trai ts that allow plant 
maintenance, recruitment and colonisation 
in floodplains subject to differing degrees 
of disturbance . 

Key ecologica l processes that potentially influ ence 
plant communities and related plant stra tegies are 
shown in Figure 2. 

Land gain 

Deposition 
processes 

0 
Erosion 
processes 

Land loss 

fine - - - - ------,)- coarse (substrate 
grain -size) 

low ----- - --- )- high (gradient) 

low 
Waterd ispersal ~many 

high ~ Biological interactions 
few 

Figure 2. A co nceptual model showing the 
hydrolog ical and ecolog ical processes that 
hypothetical ly cont ro l floodp lain plant communit ies. 
The top figure shows deposition and erosion processes, the 

two main types of process that occur in floodplain landscapes. 

Depending on water flow, landscape gradient and grain size. 

land may be either lost through erosional processes, or deposited 

due to sediment accum ulation. The bottom figure includes 

ecological processes resulting from the interaction of land loss or 

accumulation with the frequency of flooding events (disturbance 

frequency). During high flood frequencies dispersal of plant 

propagules is high, as is the potent ial for seeds to recrui t in 

regeneration niches. Biologica l processes like plant competition 

are more important w hen the landscape is disturbed less 

frequently. The m odel is adapted from Bornette et al. (2008). 



Droughts are a more frequent occurrence in recent years. Photo Alison Pouliot. 

Measuring resilience in 
floodplain plant communities 
Floodplains are dynamic systems. Measuring 
resilience in terms of species composi tion is 
therefore difficu lt in these frequently disturbed 
communities and is not necessari ly ind icative of 
changes underlying ecosystem structure or function. 
Measures of ecosystem functions themselves are 
expensive and ti me consuming to collect. Plant 
funct iona l t raits IPFTs] provide an alte rnative 
ecolog ical tool indicating plant community 
respo nse to variation in ecosystem attr ibutes and 
processes that is largely independen t of species 
composit ion . PFTs are spec ies traits associa ted 
w ith reproduct ion , colonisation and growth. They 
may include factors such as flowering period , 

dispersal mode, seed mass, growth form, or 
tolerance to inundation. PFTs are not di rect 
measures of ecosystem funct ion , but have 
previously been used successfully to infer under lying 
ecological processes and to examine the effects 
of disturba nce , such as f ire and grazing on plant 
communities. Add itiona l ly, PFTs can be compared 
over large and disjunct geographical regions, as 
well as across considerable temporal sca les. Fina lly, 
using a core set of PFTs al lows for widespread 
comparisons between separate da tasets and 
studies. The case study on the following pages 
illustra tes how knowledge of the PFTs of floodplain 
plant communit ies both pre- and post-degradation 
can be used to highlight potential changes in 
ecosystem function. and priori tise rehabilita tion 
efforts. 



Barmah-Millewa forest: an iconic river red gum site. Photo Keith Ward. Goulburn Broken Catchment Management Authority. 

Case study: Barmah-Millewa forest 
This study was conducted in the Barmah-Millewa 

forest. an extensive floodplain and wetland system 
that historically flooded in winter/spring and dried 
in late summer/autumn. Barmah forest is now 
a remnant river red gum dominated floodplain 

covering approximately 25.900 hectares, located 
between the townships of Tocumwal and Echuca . 
It is reserved as State Forest [72% of the area l. 
State Park [26%] and Murray River Reserve [2%]. 

Barmah-Millewa forest is part of the tradit iona l 
country of the Yorta Yorta people and has great 
conservat ion, heritage and amenity value. The 
Murray-Darling Basin Commission has identified 
part of the forest as a Significant Ecologica l Asset, 
and the site is listed as a Wetland of International 
Importance under the Ramsar Convention. 

Changes in river flow at the site are due to 
upstream storages and releases, as well as local 
manipulati on of reg ulators. all of which collectively 
affect floodplain inundation. Analyses [Abel et al. 
2006, VEAC 2006] have identified the following: 

• reduced frequency, duration and inunda tion area 
of winter-spring floods 

• alte red timing of flows 

• increased frequency of small summer floods 

• reduced variability in flood flows. 
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Vegetation surveys were conducted in Bar mah forest 
in 1993/94 and 2006/07 [Ward 20071. Given that the 
veg etation dynamics and patterning in floodplain 
and wetland areas are primari ly influenced by water 

regimes. a funct ional t ra it classificat ion that groups 
species in te rms of their water regime requi rements 
for germination and establ ishment would be most 
-appropriate. Ideally a vegeta tion classification 
should represen t the heterogeneity of th e vegeta tion 
[both species composit ional and structural] at a 
resolution relevant to management. A hydrological 
cla ssification scheme for vegeta tion produced by 
Casanova and Brock [2000] is descr ibed opposite. 
Exotic and native spec ies surveyed over the 14 year 
time period at Barmah forest were classified under 
this scheme, prior to conducting statistical analyses 

on the results. 

Results from this study indicate that a shift has 
occurred from native plant species in amphibious 
fluctuation tolerator and responder groups, which 
have the abili ty to germinate in flooded condit ions 
and reprodu ce vegetatively, to exotic weed species 
in terrestrial dry and damp groups. which can 
germinate when the water table is below the 
surfac~ of the soil. and mainly reproduce from 
seed. The ecosystem level implications of this 
trait sh ift are increased existence of durable 
seed banks composed of exotic species. resu lting 
in a potentially persistent problem for site 

managers. 



Table 2. Categori es deve loped by Casanova and Brock (2000 1, from field surveys and experim ents, including 
examples of native and exotic species found in Barmah assigned to those categories. 

Primary Secondary Description Indicative native 

category category species for Barmah 

Terrestrial Ory species Species which germinate, grow and reproduce where Austrodanthonia setacea 

(Code == TOR) there is no surface water and the water table is below Br istly or Mulga 

the soil surface. wallaby grass 

Terrestrial Damp species Species which germinate, grow and reproduce on Amphibromus nervosus 

(Code == TOA) saturated soil. Swamp wallaby grass 

Amphibious Emergent Species which germinate in damp or flooded conditions, Phragmites australis 

fluctuation species which tolerate variation in water level, and which grow Common reed 

tolerators (Code == ATE) with their basal portions underwater and reproduce 

out of water. 

Amphibious Morphologically- Species which germinate in flooded conditions, grow in fvtyriophyllum crispatum 

fluctuation plastic species both flooded and damp conditions, reproduce above the Curling water milfoil 

responders (Code == ARP) surface of the water and which have morphologica l 

plasticity (e.g. heterophylly - different types of leaves 

formed under dry or submerged conditions) in response 

to the surface of the water level. 

Amphibious Species with Species which germinate in flooded conditions, grow in Nymphoides crenata 

fluctuation floating leaves: both flooded and damp conditions, reproduce above the Wavy marshwort 

responders (Code == ARF) surface of the water, and which have floating leaves 

when inundated . . 

Figure J. Mean changes in abundance !number of quadrats occupied ] for five plant functional groups in 
Barmah forest between 1993/94 and 2006/07. Functional group codes are as in Table 2 above. Proport ional 
frequency is represented by dashed lines in 1993/94 and solid colours for 2006/07. Exotic species are coloured 
in the light green and native species in the darker green. 
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Translating scientific knowledge 
to management processes 
Due to the diversity of land uses in floodpla in 

systems the management of invasive species is 
a frequent cause of co nflict beca use perceptions 
of costs and benefits differ among stakeholder 
groups. Conflic ting interests and perceptions make 
it challenging to develop and implement sustainable 
management practices for invasive species w ithin 
an integrated na tural resource management 
framework. As the range of environmental problems 
continues to grow, scientists and managers are 
forced to attempt prediction and management of 
only the most immediate problems that command 
their attention . A more structured response requ ires 
the adoption of a management framework that can 
encompass ecosystem change. and in some cases, 
pragmatic acceptance of invasive species as part of 
ecosystem dynamics. Such a managemen t system 
must allow change within a range of predefined 
limits of acceptabi lity, whi lst also effectively 
highlighting where these limits are broken 
and action is req uired. 

To successfully manage flood plain environments 
several issues will need to be addressed. including 
the control of fera l animals, weeds, erosion . fire 
and salinity. However, most of these issues are 
closely related to delivery of environmental water. 
For example, flooding can be an effic ient way of 
controlling the growth of weeds. In order to achieve 
appropriate flow regimes for a specific floodplain 
reg ion five main requirements will have to be met. 

• Del ivery of a sufficient overall volume of water. 

• Delivery of wa ter at appropriate rates of flow. 

• Ensuring that floods persist for appropriate 
periods of time. 

• Delivery of water at appropriate times of year. 

• Delivery of water at appropr iate times between 
years. 

Lack of scientific knowledge rega rding the exact 
quantification of these five requirements in relation 
to ecological responses is one factor impeding 
effective water delivery. However. there are also 
a number of interacting physical, social. political 
and institutional imped iments to achieving a flow 
regime wh ich maintains the products, attributes 
and functions of floodplain wetlands. Stakeholders 
with an interest in water resource management 
will increasingly expect to see evidence of the 
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environmental or ecological response of floodplain 
systems to implemented environmental flow 
regimes. Monitoring and assessment of controlled 
manipulations are therefore essential to ensure 
that a management program can be evaluated in 
re lation to the goals that were or iginally proposed. 

The flow diagrams on the following pages are 
intended to help better understand the rela tionship 
between management actions and ecological 
responses, inclu ding their inherent uncer tainties. 

• Phase 1 involves determining the management 
goals [e. g. reduction of exotic weeds) [Figure 41. 

• Phase 2 involves developing a monitoring 
prog ram compatible wi th the study design 
[Figure 51. 

• Phase 3 involves characterising the changes, 
documenting the ava ilable evidence of success 
[and/ or failu re) of management intervent ions 

and distr ibuting the results to stakeholders 
[Figure 6). 

In the floodplain context, a conceptual model 
is of benefit to provide a re ference for the range 
of key system variables that can be considered 
'" healthy"". This step can be initiated jointly 

between practi tioners and researchers. in order 
to incorpora te experiential knowledge within 

the context of the speci fic geographical regions 
from wh ich the knowledge was derived . This is 
particularly important in cases where the implicit 
knowledge of managers is difficu lt to quantify 
[i.e . .. it works but we don·t know why it works .. ). 

Connectivity and Operational 
Landscape Units (OLUs) 
Goa l setti ng is not a trivial exercise and care 
needs to be taken to ensure that the spatial 
scale at which goals are to be evaluated and 
maintained is appropriate. One approach is to 
attempt to identify Opera tional Landscape Units 
IOLUsl. defined as combinations of landscape 
pa tches with associa ted biotic and hydrogeolog ical 
connections !Verhoeven et al. 2008). The aim 
is to combine ecological knowledge on the 
spat ial requirements of species w ith the spatial 
distributions and connections of ecosystem 
processes , in order to develop more effective 
reg ional co nservat ion strategies. An OLU then 
represents the to tality of patches in a landscape 



Figure 4. Decision tree for determining management goa ls [Phase 1 I 

Establish prior system 
knowledge e.g. form a 

network of practitioners 
and researchers 

' 

Develop a reference 
classification, 

Phase 1: Determine management goals 
e.g. reduce exotic weeds in floodplain 

communities 
e.g. the range of 'healthy' 

variables in a dynamic system 

2. Develop conceptual model s of the 

Address scale issues: identi fy 
Operational Landscape Units 
[OLUs) at which management 

goals should apply 

processes structur ing the system using: 
• Available data [including l iterature) 
• Expert opinion 
• Data from other southern hemisphere 

regions 

' 
Biophysica l constraints 
• Reducing landscape 

connectivity is reducing 
seed sources of native 
species 

• Biogeochemical 
feedbacks owing to 
exotic species presence 

• Droughtand 
environm enta l change 
has reduced the overall 
volumes of water 

• The current disturbance 
regime is inappropriate 
to achieve the desired 
goal 

I 

3. Identify constraints to achieving goals 

Institutional/political 
constraints 
• Lack of resources 

for enforcement of 
operating regulations 

• Complexities and 
constraints on water 
allocation arrangem ents 

4. Prioritise constraints 
What actions require the least cost 

[time and money) to address 
the constraints? 

Phase 2: Design a monitoring program 

' 
Knowledge constraints 
• No conceptual 

model 
• No data for 

quantification -
revert to expert opinion 
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mosaic over which the management strategy 

must be implemented . If data are available, 

a good variable to structu re an OLU around is 

the degree of hydrological connect ivity during 

flooding. Floodplain inundation models can be 

used to specify the geographic area which is 

inundated at specified river flows le.g. see RiM-FIM 

model for the River Murray. Overton et al. 2006]. 

Di spersal of plant propagules is faci lita ted by 

moving water and knowledge of the degree of 

landscape connectivity would indi cate the spatial 

extent at which management has to be coordinated 

in ord er to restore seed sources for native species, 

or reduce upstream popu lations of exotics. 

Once goals have been determined the fac tors 

inhibiting success must be examined. These 

constraints may be biophysica l, political. or 

knowledge- based !see Figure 41. Prioritising 

constraints indicates which goals are feasible . 

Therefore the combination of landscape co mponents 
into OLUs may differ for different conservation or 

management targets. depending on the nature of 

the flow component and the ecological processes . 

Developing a monitoring program 
that evaluates the success of 
management actions 
Floodpla in interact ions can be conceptuali sed 

in models developed from specific knowledge 

of th e system, the scientif ic literature, or models 

relevant to similar types of rivers and floodplains . 
The different componen ts and l inks in a model 

are li kely to have varying levels of associated 

uncertainty. The level of uncer ta inty and the 

temporal sca le of pred icted ecological responses 
to changes in the flow reg ime are impor tant to 

cons ider when developing a monitoring prog ram 

!Figure 51. Moni toring programs must be flexible 

wh en selecting variables to measure the response 

to management actions, such as an alteration 
in environmenta l flows. Selection of relevant 

variables must also be sufficiently diverse to 

detect undesirable outcomes from the management 
action. This fram ework does not include speci fi c 

instruction on variab le se lec tion but gu idance can 

be obtained from resources such as the AN ZECC 

and ARMCANZ 120001. and Baldwin et al. (2004]. 
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Separating cha nges in ecolog ica l cond ition 

due to a direct management act ion (e.g. enhanced 

envi ronmental flows] from other natural or human 

induced variabi lity le.g. stock grazing changes] 

requires an understand ing of conditions both 

before and after environmental flows are delivered. 

In som e situations ""before "" data are not avai lable. 

In this case , establishing spatially replica ted con trol 

sites allows "" interven tion .. versus ""co ntrol'" si tes 

to be contrasted over t ime lsee Fig ure 5]. 

An important point to consider is determining 

the size of the ecologica l responses. This is the da ta 

that provides evidence that the managemen t action 

del ivered the predicted response. For example. if 

an environmental flow object ive is to restore native 

plant commun ities. then m easurab le targe ts might 

include targets of abundance le.g. 50% increase over 

three years!. frequency of successful recruitment 

(e.g. annual] and spat ial extent !range] over 

which the recruitment is expected. The smaller the 

l ikely effect size. th e grea ter the sampling intensity 

and resources req uired to detect it. Therefore the 

challenge is to ensure the effect size to be measured 

is congruen t w ith the resources available to measure 

it. Ecological responses are non-linear in na ture 

li.e. large responses may result from relative ly 

small changes in flow regim es , or conversely, large 

changes to the flow regime may be required before 

an ecolog ical response is detected]. Add itiona l ly, 

uncertainty surround ing potential responses is likely 

to be high, empha sising the need for conceptua l 

models and adaptive management processes. 

The final phase of th is process is to evaluate the 

success of the management action in terms of 

th e origina l objectives !Figure 61. This may involve 

re-evaluating the conceptual models that form the 

basis of the mon itoring and assessment program. 

or the const rai nts tha t are inhibit ing progress 

towards goa ls. It is important tha t this learn ing 

step is undertaken in order to re fine the program 
and improve understanding of flow-ecology 

relationships. A manager may need to compare 
the benefi ts of different potential actions w ithin 

a continually shifti ng cost- benefit fram ework. 

so pr iori ties requ ire constant re-assessment 

in the light of new evidence. 

Finally, sha red insights should be documented 

and dissem inated to help improve adoption and 
implem entation. 



Figure 5. Decision tree for developing a monitoring program (Phase 21 

I Phase 2: Developing a monitoring program I 
+ 

1. Consider the levels of evidence that support conceptual m odel s 

and indicator variables that respond to changes in environmental flows 

+ 
2. Choose appropriate indicators of ecosystem health based on rel evant system attributes 

and t he types of stressors causing impaired ecological conditions 

Indicators: Percentage of native versus non-native species increased, extent of riparian vegetation increased, recruitment 

dynamics of river red gum increased, increase in population viabili ty of target native species, natural flow regime 

implemented, increased rates of ecosystem functions, improvements in limiting factors for a given native species or life stage. 

+ 
3. Determine the study design I-+-

+ 
Ii 

4. Consult with stakeholders to opt imise the study design (see Phase 3) ~ 

+ 
Are "before" data available (i .e. information based on the 

Yes 
pre-environmental flow release condition of the floodplain?]. 

No 
This represents "temporal" controls for 

[al floodplain plant communities [e.g. plant functional traits] 
: (bl histor ical floodplain inundation regimes 
I 

' ' 
Yes Are spatial No Undertake a pilot study to determine the feasibility No Are spat ial Yes 

...-- contro l locations - of establishing monitoring sites and evaluate the ..__ control locations -
available? suitability of the variables to be measured available? 

Ii 

' t ' ' 
5. Apply management intervention 

+ + + + 
Optimal situation Apply management Post pilot study Apply management 

Apply managem ent intervention at all sites and monitoring intervention at som e 

intervention at the Apply management sites only 

experimental site, only intervention at all sites 

+ + + + 
6. Assess response variables for the following 

+ + + + 
• Pre- and post- • Pre- and post- • Pre- and post- • Control and 

m anagement management managem ent intervention sites 

• Control and 

intervention sites 
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Figure 6. Dec ision tree for assessment of change (Phase 3) 

Phase 3: Characterising the changed system 

+ 
1. Consult w ith stakeholders to optimise the monitoring process 

Agreement has to be reached within stakeholder groups on the following design specifications --
for evaluating the success of the management goals. 

• What is the duration of the sampling design? 

• What is the spatial extent of the sampling design? 

• On what basis is the frequency of sampling proposed? 

• Has the effect size been determined? 

The effect size is the size of the ecological response to be detected by the monitoring and evaluation program. 

This decision will almost certainly require input from a stakeholder group because there is likely to be a high ~ 
degree of uncertainty in establishing ''threshold'' effect sizes of importance due to limited data availability. 

+ 
I 

2. Implement the monitoring program 

+ 
3. Re-evaluate constraints and goal s 

• Do constra ints remain? 

• Have new constraints emerged? 

• Is the goal sti ll feasible? 

• Has the cost benefit ratio changed over time? 
. 

+ 
4. Evaluate process understanding in the context of the conceptual model s 

The system should require minimal on-going intervention and have the capacity 

to recover from natural disturbances such as floods. 

• Are the effect sizes still consistent with the conceptual model fram ework? 

• Can the conceptual models be quantified in view of the monitoring results? 

Indicators: few interventions needed to maintain site, scale of repai r work required 

is small, docum entation exists that ecological indicators stay within a range 

consistent with reference conditions [see Phase 1) over time. 

l 
5. Document all available evidence that the management intervention 

has succeeded in achieving the goal 

Levels of evidence will vary !see Phase 2) but documentat ion of preconditions 

and post assessm ent should be provided and disseminated. This helps to 

reduce some of the institutional constraints described in Phase 1. 

+ 
6. Distribute evidence to stakeholders in appropriate formats 

We thank Judy Lambert !Community Solutions) for improvi ng the manuscript, Ke ith Ward [GBCMA) and Kim Pullen [CSIRO) 

for providing photographs, and the Land & Water Australia Defeating the Weed Menace Program team - Jim Donaldson, 

Judy Lambert, Nalani McColl, Teresa Oppy and Nadeem Sam nakay - for their support, encouragement and collaboration. 
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Glossary 
Buffering capability: the capacity of r iparian 

vegetation to protect aquatic environments from 

excessive sedimentation, polluted surface run-off 

and erosion. 

Edge effect: the difference in ecological attributes 

between the centre of an area of habitat and its 

margins, due to the juxtaposition with a different 

habitat. 

lnvasional meltdown: process by which a group of 

species facilitate one another's invasion in various 

ways, increasing the li kelihood of survival and/or 

of ecological impact. 

Lateral linkages: linkages between floodplains and 

the river channel. 

Longitudinal linkages: linkages between upstream 

and downstream river sections. 

Landscape connectivity: the degree to which the 

landscape facilitates or impedes movement among 

resource patches. 

Propagule pressure: the frequency w ith which plant 

reproductive units [seeds or clonal fragments capab le 

of regenerating and forming new individuals] arrive 

at recruitment sites. 

Propagule dispersal: the distance that plant 

propag ules are transported prior to recruitment. 

Recruitment sites: spatial habitat areas providing 

physical sites for plant reproduction. 

Regeneration niche: the component of the niche 

of a plant that is concerned with processes such 

as seed production and germination, and by which 

one m ature individual is replaced by another. 

Resilience: the ability of an ecosystem to return to 

its former state following a disturbance or stress. 

or the time required to return to its former state. 

Riparian vegetation: vegetation that grows along 

the banks of rivers, lakes or watercourses. 

Successional trajectories: the direction of changes 

in the composition or structure of an ecological 

community. 
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The issue 
Australian river systems are threatened by 
th e severe effects of drought, bank erosion, 
sedimenta tion, pollutant inputs, urban development, 
and invasions by exotic aquatic plant spec ies. 
Invasive aquatic plants are known to increase 
evaporative losses, reduce dissolved oxygen 
ava ilability, slow flows, degrade habitat for nat ive 
flora and fauna, compete with native vegetation, 
and disrupt recreat ional activities. Thei r impacts 

may go further than we know, as aquatic plant 
species tend to be under-studied in Au stralia. 
For example, it is thought that mat- forming float ing 
species, like Salvinia molesta (floa tin g) or Cabomba 

caroliniana !submerged ), may provide habitat for 
disease vectors such as mosquitoes, but this 
hypothesis has not yet been studied. 

Pictured below: Egeria densa !dense water weed] and Salvinia 

molesta !giant salvinial on an oar in a dam near Brisbane. 

These aquatic weeds impede recreational activities. 



CSIRO researcher Lauren Quinn counts aquatic weed species in a dam near Br isbane. 

Currently, five aquat ic or semi-aquatic species are 
listed as Weeds of National Significance (WoNSI. 
and many others are considered noxious species 
in one or more states. Localised and severe 
outbreaks of these species occur in Australian r iver 
systems, requiring costly chemical, mechanical, and 
biological methods of removal. Chemical control is 
challenged by restrictions against contamination of 
drinking water supplies, so the range of ava ilable 
herbicides is smaller than in terrestri al systems. 
Wh ere allowed, herbicides can achieve effec tive 
control, but often require repeated application. Also . 
large quantities of biomass decomposition following 
herbicide applicat ion can cause secondary problems 
that affect native fauna. Mechanical con trol methods 
are similarly challenged. Harvesti ng machinery 
can be prohibitively expensive. and manual removal 
is extremely labour -intensive. Because many 

invasive aquatic plant species spread by vegetative 
propagation and display extremely rapid growth 
rates. mechanical control often requires repeated 
effort. Finally, plant invasions are often merely 
symptomatic of larger environmental problems 
and unless the underlying issues are addressed, 
management efforts and expenditures become 
ineffec tive in the long term. 
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It is imperative that we provide better solutions for 
prevention and control of invasive aquatic plants. For 
example, if we can identify the environmental factors 
that cor relate wi th their presence and abundance. 
we can predict the locat ions most susceptible to 
invasion and manage resources to prevent and limit 
invasive species in those locations. In the following 
pages, we provide cri tical results from our studies 
and l iterature review. and list management 
recommendation s based on our science . 

Predicting invasions: 
knowing where to look 
Large outbreaks of aquatic invasive plants receive 
high priori ty for management response, but some 
effort must be directed towards early detection of 
incipient invasions as wel l. Unfortunately, because 
aquatic plants tend to be patchily distribu ted in 
Australian rive rs, new invasions can be difficult 
to detect. Because council weeds officers are often 
char~ed with monitoring large areas. it is imperative 
that their early detection effo rts are concentrated 
where the risk of introduction and subsequent 
establishment is greatest. 



Figure 1. Collection locations for herbarium specimens 

of native [dark green symbols) and invasive !light green 

symbols) aquatic plant species. Aquatic invasive 

species are significantly more likely to be found • •. . . .. .. . .. in urban or intensive l and use types than other 

land use types. They are also more likely to 

be found in intensive land use conditions 
• 

•• 
than are natives. 

. . 

. .. 

... 

l ' 

• Invasive 122 spp, 972 records) 

• Native 120 spp, 3531 records ! 

0 1000 km 

Land use is relatively easy for managers to 
observe, and can act as a proxy for underlying 
environmental properties. No t su r prisingly, 
distribution and abundance of invasive aquatic 
plant species is related to land use, wi th urban or 
intensive land uses host ing a greater abundance of 
these species. On a continenta l scale, most aquatic 
weed s can be found clustered with in 10-25 km 
of urban city centres, and are more abundant in 
residential, commercial. and transport land uses 
[see figures 1 and 21. Aquatic weeds appear to 
prefer the envi ronmental conditions typical of these 
intensive land use types, but it is also probable 
that these locat ions receive more propagu le inputs 
than undisturbed areas. Invaders do, however, 
occasionally establish in relat ively remote and 
undisturbed locations. 

Targeting urban land use areas and selected sites 
in undisturb ed areas in early detection programs 
may help limit new invasions. 
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Figure 2. Proportion of the aquatic plant community that is made 

up of weed species. Mean values are shown for each of three land 

use types surveyed outside four Australian capital ci ties !Brisbane, 

Canberra, Hobart, and Melbourne). Urban sites had significantly 

greater proportions of weed species. 

Management recommendation 1: Managers should focus early detection efforts 
near city centres, but remain vigilant for spread into more distant locations. 
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Preventing invasions: 
managing the environment 
In addition to large-scale land use patterns, 
we know that invasive aquatic plant species 
become more abundant in response to specific 
environmental fac tors, including high light intensity, 
warm water temperatures , and high levels of 
dissolved nutrients. especially phosphorus 
and nitrogen. If management plans include 
modification or remova l of factors that favour 
invasions, long -term control becomes more 
effi cient and effective. 

Because riparian shading appears to discourage 
aquatic weed growth [see figure 31. riparian 
restoration should be priori tised on a catchment 
scale. Intact riparian forests reduce l ight intensity 
and water temperatures, especially in smaller 
st reams where channels are rela tively narrow. 
Ripa r ian forests provide additional large-sca le 
ecosystem se rvices beyond their capacity to 
discourage aquatic weed growth. Restoring 
these forests could buf fer nutrient pollutant 
inputs into strea ms. stabilise streambanks 
to reduce sed iment flows, and provide habitat 
for native fauna. 

Below. A peri-urban sampling location near Melbourne. Many 

peri-urban sites have experienced similar reductions in ripar ian 

forest cover, which can result in proliferation of both aquatic and 

terrestrial invasive plant species. 
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Figure 3. Aquatic plant community response to IAI anthropogenic 

disturbance and IBI shading from riparian canopies. 



While restoration of r iparian forests should resul t 
in reductions in nutrient pollutant inputs in the long 
term, sources of these inpu ts should be identified 
and managed in the near term. Non-point source 
pollut ion is di fficult to manage, bu t known sources 
of nutrient inputs !e. g. farms. nurseri es, feedlots! 
should be encouraged to better manage nutrient 
inputs and riparian erosion le.g. more effi cient 
fertili ser application. holding ponds fo r runoff. 
and fencing off of stream banks from stock]. 

Management recommendation 2: 
Riparian restoration should be given 
top priority as a first step toward optimal 
ecosystem functioning. 

'. 
Management recommendation 3: 
Nutrient pollution must be minimised 
wherever possible. 

Management challenges and future work 
Effect ive river management is challenged by 
the flowing and interconnected natu re of these 
systems. If aquatic weeds are not managed 
throughout the catchment, upstream infestations 
will act as sources of viab le propagules to loca l ities 
susceptible to invasion downstream. For this reason, 
it is extremely important for managers to look 
outside their immediate ju r isdiction s to consider 
catchment-wide issues and solutions. This wi l l 
requ ire regional pr ioritisa tion of fund ing for large­
scale revegetat ion projects and setting of policy 
with regards to agricultural pract ices. 

An example of an urban sampling location. Many urban waterways have been heavily modified !in this case, channelised for stormwater 

drainage!. which can result in optimal condit ions for aquatic weed invasions. 
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Aquatic weed managem ent is also challenged 

by the continued influx of new propagu les. The 

aquarium trade has been implicated in introductions 

of aquat ic weeds in local waterways, often as 

a result of the "humane" disposa l of aquarium 

conten ts by individuals, but sometim es purposefully 

planted in natural areas for late r sale to aquariu m 

shops. The Nationa l Aquatic Weeds Coordinator 

works w ith nurseries to volun tari ly cu rb the t rade 

of par t icu larly invasive aquatic species, but fu r ther 

action should be taken to educate consumers about 

w hich spec ies are invasive prior to purchase and 

the proper disposal of aquar ium ma terial. 

Management recommendation 4: 
Cooperation and coordination of management 
efforts should occur in adjacent council units 
throughout catchments. Control methods 
that are effective at large spatial scales 
(e.g. biocontroll should be adopted wherever 
possible. 

Management recommendation 5: 
Aquatic plant retailers (nurseri es, pet 
stores, web retailers) should be encouraged to 
distribute educational materials to consumers 
on the proper disposal of aquarium contents. 

In conclusion 
While invasive aquatic plants are a serious concern 

in Austral ia's waterways, we ca n targ et invasion­

susceptible locations in early detection efforts and 

manage resources for long- term co ntrol. Because 

integration of effort is requ ired on a catchment 

scale, coordinat ion of pol icy must occ ur on a 

regional and, som etim es, interstate level. In this 

fact sheet w e present five recommendations 

that wi ll increase the effectiveness of regional 

managem ent of aquatic w eed spec ies. Add ed 

benefits are improved water quality, the protection 

of habitat for endangered native aquatic species, 

increase in publ ic amenity values , reduced r isk of 

flooding and infras tr uctu re damage, and possibly 
a reduced r isk of vector borne diseases. 

Small photo above Darwi n Weed Management Branch. 



It is now sc ient ifically accepted that Australia 's 
climate is chang ing and that these changes will 
continue over coming decades. Some weeds 
previously identified as ei ther agricultural 'sleeper 
weeds' or weeds on 'environmental aler t'* are likely 
to sp rea d as a resu l t of these changes in climate. 

CSIRO scientist Dr John K. Scott and hi s col leagues 
have used computer modell ing of both plant 
characteristics and globa l clim ate cha nge to predict 
how 41 of th e nationally recogn ised 'environmenta l 
alert' species and agricul tural 'sleeper weeds' are 

likely to behave as the effects of human- induced 
climate change become more appare nt . 

Sleeper and alert species 
The 'sleeper' weeds are those introduced plants 
that are at present l imited in the ir distribution, 
but have the potential to become significant weeds 
impacting on Austra l ian agricul ture. A second group 
of introduced species, at present in their ear ly 
stages of estab lishment, but with the potential 
to become a significant th reat to biod iversity, 
are identified as ·envi ronmental alert' species. 

Each of these groups of we eds migh t scarcely be 
noticed in th e landscape at present. Yet as climate 
changes, both have the potential to become major 
problems in areas where they curre ntly do not occur. 

• See www.weeds.gov.au, national weed lists for more information about sleeper and aler t spec ies. 



Predicting weed behaviour 
using computer models 
Scott and his colleagues have used CLI MEX. 
a computer model that uses temperature and 
moisture parameters to develop a growth index 
for plants. Various stress factors were then 
applied to determine an Ecoclimati c Index, 
indicating the suitabi lity for survival of the var ious 
species. Information from published literature 
was used to determine the current distribution, 
phenology [natural climate- related development 

characteristics) and physiology of each species 
and to determine the parameters for the models. 

For some species growth chamber experiments 
were used to provide extra information on the 
plants· growth and development. 

The models were then tested against known current 
distribution of th e species. both overseas and in 
Australia. 

The distribu tion of each species under various 
climate change scenarios was then predicted for 
both high and low emission scenarios for 2030 
and 2070. The models used were Echam 3 and 
Hadley 2. The Echam 3 model includes higher 
rainfall, especia lly in nor thern and north -western 
Australia than Hadley 2: the latter also predicting 
hotter climates. 

Ecoclimat ic Index 

El ~ 0 - 20 < El s 25 ·~· 
- O < El s 5 - 25 < El s 30 
- 5 < El s 10 30 < El s 35 
- 1 O < El s 15 - 35 < El s 40 
- 15 < El s 20 - 40 < El s 45 - 45 < El s 100 

Figure 1. Average of the Ecoclimatic Indices IEls) for 41 sleeper 

and alert species per quarter degree square, based on CLIMEX 

predictions using today's climate. Front cover and lower r ight : 

Karroo thorn. Photos D.L. Nickrent, Southern Illinois University. 
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Predicted shifts in weed distribution 
Using ei ther the Echam or Hadley climate model 
and combining it with the CLIMEX predictions of 
plant growth, show that the risk of environmental 
alert and agricultural sleeper weeds remains high in 
southern Austral ia, especially in the south -east and 
the south-west. Both climate models also predicted 
that there will be a reduced risk of establishment 
of these problem plants in northern Au stral ia. 

Under climate change. Scott and his colleagues 
predict th ere wi ll be a general shift southwards for 
most weed species, with the shift being greatest for 
wet tropics species [which have the potential to move 
over 1000 km southward). Changes predicted for 
southern coasta l species are much smaller, simply 
because they will run out of land mass on which 
to establish under changed climatic cond itions. 

Left : Yellow soldier flower ILachenalia reflexal. Right : A mature 

White weeping broom in flower IRetama raetam). Photos CSIRO. 



Sleeper and alert species of major 
concern under changed climatic 
conditions Q, 

Some species are predic ted to show little change 
as a result of th e impacts of climate change, while 
the area affected by others (including some that 
are currently w idely distributed] will decrease. 

Of greatest concern are species that wi l l 
sign ificantly increase their spread under changed 
climatic conditions. Scott and his colleagues identify 
Acacia karroo (karroo thorn]. Tipuana tipu (rosewood 
or Tipuana tree] and Bassia scoparia lkochia] among 
the most important in terms of the increased area 
they are likely to affect. Some of the species are 
likely to become major problems under the current 
climate. These include Acacia karroo , Retama raetam 
!white weeping broom] and Equisetum arvense 
lcommon horsetai l!. 

• Acacia catechu 
• Acacia karroo 
• Aeschynomene paniculata 
• Asystasia gangetica 
• Baccharis pingraea 
• Barleria prionitis 
• Bassia scoparia 
• Brillantaisia lamium 
• Calluna vulgaris 
• Centaurea eriophora 
• Chromolaena odorata 
• Crupina vulgaris 
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• Cytisus mulliflorus 
• Oittrichia viscosa 
• Eleocharis parodii 
• Equise/um arvense 
• Froelichia floridana 
• Gmelina elliptica 
• Gymnocoronis spilanthoides 
• Hieracium auranliacum 
• Hypericum telrapterum 
• Koelreuteria elegans 
• . Lachenalia reflexa 
• Lagarosiphon major 

• Onopordum /auricum 
• Pelargonium alchemilliodes 
• Pereskia aculeata 
• Piptocaetium montevidense 
• Praxelis c/ematidea 
• Relama raetam 
• Rorippa sylvestris 
• Senecio glastifolius 
• Thunbergia laurifolia 
• Tipuana tipu 
• Trianoptiles solitaria 

• Cuscuta suaveolens 
• Cynoglossum crelicum 
• Cyperus leneristolon 

• Nassella charruana 
• Nassella hyalina 

Oenanthe pimpinelloides 

Figure 2. Displacement predicted to the most 

favourable regions for establishment of alert and 

sleeper weed species under changed climatic conditions. 

Implications for NRM regions 
Scott and his collea gues have analysed the th rea t 
to each of the natural resource management INRM] 
regions from alert and sleeper species , under the 
cu rrent clima tic co nditions and under changed 
conditions predic ted from the internat ional 
climate models. 

As is clear from Figure 3 (next page], NRM reg ions in 
the south -east of the cont inent are at greatest risk 
of increased numbers of sleeper and alert weeds 
establ ishing in their areas . Reg ions in the wheat­
sheep belt of northern New South Wales to the 
Victoria-South Austra lia border are most vulnerable. 

Recommendations for action 
The climate modelling used in this study preceded 
the fourth report from the International Pane l on 
Cl imate Change in 2008, and it is likely that the 
changes pred icted are an under-estimate. This 
increases the importance of the recommendations 
that follow. 

1. In order to ra ise awareness of the l ikely impacts 
of climate change on the spread of undesirable 
plants, the distribu tion maps developed in thi s 
project and identifica ti on photos for the key 
species should be made readi ly avai lable on 
CSIRO and government websites. 
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Figure 3. NRM regions showing the number of sleeper and alert 

species with a high probabi lity of establishment under today's 

climate conditions and two climate change scenarios in 2070. 

1961-1990 

Echam 3 2070 High 

Hadley 2 2070 High 

Number of species 

• 0 • 1- 5 • 6- 10 . 11- 15 . 16- 29 

2. Each of the NRM regions pred icted to experience 
increased impacts of sleeper or alert spec ies 
should take appropriate action to prevent their 
spread wit hin and into each reg ion. 

3. Given that weeds frequently establish and 
spread from ·vacant spaces· in the landscape, and 
exist ing weeds are likely to move sou th as climate 
changes, a new set of sleeper and alert species 
needs to be identified for northern Australia . 

4. Management strategies that take account of 
the likely impacts of cl imate change should be 
developed for each sleeper and ale rt species 
predicted to present problems in new areas. 
Thi s m ight include both new surveillance 
strateg ies and quarant ine barriers ac ross 
the north-south migration route. 

5. The informat ion provided from this project shou ld 
be updated using the cl imate predictions provided 
by th e Independent Panel on Clima te Change in 
its fourth report presented in 2008. 



The issue 
Weeds pose a significant threat to natural 
ecosystems in Australia and consequently 
large quantities of resources are spent each 
year to manage them. Amongst these , species 
ident ified as Weeds of Nationa l Significance 
[WoNS) are particularly important . The capacity 
of weed management programs to contribute 
to biodiversity conservation in Austra lia has 

not been comprehensively assessed. 

A desktop ana lysis was undertaken to investiga te 
how native ecosystems respond following weed 
management . The project: 1) reviewed the scientific 
literature for studies on management of WoNS in 
natural ecosystems, 2] surveyed by e-ma il land 

managers managing WoNS in these ecosystems 
and 3) analysed data gathered in field experiments 
on two WoNS species : bridal creepe r and bitou bush 
[pictured below). 



Findings 
The lite rature search found 94 published papers on 
the management of WoNS in natural ecosystems 
in Australia. A review of these papers revealed 
that the response of natural ecosystems following 
WoNS management was rarely monitored. Of the 
17 studies that did incorporate some form of plant 
communities monitoring, it was found that native 
plant species did not necessarily recover. Moreover, 
in many cases the WoNS either re- invaded or was 

replaced by other weed species. There was also a 
distinct lack of information [only three studies) on 

the response of an imal and microbial communities 
and ecosystem processes following the control of 
a WoN S. 

A total of 168 replies to the land manager survey 
were received, wi th more than 50% of management 
programs focusing on four WoNS: blackber ry, bitou 
bush/boneseed. bridal creeper and w illows. Results 
from the survey revealed that although biodiversity 
co nservation was th e aim of 76% of programs. 
monitoring efforts focused on the response 
of the target weed to management and to a 
much lesser extent on the response of other plant 
species. Respondents who answered the question 
on changes in plant communities after management 
reported that the WoN S was replaced by bare 
ground [8%1. by weed species only [including the 
target WoNS) [ 13%1. by native plants only [25%) and 
by a combination of native and weed species [44%1. 
Ten per cent of respondents did not record the 
replacement species. 

The native plant species Pimelea spicata threatened by bridal 
creeper. Photo Tony Willis, CSIRO Plant Industry. 

The rust fungus IPuccinia 
myrsiphyllil released in 2000 for 
the biocontrol of bridal creeper. 
Photo CSIRO Entomology. 

The bridal creeper and bitou 

bush case studies provided 
examples of scienti fic 

monitoring of plant 
communities fo llowing 
management of WoNS 
in natural ecosystems. 
These studies showed 
that whi le management 
effectively reduced 
densities of bridal creeper 
and bitou bush, there was limi ted recovery of 
native plant species over the monitoring period. 
The re latively shor t-term nature of these studies 
[two to three years). which is comparable to the 

majori ty of on-ground monitoring programs. may be 
in part responsible for the limi ted recovery reported. 

Discussion 
Given the combined findings of the 
three components of this project, it is clea r that 
management programs for WoNS and other weed 
species in na tura l ecosystems should put greater 
emphasis on monitoring the response of native 
species to the reduction or removal of target weeds. 
Some monitor ing is essential to check whether the 
management methods used damaged native plants 
and to decide whether additional interventions are 
required to assist nat ive plants recover. Microbial 
and animal communities. and ecosystem processes 
should also be monitored for a more th orough 
assessment of how natural ecosystems respond 
to weed management. However. it is unreal istic 
to expect most on -ground land managers to 
implement this type of detailed moni toring. 
Such monitoring is better left for t rained 
researchers to undertake at representat ive sites. 

A whole-system approach. integrating weed 
management programs wi th other actions [e.g. 
planting native species) is essential to assist the 
recovery of native communities and restore the 
structu re and function of ecosystems. protecting 
aga inst fu ture weed invasion. Long- term monitoring 
is crucial to evalua te the effectiveness of this 
integrated approach for restoring ecosystems. 



Evaluating the impact of a biological control agent on bridal creeper 
and the response of associated vegetation to a reduction in the weed 
population. Photo Peter Turner, CSIRO Entomology/University of 
Western Australia. 

Recommendations 

Management of weed-invaded 
natural ecosystems 
1. Weed management progra ms should target 

si tes wi th high conservation value, such as 
those containing threatened native species 
or ecological communities and where 
management and recovery are likely to succeed. 

2. Weed management programs should be set 
into a broader context of natural ecosystem 
management and restoration to encourage 
recovery of degraded habi tats and increase 
the ir ca pacity to resist future weed invasions. 

3. Before starting weed management prog rams, 
native species at risk and other significa nt 
impacts [e.g. changes in soi l nutrients) fro m 
weed invasion should be identified at a si te 
level and carefu lly monitored during and 
after management. This would enable ongoing 
eva luation and implementation of add itional or 
di fferent management strategies, if necessary, 
to ensure recovery of the ecosystem. 

4. Unless a WoNS [or other dominant weed species) 

of natural ecosystems is targeted for eradication 
or contai nment, management should target 
multiple weed spec ies at a site, by combining a 
range of appropriate methods where necessary, 
and have the long-term aim of restoring native 
communities and ecosystem processes. 

5. Active monitoring of the response of weeds and 
native plant communities using quantitative 
methods should be an integral component 
of weed management programs in natural 
ecosystems to underpin subsequent adaptive 
management act ions and documen t ou tcomes 
of programs. 

6. National or state/te rri tory-based systems. 
such as the Threat Aba tement Plans developed 
for bitou bush and lantana tha t identify native 
species or communities at risk from weed 
invasion, shou ld be deve loped for other 
priori ty weeds [including WoNS) within regions 
to prioritise invaded sites for management 
in order to achieve the greatest outcomes 
for conservat ion. 

Support for land managers 
7. A core set of moni toring and restorat ion 

protocols [w ith a st rong emphasis on measuring 
the response of plant communities to weed 
ma nagement) should be developed to assist 
land managers responsib le for weed 
management w ith in natural ecosystems. 

8. Trai ning should be provided to land managers 
in plant comm unity monitoring [including data 
collection. analysis and interpretation) and 

restoration principles and techniques. 

Funding 
9. Appl ications for fu nding to support 

weed management programs in natural 
ecosystems should include details of the 
monitoring schedule that wi ll be used to 
assess the response of nat ive communities 
and ou tl ine strategies that wi ll be implemented 
to restore the habitat. 

10. Funding bodies shou ld tie subsequent weed 
management funding to on-ground outcomes 
that demonstrate effectiveness of the initial 
management program and the response of 
plant communities. 

11 . Longer- ter m funding should be made available 
for programs that integra te weed management 
with native species conservation and/or habitat 
res torat ion, underpinned wi th susta ined 
monitoring and repor ting ac tivities. 
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WoNS program 
12. During the review of each of the 20 WoNS 

strategies, specific actions on monitoring the 
response of native species to weed management 
programs over a sufficient timeframe shou ld 

be included . 

13. Priority should be given to ensuring that all 
WoNS that invade na tural ecosystems have 
baseline data on thei r impacts to native 
species and ecosystems. 

Partnerships 
14. Weed managemen t and restoration practit ioners 

should work more closely tog ether to ensure 
better outcomes for con servat ion following 
weed management programs. 

15. National and state/territory meetings 
of weed scientists, restoration ecologi sts 
and practitioners should be organ ised 
to establish dialogue. identi fy needs and 
develop collaborat ive research programs. 

Research 
16. Whi le a better understanding of the impact of 

weeds on natural ecosystems is still required, 
particularly for ecosystem processes , more 
emphasis shou ld be given to research 
invest igating: 

• th e process by which weeds cause native 
species to decline and the implications 

for management 

• the effects of reduci ng or removing w eeds 
on restoration of ecosystems 

• ways of overcoming persistent effects 
of weed invasion that prevent or delay 
ecosystem recovery [e.g. change in nutrien t 
levels, residual allelopathic chemicals, slow 
decomposition of below-ground organs! 

• long - term field comparisons of th e benefits 
for nat ive species and cost effectiveness of 
various wee d management and restoration 

approaches 

• mechanisms th at increase resilience of 
native communities to weed invasions. 

17. Resea rch findings should be made available 
to practit ioners in a format that allows them 
to adapt th eir management actions to a range 
of situations. 

Willow. Photo Roger Charlton. 

This project was conducted by Ors Ade le Reid and 

Louise Morin ICSIRO Entomology). Dr Paul Downey 

INSW Department of Environmen t and Climate Cha nge). 

Associate Professor Kris French !U niversity of Wol longong) 

and Dr John Vir tue !South Australian Department of Water, 

Land and Biodiversity Conservat ion!. 

Full report: Reid, A.M., Morin, L .• Downey, P.O., French, K. & 
Virtue, J.G. 2008, Evaluating the environmental benefits from 

managing WoNS in natural ecosystems. A report prepared for 

Land & Water Austral ia by CSIRO Entomology, Canberra. 



Over the years a great deal of work has been 
directed towards improving th e selection, testing 
and eva luation of biolog ical control agents for weed 
contro l. However our understanding of how to select 
target weeds against which biological control might 
become an important part of managemen t remain s 
l imited . 

Most classical biolog ical control projects directed 
against weed targets have been conducted in 
South Afri ca, Australia, New Zea land, the USA and 
Canada. Classica l biolog ical con trol [or biocontroll 
tends to be a public , commun ity- level act ivity 
carried out by research institutions and government 
departments ra ther than by private enterprise. 

Considerable resources are required if a biocontrol 
project is to be completed well, so it is important 
that the weeds se lected for management using thi s 
approach justify th e investment. In order to properly 
account for this public investment it is important 
to have in place decision-making processes that 
increa se the likelihood of se lec ti ng biocontro l 
targets that are im portant, biological ly and 
ecologica l ly feasible, and have broad social suppor t. 

In practice, th e means by which target spec ies are 
selected varies w ide ly, with only limited resea rch 
guiding the use of the most impor tant criteria. 

Land & Water Austra lia commissioned Landcare 
Research New Zealand to develop a decision-making 
system to maximise th e likely effectiveness of 
investment in biocontrol research and to ensure this 
is done in ways that are t ra nsparent and repeatable. 
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Deciding which factors to include 
Several previous studies from Canada 1

, the USA2, 
New Zealand3 and Austra lia'. were used to assist 
in determining which factors should be used to 

pr ior itise which weeds to target for biological 
cont rol in the future. 

The Landcare Resea rch team identifi ed three key 
dimensions influencing the priori ty of a weed as 
a target for bi ocontrol : Weed Importance and 
th e pred icted Impact of biological contro l and 

th e Effort required to im port, test and release 
biological control agen ts. 

Importance of a part icular weed takes account 
of a number of fa ctors that were considered when 
Thor p & Lynch5 deve loped the Weeds of National 
Significance IWoNS) list. 

During the development of the prioritisation 
framework th e ranking of each of the WoNS 
was used to reflec t importance. However it is 
recognised th at some species may have increased 
in abundance and importance during the 10 years 
since the WoNS species were ranked, wh ile 
other species have been successfully biolog ically 
controlled and, therefore, declined in importance. 
The method developed since the WoNS list was 
developed and now used in the National Post­
Border Weed Risk Management Protocol might 
offer a sound alternative to the WoNS ranking. 
as a measure of importance to be considered in 
fu rther developing the prioritisation framework. 

Impact of biocontrol can best be predicted by 
the existence of a successful precedent in another 
country. However where Austra lian weeds present 
novel targets not previously addressed through 
biocon trol experiments, the habi tat, life cycle and 
reproduct ion of the plant species are important 
considerations, as are th e nat ive range of the 

species. existence of multiple for ms of the plant. 
and competit ion in the growing envi ronment. 

Effort required to control a weed species using 
biocontrol was included as an important fac tor 
because as effort and associated costs rise. the 
feasi bi lity of progressing a biocontrol project 
decreases. 

Once developed, the framework was tested 
by ranking species that have been the subject 
of biocontrol research in the past. using reports 
from South Africa and the USA. It was also ver ified 
through inpu t from state and nationally based 
biological control researchers and senior policy 
makers with a demonstrated interest in the 
biological control of weeds. 

App lying the sco ring system to assess past 
biological control efforts in Austra l ia. South 
Africa and cont inental USA. biocon trol impacts 
were invariably major aga inst those weeds that 
scored more than 70 lout of a possible score of 1001. 
For weeds that scored between 50 and 70. impact 
was variable !approximately 40% successes and 
60% failures). while biocontrol most often had no 
impact against weeds that sco red less than 50. 

Bellyache bush Uatropha gossypifolia) is a target species for biocontrol. Photo Tim Heard. 



Using the framework to assess weed 
priority for biocontrol development 
By work ing through a s imple series of questions in 

which responses receive weighted scores, the user 

of the framework can develop an overall score fo r 

the prior ity of the species as a target for biocontrol 

[see figure below!. 

Scores on each of the key fac tors are combined 

using the form ula 

Tota l Impact x Importance 

Effort 

The researc h team notes tha t by adjust ing the 

weigh tings given to Impact, Im portance and Effort , 

the framewor k can be modi fi ed to have greater 

relevance to either tackl ing the most important 

weeds or maximising the number of successfu l 

programs. 

Using the WoNS list and weeds already identified 

by the Austra li an Weeds Committee as suitable for 

biological control , the research team then prepared 

a ranked priorit isat ion l ist o f species suitab le fo r 

bio logical control. 

There rem ain some challenges for priorit isation 

of weeds fo r wh ich biocontrol agents m ight be 

developed . Not least among these are : Two questi ons, asked at the beginning of each 

weed assessment present Stop/Go decision points: 

• Is the weed a native species and is it in its 

natura l range? 

• the lack of data avai lable in rela tion to feasibi li ty 

of control of many species using non -biological 

methods, such as herb icides 

and 

• Is opposition to biocontro l likely and does the 

weed spec ies have socio-economic value? 

If the an swer to the fir st question is 'Yes· then 

biological control is undesirable and shou ld 

not proceed. For the second question biologica l 

control should also not proceed unless a cost: 

benefit analysis indicates that the benefit of 

control would outweigh any socio-economic 

value a weed may have. 

• the appropriate weightings to be given to the 

measures used in the fra mewor k 

• ways in wh ich emergent species such as 

agricul tural 'sleeper· and environmental 

'alert' species should be add ressed, especia lly 

in the face of a chang ing land uses and 

human-induced climate change. 

Excerpt from the framework for assessing prior ity as a target for biocontrol 

Module 2: Effort required to obtain and host-test biocontrol agents 

This section of the framework assesses the effort required to obtain and host-range test biocontrol agents. 

Has the weed been/ is it a subject of adequately Difficulty 

resourced biocontrol program elsewhere? score 

a. Yes, successful program If specific agents are already known and host-range 1 

testing has already been conducted overseas, then 

program is likely to be cheaper 

b. Yes, unsuccessful program Some knowledge of agents may help, but law of 15 

diminishing returns - if the current known suite of 

agents is ineffect ive.finding new ones will be harder 

c. Current target/too early/insufficient data to assess Potential for cost savings, but uncertainty factored 8 
success elsewhere or variable success elsewhere into score 

d. No, never Program will have to bear all costs of survey work 20 
and agent testing 

The next question addresses the ease of working in the native range. 
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Recommendations 
1. The framework. as a score-based decision ­

making tool. should be reviewed regularly and 
revised as more weed biocontrol impact da ta 
becomes available. The methods for ranking 

weed impor ta nce [e.g. WoNS. Weed Risk 
Management Protoco l. and current versus 
incipient weeds such as agricultura l 'sleeper' 
and envi ronmenta l 'alert' weeds) shou ld be 

debated and agreed between interested parties. 

2. There needs to be more dialogue and 
engagement w ith those likely to be affected 
by the adoption of such a framework to ensure 
its successful implemen tation . A pragmatic 
decision -maki ng process shou ld always 
accompany the fra mework when deciding the 
port fol io of target species for biological control. 

3. Research questions shou ld be developed and 
addressed to improve the predict ive power and to 
reduce the level of uncertainty in the framework . 

4 . Review of the framework should be simp lified 
by deve loping a database to capture informati on 
about weeds and the assumpt ions behind the 
framework. 

Despi te the qual ifica tions con tained in these 
recommendations. the framework provides a 
sound and easily usable basis from which to deve lop 
a nationally agreed too l to assist in assigning 
resources to weed biolog ica l control research. 

Right: Spear thistle [Cirsium vulgare) a target species for biocontrol, 

photo Roger Charlton. Be low: Gorse spider m ite [Tetranychus 

linteariusl; a biological cont rol of gorse, photo Peter Mart in. 



Introduction 
Arou nd 28,000 exotic plant species have 
been introduced into Australia since European 
set tlement, and more than 2770 of these have 
become naturalised, of which around 65% are 
considered a problem for natural ecosystems 
and about 35% are considered a problem for 

agricu ltura l systems. 

Weedy species wi l l con tinue to ente r the country, 
while existing spec ies wi ll continue to expand their 
ra nge within Austra lia through various pathways 
of weed spread [the subject of Defea ting the Weed 
Menace Project UNE61 - Pathway r isk analysis for 

weed spread within Australia, see : http://lwa.gov.au/ 
prog ra ms/defeati ng-weed-menace-rd-prog ra ml. 
part icularly as changes in cl imate occu r. The 
first step in the control of such weedy species is 

their detection, and the sooner after introduction 
that this ca n be achieved , the more effective 
managemen t strateg ies are likely to be. 

There have been attempts to deve lop guidel ines 
for professional surveying and mapping of nationally 
signi fi can t weeds and in national par ks, weed 
spott ing networks, and surveillance techniques 
for w eeds tha t have already been detected in 
Australia such as branched broomrape. However, 
a la rge proportion of Au stralia is pr ivately owned 
or managed by farmers and graziers, and as yet 
no one has undertaken a comprehensive stu dy 
to ascerta in current weed surveil lance levels and 
practices amongst these landholders or the noxious 
weeds inspectors [or their equivalen ts in each state! 
that already check propert ies for new and ex ist ing 

invasive plants. 

Concerned landholders and researchers inspect paddocks on the south coast of NSW where fi reweed !Senecio madagascariensisl is spread ing. 



A recent survey of graziers in southern Australia 
by Trotter, Reeve, Scott and Sindel. conducted for 
Meat & Livestock Australia [data unpublished] 

showed that over 80% of the 900 respondents 
regularly checked their paddocks for weed 
infestations, but only 10% either recorded those 
infestations on maps or marked them in-field . 

Here then is an exist ing Austra l ia -wide network of 
people interested and committed to the detection of 
weeds [·weed spotters" ] bu t whose rigour is assumed 

to be rela t ively low. Likewise, public officers in most 
states and territories have a specified inspection 

function for weeds but how the states compare 
in their effectiveness has not been explored. 

Information on ex isting landholder and weed 
inspector search patterns [particu larly on their best 
and proven techn iques] and data management and 
use, needed to be collected before we attempted to 
develop and extend widely more efficient methods 
for surveying and eradicating emerging weeds. 

The research questions to be addressed in thi s 

project, therefore, were as follows. 

1. What are the current inspection patterns for 
weeds on Australian farms? 

2. What steps do landholders and inspectors take 
to report and obtain correct identificat ions of 
new species? 

3. Wh ich of these inspection and reporting 
strateg ies are most effect ive at detecting, 
identifying and eradicating new invasions? 

Whilst weed spotter networks have been set up 
in Victoria [to su rvey for new and emerging weeds, 
and State Prohibi ted Weed s not already in the state! 
and in Queensland [working with commun ity groups, 
such as bush walkers, to improve the capacity to 
find and record new weeds in national parks and 
other environmental areas]. much private land 
is inaccessible to such groups. This project 
therefore complements th ese two exist ing 
systems by expanding enormously the coverage 
of land [across industries and land uses] and th e 
number of interested people involved in weed 

detection networks. 

Indeed, new weeds have a habit of being introduced 
to farm s in imported feed. grain. pasture seeds, on 
travell ing machinery and by l ivestock . Consequently, 
one of th e best tools for detection of new weeds is 
landholders· eyes in their own paddocks. 
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Parthenium !Parthenium hysterophorusl can mature and spread if juveniles such a· 

Supplement ing landholders are noxious weed 
managers. The ro le of this latter group is different 

in each state and territory and it is th erefore 
essential to collate informa tion from all jurisdictions 
to obtain a complete picture of inspect ion patterns 
[for example - methods, location, frequ ency. 
seasonality. t ime spent, sing le or mul tiple species 
focus. life cycle influences] and how data are then 
hand led for weeds across th e country to be ab le 
to identify where there are gaps and weak points 
in on-ground su rvei llance and eradica tion efforts. 

An important aspect of th is inspection pictu re is 
how long a plant can be present on a farm before 
a landholder or weed inspector recognises it as a 
"new· weed, or before he or she takes a spec imen 
away for iden ti fi ca tion. Key to this is the ecology 
of the weed. how quickly it reproduces after a 
propagu le arrives at a new site , and how qu ickly 
the weed then spreads. A further cons ideration 
is the extent to wh ich the invad ing weed has a 
negative economic impact on th e landholder. 



the one pictured above lleft) are not undetected. Photos Arthur Mostead. 

The purpose of this research therefore, was to: 

1. Assess current weed surveillance levels and 
practices amongst landholders and noxious 
weeds inspectors; and 

2. Ident ify ways to improve weed detect ion 
by these groups on-ground. 

Some results 
• Ove r 74% of responden t weed inspectors 

have experienced hesi tance on the pa rt of 
landho lders to report weeds. This is caused 
by the costs associated with weed contro l, 
fea r of potential sancti ons or enforce ment. 
lack of interest, and insufficient knowledge. 

• Inspectors consider that landholders have 
a moderate commitment to weed detection 
overall, wi th on ly just over 10% be lieving that 
landholders have a high level of commi tmen t. 

• The main incentives committing landholders 
to weed detection and control are believed 
to involve landholder knowledge, while the 
main impediments to landholder commitment 
involve various 'costs' [financ ial, ti me, staffing!. 
The landholders assessed as least committed 
to weed detection are part- time farmers 
[absentee landholders , l ifestyle farme rs, 
and farmers wi th off- farm employment!. 

• Most inspectors [76%] believe that weed 

surveil lance could be improved : 

- thro ugh supply of increased resources 
and personne l, community awareness 

and educa tion, and 

- through more of their ti me be ing devoted 
to in- fie ld detection work. Although less 
critical , improvements to weed iden tif ication 
wou ld involve weed identificat ion training 
for staff , landholders , volunteers and the 
general publ ic, as well as dedicated weed 

identif ica tion resou rces. 

• Other suggestions for improving weed detection 
involve the themes of training and educat ion 
of staff, landholders and the general public, 
increased government resources and funding, 
improving inspection techniques, and changes 

to leg islat ion . 

• The great majority of far mers [84 .3%] check 
for weeds on a regular basis though most 
[65 .3%] do so wh ile conduct ing other 
on- far m tasks . 

• Most fa rmers consider that weed declaration 
makes no diffe rence to checki ng for weeds, 
though it does make a difference for a small 
majority of Western Aust ra l ian interviewees, 
suggest ing a more effective declarat ion strategy 

and promot ion in that state. 

• Only 4.8% of landho lders indi ca te that the 
impending visit of an inspector makes them 
change their weed checking activity, which 
is in contrast to the more favourable perception 
of this impending visit amongst weed inspectors 

surveyed. 

• Farmers believe that weed authorities 
should focus on making suffic ien t informat ion 
availab le to landholders on target plants rather 
than focusing on getting landholders to simply 
report suspicious plants to authorities. although 
28.5% suggest that both strategies would be 

useful. 
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• More farm ers [65.3%] than inspectors [45 .8%] 
believe that weed distribut ion information on 

pr ivate property should be made publi cly 
availab le. 

• Of all property types, crop fa rmers have the 
highest checking rate overa ll [96.5%] and 
horticulturalists th e lowest [86.1 %]. 

• Approximately half of the farmers believe their 
surveillance stra tegy is ·mostly ef fective· while 
the other half said that it was 'very effective'. 

• Curiosi ty. is the main motivation for having a 
weed identi fied. This interest influences fa rmer 
behaviour to a greater degree than concerns 

about spread, and possible economic losses. 

• When find ing a new weed, 42.1% of farmers will 

mark the site in the paddock wi th a stick or pole, 
while 36.8% will record it in a diary or notebook. 

• The majority of farmers believe that 
impediments to reporting new w eed di scoveries 
include the cost of eradication , threat or fear of 
lega l action , and concern over what other 
landholders might think. 

• Over hal f of all farmers rate the leve l of 
government commitment to weed control as 
'low·. However, this perce ntage varies between 

states. For example, while 72.4% of Victorian 
interviewees and 68 .2% of those from Tasmania 
rate th e level of commitment as 'low', only 41.9% 
of interviewees from South Au st ralia do so. 

Birds, such as this King Par rot, are believed by farmers and weeds 

inspectors to be a major pathway for the spread of weeds such as 

this cotoneaster. Photo Brian Sindel. 

Conclusion 
On the whole, this research project showed that 
Australian farmers are alert to new weeds, and 
have a reasonably high level of commitment to their 
detection and control. As a group, farmers therefore 
need to be encouraged. and equipped to be vig ilant 
and effective weed spotters. This may be achieved 
through training oppor tunities, greater extension 
and educati ona l act ivities, increased resources 
devoted to weed detect ion, and greater coope ration 
between landholders and weeds authorit ies. 

There was often considerable variation between 
states and territories, and property types in relation 
to weed spread detection and reporting. Some 
states and terr itories, and landholder types were 
consi dered as performing better than others, th ough 
geographic and climatic differences, as well as 
enterprise differences, accounted for some of the 
variabili ty. Research and extension programs aimed 
at improving weed detection strategies w il l need to 
take into account such variation and target speci fic 
groups appropriately. 

Overall, th ere was seen to be a low level of 

government commi tment to weed detection. Given 
th e high environm ental, soc ial and economic impact 
of weeds, thi s situation needs to be remedied, since 
ea rly detection is much more cost-effective than a 

later cure. 



Invasive species - weeds in particular - are one of 
the major threats to the sustainable management 
of natural resources. Weed control costs Austra l ian 
farmers approximately $1 .5 billion per year, with 
lost ag ricultura l product ion estimated at more 
than $2 billion. These estimates do not account 
for environmental costs su ch as the effects of 
long - term deg radation of vegeta tion and impacts 
on biodiversity and waterways, or impacts on health , 
safety, amenity, infrastructure, touri sm and the 
general quality of life . 

The Austra lian Governmen t for some time 
has been working w ith state and territory 
governments to develop a "Nat iona l Invasive 
Species Information System". Such a system is 
directed primarily to ensuring ongoing monitoring 
and evaluation of invasive species. This needs to 
be done in ways that enable ongoing reporting at 
different leve ls across different ju risdict ions. 

Paterson·s curse IEchium plantagineuml. Photo Jon Dodd. 



Land & Water Australia (LWA] is a research broker 

committed to generating new knowledge for the 

sustainable management and use of Australia's 

natural resources. As such, LWA recognises that 

informa tion tools (e.g. identification aids] and access 

to accurate weeds related data and informa tion 

are key elements in the successful m anagement 

of natural resou rces. Where avai lable in a timely 

fashion and in a format that is readily available 

to interpret, such tools. data and information help 

reduce uncertainty in planning and clarify issues 

for further analysis. Strategies to overcome the 

complex challenges of weed management may 

then be developed and th e results monitored 

as pa rt of an overall system. 

As part of the Defeating the Weed Menace 

(DWM] R&D program. LWA commissioned a project 

to assess the potential end-users of a national 

information system for weeds. and to determine their 

needs and prioriti es. The number of potential end­

users.of weeds informat ion is large and they have 

an appetite for a w ide range of data and information. 

To be effective. a national information system must 

meet the diverse needs of its end-users. 

What the project team did 
Th e project team used a literature review, si te 

visits to state and territory government agencies, 

and focus group sessions to develop a user survey 

to determine who might use a national information 

system for weeds, and to what uses they would 

put that information, A questionnaire was widely 

distributed on-line and 385 responses were received 

from a w ide cross-section of the natu ral resource 
managemen t (N RM] com munity, including 

Australian. state and territory governments. 

research organisations. NRM regiona l bodies. 

local government, non-government organisations 

(NGOsl. educational and tertiary institutions. 

landholders. industry, community based groups 

and the media. The survey informat ion was 

supplemented by targeted in-depth inte rviews. 

Generic components of an invasive weeds information system 

2 

Foundations 

Strategies, 
actions and 
outputs 

Outcomes 

Governance 

Leg islation 

Reg ulat ions 

Knowledge base I resource library 

• Biology I dispersal methods 

• Distribution I density 

Policies and programs 

Targets 

• Research results I ri sk assessments 

Investments 

• Manager support I toolkits 

- Best practice manuals 

• Research priorities - Control methods 

- Hygiene 

Identification tools 

Information services and advice 

!Farmers, gardeners, NGOs, industries, other intere~tsl 

Awareness raising 

Skill development 
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On-ground advisory services !methods etc.I 

- Risk 

- Control 
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- Hygiene 

- Monitoring, evaluation and report ing 

Surveillance 

Weed Watch etc. 
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Effectiveness 
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Who would use a national 
information system for weeds? 
The results of the user needs assessment 

reveal that the key users of a national information 
system for weeds would be the Australian , state 

and territory governments, regional bodies, loca l 
government. researchers, community groups/NGOs 
and industry. Most of these users are involved 
in program management. policy development 
or on-ground NRM activities. Interest ingly, the 
nursery and landscape industries and gardeners 
also stated that they would get considerable value 
from a national information system - especially 
as it relates to plant identificat ion. 

The box below (using results from survey question 5] 

summarises the stated requirements for weed 
information. 

5. For what purpose do you require weeds related 

data or information? (Please check alt that apply) 

Response Response 

per cen t count 

Natu ra l resource 48.4% 177 
management -aquatic 

Natural resource 80.3% 294 
management - terrestrial 

Policy or program development 54.4% 199 

Monitoring, evaluation 66.7% 244 
or reporting 

Regulatory 33.9% 124 

Input to scientific analysis 23.5% 86 

Teaching 26.2% 96 

Identification 65.6% 240 

Other (please specify) 19 

Answered question 366 

The drivers for seeking 
national information in weeds 
The lists that follow present a generic summary 
of drivers for seeking weed -related information. 

National, state and territory governments 

Ministers , government agenc ies. min isteria l 
counci ls and their standing committees require 
data and informa tion about weeds to: 

• underpin assessments of the sta tus and trends 
in condition of Australia's resources at scales 
that allow broad priorities to be set and 
outcomes to be measured against those 
priorities; 

• guide policy and program development; 

• evaluate regional plans in the context of 
partnership in itiatives [e .g. the Natural 
Heritage Trust and the National Action Plan 
for Sa linity and Water Quali ty]. to ensure the 

• 
• 

• 

plans are robust and address priority issues 
in the reg ion; 

monitor compliance with leg isla tion ; 

track progress in ini tiatives - such as 
the Defeating the Weeds Menace [OWMI. 
Car ing for our Country, and Weeds of National 
Significance [WoNS] programs, and assess 
their impacts and effectiveness; and 

meet regional, national and international 
reporting obligations. 

Orange orchard with prickly pear IOpuntia strictal. 
:'( Photo Roger Charlton. 



Regional communities and organisations 

Regional communities and organisations requ ire 
data and information about weeds to: 

• underpin community participation in preparing, 
implementing and evaluating natural resource 
management and invasive species eradication 
plans; 

• help provide an understanding of th e geographic 
distribution of problems and the ir impl ica ti ons 

across the region: 

• track improvements in the condition of the 
environment and progress towards meeting 
targets and agreed outcom es in regional plans: 

• assess the effectiveness of land conservation 

activities: and 

• improve awareness of landscape processes. 

Private sector 
The private sector requires better informat ion on 
weeds to: 

• target investment: and 

• implement envi ronmental management 
systems. 

Scientific community 
Th e scien tif ic communi ty requires improved weeds 
re lated informat ion to: 

• better understand biophysical processes: 

• create improved landscape management tools 
le.g. better simulation models!: 

• assess the environmental impact of farming 

systems: 

• develop and test improvements in management 

pract ices: and 

• develop improved natural resource management 

systems. 

Vineyard with spear thistle (Cirsium vulgarel. Photo Roger Charlton. 

What type of information 
is most important? 
Issues such as biodiversity conservat ion , susta inable 
agriculture and the social and economic impacts of 
weeds pose questions such as: 

• How big is the current problem? !i .e. extent and 
distribution! 

• What is it affecting? [i .e. impacts on various 

themes e.g. ag r iculture, biodiversity etc.I 

• What is being done about it? li.e. extent of 

act ive management! 

• How big could the problem get? [i.e. potential 
distribu tion and clima te change influences] 

• What would be the potential impact? 

What is currently available? 
A significant number of tools already exist to assist 
in collecting. collating and presenting information 

about invasive species. for example: 

i] at state/terri tory Level : Weed Watcher in 
Western Australia: the Integrated Pest 
Management System [IPMSl. and Environment 
Information System. in Victoria: Pest 2000+ in 
South Australia : and Pestlnfo and Annual Pest 
Distribution Survey [APDS]. in Queensland, and 

ii] at the national leve l: the Nationa l Land & Water 
Resources Audit [NLWRA] Atlas. Map Maker, 
Data Library and Australi an Resources On line 

!ARO]. 

However, the the survey results ind ica te that, 
while severa l of the needs of diverse user groups 
are met by these too ls. there are important gaps 

in coverage and capabi lity. 
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What is needed? 
As illustrated in response to a key question in the 
user needs survey [see box below], a variety of data 

is needed in order to answer the earlier questions. 
Respondents clearly have a high level of need for 
information to guide and assist weed prevention 

More detai led ana lysis of the genera l needs 
identifi ed provides a wealth of information that 
will assist in designing a national information 
system that can meet the needs of the diversity 
of potent ial users. 

and control, early detection and eradication, 
integ rated weed management and ongoing 
maintenance. Other questions elici ted strong 
support for information on extent and distribution. 
including potential distr ibution, of weeds - but with 
some reservations about the quality and re liability of 
currently available maps and modelled distributions. 

To this end, investment in invas ive species data 
and information must ensure that data are: 

• relevant - providing fac tual social. economic, 
and environmental information that meet 
req uirements of users with different 
perspectives, interests and values: 

• a~cessible - presented in a way that is easy 
to understand and readily available: and 

Referring specifica lly to weed management, survey 
respondents identified a number of information 

needs. as shown in the box below [responses lo 
question 9 in the survey!. 

• consistent and comparable - able to be 
integrated wi th oth er data to analyse trends 
in the state of natural resources. 

9. Weed management: A range of specific weed management type of information is potentially available. 
Do you think information on the following would be useful? 

Strongly Agree Not Disagree Strongly Response 
agree sure disagree count 

Weed prevention 70.5% (237) 26.5% (89) 2.4% (8) 0.3% (1 ) 0.3% (1) 336 

Early detection and eradication 77.6% (263) 20.4% (69) 1.8% (6) 0.0% (OJ 0.3% (1 ) 339 

Biological control 54.2% (182) 38.1 % (128) 5.1 % (17) 2.1 % (7) 0.6%(2) 336 

Physical control 58.3% (197) 37.9% (1 28) 3.0% (101 0.6% (21 0.3% (11 338 

Chemical contro l 55.9% (189) 37.9% (1 281 3.8% (13) 1.8%(61 0.6%(21 338 

Cultural control 51.8% (174) 36.3% (1 22) 10.4% (35) 1.2% (4) 0.3% (1) 336 

Integrated weed management 69.3% (232) 26.9% (90) 3.3%( 111 0.3% (1) 0.3% (1) 335 

Ongoing maintenance 65.6% (221 ) 31.2% (1 05) 2.7% (9) 0.3%(1) 0.3%(1) 337 

Additional comments 37 

Answered question 340 
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Can BioSIRT be adapted to meet 
national weeds information needs? 
BioSIRT [Biosecurity Surveillance Inci dent Response 
and Trac ingl is a spatial and textual web based 
software app l ication being developed to enable 
better management of informat ion and resources 
in emergency responses across animal or plant 
diseases, pests and incursions. BioSIRT will be 
used by each jurisdiction for managing emergency 
and routine incidents. When planning the end -user 
needs project. it was ant ici pated that new modules 
may be able to be designed to adapt BioSIRT 
to other user needs. Where possible it is highly 
recommended that such systems util ise the 
standards developed for BioSIRT as part of 
a national set of core attributes1

, to facili ta te 
interoperability2 and linkage with BioSIRT. 

After consu ltat ion w ith BioSIRT domain experts and 
BioSIRT state-based administ ra tors it was dec ided 
that in its current form BioSIRT is not suited to the 
capture, collation, storage and mapping of invasive 
species information for use by the general public. 
Exist ing w eb-based mapping programs such as 
Weed Watcher with simple use r interfaces and 
fu nctional ity are considered more practical for 
this purpose. 

In this respect, consideration should be given to 
making such systems cover all of Australia. Where 

possible it is highly recommended that such systems 
utilise the standards deve loped for BioSIRT to 
faci litate interoperability and linkage with BioSIRT. 

Conclusions 
Based on the find in gs of the current project a 
number of important issues have been identified. 
Key among th ese are that: 

• To date, there is no nationally agreed information 
system in place for the co llection, collat ion . 
storage and management of invasive species 
data and information and many bel ieve there 
is a need for such a system to be introd uced. 
Significant improvements have been obtained 
in recent years, though further work is required 
before a national system ca n be put in place. 

• Most jurisdictions and organisations [e.g. 
local governmentsl have disparate datasets on 
exi sting distribution, while existing datasets on 
potential di stri bution are considered to be poor. 

• Most users requ ire a national system 
to include a range of data and information 
includ ing management and policy. legisla tion, 

identificat ion, access to research results and 
re porting too ls. Streamlining access to such 
data and information has been identified as 
a high priority. 

• Enhanced coordina tion is req uired to improve 
efficiencies and remove duplication. 

Overall, it is clea r that there are great efficiencies to 
be ga ined when data and information are acqu ired, 

processed and disseminated based on ag reed 
standards and w ithin a collaborative framework 
involving al l levels of data providers and users. 

The results of the cu rrent project provide a valuab le 
basis from which to pursue the development of a 

na tional information system for weeds. 

1. Thackway, R., McNaught, I. & Cunningham, 0. 2004, 'A national set 

of core attr ibutes for surveying, mapping and monitoring weeds of 

national significance', in B.M. Sindel & S.B. Johnson (eds). Weed 
management: balancing people, planet, profit. Papers and proceedings 

of the 14th Australian Weeds Conference, Wagga Wagga, New South 

Wales, Australia, 6-9 September 2004. 

2. Interoperability is defined as the capability to communicate, 

execute programs, or transfer data among various functional units 

in a manner that requires the user to have little or no knowledge of 

the unique characteristics of those units (ISO 2382· 1). Interoperability 

of spatial information means direct, on-demand access to distr ibuted 

web-services that support business processes. 



Environmental weeds, those species of plant which 
can successfully invade and reproduce in bushland 
areas, are a recog nised threat to the biodiversity 
of remnant vegetation across Australia. 

Growing recog nition of th e risk has seen the 
prol iferation. in recent yea rs, of a multitude of weed 
plans and st ra teg ies across all levels and scales 
of government and natu ra l resou rce management 
planning. While these are designed to guide efforts 
against weeds in a strateg ic manner most plans 
fa il to include practica l considerations, such as 
where the weeds are, or are at a scale which 
fa ils to influence on-g rou nd managemen t. 

The move towards regiona l natural resource 
managemen t (NRM ] planning has created 

the opportunity for environmental weeds to be 
tackled in a more ef fective way. It has created 
easy avenues for local knowledge on environmental 
w eeds and the ir sp read to be incorporated into 

planning processes and allows environmental 
weed management to be integ rated with 
complementary activi ties such as the restorat ion, 
management and monitori ng of natural areas. 
The ex ist ing mechanism for disbursement of 
NRM fu nds through the reg ions is also a logical 
way to direct funds towards weed managemen t. 
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In recogn ition of th e advantages of regional 
environmental w eed action, the South Austral ian 
Depar tment for Environment and Heritage, in the 
South East Natural Resources Management Region 
of South Austral ia, has developed a planning tool 
to help pr iori tise on ground environmenta l weed 
actions at the reg ional scale. The result of thi s 
process is a model called the Environmental Weed 
Management Action Tool (EWeed MAT]. This 'tool' 

was designed to be prac tica l, provid ing reg ionally 
specific support for decision making for investment 
of weed managemen t funds in on-ground works. 
Th rough the process of development EWeedMAt 
has been tested and refi ned in two NRM regions. 

A risk management approach was used as the 
basis of the 'tool'. This produces an Environmental 
Weed Management Prior ity Index for each 

substantial patch of remnant vegetation within 
a region based on its biodiversi ty va lues and the 
threat of weeds to that biodiversity. The larger the 
Enviro nmental Weed Management Priori ty Index 
the higher the pr iority of vegetation patches for 
weed management. 

The biological attributes identified in EWeedMAT 
as important for the targeted NRM regions include 
well recognised indica tors of remnant vegetation 
health and signi fica nce, specifically the presence 
of threa tened ecologica l communiti es and species 
and measures of vegetation diversity. Physical 
values of each patch wh ich affect invasion r isk 
(shape, size and management factors] are also 
included in the calculation. 

The weed th reat values incor porated into the 
'tool' include a numerical representa tion of the 
invasiveness and poten tial impact of major weed 
species present. These figures are combined with 
an infestation score representing the infestation level 
for each weed found in a patch of bush. It should be 
noted that the 'tool' incorporates measures of actual 
weed infestation at each patch of remnant vegeta tion 

considered. that is. it is not predict ive. 

EWeed MAT has proven to be an effective tool for 
encouraging stra tegic management of weeds across 
the landscape in the regions to which it has been 
appl ied. It has broad application to the tem perate 
regions of Australia and could easily be adapted 
to incorporate other th reats. or va lues relevant to 
management of natural areas. The tool is re latively 
simple to use. it runs through a spreadsheet ra ther 
than specialised software and can easily be adapted. 

The Environmental Weed Management Action 
Tool was developed and published by the South 
Austra l ian Department for Enviro nment and 
Heritage and the South East NRM Board using 
fund ing from the Australian government. Resu lts 
are now being used in the two NRM reg ions in 
South Australia where it was developed and tested. 
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Summary 
The integration of environmental weed control 

wi thin a broader natural resource management 
framework is an important component of a 

whole-of-systems approach to conservation 
and management of our ecological assets. 
Thi s approach is dr iven by increased awareness of 
th e dynamic. interactive properties of ecosystems, 
and of the inter-connectedness of biodiversity, the 
delivery of ecosystem fu ncti ons and services, and 
of threatening processes. Invasive plants represent 
one of the most significant threats to Australian 
ecosystems. and it is logical, timely and practi ca l 
to take a unified approach to their management. 
Adopting a whole-of-system approach to ecosystem 
management al lows the development of synerg istic, 
cooperative, complementary interactions between 
biophysical, social and institu tional frameworks, 
resulting in sets of management actions that have 
multiple ecolog ical benefi ts across different parts of 
ecosystems. The realisation of multiple benefits is 
more l ikely if ecosystems are managed holistically 
than if their component parts (water, vegetation 
health. biodiversity, invasive species and soils] 

represent separate targ ets for management 
intervention. 

This document outli nes a conceptual fram ework for 
integration of environmental weed s management 
within a broader context of management for 
biodiversity outcomes and ecosystem fun ctions and 
services. Its primary audience is natura l resource 
management practitioners. scientists, and policy 
makers. 

Introduction 
Environmental weeds are invasive native or exotic 
plant species that often have detrimental effects 
on natural ecosystems. Their adverse impact 

may be on plant communities, invertebrate and 
vertebrate spec ies, entire biotic assemblages 
and their food webs, or on ecosystem processes 
like nutr ient cycling, hydrology, fire and flood 
reg imes. Collectively, these effects can lead 
to a loss of ecosystem character and resilience, 
and a change to an undesirable ecological state 
which requires restoration. For these reasons, 
substan tial resources are allocated for the 
control of environmental weeds. 

A common bel ief is that weed control alone is all 
that is required to hasten the recovery of an invaded 
ecosystem. However, the responses of native plant 
and animal communiti es and ecosystem processes 
following weed control are often not monitored, 
which means there is no clear assessment of 
recovery. Th ere are several documented examples 
indicating weed removal was followed not by 

a resurgence of native plants but by invasion 
of another weed, or by the orig inal we ed growing 
back. Re-establishment of native plants may also 
be hindered by the damaging effects of the weed 
control method (be it mechanica l or chemica l! or 
by a lack of natural regeneration due to depletion 

of the seedbank. or lack of other propagules. 
Such outcomes can have a devastating impact 
on the morale and sense of purpose of practitioners, 
especially members of volunteer natural resource 
managem ent groups. 

Gorse IUlex europaeusl is now one of the worst agricultural w eeds in temperate Australia and it is increasingly threatening native ecosystems. 
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Whilst managers implement control programs 

for environmental weeds. conside rable time and 

money is also devoted to managing and restoring 

other components of ecosystems. such as native 

biodiversity, so ils and water resources. A whole-of­

system approach , integrating weed management 
programs with other actions to assist the recovery 

of native communities , is generally the best way to 

restore structure and function of ecosystems and 

protect aga inst futu re weed invasion. The cha llenge 

for managers and scientists is to develop cost­

effective, integrated approaches to manage all 

key components of natural ecosystems in a way 

that builds on the inherent connectivity within 

natural ecosystems. Long-term moni toring 

becomes a vital component for evaluation of the 

effectiveness of these restoration approaches. 

The key to this ecosystem- focused management 

approach is the identification, at the outset, of 

the desired ecolog ical objectives and outcomes. 

Appropriate interventions can then be designed . 

At site sca le, they may or may not include weed 

management, depend ing on the characteristics 

of the site. 

Th e options available to managers for addressing 

ecosystem disturbance, change and variabil ity are : 

1 l to passively accept these phenomena and try 

and adapt accordingly ; 21 to actively attempt to 

stabil ise , contro l and restore ecosystems to a 

pre-disturbance equ il ibrium. or 3] to ant icipate 

that di sturbance and change are inevitab le, and to 

manipulate the system where possible to minimise 

harmful effects. An integrated , adaptive framework 

is about adopting the latter option and recogni sing 

that command-and -control approaches aimed at 

maintaining or restoring stability will almost always 

fa il. Such an integrated fra mework helps managers 
identify cause-and-effect processes , understand 

that ecosystems are dynamic, and prioritise for 

interventions based on the likelihood of achieving 

the objectives. Resources are saved by not 
attempting activit ies with a low chance of success. 

In circumstances where weed invasion is found to 

be a symptom of an underlying driver of ecosystem 

degradation, the appropriate st rategy is to address 
the ca use of the degradation, not just the weeds . 

These ideas are at the core of resilience-based 

approaches to adaptive natural resource 

management. 
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Lippia (Phyla canescensl. Photo Guy Roth. Inset: Slumping of a 
creek bank due to cover of Lippia. Photo Rieks van Klinken, CSIRO. 

The aim of this document is to outl ine a conceptual 

approach for integrat ion of enviro nm ental 

weed s management within a broader context of 

management for delivery of ecosystem processes 

and services. Its primary audience is natural 

resource managem en t practitioners, scientists, 

and policy make rs. 
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Why do we have weed problems 
in natural ecosystems? 

The role of disturbance and renewal 
One view of ecosystems, evoked by tropical 
rain forests and coral reefs, for example, is that 
of complex ity and stability due to high biodiversity 
and many intricate species interactions. The 
resilience of such high-biodiversity systems. 
i. e. their capacity to absorb disturbance, renew 
themselves and remain in the same state, is 
thought to be a function of the buffering capacity, 
or insurance va lue, of many species doing similar 
functional jobs [functional redundancy]. When 
disturbance events knock some species out, 
others take their place. Another view is of 
ecosystems typified by relat ively few keystone 
species. wi th little functional redundancy amongst 
them, and where heterogene ity and change are 
driven by strong, episodic, abiotic disturbance 
events like floods, fires and drought. Such systems 
include those of floodplains. rangelands, estuaries, 
temperate forests in medium rainfal l zones and 
grassy woodlands. 

Ecosystem disturbance is a complex 
restructuring mechanism. It expedites the 
ma intenance of biod iversity by creating biotic 

and a biot ic variation that emerge from ecosystem 
recovery and renewal. Heterogeneity of resources 
and habitats across ecosystems provides niche 
space, and opportun ities for animals and plants, 
including weeds, to colonise and establ ish. 
Distu rbance is cr itical for th e very existence 
of particular ecosystems. 

One approach to restora tion is based on attempts 
to re -establish the na tural patterns of flood and 

fi re events, whe re these have been altered by 
human intervention. There are several examples 
where decreased fire frequency has changed 
plant comm unity composition. One of these 
is the increase in range of swee t pittosporum 
IPittosporum undulatum ). from the rainfo rests of 
eastern Victori a into bushland areas much fu r ther 
west, as fire frequencies in th ese latter areas have 
decreased. Thi s species can dominate bush land 
and the dense shade crea ted by invasive stands 
makes it diff icult for native species to recruit. 

Controlled burning of giant rush !Juncus ingens). an invasive native species that has taken over temporary wetland pla ins of Moira grass 

IPseudoraphis spinescensl at Barmah Forest, Victoria, due to reduced flood frequency and soil moisture content. Photo Kim Pullen, CSIRO. 



But disturbance can also initiate conditions 
that favour the dominance of one species, and the 
effects of disturbance vary according to frequency, 

intensity, duration. timing and scale, and on the prior 
cond ition of the ecosystem. The ecological impact 
of distu rbance can be di fficult to predict. especially 
where either the disturbance regime or the 
ecosystem itself has undergone human modifica tion. 
Predicting and managing the effects of such changes 
on our native ecosystems represents th e main 
objective and the greatest challenge facing natural 
resource management practitioners. scientists. 
and policy makers in Austral ia today. 

Weeds as symptoms or 
causes of ecosystem change 
One reason that environmental weed control alone 

may not lead to desirable ecolog ical ou tcomes is 
because weeds may not be the primary driver of 
ecosystem change. Instead , weed invasion often 
represents a symptom of underlying ecosystem 
degradation. due to nutrient enrichment , 
overgrazing, changed flood or fire regimes; 
habitat fragmentation, or the combined. often 
synerg istic effects of such processes. 

An increase in plant-available soil nitrogen 
and phosphorus due to fertil iser drift , sed iment 
deposition or nitrogen fixation by weedy legumes 
w ill have direct, detrimenta l effects on native 
plant communities not adapted to high nutrient 
levels. Weeds may th rive under such conditions. 
Another example of how external drivers of 
ecosystem change re late to invasibility is stream 
flow. a strong determinant of r iparian vegetation 
structure. Changes in st ream flow, or alteration 
in flood reg imes due to river regulation [dams, 
weirs and locks). affect both the recharge of 
groundwater and the water content of riparian 
and floodplain so ils. Lowered soi l moisture 
content due to decreased frequency of flood 
events may favour more terrestria lly-adapted 
weeds over flood-dependent native vegetation. 

These examples high light a major challenge: 
the need to improve our understanding of 
how cause-and-effect relationships operate in 
natural ecosystems. A weed invasion may be a 
consequence of ecosystem disturbance. but once 
established, some spec ies ca n be important causes 
of further ecosystem degradation , as witnessed by 
the damaging ecosystem engineering ef fects of 

Lippia and giant rush [see photographs !. 
Determining whether weeds are drivers of 
ecosystem change or 'passengers· - taking 

advantage of hab itat modification - is an important 
issue for managers. It is likely that both si tuations 
occur depending on weed species. ecosystems and 
thei r degrading processes. With the 'passenger· 
scenario, management efforts need to address 
both the control of the weed and the underlying 
degrading process. 

Why control environmental weeds? 
Impacts on biodiversity and ecosystem 
processes 
Environmental weeds affect ecosystem processes 
by disrupting the func tional roles that na ti ve 
biodiversi ty contributes to the maintenance 
of ecosystem character and integrity. Effects 
include those on native vege tation composi tion 
and structure; inver tebrate and vertebrate 
communities , includ ing habitat provision and 
maintenance of food webs; decomposi tion and 
soi l nutrient cycl ing; disturbance reg imes including 
fire ; hydrological processes including water qua lity 
and ava ilabili ty, stream channel mor phology and 
sediment dynamics; and changes in temperature 
and light levels. Knowing what effects weeds have 
on these processes better enables us to plan our 
management actions. There are few such studies, 
and more are needed. Some weeds may have 
relat ively l ittle impact, while others like willows, 
legumes, pasture grasses and climbers may be 
transformer species. or ecosystem engineers, 
that simultaneously affect one or more processes 
or assets of inte rest. 

An aggressive invader of native bush, the blue morning glory 

(/pomoea indical vine can climb so high that it blankets trees 

up to 30 metres and so wide that it creates a dense mat up 

to a kilometre across. Photo Jeanette Nobes. 



Native vegetation community 
composition and habitat provision 
Weed invasion can result in reduced cover of 
native plants, especia lly when the weed dominates 
large areas and occupies the same habitat. Several 
of the photographs illustrate this ef fect. Plant and 
an imal species may become locally ext inct following 
invasion because weeds out-compete other plants 
for resources. The abundance of a weed is not 
necessa rily an indicator of the decline in native 
spec ies cover or commun ity diversity. as the impact 
a weed has on na tive vegetation ca n vary according 
to the co mmunity it invades. The disturbance history 
of a si te ca n strongly influence community response 
to invasion, and not all sites invaded by the same 
weed species should necessar ily be managed in 

the same way. 

Weed invasion ca n simplify nat ive vegeta tion 
structu re . This loss of st ructura l diversity further 
decreases the diversity of plants and animals 
within a si te. Managing weeds to restore spatial 
heterogeneity, and thus create niche opportunities 
fo r components of the origina l community, can 
also pro mote the coexistence of weeds and native 
veg etation. Th e damage of weed invasion to fau na 
may be significant if the weed has a different l ife 
cycle, phenology, or represents a substantia lly 
different set of food or hab itat resources from the 
native plants it displaces; like where an invasive 
shrub replaces grasses and herbs, or an annual 
weed re places pere nn ial natives. Ef fects ca n be 
especially severe for animals that rely on native 
plan ts for food. For example, where, a plant bearing 
palatable, fleshy frui t is replaced by a weed with 

large hard seeds. 

Environmental weed control can become a 
complex issue if the weed has been present for 
long enough to provide alternative resou rces for 
native animals. The shrubby weed lantana [Lantana 
camara) provides habita t and food for native birds 
and protect ion against the aggressive noisy miner 
(Manorina melanocephala) which is abundant 
in adjacent open areas. Lantana appears to 
be associated with higher native bird diversity. 
This is a good example of an ecological trade-o ff 
scenario, whe re ou r viewpoint is dependent on 
the conceptua l boundaries we draw around the 
system. From one perspective, a Weed of Nat iona l 
Significance may be providing a habitat benefit 
to native bi rds. But alternative ly, at a prist ine site , 
or one revegetated after lantana removal, a well­
developed native understorey will provide benefits 
not on ly to native birds, but to other species and 
to na tura l ecosystem processes. Th e trade-of f we 
make is whether to leave the lantana in place and 
impart a perceived biodiversity benefi t, remove it 
and reduce bird diversity (wi th likely knock-on 
effects, such as avian control of pest insects!. 
or re move it and revegetate wi th native plants. 
These sorts of decisions force us to re -think 
how we manage weeds in a whole-of-systems 
framework. In such circumstances weed control 
has to be l inked to restoration and provision of 
alternative native habitat and resources. Weed 
control and restora tion may have to be done 
in a mosa ic fashion in several stages. 

Blackberry thickets infest about 9 million hectares of temperate 

Australia and are difficult and costly to control. Photo Roger Charlton. 



Soil nutrient cycling 
The ava ilabili ty of essentia l nutri ents affects 
the productivi ty, composit ion and interactions 
between populations of plants, animals and 
m icrobes. Wh ile some weed invasions are 
more successfu l on nutrien t-enriched soi l , 
other plants can directly or indirectly alter soil 
nutrient levels. So il fe rti lity is based on pa rent 
materia l and the processes of plant and animal 
ma tter decomposition and nutr ient cycling. Weed 

invasion ca n change the cycl ing time of nutrients 
from soils to plants and back to soils. Th is ca n 
be via changes in the invertebrate and microbial 
community and the development of plant-soil­
m icrobia l feedbacks that can slow or hasten 
nutrient cycling. 

Many post - invasion changes to the decomposer 
community are due to the leaves of the weed being 
of different quality or being added to the l itter layer 
at a different rate to those of th e nat ive vegetation. 
A change in th e am ount of leaf litter can also 
affect the environment in which native plants 
germinate and establish. Alteration of soil nu tri ent 
concent rat ions and decomposer com munities by 
weeds may fac ilitate weed persistence and lead 
to problems w ith re-establishment of nat ive plan ts 
afte r weed erad ication. Posit ive feed back loops 
such as these are very hard to manage because 
the underlying co nd itions !e.g. soil nutrie nts] 
must be mod ified before the original vegeta tion 
can compete effectively w ith the weed species. 

Aust ra l ian native sclerophyll species are particular ly 
sensitive to changes in soil nitrogen and phosphorus, 
and thei r symbiotic fung i and bacteria may be lost 
from the system after long-term disturbance, 
hindering native plant re- introduction. 

One example of how weeds can directly increase 
soil nutri ents is th rough the fi xat ion of atmospheric 
ni troge n. Many weeds do this . includ ing Acacias, 
gorse IUlex europaeus ] and English broom ICytisus 
scoparius l. These plan ts produce nitrogen r ich leaf 
litter which adds to the soil ni trogen poo l as the 
l itter decomposes. 

Impacts on aquatic systems 
Willows !Salix species] have major impacts on 

stream flow and wate r avai lability through altering 
the structu re of banks and stream beds, as well as 
changing sediment deposit ion and channel direc tion. 
Differences in the seasonal t im ing of l ife cycle events 
between natives and exotics can have consequences 
for nat ive communit ies. Willows c.ind river red gum 
!Eucalyptus camaldulensis] both occu r in ri parian 
zones but deciduous wi llows shed all their leaves in 
the Autum n, whereas evergreen red gums shed far 
fewer leaves throughou t the year. These events result 
in di fferent levels of r iver shade and litter decompo­
sition rates. This results in changes in abundance, 
diversity and composi tion of terrestrial and aquatic 
invertebrates, with poten tial consequences for 
associated r iparian fauna and food webs. 

Willow on the Ovens River, Victoria, showing accumulation of coarse woody debris in the channel and alterat ion in stream flow. 

Photo Trevor Hunt, Department of Primary Industries, Victoria. 
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In relation to water quality, the effect of cer tain 
aquatic weeds with emergent or floa t ing leaves 
is li kely to shade out submerged native species. 
Where float ing-leaved plants have replaced 
submerged vegetation the result can be signif icant 
oxygen depletion in the water, because these plants 
vent oxygen to the atmosphere, not into the water. 

This has casca ding effects on freshwater food 
webs, typically depletion of fish and invertebrate 
populations. 

Loss of genetic diversity -
implications for ecosystem resilience 
High genetic variability is important for development 
and maintenance of diverse commun ity structure 
and resilience, as genetically var iable populations of 
organisms are likely to better wi thstand and recover 
from perturbation. Weed invasions can decrease the 

genetic diversity of native plants by reducing their 
population size. This cha racteristic is measurable 

but may easily be over looked if sites are assessed 
only on the basis of species diversity of native 

plants. 

A second mechanism whereby weed infestations 
can narrow the genetic variabi li ty of native species 
re lates to those weeds which reproduce primarily 
by vegetative means. For these weeds, their 
populations at a site are genetically homogeneous 
- they are all clones of the parent plant. There is 
some evidence that invertebrate diversi ty is strongly 

linked to the geneti c diversity of thei r host plants. 
Were this phenomenon found to be signi fi cant 
and widespread, it follows that clonal populations 
of environmental weeds would be likely to host 
depauperate invertebrate communities, with 
detrimental consequences for food web structure 
and other ecosystem properties and processes. 

A consequence of the need for awareness of 
threats to genetic diversity relates to our restoration 
activities. It may be better to mix genetic resources 
of species at restoration sites. ra ther than strictly 
using seeds of loca l provenance. This is particularly 
relevant if we are seeking to establ ish sites which 
are resilient to climate change, whereby broad 
genetic diversity of each spec ies may give the 
best chance of the ecosystem persisting over 
the long te rm. 

Salvinia (Salvinia moles/a) covering a lake at Kakadu, Northern Territory. With such dense coverage, l ight and oxygen levels in the water are 

greatly reduced. Photo Shon Schooler, CSI RO. 



Small scale herbicide control of bitou bush I pictured in inset I on fore dunes in New South Wales. Both photos Kris French, University of Wollongong. 

Managing weed-invaded natural 
ecosystems - protecting .our 
natural assets 
Management of ou r natural resou rces requires 
art iculation of clea r, explicit outcomes. There is 
a need for natural resource managers to cr itically 
examine, on a case-by-case basis, exactly why 
they are embarki ng upon weed control and other 
management actions and wha t outcomes they are 
seeking to achieve. Weed management should be 
a means to an end of ecosystem management, 
not an end in itse lf. Th is requires definition of 
the assets that will be protected and enhanced 
by all management activiti es. These assets may be 
physical ones, such as water quality and availabil ity, 
stabi lisation and integrity of soi ls and river banks, 
soi l nutrient status and structure. Or, they may be 
biological ones, such as aquatic and terrestria l 
vegetation communit ies, threatened species, 
assemblages of vertebrates and invertebrates, or 
indeed the combination of habitat and community 
types that give a par ticular ecosystem its defining 
characte ristics. Assets also incorporate bi otic and 
abiotic interact ions, which manifest as ecolog ical 
funct ions and processes, and th ey include assets 
defined by society on the aesthetic, cultural, 
recrea tional and spiritual values of ecosystems. 

-·-------

An integrated framework for 
restoration and threat abatement 
Control programs set wi thin the broader context 
of natural ecosystem management and restoration 
are likely to have a better chance of success for 
ecological, institutiona l and operational reasons. 
In an integrated restorat ion plan, economies of 
scale can be achieved through bringing together 
the resources of a broader group of stakeholders 
than those interested primarily in weed control. 
Greater capaci ty to influence underlying drivers 
of ecosystem degradation is also possible, especially 
whe re these relate to cross-jurisdictional land and 
water use pol icies and practices. 

Integrated approaches to managing environmental 
weeds in natural ecosystems are not new. For 
example, re-establi shmen t of native vegetat ion 
has been identified as a key component in the 
management guides of some Weeds of National 
Significance including lantana, willow, boneseed, 
mimosa. Chilean needle grass, pond apple, serrated 
tussock and blackber ry. For others !bridal creeper, 
gorse, pri ckly acacia, parthenium weed, mesquite, 
tamarisk, and parkinsonia l. the emphasis on 
integrated approaches is not so strong. and 
there may be sound logistical reasons for th is. 
Nevertheless , there is considerable scope to build 
on the promising beginn ings of more ir tegrated 

approaches. 
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Cattle in an unfenced riparian zone, Surry River, Victoria. Riparian zones are particularly susceptible to stock damage due to trampling, nutrient 

enrichment from urine and dung and transport of weed propagules. Photo Trevor Hunt, OPI Victoria. 

Recovery, restoration and revegetation -
weed management for ecological benefits 
The identifica tion of multiple ecological benefits 
from relatively few highly-targeted actions is of 
immense value in natural resource management, 
but there are few examples that have been put into 
practice on a large scale. One of the more important 
is the restoration of native vegetation: either natural 
rege neration by encouraging natural recrui tment 
processes, or revegetation with tubestock or 
direct seeding. Revegetation with trees and 
shrubs requires investment in weed control 
for site prepa ration and during the growth 
and establ ishment phase. The simple act of 
stock exclusion by fencing areas targeted for 
regeneration has the benefits of encouraging 
recruitment through eliminating grazing on young 
trees and shrubs, reducing soil compaction and 
erosion from trampling and stock camps, as well 
as halt ing the accumulation in soil of excess 
nutrien ts from dung and urine. 

There is a need for follow-up activities such as 
stimulat ing seedbank germination [for example 
through judicious use of fire l. adding local native 
seeds or transplant ing seedlings combined with 
sustained removal of new weed recruits in order to 
assist the recovery of native communities following 
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control of the dominant weed species. Nonetheless. 
any possible underlying causes of the initial weed 
invasion will need to be identified and addressed 
before native plant communities can successfu lly 
be restored over the long term. 

The adverse effects on rem nant woodlands of 
grazing pressure, nutrient enrichment from wind 
drift and environmental weeds are inextricably 
linked and there may be conflicts of use for land 
managers, such as the value of remnants for stock 
shelter, but a desire to improve native plant diversity 
as part of a LandCare program. Short periods 
of so-called ·strategic grazing· are one possible 
method for removing weeds and the nu trients 
they have accumulated from the soil, thus creat ing 
conditions more conducive for native vegeta tion. Yet 
the deposition of dung and urine from grazing stock 
may add to nutrient levels. Thus at fa rm-scale, 
strictly controlling grazing access to remnants. 
combined w ith planting shelter bel ts to intercept 
w indborne nutrients and adopting conservation 
tillage to re tain nutrients in cropping areas goes 
some way to satisfying both production and 
conservat ion objectives. Novel restorat ion 
approaches, such as redressing soil carbon­
nitrogen ratios are more l ikely to emerge from 
adopting whole-of-systems frameworks. 



The importance of monitoring 
Monitoring is an essential part of any na tu ral 
resource management activi ty, including weed 
contro l, yet there is a belief tha t it is unnecessary 
and diverts resou rces from what is seen as the main 
task. Without moni tori ng, not only is there no proof 
tha t the desired outcome was achieved, but it is 

impossible to undertake an adaptive approach to 
managemen t and determine whether additional 
intervent ions are required to assist the recove ry 
of native plant commun ities. Monitoring includes 
both the reduction of the weed popu lat ions and 
the subsequent responses of native species. This 
means there is a need to susta in monitoring efforts 
over timeframes that are co nsistent with the ra te of 

ecolog ical recovery. Short-term programs represent 
a serious mismatch between monitoring needs 
for weed contro l and broa der natural resource 
management ou tcomes. 

Given the importance of differentiat ing whether 
weed invasion is a cause of ecosystem degradati on 
or an effect of other degrading processes , the re 
are significant knowledge gaps of how an effective 

monitoring program could be designed and 
implemented by on- ground land managers 
without significan t input from researchers trai ned 
in sampling design and data analysis. Another 
concern is the collec tion of monitoring data w ithout 
any framework for its assessment and use. Act ive 
monitoring of the response of weeds and native 
plant communities using quantitative methods 
should be an integral component of weed co ntrol 

programs in natural ecosystems, to underp in 
subsequent adaptive management actions 
and document outcomes of programs. Such 
methodolog ies can be integrated into broader 
evaluations. such as the Monitoring, Evaluation, 

Reporting and Improvement IMERll framework. 

This is a modificat ion of the widely-used principles 
of adaptive management and has been adopted 
as a generic basis for eva lua tion of natural 
resource management programs in Australia 
[http://www.nrm .gov.au/publica tions/frameworksl. 

The importance of 
environmental stewardship 
Environmental stewardsh ip prog rams involve paying 
priva te landholders for manag ing environmental 
assets on their land. This is a pa r ticularly impor tan t 
issue because over 70% of land in Australia is 
under priva te management, either as leasehold 
or freehold. Such prog rams provide both an 

opportunity to manage ecological assets on 
pr iva te land in a holistic way using valuable local 
knowledge, but also represent a cons iderable 
chal lenge for stewards in terms of knowledge 
t ransfer of systems-based understanding, setting 

realistic goa ls and targets, and the monitoring 
and assessment of outcomes. Development of 
partnerships w ith agency-based na tu ral resource 
managers and scientists can help overcome this 
cha llenge in part , bu t can be t ime-consuming and 

resource- intensive. 

Possibly the most valuable aspect of environmental 
stewardship programs is they are designed to 
be long term, providing the ideal opportunity 
for ongoing monitoring. The recogn ition that 
ecosystems do not ope ra te on three-year fund ing 
cycles is a major step forward in natural resource 
management policy in Aust ral ia . A broadening 
of this recognition to allow for management 
and restoration of natural ecosystems w ithin a 
real istic ecological timeframe can only improve 
the li ke lihood of successful ou tcomes . 

Setting up permanent transects in a blackberry infestatio n to facilitate monitoring fo llowing im plementation of control program. 
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A planning process for management 
of environmental weeds 
How does a manager select si tes where the greatest 
ecological outcomes might be achieved? Priority 
setting includes consideration of both assets and 
threats amongst different sites, but also the weeds 

present within a site. Unless an environmental weed 
is the target of a feasible eradicati on or containment 
program, control should target multiple weed 
species and have the long -term aim of restoring 
native communi ties and ecosystem processes. 
So at some sites all weeds wou ld be targeted, 
whereas at others some weeds might be managed 
and the rest left in place. 

Th e stages and questions outlined in the panel 
opposi te represent the weed management 
component of an integ rated natura l resource 
management program [see diagram]. Consultation 

with key stakeholders is integral to plann ing, and 
development of partnerships will improve the 
likelihood of long-term success. Although the 
process outl ined opposite is step-wise. an iterative, 
adaptive management approach will be most 
effective. Thus information gained during the 
development of one part of the program is fed 
back to refine the program. Adaptive feedback 
allows the data co llected during the monitoring 
and evaluation phase lo be used to inform feasibility 
of management objectives, threat control and the 

most appropriate control options. 

A conceptual framework for integrating monitoring, weed management and actions to assist recovery of the ecosystem to more 

effectively restore weed-invaded natural ecosystems. 

Monitoring 
Objective: demonstration of improvement 

in condition 

Monitoring actions: 

• Benchmarking against pristine sites 

• Change in site condition 

• Effects on native species populations 

• Effects on ecosystem functions 

• Changes in threat status 

Ecosystem restoration 
Objectives: increase diversity and abundance 

of native species, restora tion of ecosystem 

processes, address threatening processes 

Restoration actions: 

• Mapping and audit of priority communities 

• Plan multi-species recovery program 

• Address off-site and on-site threats 

• Implement recovery program 

Goal 
Realistic, cost-effective 

restoration of 

biodiversity and 

ecosystem functions 

Management of weeds 
Objectives: reduce abundance and dist ribution 

of major weed species 

Weed management actions: 

• Priorit ise areas for management 

• Consultation and partnerships 

• Plan multi-species control program 

• Implement control program 



Strategic planning 
1. Identify the assets in the system 

being managed. What key assets will 
management activities protect or enhance. 
and what are the physical, biological and 
cultural values of these assets? Are there 
off-site assets that require protection? 

2. Identify and assess the threats posed to 
those assets [such as altered hydrology, 
soil nutrients, weeds]. What factors pose 
a threat to the assets and their values and 
are they major or minor? Which threats 
require priority management? 

3. Identify the feasibility of managing each 
threat. Is it possible to manage all the 
threats and are management strategies 
for different threats co-dependent or 
synergistic? Will managing all th e threats 
result in an acceptable benefit for the 
required investment? 

4. Assess the feasibility of weed management 
by determining the weed species currently 
present and those that could invade , and 
their impacts. What are the sources of the 
weeds and their means of reproduction 
and dispersa l? What is the exten t and 
condition of existing native vegetation. 
and are the factors that influence site 
invasibil ity known? 

5. Determine the management objectives. 
Why is weed management being 
undertaken and what long-term 
outcomes are sought? Will data collected 
from monitoring previous management 
activities inform th e development of future 
management objectives? Can we move 
the system from an undesirable state 
to a desired stable state? 

Addressing these steps w ill requ ire an assessment 
of the landscape con text of the area to be managed. 
Where degradation has sign ifi cantly changed 
commun ities and .ecosystems it wi ll be ve ry 
difficult to restore the or iginal na tive vegetat ion. 
Under such ci rcumstances the main ini tial purpose 
of control might be to con tain the spread of weeds 
and therefore reduce their impact on sites of higher 

native diversity nearby. 

Undertaking th e steps in the stra tegic plan will help 
determine if an environmenta l weed management 
program is appropr iate. If it is, these same steps 
can be used to assist in priori tis ing sites. Once 
these decisions have been made, the operat ional 

deta ils can be developed. 

Weed invasion near Boorowa, NSW due to nutrient enrichment in 

grassy woodland adjacent to agricultu ral land. Photo Elizabeth 

Lindsay, CSIRO. 



Future directions 
We are just beginning to understand the 
complexities of how natural ecosystems work. 
Ideally, we need a deeper understanding of 
ecosystem functions, processes and responses 
before we even attempt weed control. But, as in 
many cases in natural resource management, we 
are obliged to act w ith incomplete information. Th is 

does not preclude developing clear object ives based 
on current knowledge and the desired ecosystem 
state. Improving our understanding of the overall 
ecological co ntext of weed management and other 
management activit ies has two main implica tions. 

First, we are beg inning to focus on understanding 
the impacts of environmental weed s on ecosystems. 
These include effects on the structure and 
composition of plant and animal communities, 
interactions between species and between biotic 
and abiotic components of ecosystems, and on 
ecosystem functions such as soi l nutrient cycl ing. 
Knowing what effect weeds have on these processes 
better enables us to plan our management actions. 
Some weed s may have relatively li ttle impact, 
whereas others l ike willows, legumes, pasture 
grasses or cl imbers may be transformer species, 
or ecosystem engineers , that signi ficantly affect 
one or more processes or assets of interest. 
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Second, we need much better understanding 
of the outcomes of our management actions. Th is 
forces us to face quest ions such as whether our 
intervent ions are achieving the positive outcomes we 
are seeking. The inclusion of adequate monitoring 
and evaluat ion. often extending beyond the life of 
the intervent ion activit ies. as standard components 
of many natural resource management programs 
w ill enhance not only the assessment of success 
for specific interventions, but aid the generation of 
knowledge that would lead to improved predictive 
ca pacity. 
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Overview 
In a suite of 27 national weeds research projects 
funded as part of the "Defeating the Weed 
Menace Program", Land & Water Australia funded 
seven projects under the theme "Biocontrol 
agents for national priority weeds". The projects 
related to weeds in all states and terr itories and 
included insects and fungi as control agents: 

• CEN7 - Enhancing noogoora burr biocontrol 
in northern Australia 

• CEN8 - Boneseed rust: A highly promising 
candidate for biological control 

• CEN11 - Biolog ica l control and ecology 
of alligator weed 

• CEN12 - Development of new biocontrol 
agents for parkinsonia 

• SARDl1 - Importation, rearing and field 
re lease of the Cape broom psyllid 

• UW07 - Improving management of salvinia 
in temperate aquatic ecosystems 

• VPl10 - Importation and release of a new 
biological control agent for Scotch broom 

In addition, two projects under other themes, 
involved assessments of biological control of 
weeds: 

• CEN23 - Optimising management of core 
mesquite infestations across Australia 

• CEN24 - Evaluating the environmental 
benefits from managing WoNS in natural 

ecosystems 

Cover photo: Cape ivy replacing bridal creeper following successful 

biological control at Broulee, New South Wales. Photo Louise 

Morin, CSIRO Entomology. Above: Mesquite !Prosopsisl. Photo LWA. 
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These nine projects embraced the whole rang e of 
activities involved in classical biolog ical control 

resea rch and implementation. includ ing: 

1. Exploration overseas for potential ca nd idate 
organisms. 

2. Host range and efficacy test ing of potential 
agents. 

3. Importat ion of new agents. 

4. Release of new agents. 

5. Augmentative releases w ith agents already 

int roduced. 

6. Evaluation of agents released in the field. 

The research projects met issues frequently 
encountered in biocontro l projects in Australia over 
many yea rs: 

1. The need for a long - term commitment in terms 
of both time and money to ach ieve a successful 
outcome. 

2. The value in supporting projects that have 
reached a critical stage but lack future funding. 

3. Logistical and legal problems involved in 
work ing in, and importing organisms from. 
severa l count ries , as well as l imited taxonomic 
knowledge of endemic flora and fauna in those 
countries. 

4. Uncertainty in relation to host range of potential 
agents includ ing genetic variation in target weed 
in native range. 

5. Unpredictabi l ity in terms of efficacy of an agent 
on ce it is released into a new environment. 

6. Unpredictability in terms of impact of successful 
biocontrol on either production or ecosystem 
recovery. 



Highlights 
One project, VPI 10, resulted in the importa tion, 
mass rearing and release of a new but previously 
approved biologica l control agent, the broom mite 
Aceria genis tae , for control of Scotch broom Cytisus 

scoparius. The agent has been released in Victoria , 
South Australia and Tasmania and a release kit 
has been developed. 

The boneseed rust [a systemic fungus] Endophyllum 

osteospermi [CEN8] has been imported from South 
Africa into quarantine for efficacy evaluation and 
host range test ing. Although previously thought to 
take up to three years to produce disease symptoms 
on host boneseed plants Chrysanthemoides 

monilifera ssp. monilifera research has revealed 
that symptoms may be produced much earlier 
on some plants . A PCR [polymerase chain reaction ] 
technique has been developed to detect whether 
the fungus has infected symptomless plants . These 
two findings will lead to a much qu icker eva luation 
of the agent. 

Exploration in Brazil, Ecuador and Peru , as well 
as finali sing surveys in Central and North Am er ica 
and process ing mater ial from earlier surveys in 
Arg entina and Paraguay has identi fied 50 new 
insect spec ies associated with parkin sonia 
Parkinsonia aculeate [CEN 121. From these, a 
prioritised l ist of 10 potential biocontrol agents 
for the weed has been developed as a basis 
for fu ture work. 

Other findings 
New stra ins of the rust fungus Puccinia xanthii were 
imported from the Dominica n Republ ic and Mexico 
as potential biocontrol agents for noogoora burr 
Xanthium occidentale in northern Australia [CEN7] 
in an attempt to find agents from similar cl imates. 
These stra ins did not infect Australian noogoora 
burr, highlighting the difficulties in matching agents 
with target weeds of both widespread origin and 
extensive di stribution in Austral ia. In Australia, 
noogoora burr is a complex of four species of 
different origins in North and South Amer ica and 
unique hybrids may occur here, although the plants 
in nor thern Australia are apparently all one speci es 
X. occidentale. In the Americas, similar Xanthium 

species occur from Canada to Arge ntina. Similar 
problems could arise with parkinsonia, anoth er 
species with a wid e native range. 



Alligator weed. Photo Shon Schooler. 

A potential biocon tro l agent for alliga tor weed 

Alternanthera philoxeroides, a tip gall fly Clinodiplosis 
alternantherae fai led host range tests by attacking 
two native plant species and w ill not be released. 
This project ICEN 11 ] encountered difficulties in 
import ing agents from Argentina and host range 
testing of two other potential agents: Ophiomya 
morelli lleaf m ining fly] and Systena nitenula !beetle]. 
are st ill awaiting completion. A new poten tial agent, 
a fungus Uredo pacensis from Bol ivia, was also 
identified during this project. Again, this project 
has revea led genetic complexity in the target weed . 
There are at least three genotypes of alligator weed 
originating from Argentina in Au stralia. Fortunately 
these races apparently do not reproduce sexually 
here. Notwithstanding this, the finding emphasises 
the need for continued quarantine survei llance 
and exclusion for weeds already in Austra lia. 
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Witches' broom caused by the rust fungus Endophyllum osteospermi 
on a boneseed plant. Photo Louise Morin, CSIRO Entomology. 

A project ISAR011 I aim ed to import the Cape 
broom psyl lid Arytinnis hakani to control Cape 
or Montpellier broom Genista monspessulana took 
a sharp change in direction when the psyllid was 
discovered to already be in Australia in the Mount 
Lofty Ranges. Subsequent host range tests suggest 
that the agent could be redistributed to other sta tes. 

Another projec t w ith a focus on mass 
reari ng/redistribution. the augmentative approach 
to biocontrol, was conducted on the aqua tic fern, 
sa lvinia Salvinia molesta IUW07l. A biocontrol agent, 
the weevil Cyrtobagous salviniae already released 
with success in northern reg ions was investigated 
for distribution in temperate areas. Although 
temperatures lower than 20°C prevented larval 
development, factors other than temperature 
apparently also influence weevil ac tivity. 



Impact of biological control 
A study of the effect of management techniques 
on control of mesquite Prosopsis spp. [CEN23) 
showed that of three biocontrol agents released 
only one, the leaf tying moth Evippe sp. was having 
an impact. Mesquite consists of three species and 
hybrids that occur over vast areas of northern 
Australia. The moth's impact was greatest 
on hybrid mesquite in the Pilbara but other 
management of mesquite will be required to 
capitalise on the damage caused by the moth. 

In areas where biocontrol of salvina had occurred 
[UW07) replacement of salvinia wa s frequently 
by another exotic weed Egeria densa dense water 
weed. 

An eva luation of benefits from controlling Weeds 
of National Significance [CEN24l. demonstrated 
that there are very few documented cases where 
responses and recovery were monitored. In a case 
study of the impact of the rust fungu s Puccinia 
myrsiphylli on recovery of areas invaded by bridal 
creeper Asparagus asparagoides it was noted that 
whilst bridal creeper cover had decreased, there 
was an increase in bare areas and leaf litter and 
a slight increase in both native and weed species. 

Above: Close-up of an adult of the leaf-feeding beetle [Zygogramma 
bicoloratal feeding on parthenium weed. Photo K. Dhileepan, 

Department of Primary Industries and Fisheries, Queensland. 

Below: Gorse spider mite [Tetranychus linteariusl; a biological 

control of gorse. Photo Peter Martin. 

Lessons and future prospects 
The outcomes of th e funded projects confirmed 
that while biological control is a highly suitab le 
and desirable method for weed control in Austra l ia, 
it is not a "silver bullet" that is a complete answer 
to weed management. Unpredictabili ty in efficacy 
of agents, once re leased, remains as a l im itat ion . 

Control of a weed does not. in itself, necessarily 
lead to increased production or its replacement 
by desi rable plants. Biological control must be 
integrated with other weed management tactics for 
successful production and biodiversity outcomes. 

There is an urgent need for improved monitor ing 
and eva luation of biolog ical control of weed 
programs. Follow-up monitoring after release 
of agents should be built into research program 
plans. Investment in these activi ties should be 
increased although current short- term funding 
cycles do not encourage long- term evaluation. 

This program has supported some projects that 
will clearly benefit from further funding to progress 
them towards completion (CEN8, CEN 11, CEN 12). 

With limited resources, future resea rch efforts 
should target priority weeds where chances of 
success are considered relatively high. 

Th e table on the following pages shows the weeds 
on which there has been some level of bio log ical 
control research over the last decade. Of the 
52 species (or groups. e.g. Sida spp.) at least 
23 have been worked on for a much longer 
period (e.g. Lantana camara ). 

Clearly, research efforts and fund ing could be more 
focused on fewer ta rget spec ies. With this in mind, 
this program commissioned a project to assist in 
pri ori tising future research into biological con trol 
of weeds: "Improved targeting of weed biological 
control projects" . A repor t on that project wi ll 
be available on Land & Water Australia's websi te 
(lwa.gov.au) and wi ll be widely di sseminated 
to program and po licy managers at national 
and state levels. 

Please note: The table on the following pages is 
simply a summary overview. Evaluation of releases 
or impact is not included. For details of specific 
programs please contact t he researchers involved. 
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Australian biocontrol projects: 1998-2008 

Target species or group Common name Institutions involved 
(generally self-nominated) 

Alternanthera philoxeroides alligator weed csiro, nsw dpi, dpi vie 

Xanthium spinosum bathurst burr csiro, nsw dpi 

Jatropha gossypiifolia bellyache bush csiro, dpi&f qld 

Chrysanthemoides 

monilifera ssp. rotundata bitou bush csiro, nsw dpi, dpi vie 

Rubus spp. blackberry csiro, dpi vie, nsw dpi, rmit 

Heliotropium amplexicaule blue heliotrope csiro 

Chrysanthemoides 

monilifera ssp. monilifera bonessed csiro, dpi vie 

Asparagus asparagoides br idal creeper csiro, dpi vie, nsw dpi 

Cabomba caroliniana cabomba csiro 

Cassinia spp. cassinia nswdpi 

Macfadyena unguis-cati cats claw creeper dpi&f qld, nsw dpi 

Nassella neesiana chilean needlegrass dpi vie 

Rumex spp. docks dpivic 

Emexspp. em ex csiro 

Senecio madagascariensis fireweed csiro 

Fumaria spp. fumitory csiro, nsw dpi 

Ulex europaeus gorse l iar tas, dpi vie, csiro 

Baccharis halimifolia groundsel bush dpi& f qld 

Marrubium vulgare horehound dpi vie 

Hyptis suaveolens hyptis csiro 

Cylindr:opuntfa rosea hudson pear nsw dpi 

Lantana camara sens. lat. Lantana dpi&f qld, nsw dpi 

Lantana montevidensis Lantana, creeping dpi&f qld 

Phyla nodiflora lippia csiro 

Anredera cordifolia madeira vine dpi&f qld 

Prosopis spp. mesquite csi ro, dpi&f qld 

Mimosa pigra mimosa csiro, nretas nt 

Genista monspessulana montpellier broom csiro, dwlbc sa 

Bryophyllum spp. mother-of-millions dpi&f qld 

Carduus nutans ssp. nutans nodding thistle csiro, nsw dpi, dpi vie 

Xanthium occidentale noogoora burr csiro, nretas nt, dafwa, 

dpi&f qld 

Moraea spp. one/two leaf cape tulips csiro 
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Australian biocontrol projects: 1998-2008 (continued) 

Target species or group Common name Institutions involved 

(generally self-nominated) 

Onopordum spp. onopordum thistles csiro, dpi vie, nsw dpi 

Parkinsonia aculeata parkinsonia csiro, uni qld, dpi&f qld 

Parthenium hysterophorus parthenium dpi&f qld 

Echium plantagineum patersons curse csiro, nsw dpi, dpi vie, 

sardi, wa dpi 

Physalis viscosa prairie ground cherry dpi yic 

Acacia nilotica prickly acacia dpi&f qld 

Senecio jacobeae ragwort dpi vie 

Carthamus lanatus saffron thistle csiro 

Salvinia molesta salvinia csiro, nsw dpi 

Cytisus scoparius scotch broom csiro, nsw dpi, dpi vie 

Euphorbia paralias sea spurge csiro 

Nassella trichotoma serrated tussock dpi vie 

Senna obtusifolia sicklepod dpi&f qld 

Sida spp. sidas csiro 

Solanum elaeagnifolium silver leaf nightshade dpi vie 

Sonchus oleraceus sowthistle csiro 

Sporobo/us spp. sporobolus grasses dpi&f qld 

Hypericum perforatum st john's wort csiro, nsw dpi, dpi vie 

Eichhornia crassipes water hyacinth csiro, nsw dpi 

Raphanus raphanistrum wild radish csiro 

* 
NA 
OH 
RS 

RL 
RD 

Current status: opinions on this sometimes varied between respondents. 

Non act ive: program abandoned !various reasons) 

On hold: no active research current; program awaiting funding; administrative +/or staff constraints 

Research: pre release research; sea rching; host range testing 

Released: at least one agent released at some time 

Redistribution: continuing redistribution/breeding of released agents by researchers 

Other potential targets mentioned by respondents: 

Ageratina r iparia mistflower 

Euphorbia paralias sea spurge 

Opuntia robusta wheel cactus 

Sagittaria graminea ltwo ssp.I sagittaria; arrowhead 

Acronyms !in alphabet ical order) 

csiro: Commonwealth Scienti fic and Industrial Research Organisation. dafwa: Department of Agriculture and Food, Western Australia. dpi&f qld : Department of 

Primary Industries and Fisheries, Queensland. dpi vie: Department of Primary Industries, Victoria. dwlbc sa: South Australian Depa rtment of Water, Land and 

Biodiversity Conservation. nretas nt: Northern Terr itory Department of Natural Resources, Environment, The Arts and Sport. nsw dpi : NSW Depar tment of Primary 

Industries. rm it : Royal Melbourne Insti tute of Technology. sardi: South Australian Research and Development Institute. liar l as: Tasmanian Inst itute of Agricultural 

Research. uni qld : University of Queensland. wa dpi: Western Australian Department for Planning and Infrastructure. 
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Introduction 
Several aquatic weeds are aggressive invaders of 
waterways in Australia. Species such as all igator 

weed. cabomba and salvinia. which have been 
declared Weeds of National Significance, can 
cover ent ire water surfaces. Flows are prevented , 

channels blocked and flood patterns altered . 
Weed mats reduce ava ilable oxygen in waterways, 
resulting in increased fish kills and loss of native 
plant species, and adversely affecting water qua l ity. 
Unchecked. aquatic weed invasions cause millions 
of dollars of damage to agriculture , fisheries and 
the environment. 

One major limita tion in contro ll ing aquat ic weeds 
is the difficu l ty of conducting detai led surveillance 
over vast areas such as irrigation schemes, or 
over inaccessible aquatic habitats. Satellite 
remote sensing has been used in the past to 
overcome this limitation, but is not cost effective 
and cannot detect small infestations. especially 
where overhang ing fo liage or envi ronmental 
sensor clu tter and backscattering can affect 
surveillance performance. 

About the project 
For the 2007/08 Defeating the Weed Menace 
program IDWMI. we proposed to build and test a 
prototype robotic aircraft and surveillance system 
to detect aquatic weeds in inaccessible habitats. The 
kn ow-how and technology is not new: we have been 
working on such systems for th e aerospace industry 
for over a decade. However. a new appl icat ion of the 
technology and the different test environment meant 
we had to devise new technologies and approaches. 

The prototype aerial robot houses sensors 
and spray systems. The sensors take imagery 
of the environment the robot flies over, classify 
the imagery so as to detect where the weeds are 
(if anyl. and geo-reference the location of those 
weeds. The robot can then be tasked to go back 
to those weed locations and spray them with an 
appropriate herbicide, or be tasked to spray them 
at the same time that they are detected. 

The proj ect was divided up into two key areas: 

1. Development of the robotic aerial platform 

2. Development of novel machine learning 
algori thms to discriminate between different 
plant species. 

An aquatic weed infestation in an area that would prove difficult to map and control by conventional means. The objective of this project was to 

develop a system which could easily conduct surveillance and control m issions over such environments. Photo courtesy of Andrew Petroeschevsky, 

NSW DPI. Opposite: Salvina. Photo Arthur Mostead. 
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What are robotic aircraft? 
Robotic ai rcraft, otherwise known as unmanned 

air vehicles (UAVsl. have been around since the 

development of manned aircraft. They are essentially 

the same platform minus the pilot. The pilot is 

replaced with sensors, computers, actuators and 

algorithms. The sensors detect properties such 

as the velocity of the platform and wind speed; the 

actuators provide a way to drive the various control 

surfaces on the platform; and the computers house 

the algorithms which do all the '"thinking "" the pi lot 

would do, such as waypoint traversal, hovering, and 

sensor pointing. Modern day commercial aircraft, 

such as 747s and the A380, are essentially UAVs 

because most of their flight is autonomous. 

Robotic ai rcraft come in various shapes and sizes; 

from the Global Hawk which has a wing span of over 

35 metres, to micro-UAVs which can easi ly sit on the 

palm of a hand. The decision as to size and shape, 

and whether it should be a fixed wing UAV or a rotary 

UAV, comes down to the payload weight one wants 

to carry, the flight duration and the distance to be 

travelled. 

What is machine learning? 
Machine learning is the science and implementation 

of computer algorithms that give the computer the 

ability to ··learn"": to improve its perfor mance in a 

particular task based on the data that it receives. 

Machine learning has been used in a w ide var iety 

of applications, from the control of helicopters, 

to medical diagnosis, speech recognition, and 

the detection of individual faces. 

There are many machine learning techniques, but the 

most im portant for our work is ··supervised lea rning'". 

In supervised learning you provide the algorithm with 

training data (input and output data). The algorithm 

then aims to learn a model which describes the 

input-output relationship. This learnt model can 

be used to predict the output of any new input data. 



The robotic platform 
We used a modified model helicopter as 

the platform. Using a helicopter gave fu ll 
manoeuvrability, including ability to hover, making 
it possible to traverse large distances, move in tight 
situations, and hold posi tion to take imagery or 
to spray herbicide. This involved development and 
tuning of flight control and navigation algorithms 
and spray mechanisms. The final system can fly for 

approximately two hours and carry approximately 
500 ml of herbicide [water was used in the project 
for demonstration ]. Image on the front cover shows 
the robotic aeria l veh icle over sprayed sa lvinia. 

Figure 1. A closer look at the robotic platform. The 

metal box at the front holds most of the ""intelligence"" 

of the platform. The 3CCD Video camera passes the 

imagery information into the computer processors located 

w ithin this box. Here classification of the imagery takes place. 

The GPS position system and other sensors provide position 

and velocity information. The laser range finder 

provides height-above-ground information. 

Also located at the bottom of the 

platform is the spray tank which 

housed water !herbicide in real 

applications!. and a spray pump. 

When activated the spray pump 

transfers the liquid from the tank 

through the spray boom arms lshown herel. 
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Surveillance system 
Early in the project. many experiments were 
conducted test ing various ideas on th e type of 
sensors and detect ion algorithms we cou ld use. 
We needed this informa tion to establish the size of 
the surveillance system. which in turn would decide 
how we would mount the system on the helicopter. 
Colour and multi -spectral vision systems including 
IR and NIR were analysed. We determined that a 
light-weight, high resolu tion sensing device which 

provided separate RGB colou r information was 
needed. See figure 1 below. 



In order to classify weeds in near rea l -time 
we needed a means of learning the particular 
attri butes of a weed so that an algori thmic model 
describing the weed co uld be developed and 
used on the platform. Thi s would provide us with 
a computa tiona lly efficient algorith m that cou ld 
reasonably quickly detect the l ikelihood and provide 
a probabil ity measure of a particular weed being 
present . Using supervised learn ing techniques 
we were able to learn classificat ion models of 
alligator weed and salvinia. The classificati on 
algo rith m is based on maximum margin 
classification. A large data set of n x n pixels of 
imagery taken from the camera is collected , and 
the set separated manually into what is and what 
is not a weed. Each n x n pixel is in itself marked 
as an image of p dimensions. These dimensions 

take into consideration co lour, shape and textu re. 
The classification algorithm then tri es to determine 
a hyperplane wh ich separates the images into 
two sets. The objective of the algor ithm is to 
determine this hyperplane , which is of maximum 
distance [Euclidean in the imagery space) between 
th e two datasets. When fo und, this hyperplane 
becomes the detect ion model. As new da ta is 
co llected it is passed to thi s model and wi ll 
fa ll on either side of the hyperplane depending 
on whether it is or is not a weed . Depending on 
how far the image fits away from the hyperplane 
will determine the probability that the image is 
within that set. The algorithm proved to be very 
robust and reliab le. See figure 2 be low fo r a 
rep resentat ion of this process. 

Flight tests 
Flight tests we re conducted at the Killa rn ey Chain 
of Ponds in Pitt Town near Sydney. This area is 
kn own for its spread of alligator weed and salvinia . 
The tests were conducted in April (alli gator weed] 
and in August [sprayed salvin ia) 2008, on one of the 
farms we had access to. The system worked as 
planned, being able to fly over the aquatic site, 
co llect imagery, communicate to the ground 
sta tion, and spray at designated locations. 
See figure 3 on the following page. 

Where do we go from here? 
The project developed a prototype system 
and demonstrated its effectiveness. The various 
approaches to weed management using the system 
were discussed w ith stakeho lders of the project. 
This led us to discuss the potential of the system 
with other interested bod ies, speci fically co unci l 

officers . 

There is significant scope for this system to be 
actively used in weed surveillance. It provides a 
means of traversing large distances, accessing 

difficult ground operation areas, and for improving 
the efficiency of the w eed management cycle. 

There were many new challenges and these form 
part of the ongoing work in the area . 

D A weed 

D 

M • 
• 
• Definitely not 

Figure 2. A representat ion of how the on- line classification process works. A model "M", which is an algorithmic representation of relationship 

between colour, texture and shape, is "learnt" off- line, and then implemented on-l ine. Each image taken by the camera in operation is divided 

up into n x n pixels, known as a "sub-image". Each sub-image is now considered to be an image in its own right, and is passed to the model M. 

The output of the model M is a probability measure which represents whether the sub- image contains a weed or not. 
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A weed 

Most likely a weed 

Likely a weed 

Probably 

Not sure 

Not sure 

Not sure 

Probably not 

Not l ike ly 

Most likely not 

Definite ly not 

A weed 

Most likely a weed 

Likely a weed 

Probably 

Not sure 

Not sure 

Not sure 

Probably not 

Not likely 

Most likely not 

Definitely not 

Figure 3. The top images represent the classification results of alligator weed, and the bottom that of sprayed salvinia. The images in the left 

hand column are those directly from the imaging system, and that in the r ight hand colum n are the output of the learnt classification model. 

CASA regulations 

Flying a UAV in a populated area requires the 
users to overcome si gnifican t regulation hurdles. 
Even the process of flyi ng along a river with houses 
nearby will be an issue. Doing so w ith her bici de on 
board adds an extra compl ica ti on. Discuss ions with 
CASA regulato rs suggest that ga in ing pe rmission 
is possible, but needs to be ca refully approached. 
Regulations for fly ing in remote areas , or along 
irr igation channels, are not as stri ct, and this is 
where we see the introduction of such a system. 

Team of people 

Operating the system as a UAV requires 
three people: two that deal with flight operati ons 
and sa fety, and one to dea l w ith computing and 
communicat ions . Instead of flyi ng the system 
as a UAV, it could be flown remotely, but the 
vehicle has to remain within l ine -of-sight. As 
the technology progresses, the number of people 
will drop. Five yea rs ago, six people would have 
been needed to operate such a system. One of 
the key areas for research and development 
is in appropr iate human-machine inter facing . 
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Detection algorithms 

The detect ion algor ithms need to be as accurate as 
possib le to minimise fa lse detections. The cu rrent 
algorithms proved to be very effect ive and w ill 
become more robust as more data is collec ted. 
However , tuning is required, and so a way for the 
operator to easily tune and va lidate the resu lts is 
needed. Aga in, research and development in the 
area of human/machine interfaces is requ ired. 

Decision about spraying 

The .. operator- in-the-loop .. is a cla ssic examp le 

of how autonomous systems interact with human 
gro und opera tors in mak ing collect ive decisions. 
Befo re a weed can be sprayed, there needs to be 
confirmation of the dec ision from an opera tor. This 

will proba bly continue to happen regardless of how 
accura te the detect ion algorithms become, because 
of the potential to cause widespread damage, and 
for OH&S reasons. Sa fety mechanisms need to 
be in place both from a hardware and software 
perspective and t ight logic control needs to be 
placed around the system's dec ision funct ions 
for it to be used sa fely and effectively. 



Flight control 
Flight control proves to pe the most del icate 
aspect of the system. The flight control unit 
needs to sa fely move the platform and conduct 
the operation at hand. Off- the -shelf flight control 

systems will stabilise the platform and allow you 
to command it to go to designated waypoints, but 
flight control management is a mission-specific 
task . Therefore the system will inevitably require 
a co mputer module that talks to the flig ht co ntro l 
computer to command it to do actions at specific 
instances both under norma l operation and under 
safety critica l operations. Such operations are 
specific to the mission at hand - you cannot 
buy an off- the -shelf version of such management 

systems. This computer module could either be 
autonomous and placed on the platform or could 
be at the ground station and managed by the 
operator. If the former, then extensive testing 
and an understanding of the limitations is requ ired; 
if the latter then there needs to be a certain level 
of operator knowledge of the flight control system 
and its operat ion. The way forward is th rough 
human operator management and tra ining, 
to better appreciate the system's limitations. 

Collision avoidance 
The system needs to be able to conduct collision 
avoidance. Th is is a long- term research issue. 
In many cases the flight path can be constructed 
to be sa fe, but the system still requires the abi l ity 
to detect wh ether an obstacle has com e within a 
sa fe bounding box. This involves sensing capabili t ies 
as well as fusion algorithms. What this imp lies is 
that in the short term, an operator needs to j udge 
whether detection is required and how to overcome 
this through better path management. For many 
missions, such as irrigation channels and wid e . 
spaces, it is less of an issue. but caution is required 
for aquatic weed management along rivers. or 
where there are trees within the area. 

The potential 
The future looks very exciting for thi s inte lligent 
li tt le machine. We plan to continue the project with 
a specific focus on aquatic weeds, and to broaden its 
capabilit ies into other ecology management arenas, 
such as woody weeds and biomass measurements. 

7 







f'RO!lUCEll ll\ I WA'> WI I IJ', ><&ll l'iWGll/\~1 

The issue 
Buffel grass [Cenchrus ciliaris) is a valuable 
introduced species for pastoral production but 
its invasion into arid and semi-ari d rangelands 
represents a key threatening process for 
conservation values. 

Due to the apparent polari ty of views on benefits and 
costs of buffet grass, there has been no progress 
toward a policy to support its sustainable use and 
management. 

Ways forward 
Perceptions of the benefi ts and costs are not as 
polarised as is popularly believed. Stakeholders 
can often agree on the benefits and costs to each 
others· interests and, where th ey do not, they ca n 
acknowledge the valid ity of th e others· perce ptions. 
This provides us with oppor tuni ti es to build on areas 
of ag reement and advance opti ons which support 
the development of a national strategy. 

Present approaches to management of contentious 
introduced species are ei ther to take no action, 
so that individual proponents cont inue to seek the 
benefi ts of the species while opponen ts bear the 
negat ive consequences, or to seek th e declaration 
of th e spec ies as a weed in order to deal with its 
negative consequences and proh ibit cu ltivation. 

Declaration enables fundi ng for weed management 
but not for beneficial uses. Declaration is also a 

state responsibi lity, so that inconsistencies across 
jurisdict ional boundaries are possible. 

We propose an al ternative approach to the 
management of buffet grass which is strateg ic 
and non-confrontational. realist ic and national 
in scope. The first step is to engage in extensive 
dialogue amongst stakeholders to ensure that 
th eir diverse needs and preferences are under stood 

and acknowledged. 

Map: Distribution of buffel grass !shown by • I. data from Meg 

Robertson and Weeds CRC 2008. Background photo: Buffel grass 

helps to maintain soil stability during drought and recovers quickly 

after rain in central Australia. Photo Margaret Friedel. 



Need for stakeholder engagement 
At the regional and loca l scale, the management 
objectives. strategies and tools for managing 
butfel grass are relatively uncontroversial on 
environmental lands or on pastoral lands where 
environmental values are low. Nevertheless there 
will be a need for stakeho lders to negotiate to 
identify acceptable and achievable outcomes, and 
th is will help develop trust and effective processes. 
The content ious issues are th ose relating to 
management objectives for pastoral land of high 
environmental value, rather than the particular 
local strategies and tools for achieving them. 
Actions that could improve environmental values. 
but also impinge on management of pastoral land, 
would cu rrent ly not achieve much suppor t or might 
be actively opposed by landholders. Consequently, 
there is a need for non-confrontational ways of 
negotiating acceptable changes in buffel grass 
management , beginning with those issues that 
are likely to be most easily resolved. 

Recommendation 1: Manage change by 
involving landholders in an open dialogue 
about the costs and benefits of buffet grass 
and in the setting of agreed goals. 

Pathways for di sseminat ing information amongst 
pastoralists about buffel grass and its management 
include both formal and informal networks. These 
networks will be an important means of two-way 
communication enabling pastoralists to engage 
effectively and contr ibute to goal-set ting. 

Recommendation 2: Understand and use 
landholders' formal and informal networks 
to enhance information exchange. 

Government-based natura l resource managers 
often view commun ity involvement in the design 
of resource protection strategies as cumbersome. 
tim e consuming and di fficul t. In addi tion, community 
parti cipants often have l im ited knowledge of the 

context in which they have to operate. of their ro le 
in th e process and of the role of organisations, and 
this can complicate the in teract ions. Never th eless 
rea l progress is unlikely without involvement of 
all part ies. 

Recommendation 3: Recognise and accept the 
transaction costs of community engagement 
so that the economic and social benefits of 
buffel grass can be maximised and the 
environmental costs minimised. 

Delivering a strategy 
Rangeland regions vary in their biophysica l, 
economic and socia l potential to support buffel 
grass. For example climates and soi ls differ, and 
buffel grass may be entrenched in the landscape 
or a recent arrival; the use of fire or grazing as 
tools is locally specific. For both environmental 
and pastoral lands, the management objectives 
and th e exact way in which any management 
strategies and tools are used are strongly 
influenced by local environmental, economic 
and social conditi ons. There is no sing le formula 
for management. 

Recommendation 4: Ensure objectives, 
strategies and tools for management of 
buffel grass are tailored to local and 
regional contexts. 

Buffet grass is arguably the most important introduced pasture grass in the rangelands, providing great economic benefit to pastoral 

communities. It is tolerant of drought, fire and heavy grazing and aids the control of soil erosion. Photo Pau l Jones. 



Buffel grass has been long-established in 
some areas but not others. Where it has a 
minimal presence, pastoralists have a lower 
dependency on it and are more l ikely to find 
alternative management strategies acceptable. 
This provides an opportunity to consider the 
balance of production and conservation needs 
and what alternative strateg ies could meet 

those needs. 

Recommendation 5: In situations where buffel 
grass is yet to colonise large areas, such as 
southern pastoral lands or various deserts, 
initiate early community discussion about 
the benefits and costs of buffel grass and 
its management. 

In areas of high environmental value where buffel 
grass is well established, it is not realistic to expect 
every asset to be protected, due to l imitations of 
money and personnel. On pastoral lands there are 
potentially competing objectives for the same piece 
of land. It is important therefore to know where and 
how efforts should be focussed to protect high value 
environmental assets. Where are the valued assets 
that can be most feasibly protected at a sufficiently 
large scale and what is the appropriate response 
when areas are relatively free of buffel grass, as 
compared with areas where buffel grass is well 
established? 

Recommendation 6: Develop processes for 
identifying and prioritising areas of high 
biodiversity value where management of 
buffel grass is required . 

Buffet grass is regarded as a threat to conservation because of its 

direct effects on biodiversity and because its rapid accum ulation 

of fuel generates more intense and frequent fires than native 

grasses do. Photo Dave Albrecht. 

Ways of supporting the delivery of environmental 
outcomes at a catchment or landscape scale 
should be considered , for example through offering 
incentives for better management of areas of high 
environmental value on pastoral properties. and 
avenues for resourcing this should be made 
available. Interventions which focus on delivery 

shou ld be designed to encourag e protection of 
ne ighbouring reserves or downstream areas of 
high environmental value. through, for example. 
the establ ishment of buffer zones or through 
grazing bu ffel grass pastures prior to seed set. 

Recommendation 7: Develop ways of 
encouraging land managers to deliver 
environmental outcomes at landscape scale 
through management of buffel grass. 

Policy, regulatory and management options 
should be canvassed with stakeholders in order 
to establish and make operational best-pract ice 
guidel ines. Any attemp t to develop pol icies for 
managing buffel grass will need to recognise 
the critical importance of the grass to many 
pastoral enterpri ses and consider the l ikelihood 
that outcomes can be achieved. A standard ised 
weed risk assessment framework could assist 
with transparency of process but it must be 
balanced by comprehensive assessment of 
benefi ts. Hence an essential step is to set up 
juri sd ictional adviso ry groups. Cross-jurisdictio nal 
bodies will also be required to ensure consistency 
nationally. 

Recommendation 8: Develop policy 
recommendations for governments 
through establishment of representative 
advisory groups at state and cross 
jurisdictional levels. 



Buffel grass dominates nutrient r ich frontages of creeks and rivers in central Australia, excluding native species. Photo Margaret Friedel. 

The development of a national stra tegy for 
management of a plant species that is both 
economically important and weedy is novel -
there are few precedents to follow and it is 
essential that we learn from our experiences. 

Recommendation 9: In developing 
policy, include the ability to monitor 
and evaluate outcomes and make 
adaptive change. 

What additional knowledge 
is required to make progress? 
Recommenda tion 7 proposes encouraging land 
managers to deliver environmental outcomes but 
it is n.ot yet clear that there is a good connection 
between particular management actions and 
the desired landscape scale outcomes. Better 
documentation and development of management 
options will help managers and poli cy makers 
make informed choices. Actions should include 
recording experience, experimenta tion and adaptive 

management to determine how to e.g ... manage 
for dominance of buffel grass .. or .. manage for 
suppression of buff el grass ... Understanding 
the influence on potential options of regional 

di fferences in environmen tal, economic and 
soc ial characterist ics will be a necessary 
component of this activity. 

Better quantifica tion of the link between 
product ion, buffel grass dominance and 
conservation is required. For example, what are 
the potential grazing strategies for environmental 
reserves and are th ere conservation benefits in 
managing high product ion/high envi ronmental 
value pastoral land for dominance of buffel grass? 
Existing analyses of economic benefits and costs 
should be refined to va lue a wider suite of benefi ts 
and costs [not simply of production! using case 
study regio ns to cla rify reg ional differences. 

Recommendation 10: Improve understanding 
of management options and benefits/costs 
by documenting existing experience and 
developing new research; keep regional 
differences in focus. 
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In conclusion 
There is sufficient common ground amongst 
stakeholders to make progress towards a national 
stra tegy fo r th e management of buffel grass. The 
impedimen ts to progress may not be as great as 
has been perceived. 

A nationa l strategy, supported by state and 
regional jurisdictions, would enable a systema tic 
approach to management of buffel grass. It would 
enable the red uct ion of negative effects w ithout 
ser iously constra ining its production benefits. 
Such a stra tegy would need to be relevant to local 

and to regional scales, taking accoun t of the large 
envi ronmental. social and economic differences 
amongst regions. the diversi ty of available buffel 
grass varieties and the poten tial for varieties to 
adapt to loca l cond itions through hybridisation. 
The st rategy would provide a fra mework for the 
managemen t of buffel grass, the prioritisation 
of resea rch and of resources for on -g round 
management effor ts, and provide a mechanism 
for continued engagemen t and interac tion 
amongst sectors. 

Recommendation 1.1: Develop a national 
strategy for the sustainable management of 
buffel grass for production and conservation, 
relevant to regional scales. 

This paper is based on the report "Quantifying costs 

and benefi ts of buffet grass" by Margaret Friedel, 

Nadine Marshall, Rieks D. van Klinken and Tony Grice. 
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Introduction 
In Au stralia, governmen ts spend approximately 
$116.4 mill ion on weed management, monitori ng 
and research each year 1

• This figure does not 
include resources provided by vo lunteers or 
weed management undertaken as a component 
of other landcare activiti es, nor costs incurred 

by ag ricu ltu ral industries as a result of weeds. 

In recent yea rs a wid er recognit ion of the economic, 
biolog ical and social impacts of weeds has resul ted 
in a greater commitment and investment in weed 
management. However, the management of plan t 
species that have significa nt economic value but 
are, at the same tim e, invas ive has received l ittle 
attent ion. For convenience, these species are 
referred to here as 'commercial weeds'. 
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Pastoralists, farmers, conservationists, t radit iona l 
landholders and local councils are all concerned 
about weeds and th eir impact but they often have 
different perceptions about ind ividual species. 
In part. this is due to soc io-economic factors. 
Conflicting views of the benefi ts and costs of 
commercia l weeds have inhibited the ho list ic or 
coordinated approach to managing or controlling 
these plants. A poor knowledge of the offsite 
impacts of these species on oth er land uses 
and the envi ronment continues to impede the 
development and implementa tion of effective 
ma nagement stra teg ies. This, combined w ith 
the complexi ty of relevant policies and regulations, 
means that commercial weeds present problems 
that require cooperation between ind ividual 
landholders, sectors. jurisdictions and 
governmen t agencies. 

Several research proj ects funded within the 
Defeating the Weed Menace [DWM I program 
provide valuable insights into the ways in wh ich 
these issues might be addressed. pointing to 
the possibility of national approaches that take 
account of sectoral and regional di fferences . 

In the shaded panels on the following pages 
are four research case studies involving 
'commercial weeds'. 



Buffel grass - a pathway to more 
effective management and policy2 

Buffel grass, a valuable introduced spec ies 
for pastora l production, is well establ ished and 
naturalised in many ecosystems in Australia's 

rangelands. Its invasion into the arid and semi ­
arid rangelands represents a key threatening 
process for conservat ion values and, possibly, 
indigenous cultural values. Due to the apparent 
polarity of views on benefits and costs, there has 
been little progress toward a policy that supports 
the sustainable use and management of buffet 

grass. 

A DWM research project placed particu lar 
emphasis on a consultative process, engag ing 
all stakeholders. and found that pe rceptions of 
the benefits and costs were not as polarised as 
is popularly believed. Stakeholders often agreed 
on the benefits and costs to each others· interests 
and, where they could not, they acknowledged the 
val idity of the others· perceptions. This provided 
an opportuni ty to build on areas of agreement 
and to advance options that would support the 
development of a national strategy. 

Present approaches to management of 
commercial weeds are either to take no action, 

so that individual proponents continue to seek 
the benefits of the species while opponents bear 
the negative consequences, or to seek the legal 
declarat ion of the species as a weed in order to 
dea l with its negative consequences and prohibit 
cultivation . Declaration provides financial and 
other incent ives for weed management but, 
generally, does not faci litate beneficial uses. 

The first step toward a strategic , 
non -confrontational and national approach to 
the management of buffel grass is to encourage 
comprehensive discussion amongst stakeholders 
to ensure that their diverse needs and preferences 
are understood and acknowledged. 

Need for stakeholder engagement 

At the regional and local scales, the management 

objectives, strategies and tools for managing 
buffel grass are relative ly non-controve rsial 
on environmental lands and on pastoral lands 
where environmental va lues are low. Nevertheless, 
stakeholders must negotiate to identify acceptable 
and achievable goals, this wil l help develop trust 

and effective processes. Management objectives 
for pastoral land of high environmenta l value are 
more contentious than the part icular local strateg ies 
and tools for achieving them. Act ions that could 
improve environmenta l values but which impinge 
on management of pastoral land, would cur rently 
attract litt le suppor t or would be opposed by pastoral 
landholders. Consequen tly, there is a need to focus 
on non-confrontational ways to negotiate acceptable 
changes in buffe l grass management, beg inning 
with those issues that are likely to be most easily 

resolved. 

Informa tion about buffe l grass and its management 
should be di sseminated amongst pastora l ists 
through formal and informal networks. There is 
a need to understand and use landholders' formal 
and informal networ ks which are im portant means 
of two-way communication that enable pastoralists 
to engage effectively and contribute to goal-setting. 

Government-based natural resource managers 
often view community involvemen t in the design 
of resource protection strategies as cumbersome, 
time consuming and difficu lt. Furthermore, 
communi ty pa rticipants often have l imited 
knowledge of the context in which they have to 
operate, of their role in the process and of the 
role of various organi sa tions. This can complicate 
the interactions. Nevertheless. real progress is 
unlikely un less all pa rt ies are involved and this 
should be accepted as a transaction cost of 
community engagemen t that helps maximise 
the economic and social benefits of buffel 
grass and m inimise the environmental costs. 
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Delivering a strategy 

For environmental and pastoral lands, 
management objectives, strategies and tools 
are strongly influenced by loca l environmental, 
economic and social condi tions and should be 
tai lored to local and regional contexts. 

Range land regions vary in their biophysical, 
economic and social potential to support buffel 
grass. Buffel grass has been long-established 
in some areas but not others. Where it has a 
minimal presence , pastoralists have a lower 
dependency on it and are more likely to find 
alternative management strategies acceptable. 
This provides an opportunity to consider the ba lance 
of production and conservation needs and st rategies 
to meet those needs. Therefore, in situations where 
buffel grass is yet to colonise large areas, such as 
southern pastora l lands or va r ious deserts, early 
community discussion about the benefits and costs 
of buffet grass and its management should be 
initiated. 

In areas of high envi ronmental value where 
buffel grass is we ll established, it is unrea listic to 
protect every asset, due to limitations of money and 
personnel. On pastoral lands there are potentially 
competing objectives for the same piece of land. 
It is important, therefore, to know where and 
how effor ts shou ld be focussed to protect high 
va lue environmental assets. It will be important to 
locate high-value assets that can be most feasibly 
protected at a sufficiently large scale and resolve 
appropriate responses for areas that are relat ively 
free of buffel grass and those where it is well 
establi shed. 

Where possible, environmental outcomes 
should be delivered at catchment or landscape 
scales for example, through incentives for better 
management of areas of high environmental va lue 
on pastoral properti es. Interventions could protect 
neighbouring reserves or downstream areas of high 
environmenta l value. through the establishment of 
buffer zones or by grazing buffel grass pr ior to 

seed set. 

Best-practice guidelines should be devised and 
implemented, supported by appropriate policies 
and regulations. Policies for managing buffel 
grass should recognise the critica l importance 
of th~ grass to many pastoral enterprises. 
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A standardised Weed Risk Assessment framework 
could ensure that the process is transparent 
and considers the benefits of the species . 
Non-legislative solutions could involve, for 
example, a code of practice. Cross-jurisdictional 
bodies could help develop mutually agreeable 
goals and ensure a balance between national 
consistency and appropriate regionally ta ilored 
approaches. 

Enablers for progress 

Improved development of options will help 
managers and policy makers make in formed 
choices and adaptive management will be 
faci l itated by recording experience and 
experimentation. It is necessary to consider how 
reg ional di fferences in environmental, economic 
and social ~haracteristics influence options. The 
l ink between production, buffet grass dominance 
and conservation must be better understood. 
For example, what are the potential grazing 
strateg ies for environmental reserves and are 
there conservation benefi ts in managing high 
environmental value pastoral land for dominance 
of buffet grass? Existi ng analyses of economic 
benefits and costs should be expanded to assess 
a wider suite of benefi ts and costs using case 
studies in different regions to clarify regiona l 
differences. 

This study suggests there is sufficient common 
ground amongst stakeholders to make progress 
towards national strategies to manage buffet 
grass and other commercial weeds. A national 
strategy, supported by state and regional 
juri sdictions, would enable a systematic 
approach which should attempt to reduce 
the negat ive effects of the species without 
seriously constraining its production benefits. 
Such a strategy should take account of the 
larg e inter -regional environmental, social 
and economic differences. the diversity of bu ffel 
grass cultivars and their potential to adapt to 
local conditions, for example through inbreeding. 
The strategy would provide a framework for the 
management of buffel grass, the prioritisation 
of research, management and resources for 
on -ground effort, and provide a mechanism 
for continued engagement and interaction 
amongst sectors. 



Gamba and para grasses -
the importance of stakeholder 
engagement and policy support3 

Gamba and para grasses [Andropogon gayanus 
and Brachiaria mutica) are species that were 
introduced as fodder for cattle in nor thern 
Austra lia but they have spread from planted 
areas to subsequently invade extensive areas of 
environmental and cul tural signifi cance, impacted 
on service providers [transport, water] and other 
primary industries [e.g. hort iculture!. For the past 
decade these species have been the subject of 
considerable controversy due to community and 
sectoral concern that they were not declared as 
a weed. This concern was based on considerable 
evidence of significant environmenta l and socia l 
impacts. Controversy wi thin the community 
over these plants has steadily increased due 
to perceived inact ion by government. There 
was pressure to retain the commercial use 
of th ese species for the pastoral industry. 

As a result of these concerns, a major research 
program was undertaken to evaluate the r isk of 
these introduced grasses to environmental, social 
and cultural values in the Northern Territory and 
to develop a weed r isk management [WRM ] 
process to formally assess r isk and direct 
management action. 

_Gamb~ grass [Andropogon gayanusl. Photo Michael Douglas. 

In the Northern Territory, declaration under 
the Weeds Management Act 2001 is rega rded 
as an important legislative step in managing 
commercial weeds. Listi ng requires that the 
species be restricted from sale and transport 
and that a gazetted management plan be 
implemented for the species· control and use. 
There are no al ternative policy or institut ional/ 
regulatory processes in the Northern Territory. 
The legislation allows for the commercial use 
of a declared plant within constraints imposed 
by the management plan. However, there is 
no requirement under the Act to evaluate the 
economic and social benefits of or risks from 
introduced plants, or to implement particular 
actions based on the level of r isk. There are 
few systematically collected and analysed data 
to inform weed managers of the distr ibution 
and spread of introduced species. 

A WRM system was developed for the Northern 
Terr itory based on the extensive research on 
commercial weeds. This system eva luates 
the risk from a plant species to the Northern 
Terr itory environment and the ab ility of managers 
to control it . Its outputs can be used to direct 
appropriate management responses. 

A critical component of the WRM system is 
a policy framework based on a set of guiding 
principles that clearly ar ticulate the intent of 
the system. It was prepared in consul tation 
with all key stakeholders [pastoral, indigenous, 
environmenta l and horticultural]. The system 
requires the precaut ionary principle to ··be applied 
th roughout all stages of the WRM process" and 
that '"plants already present in the Northern 
Terr itory and categorised as high or very high 
weed risk will trigger nomination as a declared 
weed and other legislative actions and associated 
management responses to mitigate the risk 
posed by these species irrespective of economic 
benefits·· [Nor thern Territory Weed Risk 
Management Technica l Committee 20081. This 
both makes clear the intent of the WRM system 
and identifies a policy and management pathway 
for action. The system is consistent with the 
standards established by the National Post-border 
WRM Protocol. The WRM system has now been 
officially adopted by the lead weed management 
agency in the Northern Terri tory and been 
submitted for whole-of-government adoption. 
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Radiata pine - avoiding invasion 
of significant vegetation remnants4 

The invasion of remnant vegetat ion by 
commercial, garden and agricultural plants 
is an increasingly se rious issue in bushland 
areas of Victoria and South Australia. In highly 
modified and fragmented landscapes, the impact 
of environmental weeds is amplified and the ir 
management becomes more critical. Some of 
these species attract national attention and 
resources are readi ly available to study and 
manage them. Other species, particularly those 
such as rad iata pine, with economic potenti al, 
are less likely to be formally recognised as 
having environmental weed potential. Ignoring 
the weed potential of a species on the basis of 
its economic importance undermines the process 

of sustainable natural resource management 
[NRM] planning and gives a false impression 

of the true cost of economic activities. 

A study on invasion of remna nt native vegetati on 
by Pinus radiata , commonly called pine wildling s, 
in the Green Triangle region [lower south east 
of South Australia and south western Victoria). 
developed projections for the potential impact 
of th e spec ies. This was done by assessing 

correlations between occurrence of pine 
wildlings and vegetat ion communities, 
distance from and age of plantations. 

Pinus radiata has long been recognised for 
its weed potential, both here and overseas. 
Its invasive potent ial and impact on bushland 
sites has been documented. An example is the 
national recovery plan for the South Eastern 
Red-ta iled Black Cockatoo which recognises 
that pine wildlings impact on remnant feeding 
hab itat for this nationally-listed endangered 
bird. Also, a recent weed survey by the South 
Austra l ian Department of Environment and 
Heritage of environmentally significant vegetat ion 

patches in the lower south east of the sta te 
revea led that pine wildlings were present 

in 45% of patches. 

Wh ile the methodology developed in this 
project still requires some refinement, current 
results allow compar isons between areas with 
low, medium and high density pine wildling 
infestations . As higher resolution, multi -spectra l 

imagery becomes availab le this approach 
w ill provide a valuab le tool for shared use 
in managing invasion of significant areas 
of remnant vegetation. It is already apparent 
from the current project that pine plantat ions 
should not be established next to susceptible 

vegetat.ion types. 



Olive hymenachne - pathways 
to holistic regional management5 

Olive hymenachne [Hymenachne amplexicaulis. 
commonly known as 'hymenachne' but need ing 
to be distinguished from the native species 
Hymenachne acutiglumal is an aquatic grass 
invading wetlands and waterways of tropical and 
subtropical Australia. The management challenge 
presented by this plant relates to its beneficial 
use as a ponded pasture species for livestock 
production and drought management. compared 
with its serious and wide-ranging environmental 
impacts. 

A recent DWM study examined the ecological, 
social and environmental issues surrounding 
the control of hymenachne in central Queensland. 
This study aimed to develop an holistic 
management strategy, at the regional level, 
using integrated weed management. In particular, 
the work identified the need for a coordinated 
and inclusive approach to hymenachne control 
involving all stakeholders, with suitable incentives 
being made available and governments, councils 
and the community taking responsibility for 
control. 

Developing broad-scale control activities 
for hymenachne will be difficul t because of 
varying attitudes and opinions towards the plant. 
In addition, attempting to introduce and en force a 
blanket approach across all regions, infestations 
and landholder types is unlikely to be successful, 
given [a) the variability in values and opinions 
surrounding hymenachne ; and [bl the physical 
differences between infestations regardi ng 
accessibility and the efficacy of different 
control measures. On the other hand, the 
need to integrate activit ies aimed at the control 
and management of hymenachne is clear. The 
engagement of all stakeholders, working in 
an appropriately prioritised. consistent and 
persistent way, and consider ing other activities 
being undertaken in the region, is critical in 
progressing successful management. 

This study identified seven components upon 
which a regional strategy for olive hymenachne 
management should be built. They are: 
( 1 l taking responsibi l ity; (2] educa tion and 
engagement; [3) motivate and compensate; 
(4] resource and enforce; (5] do the research· 
(6) apply the sc ience; and (7) coordination , 
flexibili ty and persistence. 

Before and after photos of a Hymenachne [Hymenachne amplexicautisl 
invasion of Beatr ice Lagoon, Northern Territory. Photos Colin Wilson. 
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Plants having both commercial value and weed impacts in Australia 
The species studied in recent DWM research projects are but a few of the diverse plants that have been identi fied 
in Australia as having both commercial value and weed impacts !Table 11. This table does not include ornamental 
plants that have weed impacts. 

Table 1. Plants with both commercial value and weed impacts 

Scientific name, family and authority Common name Growth form Use Weed impacts 

Desmodium spp Oesv. Oesmodium Forb Pasture Environmental : northern 
Fabaceae woodlands 

Cenchrus ci/iaris L. Buffel grass Grass Pasture Environmental: tropica l and 
Poaceae warm temperate rangelands, 

woodlands 

Andropogon gayanus Kunth Gamba grass Grass Pasture Environmental : tropical 
Poaceae savannas 

Hymenachne amplexicaulis Nees Hymenachne Grass Pasture Environmental : northern 

Poaceae coastal wetlands. Production: 

sugar cane 

Urochloa mutica [Forssk.) T.Q. Nguyen Para grass Grass Pasture Environmental: northern 

Poaceae coastal wetlands 

Ehrharta calycita Sm. Perennial Grass Pasture Environmental: southern 

Poaceae veldt grass woodlands 

Phalaris aquatica L. Phalaris Grass Pasture Environmental : northern 
Poaceae coastal wetlands. Production: 

annual crops 

Rubus fruticosus L. Blackberry Shrub Horticulture Environmental: southern 
Rosaceae forests, riparian zones 

Stylosanthes spp. Sw. Stylos Shrub Forage Environmental: northern 
Fabaceae woodlands 

Chamaecytisus palmensis (Christ] Tagasaste Shrub Forage Environmental: southern 

F.A. Bisby & K.W. Nicholls woodlands 
Fabaceae 

Leucaena leucocephala (Lam.) de Wit Leucaena Shrub Forage Environmental: northern 
Fabaceae woodlands 

Coffea arabica L. Coffee Tree Horti culture Environmental : rainforest 
Rubiaceae 

Ficus carica L. Fig Tree Horticulture Environmental: southern 
Moraceae forests 

Azadirachta indica A. Juss. Neem Tree Ornamental Environmental: northern 

Meliaceae Horticulture riparian zones 

Olea europaea L. Olive Tree Horticulture Environmental: southern 
Oleaceae woodlands, forests 

Pinus caribaea Morlet Caribbean pine Tree Forestry Environmental: forests, 

Pinaceae woodlands 

Pinus radiata 0 . Don Radiata pine Tree Forestry Environm ental: southern 

Pinaceae forests and woodlands 

Source: Reproduced from Grice' 12006, page 411. 

Building on the research outcomes and a review of relevant literature, the authors have identified management 
options and social and community issues, as wel l as poli cy and institutional arrangements needed to improve 
the management of commercial weeds. 
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Developing management 
strategies for commercial weeds 
Sound strategies for managing commercial weeds 
require improved understanding of: 

• commercial weed s occurring under different 
land uses and land tenures in Australia 

• the soc ial, economic and environmental costs 
and benefits of commercial weeds for different 
sectors and how these va ry regionally 

• the soc ial impediments to resolving commercial 
w eed confl icts and col laborative effort to identify 
ways to address these , and 

• the leg islative and policy mechanisms ava ilable 
to effectively address commercial weed species. 

It is important to know whether containment of 
commercial weeds is feasible, at what cost and who 
should cover those costs. Should it be site based 
or spec ies ba sed and would the money be better 
spent on the prevention of other high r isk weeds 
or protect ion of areas of high biodiversity value? 

Landholders, other stakeholders and all tiers of 
government should take some responsibility for 
tackl ing infestations of commerc ial weeds in areas 
of conservation value. All landholders are required, 
by a variety of leg islation, to control declared weeds 
an d, idea lly, community level action groups are th e 
best placed to achieve local con trol. However, in 
many cases, the sca le of the problem of commercial 
weeds exceeds that which co uld be addressed by 
the resources of landholders or local community 
action groups. In these situations, government 
ass istance is necessary. It is important that the 
responsibilities of different government agencies 
are more clearly articulated . Cross-jurisdict iona l 
[federal, state and loca l government) responsibil ities 
need clarifying, and should be supported by 
legisla tion that is co nsistent ac ross jurisdict ions. 

Ultimately, a negotiated balance between 
public responsibi lity [i .e. federal, state and local 
governmen t] for large, inaccessible and/or publ ic 
areas [e.g . pa rks, reserves and conservation areas) 

and private responsibility for loca l ised outbreaks 
on private properties and leasehold land [and 
adjacent buffer zones). will provide more effective 
management of commerc ial weeds. However, 
special considera tion shou ld be given to the 
responsibility for manag ing areas on private 
land tha t are of high conservation status such 
as remnant native vegetation. 

A key component of a nat ional stra tegy for 
managing a commercial weed should be an 
ef fective decision support tool based on holistic 
risk management . The recen tly developed National 
Post-border Weed Risk Management Protocol7 

of fers a useful framework for such assessment. It 
includes a matrix of weed risk versus feasib il ity of 
control that cou ld be applied to commercial weeds 
by taking account of production. environmenta l and 
social benefi ts and costs. 

A coord inated nationa l strategic approach to the 
management of individual commercial weeds would 
contribute to several of the actions identified in the 
Australian Weeds Strategy [AWS)8

. Such a st ra tegy 
would provide: 

• effective processes to resolve conflicts 
between economic and environmenta l interests 
[AWS Strateg ic Action 2.1 .3] 

• systems to integrate weed management 
into product ion and ecosystem management 
[AWS Strateg ic Action 2.3.5] 

• responses to othe r bio log ical. environmental. 
socia l and land -use changes that may 
con tribute to weed spread [AWS Strateg ic 
Act ion 1.4.2). and 

• improved practices to prevent weed spread to 
be appli ed by industries , publ ic agencies and 
communities [AWS Stra teg ic Act ion 3.1.5]. 
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Conclusions and recommendations 
The economic, socia l and enviro nmental importance 
of commercial weeds are increasingly acknowledged 
by researchers, land users, conservationists and 
regulators but little has been done to ei ther quantify 
their effects or assess the long-term implications 
of plant growth versus control. Because of their 
commercial value, th ey cont inue to be approved 
for use in many jur isdictions, and landholders 
often resist efforts to limit their use or manage 
thei r offsite or ecological impacts. 

An in tegrated approach to managing commercia l 
weeds is required, which includes a national 
framework for assessing their economic, social 
and envi ronmental cost and benefi ts. Decisions 
based on the resu lts of these analyses should be 
supported by appropriate policies and regulations 
which are consistent among all tiers of government, 
and implemented through strategies that employ 
the most effective management measures. 
Achieving such measures will depend to a 
signifi cant extent on engaging stakeholders 
in the development of so lutions. 
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Recommendation 1. That a national framewo rk 
for cost-benefit ana lysis of commercial weeds 
be developed to encompass economic, social 
and environmental costs and benefits, consider 
the broader natural resource management 
context and provide for evidence-based decision 
making that is regionally appropriate. 

Recommendation 2. That th is framework be 
used to conduct comprehensive cost-benefit 
analyses of representa tive commercia l weeds. 
These representative species should cover the 
range of growth forms, cultivation si tuations, 
landscape contexts and economic scenarios . 

Recommendation 3. That structures, policies 
and regulations relating to the management 
of commercial weeds be reviewed. This review 
should consider the roles of the three tiers of 
government, the National Weeds Strategy and 
the Austra l ian Weeds Committee. It should 
also assess the place of weed declaration 
mechanisms in managing commercial weeds. 



Recommendation 4. That the value of codes of 
practice and market-based approaches to the 
management of commercial weeds be assessed 
and introduced where appropriate. 

Recommendation 5. That the effectiveness 
of eradication and containment programs for 
commercial weeds be period ically reviewed 
and modified accordingly. 

In areas where commercial weeds are 
widespread, abundant and impacting on 
biodiversity, a site-based approach should be 
adopted to protect areas of high biodiversity 
value rather than focussing on control of 
individual species. 

Recommendation 6. That socia l sc ience 
research examine the nature of conflicts that 
inhibit the effect ive management of commercial 
weeds and propose ways whereby social 
barriers to progress may be overcome. 

Recommendation 7. That consulta tive 
approaches to addressing the issue of 
commercial weeds be deve loped, applied and 
assessed. Consultation should invo lve re levant 
agencies in the three tiers of government, 
industry bodies and othe r stakeh older groups, 
including rural landholders, publ ic land 
managers and community-based conservat ion 
interests as we ll as relevant scientists. 

Recommendation 8. That resources be made 
available to support the expanding roles of loca l 
government in manag ing weeds and pests in 
genera l and commercial weeds in particular. 
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