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Summary   Alligator weed (Alternanthera philoxer-
oides (Mart.) Griseb.) has continued to increase its 
area of invasion in both aquatic and terrestrial habitats, 
proving how diffi cult on-going management can be. 
The increased spread can be attributed to poor knowl-
edge of the weed’s strengths and weaknesses, poor in-
tegration of existing knowledge into management and 
to diffi culties in implementation of on-ground control. 
In this paper, some critical issues are discussed, with 
suggestions for improving the overall effort in alligator 
weed management.

Our understanding of the weed’s seasonal growth 
and vegetative reproduction is still poor. Inadequate 
knowledge of factors governing uptake and trans-
location of promising herbicides has led to lack of 
consistency in their performance. There are several 
new promising biocontrol agents, although progress 
of their evaluation and integration into management 
regimes has been slow.

Learning from some successful experiences, we 
contend that alligator weed management could be 
improved at all levels by more rigorous project im-
plementation, evaluations and sharing of information. 
Based on our experience, for more effective manage-
ment ‘site-specifi c’ planning is critical, taking into 
account site characteristics and infestation levels. 
Control plans, as specifi c as the property level, can 
be rolled up to form larger plans for a local government 
area, and thence into regional plans. Use of recently 
developed, improved protocols, which prescribe best 
available control actions to be taken in different situ-
ations, follow-up actions, machinery operation and 
hygiene, weed disposal, and so forth, should guide 
weed offi cers to better manage alligator weed. Com-
bined with improved reporting and evaluation, more 
rigorous project implementation and active exchange 
of the available know-how, should reduce the current 
levels of infestation and the rate of spread into new 
areas, within the frameworks of existing strategic and 
regional plans. 
Keywords    Alternanthera philoxeroides,  integrated 
weed management,  knowledge gaps,  strategic plan-
ning.

INTRODUCTION
In recent years there has been increased attention on 
integrated management of alligator weed (Alternan-
thera philoxeroides (Mart.) Griseb.), a noxious Weed 
of National Signifi cance. In particular, we refer to 
the important research conducted by scientists at 
CSIRO Entomology (Julien and Stanley 1999) and 
NSW Agriculture, complemented by the efforts of 
the National Weeds Strategy Committee, NSW Agri-
culture, Victoria’s Department of Primary Industries 
and Queensland’s Department of Natural Resources. 
Several alligator weed fact sheets have been produced, 
highlighting the problem and management options. 
The strategic management frameworks developed 
includes a national plan (NWSEC 2000) and an al-
ligator weed Management Guide (CRC 2003). In 
addition, there have been two alligator weed research 
workshops sponsored by the CRC for Australian Weed 
Management and a report (CRC 2002). Despite these 
considerable efforts, alligator weed has continued to 
invade more territory. 

For those of us involved in implementing alligator 
weed control, it is clear that several major knowledge 
gaps on the weed’s biology and control options have 
constrained successful management. In addition, there 
are issues related to resource limitations (funding and 
personnel) and diffi culties in implementing on ground 
works, which are not altogether unfamiliar territory for 
the weed managers. However, learning from some suc-
cessful experiences, there is a case for more effective 
integrated management of the weed’s spread, by im-
proved planning, project implementation, stakeholder 
commitment and better use of available know-how.

INTEGRATED WEED MANAGEMENT (IWM)
Broadly, IWM involves the integration of any number 
of control options in any possible way, to achieve the 
most favourable outcomes for managing an invasive or-
ganism like alligator weed. Ideally, this would involve 
combining two or more weed control methods, which 
may interact synergistically, to increase the economic 
(cost-benefi t ratio), sociological and environmental 
(ecological) benefi ts obtained (Figure 1). 
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The elements of IWM related to program imple-
mentation and management need to be re-iterated. 
In our view, even with signifi cant knowledge gaps, 
alligator weed management in many situations can 
be improved with rigorous project implementation, 
performance monitoring and continuous improvement, 
as has been shown in managing deeply entrenched 
alligator weed in the Botany Wetlands, Sydney (CRC 
2003) and in backyards of ethnic communities in 
Victoria (Gunasekera et al. 2002).

Since 1996, Sydney Water has been implementing 
IWM to control alligator weed in Botany Wetlands in 
Sydney. The approach taken includes monthly moni-
toring and recording of residual infestations and any 
new infestations, based on ranking of infestation level. 
Monitoring is assiduously combined with fortnightly 
or monthly manual removal of loose clumps and newly 
emerging plants in soft mud and spot treatments with 
herbicides (Biactive™ Glyphosate for aquatic and 
metsulfuron-methyl for terrestrial infestations). Her-
bicide treatments during January-March avoid patches 
on which the biological control agents are most active. 
Other strategies include the lowering of water levels to 
allow better treatments, reclaiming weed-free shoreline 
areas by large scale planting of native water plants 
and controlled burning where possible in winter, of 
sedges, rushes and residual alligator weed, in previ-
ously infested areas (CRC 2003). 

Similarly, in Victoria, the key to success in 
reducing backyard infestations was persistence in 
implementing on-ground control, combining regular 
monitoring and multiple treatments with glyphosate 
and dichlobenil with short time gaps between treat-
ments, frequent evaluations of control effectiveness 
and follow-up treatments where necessary (Gunasek-
era et al. 2002).

KEY KNOWLEDGE GAPS
The recent CRC report (2002) identifi ed several major 
knowledge gaps related to alligator weed’s biology, 

ecology and available control options (Table 1). In-
creased knowledge of growth, biomass production, 
resource allocation and vegetative reproduction of 
the two growth habits of alligator weed and factors 
affecting these in different habitats will enable better 
understanding of how the weed interacts with its en-
vironment. Study of seasonal effects and response to 
stresses (shade, fl ooding, drought and damage caused 
by biological control agents) may indicate weaknesses 
that can then be targeted for intervention. Ecological 
information is essential for developing predictive plant 
growth models (CRC 2002) and to rationalise man-
agement strategies that might be tailored for different 
situations. Being able to predict the probable effects 
of any combination of management interventions can 
be the basis for setting realistic control targets to be 
reached over a given time frame. It is also easy to see 
how biological information will improve the effective-
ness of treatment regimes with herbicides, upon which 
much of the current management efforts are based. 
Combined with lessons learnt from successful projects, 
additional information on these key aspects would help 
to enhance the effectiveness of IWM of alligator weed 
broadly across most infested sites.

The most promising herbicides and doses for 
alligator weed management are known (CRC 2002). 
However, questions remain on how many treatments 
per year and under what situations are they to be given. 
There are also questions relating to insuffi cient foliar 
uptake and translocation to kill roots, lack of selectivity 
(in some) and overall consistency of performance.

Our experience indicates that Biactive™ Glypho-
sate is a pretty effective herbicide against alligator 
weed, because of its capacity for translocation and 
favourable environmental profi le. However, sub-lethal 
doses of glyphosate may be implicated in causing 
fragmentation at nodes in some situations. To assist 
uptake of glyphosate in less than ideal conditions, the 
use of an environmentally friendly additive may have 
to be considered. In this regard, ammonium salts or 

Figure 1.   Components of an integrated weed management (IWM) program.
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vegetable oils offer opportunities, because they enhance 
glyphosate activity. Nalewaja and Matysiak (1991) re-
ported cation antagonism of glyphosate by a number 
of metal ions (Fe++>Zn++>Ca++> Mg++>Na+>K+). This 
means that hard water should not be used as carrier 
for glyphosate because it would reduce activity. In 
contrast, anions have no antagonism on glyphosate 
and could be added in the form of ammonium salts to 
overcome the antagonistic effect of other salts (Nal-
ewaja and Matysiak 1991). It seems that the advantage 
of using an additive with an acceptable environmental 
profi le for glyphosate may outweigh the potential en-
vironmental impacts of continuing treatments, which 
are not very effective. Additives may also improve 
the entry, translocation and overall performance of 
other registered herbicides (dichlobenil and metsul-
furon-methyl) and those with potential for different 
situations (triclopyr, 2,4-D, fl uroxypyr). Knowledge 
of seasonal variations in storage carbohydrate reserves 
will enable treatments to target these. Rationalising 

herbicide options (when, how frequent, combinations, 
sequential treatments) would make them vastly more 
effective in arresting the current rate of spread of alli-
gator weed. Rather than the current recommendation of 
three treatments per year, multiple herbicide treatments 
with small time gaps between them may be required 
in an improved treatment regime. 

There is an increased research effort on promis-
ing new biocontrol agents, both herbivorous insects 
and pathogenic fungi (CRC 2002), which needs to 
be recognised. The experience of the past few years 
shows that too much reliance on herbicides for alligator 
weed management is a folly, and natural enemies offer 
the best tools for long-term management. However, 
it would be a similar folly to not act aggressively to 
contain the spread of alligator weed across infested 
regions, while awaiting the release of new agents.

STRATEGIC PLAN AND WAYS TO IMPROVE 
ITS IMPLEMENTATION

In our view, the current NSW alligator weed strategic 
plan (NWSEC 2000) and the national strategy for alli-
gator weed (2001) provide good frameworks to follow. 
The on-ground actions required by these plans relate to 
eradication of those relatively small and new infesta-
tions (non-core infestations) and management of those 
areas in which the weed is so entrenched (core infesta-
tions) that containment is the only realistic option. 

NSW Agriculture’s alligator weed management 
plan for the Greater Sydney and Hunter Region, in 
its intent, matches those of the NSW strategic plan. 
This plan requires Councils to control small infes-
tations and carry out property inspections in their 
jurisdiction with their own funds. Additional funding 
is provided by NSW Agriculture to enable effective 
treatment of the main infestations along the Nepean 
and Georges Rivers, and various creeks under Council 
control. However, due to the diffi culties in conducting 
on-ground works, some treatments of alligator weed 
have not been effective, including those on major 
waterways, permitting build up of propagules for 
dispersal following disturbance and increasing the 
risk of spread of the weed. 

Suggestions for improving the implementation of 
the existing alligator weed management plans are:

‘Site-specifi c’ planning   For success to be measured 
in the management actions taken against alligator 
weed, a level of control achievable for a site needs to 
be established on a given time frame, based on site 
characteristics and infestation levels. For this ‘site-
specifi c’ planning, initial mapping, ranking of infesta-
tion levels and assessment of site characteristics (such 
as the presence or absence of competitive vegetation 

Table 1.   Some key knowledge gaps in alligator weed 
biology, ecology and response to control.
Biology and ecology-related

• Biomass production, seasonality, rate of growth

• Factors controlling growth and resource allocation under 
aquatic and terrestrial habits

• Response to environment/stress (competition, shade, 
fl ooding, drought, nutrients, grazing) 

Vegetation reproduction

• Factors infl uencing shoot/stolon production

• Longevity, viability and behavior of nodes and buds from 
tap root

Control-related: physical control

• Effect of defoliation on carbohydrate reserves 

Control-related: herbicides

• Mode of action of most promising herbicides (uptake, 
translocation and factors affecting)

• Effective treatment regimes-combinations, multiple 
and/or sequential treatments

• Environmental factors affecting control

• Plant factors – leaf surface characteristics, related to 
habit, response to stress (drought or fl ooding)

• Formulation factors – additives, water source

Control-related: biological control agents

• Evaluation of most promising new agents

• Advantages of augmenting existing ones

Control-related: cultural control

• Effect of presence of competitive plants

• Possible use of barriers (such as weed matting)

Integrated control

• Possible integration of several methods

• ‘Site-specifi c’ treatment regimes
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and the level and causes of disturbance) are essential. 
The focus of site-specifi c planning should be strate-
gic (i.e. to prevent further spread and control of new 
infestations), incorporating as many control methods 
as possible. Selecting from the best available options, 
the methods to be integrated will depend on variables 
such as the location, geographical conditions, infesta-
tion levels and disturbance regime.

Use of specifi c protocols   The Greater Sydney and 
Hunter Plan includes specifi c alligator weed manage-
ment protocols, which prescribe actions to be taken in 
different situations. These prescriptions, relating to the 
best available control options, machinery operation and 
hygiene, weed disposal, methodologies for backyard 
situations, and so forth, should guide weed offi cers to 
streamline actions and better manage alligator weed. 

Improved project implementation   Learning from 
the successfully implemented projects, there is a need 
for more rigorous project implementation, based on 
initial specif ications, monitoring and reporting. 
Monitoring should be against performance targets 
linked to dollars spent, and should be based on on-
ground achievements in real terms (per cent change 
in infestation levels against cost) and meeting of 
strategic goals (prevention of spread and control in 
high priority areas). 

Reporting pro forma   A unique new addition in the 
Greater Sydney and Hunter Plan is a pro forma for 
detailed reporting from all weed offi cers on their expe-
riences with alligator weed. The information is to be pe-
riodically consolidated for rapid sharing of knowledge 
between all concerned at an annual forum. Learning 
from each other needs to be recognised as an important 
aspect in improving ongoing management, ensuring the 
wheel is not constantly being reinvented. 

Contract specifi cations and management   Given 
that contractors deliver much of the on-ground works, 
one way of increasing the overall success would be to 
learn from successful projects and increase the skills of 
weed managers in developing and managing contracts. 
Here too, our experience is that if scopes of work are 
more specifi c and detailed, even poor performances of 
contractors could be effectively managed. 

CONCLUSIONS
There is a widely expressed sentiment that alligator 
weed management is rarely successful or even pos-
sible. Our view is more optimistic than that, based on 
own experiences. We believe that eradication of local 
infestations from infested parcels of land, ponds or 

creeks is possible with more rigorous program im-
plementation, including evaluations and continuous 
improvement. Learning from our collective experi-
ences, a much higher level of success in ‘maintenance 
management’ or containment is also achievable. As 
we have shown, major improvements will result from 
performance-based implementation of weed manage-
ment actions, integrating the best available solutions 
from the options available. 

Whilst we await additional biological control 
agents and improved herbicide treatment regimes, 
the battle against alligator weed can be won with 
dedicated effort. An increased commitment from all 
stakeholders would allow better access to sharing of 
resources, funding, expertise and public involvement 
and ensure an adequate priority attached to alligator 
weed. As with most diffi cult-to-control weeds, success 
of integrating any or all of the control options avail-
able to stop the weed’s spread into new jurisdictions 
will also depend on our collective resolve to monitor 
the effectiveness of control actions and to learn from 
experiences. In our view, these can be achieved within 
the framework of the current strategic plans and the 
new initiatives discussed.
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